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Description

TECHNICAL FIELD

[0001] The disclosure relates to medical devices, and, more particularly, to configuration of therapy parameters for a
medical device.

BACKGROUND

[0002] Patients afflicted with movement disorders or other neurodegenerative impairment, whether by disease or
trauma, may experience muscle control and movement problems, such as rigidity, bradykinesia (i.e., slow physical
movement), rhythmic hyperkinesia (e.g., tremor), nonrhythmic hyperkinesia (e.g., tics) or akinesia (i.e., a loss of physical
movement). Movement disorders may be found in patients with Parkinson’s disease, multiple sclerosis, and cerebral
palsy, among other conditions. Delivery of electrical stimulation and/or a fluid (e.g., a pharmaceutical drug) by a medical
device to one or more sites in a patient, such as a brain, spinal cord, leg muscle or arm muscle, in a patient may help
alleviate, and in some cases, eliminate symptoms associated with movement disorders.
[0003] During a programming session, which may occur during implant of the medical device, during a trial session,
or during a follow-up session after the medical device is implanted in the patient, a clinician may generate one or more
therapy programs that provide efficacious therapy to the patient, where each therapy program may define values for a
set of therapy parameters. A medical device may deliver therapy to a patient according to one or more stored therapy
programs. In the case of electrical stimulation, the therapy parameters may define characteristics of the electrical stim-
ulation waveform to be delivered. Where electrical stimulation is delivered in the form of electrical pulses, for example,
the parameters may include an electrode combination, an amplitude, which may be a current or voltage amplitude, a
pulse width, and a pulse rate for the pulses.
[0004] US 2006/217781 teaches a system configured to select appropriate electrod combinations.

SUMMARY

[0005] In general, the disclosure is directed toward selecting one or more electrodes from an array of electrodes to
deliver electrical stimulation to a brain of a patient to provide therapy to manage a patient condition, such as a movement
disorder. The one or more selected electrodes used to deliver stimulation may be referred to as a stimulation electrode
combination, and may include one electrode (e.g., unipolar stimulation between the electrode and the can) or two or
more electrodes (e.g., bipolar stimulation). In examples described herein, the stimulation electrode combination may be
selected based on bioelectrical signals sensed within the patient’s brain. In particular, bioelectrical signals may be sensed
within the brain with a plurality of sense electrode combinations, and the stimulation electrode combination may be
selected based on frequency domain characteristics of the sensed signals. For example, the stimulation electrode
combination may be selected based on the sense electrode combination that is associated with the sensed bioelectrical
signal having the greatest beta band power (or energy) to signal power ratio. Other frequency domain characteristics
and the power levels in other frequency bands may also be used to select the stimulation electrode combination. In
addition, in some examples, a stimulation electrode combination may be selected based on an impedance of an electrical
path including the stimulation electrodes.
[0006] The present invention provides a system as defined in claim 1.
[0007] The details of one or more examples of the disclosure are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the disclosure will be apparent from the description and
drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 is a conceptual diagram illustrating an example deep brain stimulation (DBS) system.
FIG. 2 is an example spectrogram of a bioelectrical brain signal sensed within a brain of a patient.
FIG 3 is functional block diagram illustrating components of an example medical device.
FIG. 4 is a functional block diagram illustrating components of an example medical device programmer.
FIG 5 is a flow diagram of an example technique for selecting a stimulation electrode combination based on a
frequency domain characteristic of a bioelectrical signal sensed via a sense electrode combination.
FIGS. 6A-6D are conceptual power spectral density (PSD) plots of bioelectrical brain signals sensed via different
sense electrode combinations.
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FIG. 7 is a flow diagram of an example technique for determining a frequency band of interest for evaluating sense
electrode combinations.
FIG. 8 is a flow diagram of an example technique for evaluating frequency domain characteristics of various sense
electrode combinations.
FIG. 9 illustrates an example table that associates various sense electrode combinations with beta band power
levels of bioelectrical signals sensed within a brain of a patient.
FIG. 10 is a flow diagram of an example technique for evaluating a stimulation electrode combination.

DETAILED DESCRIPTION

[0009] FIG. 1 is a conceptual diagram illustrating an example therapy system 10 that delivers therapy to control a
patient condition, such as a movement disorder or a neurodegenerative impairment of patient 12. Patient 12 ordinarily
will be a human patient. In some cases, however, therapy system 10 may be applied to other mammalian or non-
mammalian non-human patients. While movement disorders and neurodegenerative impairment are primarily referred
to herein, in other examples, therapy system 10 may provide therapy to manage symptoms of other patient conditions,
such as, but not limited to, seizure disorders or psychological disorders.
[0010] A movement disorder or other neurodegenerative impairment may include symptoms such as, for example,
muscle control impairment, motion impairment or other movement problems, such as rigidity, bradykinesia, rhythmic
hyperkinesia, nonrhythmic hyperkinesia, and akinesia. In some cases, the movement disorder may be a symptom of
Parkinson’s disease. However, the movement disorder may be attributable to other patient conditions. Although move-
ment disorders are primarily referred to throughout the remainder of the application, the therapy systems and methods
described herein are also useful for controlling symptoms of other conditions, such as neurodegenerative impairment.
[0011] Therapy system 10 includes medical device programmer 14, implantable medical device (IMD) 16, lead exten-
sion 18, and leads 20A and 20B with respective sets of electrodes 24, 26. In the example shown in FIG. 1, electrodes
24, 26 of leads 20A, 20B are positioned to deliver electrical stimulation to a tissue site within brain 28, such as a deep
brain site under the dura mater of brain 28 of patient 12. In some examples, delivery of stimulation to one or more regions
of brain 28, such as the subthalamic nucleus, globus pallidus or thalamus, may be an effective treatment to manage
movement disorders, such as Parkinson’s disease.
[0012] IMD 16 includes a therapy module that includes a stimulation generator that generates and delivers electrical
stimulation therapy to patient 12 via a subset of electrodes 24, 26 of leads 20A and 20B, respectively. The subset of
electrodes 24, 26 that are used to deliver electrical stimulation to patient 12, and, in some cases, the polarity of the
subset of electrodes 24, 26, may be referred to as a stimulation electrode combination. As described in further detail
below, the stimulation electrode combination may be selected based on one or more frequency domain characteristics
of a bioelectrical brain signal that is sensed by a sense electrode combination that is associated with the stimulation
electrode combination. In some examples, the bioelectrical signals sensed within brain 28 may reflect changes in electrical
current produced by the sum of electrical potential differences across brain tissue. Examples of bioelectrical brain signals
include, but are not limited to, electrical signals generated from local field potentials within one or more regions of brain
28, an electroencephalogram (EEG) signal or an electrocorticogram (ECoG) signal.
[0013] In some examples, the bioelectrical brain signals that are used to select a stimulation electrode combination
may be sensed within the same tissue site of brain 28 as the target tissue site for the electrical stimulation. As previously
indicated, these tissue sites may include tissue sites within the thalamus, subthalamic nucleus or globus pallidus of brain
28. Thus, in some examples, both a stimulation electrode combination and a sense electrode combination used to sense
bioelectrical brain signals may be selected from the same set of electrodes 24, 26.
[0014] In some examples, the stimulation electrode combination may be selected during a programming session
following the implantation of IMD 16 and leads 20A, 20B in patient 12. For example, during the programming session,
bioelectrical brain signals may be sensed within brain 28 via each of at least two different sense electrode combinations.
Each sense electrode combination may include a different subset of two or more electrodes 24, 26. Frequency domain
characteristics of each of the sensed bioelectrical brain signals may be compared to each other and a sense electrode
combination may be selected based on the comparison. An example of a frequency domain characteristic may include
power level (or energy level) within a particular frequency band. The power level may be determined based on, for
example, a spectral analysis of a bioelectrical brain signal. The spectral analysis may indicate the distribution over
frequency of the power contained in a signal, based on a finite set of data.
[0015] In some examples, the sense electrode combination that sensed the bioelectrical brain signal having the highest
relative beta band power (or energy) may be selected. The relative beta band power may be a ratio of the power in a
beta band of the sensed signal to the overall power of the sensed signal. The selected sense electrode combination
may be associated with a stimulation electrode combination, which may be programmed into IMD 16 in order to deliver
stimulation therapy to brain 28. In this way, the stimulation electrode combination may be selected based on a frequency
domain characteristic of a bioelectrical brain signal.
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[0016] In some examples, other stimulation parameter values may be selected based on the frequency domain char-
acteristics of a bioelectrical brain signal sensed via a sense electrode combination associated with a stimulation electrode
combination. For example, a beta band power level may be associated with a stimulation amplitude value that may
provide efficacious therapy to patient 12.
[0017] One or more specific frequency bands may be more revealing of a useful target tissue site for providing stim-
ulation therapy to patient 12 than other frequency bands. Processor 40 (FIG. 3) may perform a spectral analysis of the
bioelectrical brain signal in the revealing frequency bands. The spectral analysis of a biosignal may indicate the power
level of each bioelectrical signal within each given frequency band over a range of frequencies. While the beta frequency
band is primarily referred to herein, in other examples, processor 40 may select a stimulation electrode combination
based on the power level within one or more frequency bands other than the beta band. The beta band may include a
frequency range of about 10 Hertz (Hz) to about 35 Hz, such as about 10 Hz to about 30 Hz or 13 Hz to about 30 Hz.
[0018] Some movement disorder symptoms of patient 12, such as bradykinesia, may be associated with abnormal
synchronization of beta frequency band activity within particular structures of brain 28 of patient 12. For example, FIG.
2 is an example spectrogram of bioelectrical brain signals sensed within a subthalamic nucleus of a brain of a human
subject. The y-axis of the spectrogram indicates the frequency band of the bioelectrical brain signal, the x-axis indicates
time, and the z-axis, which extends substantially perpendicular to the plane of the image of FIG. 2, as indicated by the
color of the spectrogram, indicates a power level of the bioelectrical brain signal. The spectrogram provides a three-
dimensional plot of the energy of the frequency content of a bioelectrical brain signal as it changes over time.
[0019] In a first time period 34, the human subject is in a pathological state and is not under the influence of therapy
to mitigate effects of a movement disorder. As shown in FIG. 2, in the first time period 34, a power level of the bioelectrical
brain signal of the human subject in a subset of the beta band 36 is relatively high, as indicated by the relatively intense
color in FIG. 2. The subset of the beta band 36 in the example shown in FIG. 2 includes a frequency range of about 10
Hz to about 20 Hz. In a second time period 38, the human subject is under the influence of pharmaceutical agents to
mitigate effects of the movement disorder. As shown in FIG. 2, compared to the first time period 34, the beta band activity
decreases during the second time period 38 in which the human subject is receiving movement disorder therapy.
[0020] The spectrogram shown in FIG. 2 demonstrates that a power level in a beta band of a bioelectrical brain signal
may be relatively high in patients suffering from movement disorder symptoms, and the power level may decrease upon
the receipt of therapy to manage the movement disorder symptoms. Thus, a high beta band power level may be a marker
for a movement disorder.
[0021] In some patients, identifying the location within brain 28 that demonstrates the highest relative beta band activity
may indicate the location at which electrical stimulation may relatively effectively suppress the abnormal synchronization
of beta frequency band activity associated with the patient’s movement disorder. The location within brain 28 that
demonstrates the highest relative beta band activity may indicate the location within brain 28 that is a suitable stimulation
target for electrical stimulation to manage the patient’s movement disorder. As a result of directing stimulation to this
stimulation target that exhibits a relatively high level of beta band energy, the intensity of stimulation that IMD 16 may
deliver in order to provide efficacious stimulation therapy may be lower than the intensity of stimulation that may be
required to provide efficacious stimulation therapy to other tissue sites that may be further from the stimulation target or
less functionally related to the stimulation target. An intensity of stimulation may be related to the current or voltage
amplitude of a stimulation signal, a frequency of the stimulation signal, and, if the signal comprises a pulse, a pulse width
or pulse shape of the stimulation signal.
[0022] In some examples, the sense electrode combination that senses the highest relative beta band activity within
brain 28 may provide the best relative efficacy when stimulation therapy is delivered via the subset of electrodes of the
sense electrode combination. Thus, in some examples, the stimulation electrode combination may comprise the subset
of electrodes of the sense electrode combination. In some examples, electrical stimulation may be delivered to substan-
tially the same location at which a bioelectrical brain signal having a relatively high relative beta band power was sensed
in order to effectively suppress the abnormal synchronization of beta frequency band activity associated with the patient’s
movement disorder.
[0023] In other examples, the stimulation electrode combination may comprise a different subset of electrodes than
the sense electrode combination. For example, a sense electrode combination may include at least two electrodes 24,
26 of leads 20A, 20B, whereas a stimulation electrode combination may include a single electrode of leads 20A, 20B
(e.g., to provide unipolar stimulation) or more than two electrodes. In a unipolar configuration, stimulation may be provided
between an electrode of one of the leads 20A, 20B and a housing of IMD 16 or another reference. In the case of
stimulation electrode combinations, it may be possible for more than one electrode to share a polarity. Sensing in a
unipolar configuration may not be useful for identifying useful bioelectrical brain signals because sensing between an
electrode of one of the leads 20A, 20B and a housing of IMD 16 or another reference may result in the sensing of cardiac
activity of patient 12, which may dominate and mask the brain activity.
[0024] If the stimulation electrode combination and an associated sense electrode combination include at least one
different electrode, the stimulation electrode combination and sense electrode combination may be positioned within
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different parts of brain 28. The parts may or may not overlap.
[0025] In some examples, the sense electrode combination that senses the highest relative beta band activity within
brain 28 may be mapped to a stimulation electrode combination that may provide relatively efficacious stimulation therapy.
For example, the subset of electrodes of the sense electrode combination and the subset of electrodes of the stimulation
electrode combination may be related by a functional relationship between different regions of brain 28. For example,
a sense electrode combination that senses a bioelectrical signal having a relatively high beta band power within a first
part of the thalamus may be mapped to a second part of the thalamus that is functionally connected to first part. This
functional relationship may indicate that if electrical stimulation is delivered to the second part of the thalamus via a
particular stimulation electrode combination, any irregular oscillations or other irregular brain activity within the first part
of the thalamus may be effectively suppressed.
[0026] Selecting one or more stimulation electrode combinations for therapy system 10 based on sensed bioelectrical
brain signals may be useful for minimizing the amount of time required to select efficacious stimulation electrode com-
binations. In the example shown in FIG. 1, therapy system 10 comprises eight electrodes 24, 26, whereby any combination
of the eight electrodes 24, 26 may be selected to provide stimulation therapy to brain 28. In existing techniques, a clinician
may randomly select and test stimulation electrode combinations in order to find an efficacious stimulation electrode
combination. In some cases, the clinician’s knowledge and experience selecting stimulation electrode combinations may
help limit the amount of time required to select stimulation electrode combinations. The clinician may select a stimulation
electrode combination based on a balance of side effects experienced by patient 12 and the extent to which the symptoms
of the patient’s movement disorder are mitigated. In these existing techniques, the clinician may not consider the specific
anatomical make-up of brain 28 of patient 12 to select electrode combinations to test, nor the particular physiological
characteristics of patient 12 or the particular dysfunctional state of the patient’s brain 28. The existing techniques for
selecting and testing stimulation electrode combinations and identifying a relatively efficacious stimulation electrode
combination may be relatively time consuming and tedious.
[0027] In contrast, the systems, devices, and techniques described herein for selecting a stimulation electrode com-
bination utilize information that is specific to patient 12. In particular, sensed bioelectrical brain signals may provide a
clinician with useful information that indicates an efficacious stimulation electrode combination for patient 12. The infor-
mation for selecting an efficacious stimulation electrode combination may be in the form of one or more frequency domain
characteristics of a bioelectrical brain signal sensed by a particular sense electrode combination. The sensed bioelectrical
brain signals are specific to patient 12 because they are sensed within the patient’s brain 28, and, therefore, may be
used to relatively quickly ascertain the stimulation electrode combinations that may provide efficacious therapy to the
specific patient 12.
[0028] In addition to decreasing the time required to select an efficacious stimulation electrode combination, the
techniques described herein may also help decrease amount of expertise or experience required to find an efficacious
stimulation electrode combination in an efficient manner. For example, as described in further detail below with reference
to FIG. 9, programmer 14 or another computing device may automatically evaluate one or more sense electrode com-
binations and determine which sense electrode combination is associated with a stimulation electrode combination that
may provide efficacious therapy to patient 12 based on the bioelectrical brain signals specific to patient 12 and specific
to the actual lead placement within the patient’s brain 28.
[0029] After selecting electrode combinations in accordance with the systems and techniques described herein, a
clinician, alone or with the aid of a computing device, such as programmer 14, may select the other stimulation parameter
values that provide efficacious therapy to patient 12. These other stimulation parameter values may include, for example,
a frequency and amplitude of stimulation signals, and, in the case of stimulation pulses, a duty cycle and pulse width of
the stimulation signals.
[0030] In some examples, after IMD 16 is implanted within patient 12 and programmed for chronic therapy delivery,
IMD 16 may periodically reassess the selected stimulation electrode combination to determine whether another stimu-
lation electrode combination may provide more efficacious therapy. For example, a processor of IMD 16 may periodically
sense bioelectrical brain signals with two or more sense electrode combinations comprising electrodes 24, 26 of leads
20A, 20B, respectively. The processor may determine whether stimulation should be delivered to brain 28 with a different
stimulation electrode combination based on an analysis of the frequency band characteristics of the sensed bioelectrical
brain signals. For example, the processor of IMD 16 may switch the subset of electrodes with which IMD 16 delivers
stimulation to patient 12 if the currently selected stimulation electrode combination is not associated with a sense electrode
combination that senses the bioelectrical brain signal having the relatively high relative beta band power. In this way,
the stimulation electrode combination used by IMD 16 to deliver electrical stimulation to patient 12 may be dynamically
changed in a closed-loop system.
[0031] Electrical stimulation generated by IMD 16 may be configured to manage a variety of disorders and conditions.
In some examples, the stimulation generator of IMD 16 is configured to generate and deliver electrical pulses to patient
12 via electrodes of a selected stimulation electrode combination. However, in other examples, the stimulation generator
of IMD 16 may be configured to generate and deliver a continuous wave signal, e.g., a sine wave or triangle wave. In
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either case, a signal generator within IMD 16 may generate the electrical stimulation therapy for DBS according to a
therapy program that is selected at that given time in therapy. In examples in which IMD 16 delivers electrical stimulation
in the form of stimulation pulses, a therapy program may include a set of therapy parameter values, such as a stimulation
electrode combination for delivering stimulation to patient 12, pulse frequency, pulse width, and a current or voltage
amplitude of the pulses. As previously indicated, the stimulation electrode combination may indicate the specific elec-
trodes 24, 26 that are selected to deliver stimulation signals to tissue of patient 12 and the respective polarity of the
selected electrodes.
[0032] IMD 16 may be implanted within a subcutaneous pocket above the clavicle, or, alternatively, the abdomen,
back or buttocks of patient 12, on or within cranium 32 or at any other suitable site within patient 12. Generally, IMD 16
is constructed of a biocompatible material that resists corrosion and degradation from bodily fluids. IMD 16 may comprise
a hermetic housing to substantially enclose components, such as a processor, therapy module, and memory.
[0033] Implanted lead extension 18 is coupled to IMD 16 via connector 30. In the example of FIG. 1, lead extension
18 traverses from the implant site of IMD 16 and along the neck of patient 12 to cranium 32 of patient 12 to access brain
28. In the example shown in FIG. 1, leads 20A and 20B (collectively "leads 20") are implanted within the right and left
hemispheres, respectively, of patient 12 in order deliver electrical stimulation to one or more regions of brain 28, which
may be selected based on the patient condition or disorder controlled by therapy system 10. Other lead 20 and IMD 16
implant sites are contemplated. For example, IMD 16 may be implanted on or within cranium 32, in some examples. Or
leads 20 may be implanted within the same hemisphere or IMD 16 may be coupled to a single lead.
[0034] Although leads 20 are shown in FIG. 1 as being coupled to a common lead extension 18, in other examples,
leads 20 may be coupled to IMD 16 via separate lead extensions or directly to connector 30. Leads 20 may be positioned
to deliver electrical stimulation to one or more target tissue sites within brain 28 to manage patient symptoms associated
with a movement disorder of patient 12. Leads 20 may be implanted to position electrodes 24, 26 at desired locations
of brain 28 through respective holes in cranium 32. Leads 20 may be placed at any location within brain 28 such that
electrodes 24, 26 are capable of providing electrical stimulation to target tissue sites within brain 28 during treatment.
For example, electrodes 24, 26 may be surgically implanted under the dura mater of brain 28 or within the cerebral
cortex of brain 28 via a burr hole in cranium 32 of patient 12, and electrically coupled to IMD 16 via one or more leads 20.
[0035] In some examples described by U.S. Patent Application Serial No. 12/237,799 to Molnar et al., a brain signal,
such as an EEG or ECoG signal, may be used to determine whether a patient is in a movement state or a rest state.
The movement state includes the state in which the patient is generating thoughts of movement (i.e., is intending to
move), attempting to initiate movement or is actually undergoing movement. The movement state or rest state determi-
nation may then be used to control therapy delivery. For example, upon detecting a movement state of the patient,
therapy delivery may be activated in order to help patient 12 initiate movement or maintain movement, and upon detecting
a rest state of patient 12, therapy delivery may be deactivated or otherwise modified.
[0036] In the example shown in FIG. 1, electrodes 24, 26 of leads 20 are shown as ring electrodes. Ring electrodes
may be used in DBS applications because they are relatively simple to program and are capable of delivering an electrical
field to any tissue adjacent to electrodes 24, 26. In other examples, electrodes 24, 26 may have different configurations.
For examples, in some examples, at least some of the electrodes 24, 26 of leads 20 may have a complex electrode
array geometry that is capable of producing shaped electrical fields. The complex electrode array geometry may include
multiple electrodes (e.g., partial ring or segmented electrodes) around the outer perimeter of each lead 20, rather than
one ring electrode. In this manner, electrical stimulation may be directed to a specific direction from leads 20 to enhance
therapy efficacy and reduce possible adverse side effects from stimulating a large volume of tissue. In some examples,
a housing of IMD 16 may include one or more stimulation and/or sensing electrodes. In alternative examples, leads 20
may have shapes other than elongated cylinders as shown in FIG. 1. For example, leads 20 may be paddle leads,
spherical leads, bendable leads, or any other type of shape effective in treating patient 12.
[0037] In the example shown in FIG. 3, IMD 16 includes a memory 42 to store a plurality of therapy programs 54 that
each define a set of therapy parameter values. In some examples, IMD 16 may select a therapy program from memory
42 based on various parameters, such as a detected patient activity level, a detected patient state, based on the time
of day, and the like. IMD 16 may generate electrical stimulation based on the selected therapy program to manage the
patient symptoms associated with a movement disorder.
[0038] During a trial stage in which IMD 16 is evaluated to determine whether IMD 16 provides efficacious therapy to
patient 12, a plurality of therapy programs may be tested and evaluated for efficacy. In addition, one or more stimulation
electrode combinations may be selected for the one or more therapy programs based on frequency band characteristics
of sensed bioelectrical brain signals, as described in further detail below. Therapy programs may be selected for storage
within IMD 16 based on the results of the trial stage.
[0039] During chronic therapy in which IMD 16 is implanted within patient 12 for delivery of therapy on a non-temporary
basis, IMD 16 may generate and deliver stimulation signals to patient 12 according to different therapy programs 54. In
addition, in some examples, patient 12 may modify the value of one or more therapy parameter values within a single
given program or switch between programs in order to alter the efficacy of the therapy as perceived by patient 12 with



EP 2 364 180 B1

7

5

10

15

20

25

30

35

40

45

50

55

the aid of programmer 14. Memory 42 of IMD 16 may store instructions defining the extent to which patient 12 may
adjust therapy parameters, switch between programs, or undertake other therapy adjustments. Patient 12 may generate
additional programs for use by IMD 16 via external programmer 14 at any time during therapy or as designated by the
clinician.
[0040] External programmer 14 wirelessly communicates with IMD 16 as needed to provide or retrieve therapy infor-
mation. Programmer 14 is an external computing device that the user, e.g., the clinician and/or patient 12, may use to
communicate with IMD 16. For example, programmer 14 may be a clinician programmer that the clinician uses to
communicate with IMD 16 and program one or more therapy programs for IMD 16. Alternatively, programmer 14 may
be a patient programmer that allows patient 12 to select programs and/or view and modify therapy parameters. The
clinician programmer may include more programming features than the patient programmer. In other words, more
complex or sensitive tasks may only be allowed by the clinician programmer to prevent an untrained patient from making
undesired changes to IMD 16.
[0041] Programmer 14 may be a hand-held computing device with a display viewable by the user and an interface for
providing input to programmer 14 (i.e., a user input mechanism). For example, programmer 14 may include a small
display screen (e.g., a liquid crystal display (LCD) or a light emitting diode (LED) display) that presents information to
the user. In addition, programmer 14 may include a touch screen display, keypad, buttons, a peripheral pointing device
or another input mechanism that allows the user to navigate though the user interface of programmer 14 and provide
input. If programmer 14 includes buttons and a keypad, the buttons may be dedicated to performing a certain function,
i.e., a power button, or the buttons and the keypad may be soft keys that change in function depending upon the section
of the user interface currently viewed by the user. Alternatively, the screen (not shown) of programmer 14 may be a
touch screen that allows the user to provide input directly to the user interface shown on the display. The user may use
a stylus or their finger to provide input to the display.
[0042] In other examples, programmer 14 may be a larger workstation or a separate application within another multi-
function device, rather than a dedicated computing device. For example, the multi-function device may be a notebook
computer, tablet computer, workstation, cellular phone, personal digital assistant or another computing device that may
run an application that enables the computing device to operate as medical device programmer 14. A wireless adapter
coupled to the computing device may enable secure communication between the computing device and IMD 16.
[0043] When programmer 14 is configured for use by the clinician, programmer 14 may be used to transmit initial
programming information to IMD 16. This initial information may include hardware information, such as the type of leads
20 and the electrode arrangement, the position of leads 20 within brain 28, the configuration of electrode array 24, 26,
initial programs defining therapy parameter values, and any other information the clinician desires to program into IMD
16. Programmer 14 may also be capable of completing functional tests (e.g., measuring the impedance of electrodes
24, 26 of leads 20).
[0044] The clinician may also store therapy programs within IMD 16 with the aid of programmer 14. During a program-
ming session, the clinician may determine one or more therapy programs that may provide efficacious therapy to patient
12 to address symptoms associated with one or more different patient states, such as a sleep state, movement state or
rest state. For example, the clinician may select one or more stimulation electrode combinations with which stimulation
is delivered to brain 28. During the programming session, patient 12 may provide feedback to the clinician as to the
efficacy of the specific program being evaluated or the clinician may evaluate the efficacy based on one or more phys-
iological parameters of patient (e.g., muscle activity or muscle tone). Programmer 14 may assist the clinician in the
creation/identification of therapy programs by providing a methodical system for identifying potentially beneficial therapy
parameter values.
[0045] The frequency characteristic of the biosignal may include, for example, a power level (or energy) within one or
more frequency bands of the biosignal, a ratio of the power level in two or more frequency bands, a correlation in change
of power between two or more frequency bands, a pattern in the power level of one or more frequency bands over time,
and the like. Example sleep stages include, for example, Stage 1 (also referred to as Stage N1 or S1), Stage 2 (also
referred to as Stage N2 or S2), Deep Sleep (also referred to as slow wave sleep), and rapid eye movement (REM). The
Deep Sleep stage may include multiple sleep stages, such as Stage N3 (also referred to as Stage S3) and Stage N4
(also referred to as Stage S4). In some cases, patient 12 may cycle through the Stage 1, Stage 2, Deep Sleep, REM
sleep stages more than once during a sleep state. The Stage 1, Stage 2, and Deep Sleep stages may be considered
non-REM (NREM) sleep stages.
[0046] Therapy delivered to 12 patient during the sleep state may be controlled based on a determined sleep stage.
For example, a therapy program may be selected based on the detected sleep stage or a therapy program may be
modified based on the detected sleep stage. Therapy to the patient during the detected sleep stage may be delivered
according to the selected or modified therapy program. The stored therapy programs 54 may be, for example, associated
with different sleep stages.
[0047] Programmer 14 may also be configured for use by patient 12. When configured as a patient programmer,
programmer 14 may have limited functionality (compared to a clinician programmer) in order to prevent patient 12 from
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altering critical functions of IMD 16 or applications that may be detrimental to patient 12. In this manner, programmer
14 may only allow patient 12 to adjust values for certain therapy parameters or set an available range of values for a
particular therapy parameter.
[0048] Programmer 14 may also provide an indication to patient 12 when therapy is being delivered, when patient
input has triggered a change in therapy or when the power source within programmer 14 or IMD 16 needs to be replaced
or recharged. For example, programmer 14 may include an alert LED, may flash a message to patient 12 via a programmer
display, generate an audible sound or somatosensory cue to confirm patient input was received, e.g., to indicate a patient
state or to manually modify a therapy parameter.
[0049] Whether programmer 14 is configured for clinician or patient use, programmer 14 is configured to communicate
to IMD 16 and, optionally, another computing device, via wireless communication. Programmer 14, for example, may
communicate via wireless communication with IMD 16 using radio frequency (RF) telemetry techniques known in the
art. Programmer 14 may also communicate with another programmer or computing device via a wired or wireless
connection using any of a variety of local wireless communication techniques, such as RF communication according to
the 802.11 or Bluetooth specification sets, infrared (IR) communication according to the IRDA specification set, or other
standard or proprietary telemetry protocols. Programmer 14 may also communicate with other programming or computing
devices via exchange of removable media, such as magnetic or optical disks, memory cards or memory sticks. Further,
programmer 14 may communicate with IMD 16 and another programmer via remote telemetry techniques known in the
art, communicating via a local area network (LAN), wide area network (WAN), public switched telephone network (PSTN),
or cellular telephone network, for example.
[0050] Therapy system 10 may be implemented to provide chronic stimulation therapy to patient 12 over the course
of several months or years. However, system 10 may also be employed on a trial basis to evaluate therapy before
committing to full implantation. If implemented temporarily, some components of system 10 may not be implanted within
patient 12. For example, patient 12 may be fitted with an external medical device, such as a trial stimulator, rather than
IMD 16. The external medical device may be coupled to percutaneous leads or to implanted leads via a percutaneous
extension. If the trial stimulator indicates DBS system 10 provides effective treatment to patient 12, the clinician may
implant a chronic stimulator within patient 12 for relatively long-term treatment.
[0051] FIG. 3 is a functional block diagram illustrating components of an example IMD 16. In the example shown in
FIG. 3, IMD 16 includes processor 40, memory 42, stimulation generator 44, sensing module 46, switch module 48,
telemetry module 50, and power source 52. Memory 42 may include any volatile or non-volatile media, such as a random
access memory (RAM), read only memory (ROM), non-volatile RAM (NVRAM), electrically erasable programmable
ROM (EEPROM), flash memory, and the like. Memory 42 may store computer-readable instructions that, when executed
by processor 40, cause IMD 16 to perform various functions.
[0052] As previously discussed, in the example shown in FIG. 3, memory 42 stores therapy programs 54, sense
electrode combinations and associated stimulation electrode combinations 56, and operating instructions 58 in separate
memories within memory 42 or separate areas within memory 42. In addition, in some examples, memory 42 may store
a bioelectrical brain signal sensed via at least some of the stored sense electrode combinations and/or one or more
frequency band characteristics of the bioelectrical brain signals. Each stored therapy program 52 defines a particular
program of therapy in terms of respective values for electrical stimulation parameters, such as a stimulation electrode
combination, electrode polarity, current or voltage amplitude, pulse width, and pulse rate. In some examples, the therapy
programs may be stored as a therapy group, which defines a set of therapy programs with which stimulation may be
generated. The stimulation signals defined by the therapy programs of the therapy group may be delivered together on
an overlapping or non-overlapping (e.g., time-interleaved) basis.
[0053] Sense and stimulation electrode combinations 56 stores sense electrode combinations and associated stimu-
lation electrode combinations. As described above, in some examples, the sense and stimulation electrode combinations
may include the same subset of electrodes 24, 26, or may include different subsets of electrodes. Operating instructions
58 guide general operation of IMD 16 under control of processor 40, and may include instructions for measuring the
impedance of electrodes 24, 26 and/or determining the distance between electrodes 24, 26.
[0054] Stimulation generator 44, under the control of processor 40, generates stimulation signals for delivery to patient
12 via selected combinations of electrodes 24, 26. An example range of electrical stimulation parameters believed to
be effective in DBS to manage a movement disorder of patient include:

1. Frequency: between approximately 100 Hz and approximately 500 Hz, such as approximately 130 Hz.
2. Voltage Amplitude: between approximately 0.1 volts and approximately 50 volts, such as between approximately
0.5 volts and approximately 20 volts, or approximately 5 volts.
3. Current Amplitude: A current amplitude may be defmed as the biological load in which the voltage is delivered.
In a current-controlled system, the current amplitude, assuming a lower level impedance of approximately 500 ohms,
may be between approximately 0.2 milliAmps to approximately 100 milliAmps, such as between approximately 1
milliAmps and approximately 40 milliAmps, or approximately 10 milliAmps. However, in some examples, the imped-
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ance may range between about 200 ohms and about 2 kiloohms.
4. Pulse Width: between approximately 10 microseconds and approximately 5000 microseconds, such as between
approximately 100 microseconds and approximately 1000 microseconds, or between approximately 180 microsec-
onds and approximately 450 microseconds.

[0055] Accordingly, in some examples, stimulation generator 44 generates electrical stimulation signals in accordance
with the electrical stimulation parameters noted above. Other ranges of therapy parameter values may also be useful,
and may depend on the target stimulation site within patient 12, which may or may not be within brain 28. While stimulation
pulses are described, stimulation signals may be of any form, such as continuous-time signals (e.g., sine waves) or the like.
[0056] In the time-interleave shifting example, the amplitudes of the electrode combinations of the first and second
therapy program are ramped downward and upward, respectively, in incremental steps until the amplitude of the second
electrode combination reaches a target amplitude. The incremental steps may be different between ramping downward
or ramping upward. The incremental steps in amplitude can be of a fixed size or may vary, e.g., according to an exponential,
logarithmic or other algorithmic change. When the second electrode combination reaches its target amplitude, or possibly
before, the first electrode combination can be shut off. Other techniques for shifting the delivery of stimulation signals
between two therapy programs may be used in other examples.
[0057] Processor 40 may include any one or more of a microprocessor, a controller, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field-programmable gate array (FPGA), discrete logic circuitry, and
the functions attributed to processor 40 herein may be embodied as firmware, hardware, software or any combination
thereof. Processor 40 controls stimulation generator 44 according to therapy programs 52 stored in memory 42 to apply
particular stimulation parameter values specified by one or more of programs, such as amplitude, pulse width, and pulse
rate.
[0058] In the example shown in FIG. 3, the set of electrodes 24 includes electrodes 24A, 24B, 24C, and 24D, and the
set of electrodes 26 includes electrodes 26A, 26B, 26C, and 26D. Processor 40 also controls switch module 48 to apply
the stimulation signals generated by stimulation generator 44 to selected combinations of electrodes 24, 26. In particular,
switch module 48 may couple stimulation signals to selected conductors within leads 20, which, in turn, deliver the
stimulation signals across selected electrodes 24, 26. Switch module 46 may be a switch array, switch matrix, multiplexer,
or any other type of switching module configured to selectively couple stimulation energy to selected electrodes 24, 26
and to selectively sense bioelectrical brain signals with selected electrodes 24, 26. Hence, stimulation generator 44 is
coupled to electrodes 24, 26 via switch module 46 and conductors within leads 20. In some examples, however, IMD
16 does not include switch module 46.
[0059] Stimulation generator 44 may be a single channel or multi-channel stimulation generator. In particular, stimu-
lation generator 44 may be capable of delivering, a single stimulation pulse, multiple stimulation pulses or continuous
signal at a given time via a single electrode combination or multiple stimulation pulses at a given time via multiple
electrode combinations. In some examples, however, stimulation generator 44 and switch module 48 may be configured
to deliver multiple channels on a time-interleaved basis. For example, switch module 48 may serve to time divide the
output of stimulation generator 44 across different electrode combinations at different times to deliver multiple programs
or channels of stimulation energy to patient 12.
[0060] As described in further detail with reference to FIG. 9, in some examples, processor 40 may dynamically change
the selected combinations of electrodes 24, 26, i.e., the stimulation electrode combination, based on one or more
frequency domain characteristics of bioelectrical signals sensed within brain 28. Sensing module 46, under the control
of processor 40, may sense bioelectrical brain signals and provide the sensed bioelectrical brain signals to processor
40. Processor 40 may control switch module 48 to couple sensing module 46 to a selected combinations of electrodes
24, 26, i.e., a sense electrode combination. In this way, IMD 16 is configured such that sensing module 46 may sense
bioelectrical brain signals with a plurality of different sense electrode combinations. Switch module 48 may be electrically
coupled to the selected electrodes 24, 26 via the conductors within the respective leads 20, which, in turn, deliver the
bioelectrical brain signal sensed across the selected electrodes 24, 26 to sensing module 46. The bioelectrical brain
signal may include electrical signals that are indicative of electrical activity within brain 28 of patient 12.
[0061] Although sensing module 46 is incorporated into a common housing with stimulation generator 44 and processor
40 in FIG. 3, in other examples, sensing module 46 may be in a separate housing from IMD 16 and may communicate
with processor 40 via wired or wireless communication techniques. Example bioelectrical brain signals include, but are
not limited to, a signal generated from local field potentials within one or more regions of brain 28. EEG and ECoG
signals are examples of local field potentials that may be measured within brain 28. However, local field potentials may
include a broader genus of electrical signals within brain 28 of patient 12.
[0062] Processor 40 may analyze the bioelectrical brain signal, e.g., a frequency domain characteristic of the biosignal,
to evaluate different stimulation electrode combinations. As previously indicated, a stimulation electrode combination
may be associated with a sense electrode combination in memory 42. Processor 40 may evaluate different stimulation
electrode combinations by, at least in part, sensing bioelectrical brain signals with the sense electrode combination
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associated with a respective one of the stimulation electrode combinations and analyzing a frequency domain charac-
teristic of the sensed bioelectrical brain signal.
[0063] A frequency domain characteristic of the biosignal may include, for example, a power level (or energy) within
one or more frequency bands of the biosignal, a ratio of the power level in two or more frequency bands, a correlation
in change of power between two or more frequency bands, a pattern in the power level of one or more frequency bands
over time, and the like. In some examples, as described with reference to FIG. 5, processor 40 may adjust a stimulation
electrode combination or otherwise select a stimulation electrode combination by selecting a stimulation electrode com-
bination that is associated with the sense electrode combination that sensed the bioelectrical brain signal comprising
the greatest relative beta band power compared to the other sensed bioelectrical brain signals. In other examples,
processor 40 may select a stimulation electrode combination that is associated with the sense electrode combination
that sensed a bioelectrical brain signal comprising a power level in a particular frequency band above a threshold value,
which may be stored in memory 42.
[0064] Telemetry module 50 supports wireless communication between IMD 16 and an external programmer 14 or
another computing device under the control of processor 40. Processor 40 of IMD 16 may receive, as updates to
programs, values for various stimulation parameters such as amplitude and electrode combination, from programmer
14 via telemetry module 50. The updates to the therapy programs may be stored within therapy programs 54 portion of
memory 42. Telemetry module 50 in IMD 16, as well as telemetry modules in other devices and systems described
herein, such as programmer 14, may accomplish communication by radiofrequency (RF) communication techniques.
In addition, telemetry module 50 may communicate with external medical device programmer 14 via proximal inductive
interaction of IMD 16 with programmer 14. Accordingly, telemetry module 50 may send information to external programmer
14 on a continuous basis, at periodic intervals, or upon request from IMD 16 or programmer 14.
[0065] Power source 52 delivers operating power to various components of IMD 16. Power source 52 may include a
small rechargeable or non-rechargeable battery and a power generation circuit to produce the operating power. Re-
charging may be accomplished through proximal inductive interaction between an external charger and an inductive
charging coil within IMD 16. In some examples, power requirements may be small enough to allow IMD 16 to utilize
patient motion and implement a kinetic energy-scavenging device to trickle charge a rechargeable battery. In other
examples, traditional batteries may be used for a limited period of time.
[0066] FIG 4 is a conceptual block diagram of an example external medical device programmer 14, which includes
processor 60, memory 62, telemetry module 64, user interface 66, and power source 68. Processor 60 controls user
interface 66 and telemetry module 64, and stores and retrieves information and instructions to and from memory 62.
Programmer 14 may be configured for use as a clinician programmer or a patient programmer. Processor 60 may
comprise any combination of one or more processors including one or more microprocessors, DSPs, ASICs, FPGAs,
or other equivalent integrated or discrete logic circuitry. Accordingly, processor 60 may include any suitable structure,
whether in hardware, software, firmware, or any combination thereof, to perform the functions ascribed herein to processor
60.
[0067] A user, such as a clinician or patient 12, may interact with programmer 14 through user interface 66. User
interface 66 includes a display (not shown), such as a LCD or LED display or other type of screen, to present information
related to the therapy, such as information related to bioelectrical signals sensed via a plurality of sense electrode
combinations. In addition, user interface 66 may include an input mechanism to receive input from the user. The input
mechanisms may include, for example, buttons, a keypad (e.g., an alphanumeric keypad), a peripheral pointing device
or another input mechanism that allows the user to navigate though user interfaces presented by processor 60 of
programmer 14 and provide input.
[0068] If programmer 14 includes buttons and a keypad, the buttons may be dedicated to performing a certain function,
i.e., a power button, or the buttons and the keypad may be soft keys that change in function depending upon the section
of the user interface currently viewed by the user. Alternatively, the screen (not shown) of programmer 14 may be a
touch screen that allows the user to provide input directly to the user interface shown on the display. The user may use
a stylus or their finger to provide input to the display. In other examples, user interface 66 also includes audio circuitry
for providing audible instructions or sounds to patient 12 and/or receiving voice commands from patient 12, which may
be useful if patient 12 has limited motor functions. Patient 12, a clinician or another user may also interact with programmer
14 to manually select therapy programs, generate new therapy programs, modify therapy programs through individual
or global adjustments, and transmit the new programs to IMD 16.
[0069] In some examples, at least some of the control of therapy delivery by IMD 16 may be implemented by processor
60 of programmer 14. For example, in some examples, processor 60 may receive a bioelectrical brain signal from IMD
16 or from a sensing module that is separate from IMD 16. The separate sensing module may, but need not be, implanted
within patient 12. In some examples, processor 60 may evaluate one or more stimulation electrode combinations based
on a frequency component of a bioelectrical brain signals sensed with the one or more sense electrode combinations
associated with at least one of the stimulation electrode combinations. Processor 60 may select a stimulation electrode
combination for IMD 16 based on the analysis of the frequency domain characteristics of the sensed bioelectrical brain
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signals. In some cases, processor 60 may transmit a signal to IMD 16 to instruct IMD 16 to switch stimulation electrode
combinations.
[0070] Processor 40 of IMD 16 may receive the signal from programmer 14 via its respective telemetry module 50
(FIG. 3). Processor 40 of IMD 16 may switch stimulation electrode combinations by selecting a stored therapy program
from memory 42 based on the signal from processor 60 of programmer 14. Alternatively, processor 60 of programmer
14 may select a therapy program or a specific stimulation electrode combination and transmit a signal to IMD 16, where
the signal indicates the therapy parameter values to be implemented by IMD 16 to help improve the efficacy of the
stimulation to manage the patient’s movement disorder. The indication may be, for example, an alphanumeric identifier
or symbol that is associated with the therapy program in memory 42 of IMD 16.
[0071] Memory 62 may include instructions for operating user interface 66 and telemetry module 64, and for managing
power source 68. Memory 62 may also store any therapy data retrieved from IMD 16 during the course of therapy. The
clinician may use this therapy data to determine the progression of the patient condition in order to predict future treatment.
Memory 62 may include any volatile or nonvolatile memory, such as RAM, ROM, EEPROM or flash memory. Memory
62 may also include a removable memory portion that may be used to provide memory updates or increases in memory
capacities. A removable memory may also allow sensitive patient data to be removed before programmer 14 is used by
a different patient.
[0072] Wireless telemetry in programmer 14 may be accomplished by RF communication or proximal inductive inter-
action of external programmer 14 with IMD 16. This wireless communication is possible through the use of telemetry
module 64. Accordingly, telemetry module 64 may be similar to the telemetry module contained within IMD 16. In
alternative examples, programmer 14 may be capable of infrared communication or direct communication through a
wired connection. In this manner, other external devices may be capable of communicating with programmer 14 without
needing to establish a secure wireless connection.
[0073] Power source 68 delivers operating power to the components of programmer 14. Power source 68 may include
a battery and a power generation circuit to produce the operating power. In some examples, the battery may be re-
chargeable to allow extended operation. Recharging may be accomplished by electrically coupling power source 68 to
a cradle or plug that is connected to an alternating current (AC) outlet. In addition, recharging may be accomplished
through proximal inductive interaction between an external charger and an inductive charging coil within programmer
14. In other examples, traditional batteries (e.g., nickel cadmium or lithium ion batteries) may be used. In addition,
programmer 14 may be directly coupled to an alternating current outlet to operate. Power source 68 may include circuitry
to monitor power remaining within a battery. In this manner, user interface 66 may provide a current battery level indicator
or low battery level indicator when the battery needs to be replaced or recharged. In some cases, power source 68 may
be capable of estimating the remaining time of operation using the current battery.
[0074] FIG. 5 is a flow diagram illustrating an example technique that processor 40 of IMD 16 may implement in order
to select a stimulation electrode combination for delivering efficacious stimulation therapy to brain 28 of patient 12. While
FIG. 5, as well as FIGS. 7 and 10, are primarily described with reference to processor 40 of IMD 16, in other examples,
processor 60 of programmer 14 or a processor of another computing device may perform any one or more parts of the
techniques described herein, such as the techniques described with reference to FIGS. 5, 7, and 10.
[0075] Processor 40 of IMD 16 may control sensing module 46 (FIG. 3) to sense bioelectrical brain signals with each
of a plurality of sense electrode combinations (70). For example, switch module 48 (FIG. 3), under the control of processor
40, may selectively couple sensing module 46 to a first subset of electrodes 24, 26, and sensing module 46 may sense
a first local field potential within brain 28 via the first subset of electrodes 24, 26. This first subset of electrodes may also
be referred to as a first sense electrode combination. Processor 40 may store the first bioelectrical brain signal resulting
from the measurement of the first local field potential within brain 28 via the first subset of electrodes 24, 26 within
memory 42 of IMD 16.
[0076] Sensing module 48 may subsequently selectively couple sensing module 46 to a second subset of electrodes
24, 26, i.e., a second sense electrode combination, which differs from the first subset by at least one electrode. Sensing
module 46 may sense a local field potential within brain 28 via the second subset of electrodes 24, 26. Processor 40
may store the second bioelectrical brain signal resulting from the measurement of the local field potential within brain
28 via the second subset of electrodes 24, 26 within memory 42 of IMD 16. Processor 40 may continue sensing bioelectrical
brain signals within brain 28 with any suitable number of sense electrode combinations. The sense electrode combinations
may be stored in memory 42 of IMD 16 or a memory of another device.
[0077] Processor 40 may determine a relative beta band power of each sensed bioelectrical brain signal (72). In some
examples, sensing module 46 may include circuitry to tune to and extract a power level of a particular frequency band
of a sensed bioelectrical brain signal. Thus, the power level of a particular frequency band of a sensed bioelectrical brain
signal may be extracted prior to digitization of the signal by processor 40. By tuning to and extracting the power level of
a particular frequency band before the signal is digitized, it may be possible to run frequency domain analysis algorithms
at a relatively slower rate compared to systems that do not include a circuit to extract a power level of a particular
frequency band of a sensed bioelectrical brain signal prior to digitization of the signal. In some examples, sensing module
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46 may include more than one channel to monitor simultaneous activity in different frequency bands, i.e., to extract the
power level of more than one frequency band of a sensed bioelectrical brain signal. These frequency bands may include
a beta frequency band, e.g., approximately 10 Hz to approximately 30 Hz, such as about 20 Hz, or other frequency bands.
[0078] In some examples, sensing module 46 of IMD 16 may include an architecture that merges chopper-stabilization
with heterodyne signal processing to support a low-noise amplifier. In some examples, sensing module 46 may include
a frequency selective signal monitor that includes a chopper-stabilized superheterodyne instrumentation amplifier and
a signal analysis unit.
[0079] As described in U.S. Patent Application Serial No. 12/237,868 to Denison et al., frequency selective signal
monitor may utilize a heterodyning, chopper-stabilized amplifier architecture to convert a selected frequency band of a
physiological signal to a baseband for analysis. The physiological signal may include a bioelectrical brain signal, which
may be analyzed in one or more selected frequency bands to select a stimulation electrode combination in accordance
with the techniques described herein. The frequency selective signal monitor may provide a physiological signal moni-
toring device comprising a physiological sensing element that receives a physiological signal, an instrumentation amplifier
comprising a modulator that modulates the signal at a first frequency, an amplifier that amplifies the modulated signal,
and a demodulator that demodulates the amplified signal at a second frequency different from the first frequency. A
signal analysis unit may analyze a characteristic of the signal in the selected frequency band. The second frequency
may be selected such that the demodulator substantially centers a selected frequency band of the signal at a baseband.
[0080] Different movement disorder symptoms may be detected in different frequency bands of a bioelectrical brain
signal. An example of frequency bands is shown in Table 1 below:

[0081] Processor 40 may select the frequency band to monitor based on the patient’s symptoms. As previously indi-
cated, activity of the sensed bioelectrical brain signal within a beta band may be associated with bradykinesia of patient
12. Other symptoms of the patient’s movement disorder may be associated with the energy of a bioelectrical brain signal
within other frequency bands, such as the alpha or high gamma bands.
[0082] A relative beta band power may include a ratio of a power level in the beta frequency band of a sensed
bioelectrical brain signal to the overall power of the sensed bioelectrical brain signal. The power level in the beta band
may be determined using any suitable technique. In some examples, processor 40 may average the power level of the
beta band of a sensed bioelectrical brain signal over a predetermined time period, such as about ten seconds to about
two minutes, although other time ranges are also contemplated. In other examples, the beta band power level may be
a median power level over a predetermined range of time, such as about ten seconds to about two minutes. The activity
within the beta band of a bioelectrical brain signal, as well as other frequency bands of interest, may fluctuate over time.
Thus, the power level in the selected frequency band at one instant in time may not provide an accurate and precise
indication of the energy of the bioelectrical brain signal in the selected frequency band. Averaging or otherwise monitoring
the power level in the selected frequency band over time may help capture a range of power levels, and, therefore, a
better indication of the patient’s pathological state in the particular brain region sensed by the selected sense electrode
combination.
[0083] The overall power of the sensed bioelectrical brain signal may be determined using any suitable technique. In
one example, processor 40 may determine an overall power level of a sensed bioelectrical brain signal based on the
total power level of a swept spectrum of the bioelectrical brain signal. To generate the swept spectrum, processor 40
may control sensing module 46 to tune to consecutive frequency bands over time, and processor 40 may assemble a
pseudo-spectrogram of the sensed bioelectrical brain signal based on the power level in each of the extracted frequency
bands. The pseudo-spectrogram may be indicative of the energy of the frequency content of the bioelectrical brain signal
within a particular window of time.
[0084] In one accordance with example technique, processor 40 may determine an overall power level of a sensed
bioelectrical brain signal based on time domain data. For example, processor 40 may determine the relative beta band
power by determining a ratio of the beta band power to a voltage amplitude of the signal. The voltage amplitude may

TABLE 1

Frequency (f) Band Hertz (Hz) Frequency Information

f < 5 Hz δ (delta frequency band)

5Hz ≤ f ≤ 10 Hz α (alpha frequency band)

10Hz ≤ f ≤ 30 Hz β (beta frequency band)

50 Hz ≤ f ≤ 100 Hz γ (gamma frequency band)

100 Hz ≤ f ≤ 200 Hz high γ (high gamma frequency band)
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be a mean or median voltage amplitude of the signal over a predetermined range of time, such as about ten seconds
to about two minutes, although other time ranges are also contemplated. The voltage amplitudes of the bioelectrical
brain signals may be calibration coefficients that help minimize variability between the power levels of the bioelectrical
brain signals in a particular frequency band that is attributable to differences in the overall signal power level.
[0085] Processor 40 may compare the relative beta band power levels of the sensed bioelectrical brain signals (74).
Comparing the relative beta band power levels of the bioelectrical brain signals may be more meaningful than comparing
the absolute beta band power levels because the signal strength may change depending on the electrodes used to
sense the bioelectrical brain signal. A sensed bioelectrical brain signal having a higher overall signal strength may appear
to have a higher beta band power level than a second sensed bioelectrical brain signal having a lower overall signal
strength, even though the second sensed bioelectrical signal may have a higher relative beta power.
[0086] For example, if a first sense electrode combination includes electrodes 24A, 24D and a second sense electrode
combination includes electrodes 24A, 24B, a first bioelectrical brain signal sensed via the first sense electrode combination
may have a greater overall signal strength, and, therefore, a greater beta band power level than a second bioelectrical
brain signal sensed via the second sense electrode combination due to distance between the electrodes of the first and
second sense electrode combinations. Comparing the relative beta band power levels may reduce the variability in the
measured beta band power levels of the sensed bioelectrical signals attributable to variability in the overall signal strength.
[0087] After comparing the relative beta band powers of the sensed bioelectrical brain signals (74), processor 40 may
select the sense electrode combination that is associated with the highest relative beta band power (76). Processor 40
may select a stimulation electrode combination based on the selected sense electrode combination (78). As previously
indicated, memory 42 of IMD 16 may store information associating sense and stimulation electrode combinations 56
(FIG 3). In some examples, the sense electrode combination and stimulation electrode combination may comprise the
same subset of electrodes 24, 26, while in other examples, the sense and stimulation electrode combinations may
comprise different subsets of electrodes 24, 26.
[0088] FIGS. 6A-6D are example power spectral density (PSD) plots of bioelectrical brain signals sensed via different
sense electrode combinations. The average PSD is shown in microvolts squared per Hertz (mv2/Hz). FIG. 6A illustrates
a PSD plot of a first bioelectrical brain signal 80 sensed via a first sense electrode combination including electrodes
24D, 24C of lead 20A (FIG. 3). As shown in FIG. 6A, a greatest power level of the first bioelectrical signal 80 in a beta
band (approximately 10 Hz to about 20 Hz) is approximately 58 mv2/Hz. FIG 6B illustrates a PSD plot of a second
bioelectrical brain signal 82 sensed via a second sense electrode combination including electrodes 24C, 24B of lead
20A (FIG 3). As shown in FIG. 6B, a greatest power level of the second bioelectrical signal 82 in a beta band is approx-
imately 12 mv2/Hz.
[0089] FIG. 6C illustrates a PSD plot of a third bioelectrical brain signal 84 sensed via a third sense electrode combi-
nation including electrodes 24B, 24A of lead 20A (FIG 3). As shown in FIG. 6C, a greatest power level of the third
bioelectrical signal 84 in a beta band is approximately 11 mv2/Hz. FIG 6D illustrates a PSD plot of a fourth bioelectrical
brain signal 86 sensed via a fourth sense electrode combination including electrodes 24B, 24A of lead 20A (FIG. 3). As
shown in FIG. 6D, a greatest power level of the fourth bioelectrical signal 86 in a beta band is approximately 30 mv2/Hz.
[0090] If the sensed bioelectrical brain signals 80, 82, 84, 86 shown in FIGS. 6A-6D, respectively, have substantially
similar overall power levels, processor 40 may determine that first bioelectrical brain signal 80 has the highest relative
beta band power. Accordingly, processor 40 may select a stimulation electrode combination based on the first sense
electrode combination by reference memory 42 of IMD 16. As previously indicated, memory 42 may store information
associating sense electrode combinations with stimulation electrode combinations.
[0091] In some examples, processor 40 may identify an efficacious stimulation electrode combination for therapy
delivery to patient 12 based on a frequency band of a bioelectrical brain signal other than a beta band. FIG. 7 is a flow
diagram of an example technique that processor 40 of IMD 16, processor 60 of programmer 14, or another computing
device may implement to identify a frequency band of interest. Processor 40 is referred to throughout the description of
FIG. 7. In other examples, processor 60 of programmer 14 or another computing device may implement the technique
shown in FIG. 7 to identify a frequency band of interest.
[0092] Processor 40 may generate a spectrogram (e.g., as shown in FIG. 2) of a bioelectrical brain signal of patient
12 during a first time period in which patient 12 is in a pathological state, e.g., is not receiving any therapy to manage
the movement disorder or other patient condition (90). Processor 40 may generate a spectrogram during a second time
period in which patient 12 is receiving therapy to manage the movement disorder or other patient condition (92). Processor
40 may determine a frequency band of interest that indicates a biomarker for the patient’s condition based on the
spectrograms (94). In some examples, processor 40 may determine which frequency bands exhibited a relatively large
and/or discernable change between the first and second time periods. For example, in the spectrogram shown in FIG.
2, the beta band activity decreased after the human subject began receiving a pharmaceutical agent to manage a
movement disorder, as indicated by time period 38.
[0093] Processor 40 may utilize the frequency band of interest in order to identify a stimulation electrode combination
in accordance with the techniques described herein. In some examples, processor 40 may sense bioelectrical brain
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signals within brain 28 of patient 12 with each sense electrode combination of a plurality of stored sense electrode
combinations. Processor 40 may select a stimulation electrode combination based on the sense electrode combination
associated with a sensed bioelectrical brain signal having a greatest relative power level in the frequency band of interest.
In other examples, processor 40 may select a stimulation electrode combination based on the sense electrode combi-
nation associated with a sensed bioelectrical brain signal having a lowest relative power level in the frequency band of
interest.
[0094] In some examples, the different sense electrode combinations and associated beta band power levels may be
presented to a user, such as a clinician, via a display of a device, such as programmer 14. FIG. 8 is a flow diagram of
an example technique that processor 60 of programmer 14 may implement in order to determine the beta band power
levels of bioelectrical brain signals sensed via a respective one of a plurality of sense electrode combinations. In other
examples, processor 40 of IMD 16 or another device may perform any part of the technique shown in FIG. 8.
[0095] Processor 60 may select a sense electrode combination from memory 62 (FIG. 4) of programmer 14 (100).
Memory 62 may store any number of sense electrode combinations, which may include, for example, every possible
combination of electrodes 24, 26 implanted within patient 12 that may be used to sense electrical activity within brain
28. Processor 60 may control IMD 16 to sense a bioelectrical brain signal with the selected sense electrode combination
(102). For example, via the respective telemetry modules 64, 50, processor 60 may provide a signal to processor 40 of
IMD 16 that indicates that processor 40 should controls sensing module 46 (FIG. 3) to initiate the measurement of a
local field potential within brain 28 via the electrodes of the selected sense electrode combination. Processor 60 may
also transmit the sense electrode combination to processor 40, such as providing a signal indicating the subset of
electrodes 24, 26 in the sense electrode combination or by providing a signal indicating an identifier associated with the
selected sense electrode combination. IMD 16 may store sense electrode combinations within memory 42 and associate
each sense electrode combination with an identifier, such as an alphanumeric identifier.
[0096] Processor 60 may receive the sensed bioelectrical brain signal from processor 40 of IMD 16 via the respective
telemetry modules 64, 50 (FIGS. 3 and 4), and record the bioelectrical brain signal in memory 62 of programmer 14
(104). In some examples, instead of or in addition to the bioelectrical brain signal, processor 60 may record the relative
beta band power of the sensed bioelectrical brain signal in memory 62. After sensing and recording the bioelectrical
brain signal with a first sense electrode combination, processor 60 may determine whether there are further electrode
combinations to test (106). For example, if programmer 14 stores a plurality of sense electrode combinations, processor
60 may record the bioelectrical brain signal sensed via each of the stored sense electrode combinations.
[0097] If there are additional sense electrode combinations with which to sense bioelectrical brain signals (106),
processor 60 may determine the bioelectrical brain signal associated with each of the additional sense electrode com-
binations (100, 102, 104). If there are no additional sense electrode combinations available (106), processor 60 may
map the sense electrode combinations to stimulation electrode combinations (108). That is, processor 60 may determine
the stimulation electrode combinations that are associated with the sense electrode combinations. For example, proc-
essor 60 may reference a data structure that associates sense electrode combinations with stimulation electrode com-
binations in order to map the sense electrode combinations to stimulation electrode combinations. In other examples,
processor 60 may initialize an algorithm to determine the stimulation electrode combinations that are associated with
the sense electrode combinations if, for example, the sense electrode combinations are not pre-associated with stimu-
lation electrode combinations.
[0098] Processor 60 may present the results to a user (109). As previously discussed, user interface 66 (FIG. 3) of
programmer 14 may include a display, such as an LCD or LED display. Processor 60 may present the results of the
sensing of bioelectrical brain signals via the different sense electrode combinations in any suitable manner. In some
examples, processor 60 may display a time domain plot of the bioelectrical brain signal. In other examples, processor
60 may display a table that provides the relative beta band (or other frequency band of interest) power level associated
with each sense electrode combination.
[0099] As previously described, in other examples, processor 40 of IMD 16 or another device may perform any part
of the technique shown in FIG 8. For example, processor 40 of IMD 16 may select a sense electrode combination from
memory 42 (FIG. 3) of IMD 16 (100) and control sensing module 46 to sense a bioelectrical brain signal with the selected
sense electrode combination (102). Processor 40 of IMD 16 may record the bioelectrical brain signal in memory 42, or
transmit the signal to programmer 24 for recording in memory 62 (104). If there are additional sense electrode combi-
nations with which to sense bioelectrical brain signals (106), processor 40 may determine the bioelectrical brain signal
associated with each of the additional sense electrode combinations (100, 102, 104).
[0100] Processor 40 may uplink the results to programmer 24. The results may include, for example, the sense
electrode combinations tested and the associated bioelectrical brain signals or specific signal characteristics (e.g., beta
band power). Programmer 24 may then map the sense electrode combinations to stimulation electrode combinations
(108) and present the results to a user (109). In other examples, processor 40 of IMD 16 may map the sense electrode
combinations to stimulation electrode combinations (108).
[0101] Clinician interaction may be minimized if the technique shown in FIG 8 for sensing bioelectrical brain signals
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with different sense electrode combinations is performed by processor 40 of IMD 16. This may help, for example, reduce
the burden on the clinician during the stimulation electrode combination selection processor. While in some cases, the
clinician may initialize the process, processor 40 of IMD 16 may control the selection of sense electrode combinations
and recording of bioelectrical brain signals or other signal characteristics.
[0102] FIG. 9 is an example table that processor 60 may present to a user via a display of programmer 14 (108). A
first column of the table shown in FIG. 9 indicates sense electrode combinations. While FIG. 9 indicates the sense
electrode combinations via alphanumeric indicators (e.g., "Combination 1"), in other examples, processor 60 may present
the sense electrode combinations to a user using other formats. In some examples, processor 60 may present a graphical
display of leads 20 and indicate the subset of electrodes 24, 26 (FIG. 3) that are selected as part of each of the sense
electrode combinations.
[0103] In some examples, the table shown in FIG. 9 may have selectable sections, such that a user may select one
of the sections of the table in order to retrieve a subset of information associated with the selected section. For example,
a user may select the box labeled, "COMBINATION 1" to receive more information about the first sense electrode
combination in the table. The information may include, for example, the graphical display of the leads 20 and electrodes
24, 26 with an indication of the subset of electrodes 24, 26 that are included in the sense electrode combination associated
with the indicator, "COMBINATION 1." In addition, programmer 14 may present information such as the stimulation
electrode combination associated with the sense electrode combination, and, in some cases, other stimulation parameter
values that map to or are otherwise related to the sense parameters.
[0104] The table shown in FIG. 9 also provides, for each of the sense electrode combinations, absolute beta band
powers of the bioelectrical brain signal sensed via the respective sense electrode combination. These values are shown
in the column with the headings "β POWER 1" and "β POWER 2." The beta band power levels of the bioelectrical brain
signals may be calculating using different techniques. In some examples, the "β POWER 1" and "β POWER 2" columns
shown in FIG 9 may provide beta band power levels calculated using different techniques. For example, "β POWER 1"
may indicate the average power in the beta band of the bioelectrical signal over a first time period, and "β POWER 2"
column may indicate the average power in the beta band of the bioelectrical signal over a second time period that has
a different duration than the first time period. As an example, the first time period may be about ten seconds and the
second time period may be about one minute. Other time period durations are contemplated. The time periods may
overlap or may not overlap.
[0105] In other examples, the "β POWER 1" and "β POWER 2" columns shown in FIG. 9 may provide beta band power
levels calculated in different sub-bands of the beta band. For example, "β POWER 1" may indicate the average power
in the 12 Hz sub-band of the beta band of the bioelectrical signal, and "β POWER 2" may indicate the average power
in the 20 Hz sub-band of the beta band of the bioelectrical signal. The power levels in the different sub-bands of the
beta band may be measured at the same or different times.
[0106] For each of the sense electrode combinations, the table shown in FIG. 9 may provide the relative beta band
power level of the bioelectrical brain signal sensed via a respective one of the sense electrode combination. This is
shown in the column with the heading "RELATIVE POWER." As previously indicated, the relative power may help reduce
the variability in the different beta band power levels (shown in FIG. 9 under the heading "β Power 1") due to the
differences in the overall power level of the sensed bioelectrical brain signals.
[0107] In some examples, processor 60 of programmer 14 may also label each sense electrode combination with a
value or other indicator that indicates the possibility that a stimulation electrode combination associated with the sense
electrode combination may provide efficacious therapy to patient 12. This label associated with each sense electrode
combination may help a user compare the different sense electrode combinations relatively quickly and without undue
effort. In the example shown in FIG 9, indicators that processor 60 may present to a user to indicate the possibility that
a stimulation electrode combination associated with the sense electrode combination may provide efficacious therapy
to patient 12 includes an overall score and a confidence score for each sense electrode combination.
[0108] The overall score may include, for example, a weighted average of the beta band power levels in the "β POWER
1" and "β POWER 2" columns of the table shown in FIG 9. Different weighting coefficients may be applied to the power
levels in the "β POWER 1" and "β POWER 2" columns in order to calculate the overall score. The weighting coefficients
may indicate, for example, the impact the power level in the "β POWER 1" or "β POWER 2" column has on the evaluation
of a sense electrode combination. For example, if the value in the "β POWER 1" column indicates the average power
in the 12 Hz sub-band of the beta band of the bioelectrical signal, and the value in the "β POWER 2" indicates the
average power in the 20 Hz sub-band of the beta band of the bioelectrical signal, processor 60 of programmer 14 may
determine that the 20 Hz sub-band of the beta band is more revealing of the patient’s pathological brain state. Thus,
processor 60 may apply a weighting coefficient to the value in the "β POWER 2" column to indicate that more weight
should be applied to the "β POWER 2" value when calculating the average of the "β POWER 1" and "β POWER 2" values.
[0109] The confidence score may indicate, for example, how well the sense electrode combinations map to a stimulation
electrode combination that provides efficacious stimulation therapy to patient 12. For example, processor 60 may store
information in memory 62 (FIG. 4) that indicates that, based on previous patients or previous trials on patient 12,
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stimulation delivered with the electrodes of a particular stimulation electrode combination may not provide efficacious
therapy to patient 12, even if the stimulation electrode combination is associated with a sense electrode combination
that sensed a relatively high beta band power.
[0110] Processor 60 may also determine the confidence scores based on other information. In some examples, proc-
essor 60 may store information in memory 62 that indicates that for sense electrode combinations that sensed a bioe-
lectrical brain signal comprising a relative beta band power levels at or above a particular threshold value, there is a
relatively high probability that stimulation delivery via the stimulation electrode combination associated with the sense
electrode combination may provide efficacious therapy to patient 12. A clinician, manually or with the aid of processor
60, may assign probabilities of efficacious stimulation to the different relative beta band power levels based on past
experience with other patients. For example, based on observations for one or more patients, the clinician may record
efficacy scores for each of a plurality of stimulation electrode combinations. The efficacy scores may be associated with
different relative beta band power levels, which may be the relative beta band power level of a bioelectrical brain signal
sensed with a sense electrode combination that is associated with the respective stimulation electrode combination.
[0111] An efficacy score may indicate the extent to which the patient’s symptoms were mitigated and, in some cases,
a rating of the severity of side effects from stimulation delivered via a particular stimulation electrode combination. The
efficacy score may be based on subjective information, e.g., input from the patient, and/or may be based on physiological
parameter measurements. A higher efficacy score may be associated with a higher probability that stimulation delivery
via the stimulation electrode combination associated with the sense electrode combination may provide efficacious
therapy to patient 12.
[0112] As an example of how the confidence score may be determined, if processor 60 determines that sense electrode
"Combination 1" resulted in a relative beta band power level of 54, and a relative beta band power level at or above 50
is associated with an efficacy rating of 87% in memory 62, processor 60 determine that stimulation delivery via the
stimulation electrode combination associated with sense electrode "Combination 1" may provide efficacious therapy to
patient 12 at a confidence level of about 87%.
[0113] In other examples, processor 60 may present a power drain metric (not shown in FIG. 9) for each of the sense
electrode combinations. The power drain metric may indicate the relative amount of power required to provide efficacious
stimulation to patient 12 if stimulation is delivered to patient 12 via the stimulation electrode combination associated with
the sense electrode combination. Some stimulation electrode combinations may include one electrode, defining a unipolar
stimulation configuration, while other stimulation electrode combinations may include two or more electrodes, defining
a bipolar stimulation configuration. The stimulation electrode combinations including fewer active electrodes may draw
less current from stimulation generator 44 (FIG. 3), resulting in less power drain from power source 52 (FIG. 3) of IMD
16. The power drain metric may provide a numeric or other indication of the relative power drain based on factors such
as the number of active electrodes in a stimulation electrode combination.
[0114] In some examples, the user may interact with programmer 14 to organize the sense electrode combinations
by any one of the column headings. For example, the user may select "β POWER 1" column to organize the sense
electrode combinations in ascending or descending order based on the absolute beta band powers. As another example,
the user may determine the sense electrode combination that is associated with the highest overall score by selecting
the "OVERALL SCORE" column. In examples in which user interface 66 (FIG. 4) of programmer 14 includes a touch
screen display, the user may select a column of the table shown in FIG. 9 by selecting the box presented on the display.
In other examples, the user may provide input using other input mechanisms, such as a keypad.
[0115] In some examples, a user may select a sense electrode combination from the list of combinations shown in
FIG. 9 in order to further test the sense electrode combination and/or a stimulation electrode combination associated
with the sense electrode combination. For example, the user may select a sense electrode combination by selecting the
row of the table shown in FIG. 9 associated with the sense electrode combination or by manually inputting the sense
electrode combination indicator via a keypad of programmer 14. Processor 60 of programmer 14 may receive the user
input selecting the sense electrode combination and present a second display to the user that allows the user to input
values for other stimulation parameters, such as stimulation amplitude, frequency, and pulse rate. Processor 60 may,
for example, present a user interface including text boxes for receiving the values for the other stimulation parameters,
pull-down menus that present preset values for the other stimulation parameter values, and the like.
[0116] Processor 60 may also provide a user interface that allows the user to indicate whether the stimulation electrode
combination and other stimulation parameter values should be tested on patient 12. Upon receiving input from the user
indicating a desire to test the stimulation electrode combination and other stimulation parameter values, processor 60
may provide a signal to processor 40 of IMD 16, which may control stimulation generator 44 (FIG. 3) to generate and
deliver electrical stimulation to patient 12 via the stimulation electrode combination and the stimulation parameter values
provided by the user.
[0117] Although a table is shown in FIG 9, in other examples, processor 60 may present information to a user regarding
the sense electrode combinations and the frequency characteristics of bioelectrical brain signals sensed via a respective
one of the sense electrode combinations in any suitable format. In addition, processor 60 may present any type of
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information to a user via a display, such as the table shown in FIG 9. For example, although not shown in FIG 9, in some
examples, a table presented to a user may include both sense electrode combinations and the associated stimulation
electrode combinations.
[0118] In some examples, in addition to a frequency domain characteristic of a bioelectrical brain signal sensed via
each of a plurality of sense electrode combinations, a stimulation electrode combination may be selected based on an
impedance of an electrical path including the electrodes of the sense electrode combination that is mapped to the
stimulation electrode combination. Thus, in some examples, the table shown in FIG. 9 may also display a complex
impedance value or an electrical parameter value indicative of the complex impedance value (e.g., a voltage or current
amplitude value) for each of the sense electrode combinations.
[0119] A complex impedance of an electrical path between electrodes of the sense electrode combination, and, there-
fore, through tissue of patient 12, may be measured using any suitable technique. In some examples, sensing module
46 (FIG. 3) of IMD 16 may include a chopper-stabilized superheterodyne amplifier shown in FIG. 14 of U.S. Patent
Application Serial No. 12/237,868 to Denison et al.. The chopper-stabilized superheterodyne amplifier shown in FIG. 14
of U.S. Patent Application Serial No. 12/237,868 to Denison et al. includes in-phase and quadrature signal paths with
impedance measurement circuitry. The complex impedance may be measured during the same session in which the
bioelectrical brain signals of brain 28 are sensed via the plurality of sense electrode combinations, e.g., a programming
session.
[0120] The complex impedance measured via each of the sense electrode combinations may be useful for comparing
the sense electrode combinations. The complex impedance measured via each sense electrode combination may be
revealing of the location of the sense electrodes relative to the area of the patient’s brain affected by the patient condition.
In addition, the impedance measured via each of the sense electrode combinations may be indicative of the intensity of
therapy that may be required to provide efficacious stimulation to patient 12 with the associated stimulation electrode
combinations. The impedance may, for example, indicate the coupling efficiency between the electrodes of the sense
electrode combination and the patient’s tissue. For example, a relatively high impedance value may indicate that the
coupling efficiency is lower, and, thus, a higher stimulation intensity is required in order to provide efficacious stimulation
to patient 12 via a stimulation electrode combination associated with the sense electrode combination. On the other
hand, a relatively low impedance value may indicate that the stimulation electrode combination associated with the
sense electrode combination may be useful for providing efficacious therapy to patient 12 at a relatively low intensity,
which may help conserve the power source 52 (FIG. 3) of IMD 16. Thus, in some examples, a clinician or a computing
device (e.g., programmer 14) may compare the sense electrode combinations based on the frequency band characteristic
and the complex impedance associated with each sense electrode combination.
[0121] After a sense electrode combination is selected, e.g., using the technique shown in FIG. 5, processor 40 of
IMD 16 may control stimulation generator 44 (FIG. 3) to generate and deliver electrical stimulation therapy to patient 12
on a chronic basis. Leads 20 may move within patient 12 over time, or the patient’s disease state may change, such
that stimulation delivery via the selected stimulation electrode combination may no longer provide the most efficacious
therapy to patient 12. In some examples, after the selection of a stimulation electrode combination, processor 40 of IMD
16 may periodically evaluate the stimulation electrode combination to determine whether another stimulation electrode
combination may provide more efficacious therapy to patient 12. FIG. 10 is a flow diagram of an example technique that
processor 40 may implement in order to evaluate a currently-selected stimulation electrode combination (referred to as
a "first stimulation electrode combination" in the flow diagram shown in FIG. 10). In other examples, processor 60 of
programmer 14 or another device may perform any part of the technique shown in FIG. 10.
[0122] Processor 40 may control switch module 48 (FIG. 3) and stimulation generator 44 (FIG. 3) to deliver electrical
stimulation to patient 12 with a first stimulation electrode combination (110). Processor 40 may control sensing module
46 and switch module 48 to sense a bioelectrical brain signal with a first sense electrode combination that is associated
with the first stimulation electrode combination (112). This bioelectrical brain signal may include, for example, a local
field potential within brain 28. Processor 40 determines a first relative beta band power level of the first bioelectrical
brain signal (114), e.g., using the techniques described above with reference to FIG. 5.
[0123] Processor 40 may also evaluate one or more other sense electrode combinations in order to determine whether
stimulation delivery via the first stimulation electrode combination is relatively efficacious. In the example shown in FIG.
10, processor 40 may select a second sense electrode combination from memory 42, and sense a second bioelectrical
brain signal via the second sense electrode combination (116). The second sense electrode combination may be asso-
ciated with a different stimulation electrode combination than the first sense electrode combination. Processor 40 de-
termines a second relative beta band power level of the second bioelectrical brain signal (118), e.g., using the techniques
described above with reference to FIG. 5.
[0124] In the example shown in FIG. 10, processor 40 compares the first and second relative beta band power levels
(120). If processor 40 determines that the first relative beta band power level is greater than or equal to the second
relative beta band power level (120), processor 40 may determine that stimulation delivery via the first stimulation
electrode combination is either more efficacious or provides at least the same degree of efficacy as stimulation delivery
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via the second stimulation electrode combination. If the first relative beta band power is greater than the second relative
beta band power level, processor 40 may determine that the first stimulation electrode combination provides stimulation
therapy to a more relevant target tissue site within brain 28 than the second stimulation electrode combination. Thus,
processor 40 may continue controlling switch module 48 and stimulation generator 44 to deliver electrical stimulation to
patient 12 with the first stimulation electrode combination (110).
[0125] If processor 40 determines that the first relative beta band power level is not greater than or equal to the second
relative beta band power level (122), processor 40 may determine that the second stimulation electrode combination
provides stimulation therapy to a more relevant target tissue site within brain 28 than the first stimulation electrode
combination. Thus, processor 40 may deliver stimulation to brain 28 with the second stimulation electrode combination
associated with the second sense electrode combination (122). In other examples, processor 40 may sense bioelectrical
brain signals with additional sense electrode combinations in order to determine whether stimulation delivery with the
second stimulation electrode combination provides relatively efficacious therapy.
[0126] In some examples, processor 40 may also measure the impedance of the electrical paths through tissue via
each of the sense electrode combinations in order to further evaluate the stimulation electrode combinations, as described
above with respect to FIG 9. For example, upon determining that the impedance measured via the first sense electrode
combination associated with the first stimulation electrode combination has increased by a threshold amount, processor
40 may begin evaluating other stored sense electrode combinations to determine whether another stimulation electrode
combination may provide more efficacious therapy to patient 12, e.g., with lower power consumption.

Claims

1. A system comprising:

a plurality of electrodes (24, 26);
a sensing module (46) configured to sense a first bioelectrical signal in a brain of a patient with a first sense
electrode combination comprising a first subset of electrodes of the plurality of electrodes and to sense a second
bioelectrical signal in the brain with a second sense electrode combination that comprises a second subset of
electrodes of the plurality of electrodes different than the first subset of electrodes; and
a processor (40); characterized in that the processor (40) is configured to determine a frequency domain
characteristic of each of the first and second bioelectrical signals, select at least one of the first or second sense
electrode combinations based on the frequency domain characteristics of the first and second bioelectrical
signals, and select a stimulation electrode combination for delivering electrical stimulation to the brain of the
patient based on the selected at least one of the first or second sense electrode combinations.

2. The system of claim 1, further comprising a memory (42) that stores a plurality of sense electrode combinations
and associated stimulation electrode combinations.

3. The system of claim 2, wherein the memory stores at least one of the first and second bioelectrical signals or the
frequency domain characteristic of each of the first and second bioelectrical signals.

4. The system of claim 2, wherein the first sense electrode combination is associated with a first stimulation electrode
combination and the second sense electrode combination is associated with a second stimulation electrode com-
bination in the memory, wherein the processor is configured to select the stimulation electrode combination for
delivering electrical stimulation to the brain of the patient by at least selecting the first or second stimulation electrode
combinations associated with the selected at least one of the first or second sense electrode combinations.

5. The system of claim 2, wherein the processor is configured to determine a confidence score for each of the stored
sense electrode combinations, wherein the confidence score indicates a probability that delivery of stimulation to
the patient with the stimulation electrode combination associated with a respective sense electrode combination will
provide efficacious therapy for the patient.

6. The system of claim 1, wherein the frequency domain characteristic comprises a power level within a frequency
band of the first and second bioelectrical signals, and wherein the processor selects at least one of the first or second
electrode sense combinations by at least selecting the at least one of the first or second sense electrode combinations
having a higher power level in the frequency band.

7. The system of claim 6, wherein frequency domain characteristic comprises the power level in the frequency band
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relative to an overall power of the respective one of the first or second bioelectrical signals.

8. The system of claim 1, wherein the frequency domain characteristic comprises a power level within a frequency
band of the first and second bioelectrical signals, and wherein the processor selects the at least one of the first or
second sense electrode combinations by at least selecting the at least one of the first or second sense electrode
combinations having a lower power level in the frequency band; or wherein the frequency domain characteristic
comprises a ratio of power levels in two or more frequency bands, a correlation in change of power between two or
more frequency bands or a pattern in the power level of one or more frequency bands over time.

9. The system of claim 1, wherein the processor is configured to determine a frequency band of interest and the
frequency domain characteristic comprises a power level in the frequency band of interest.

10. The system of claim 9, wherein the sensing module is configured to sense a third bioelectrical signal in the brain of
the patient during a first time period in which the patient is not receiving therapy to manage a patient condition and
to sense a fourth bioelectrical signal in the brain of the patient during a second time period in which the patient is
receiving the therapy to manage the patient condition, wherein the processor is configured to determine the frequency
band of interest by generating a spectrogram of the third and fourth bioelectrical signals, determining which frequency
bands exhibited a change in power levels between the first and second time periods, and selecting at least one of
the frequency bands that exhibited a change in power levels between the first and second time periods as the
frequency band of interest.

11. The system of claim 1,wherein the processor determines the frequency domain characteristic of each of the first
and second bioelectrical signals by at least determining first and second frequency domain characteristics for each
of the first and second bioelectrical signals.

12. The system of claim 11, wherein the first frequency domain characteristic comprises a first power level in a first
frequency band, and the second frequency domain characteristic comprises a second power level in a second
frequency band that is different than the first frequency band.

13. The system of claim 11, wherein the first frequency domain characteristic comprises a first average power level in
a frequency band over a first time period, and the second frequency domain characteristic comprises a second
average power level in the frequency band over a second time period.

14. The system of claim 1, wherein the sensing module is configured to sense the first or second bioelectrical signal in
a first part of the brain with the selected at least one of the first or second sense electrode combinations, respectively,
and the stimulation electrode combination is positioned, in use, within the brain to provide electrical stimulation to
a second part of the brain of the patient that differs from the first part.

15. The system of claim 1, wherein the processor is configured to determine a first electrical parameter value indicative
of a first impedance of a first electrical path including electrodes of the first sense electrode combination, and to
determine a second electrical parameter value indicative of a second impedance of a second electrical path including
electrodes of the second sense electrode combination, wherein the processor is configured to select the at least
one of the first or second sense electrode combinations by at least selecting the at least one of the first or second
sense electrode combinations based on the frequency domain characteristics of the first and second bioelectrical
signals and the first and second electrical parameter values.

Patentansprüche

1. System, das enthält:

mehrere Elektroden (24, 26);
ein Erfassungsmodul (46), das konfiguriert ist, ein erstes bioelektrisches Signal in dem Gehirn eines Patienten
mit einer ersten Erfassungselektrodenkombination, die eine erste Untergruppe von Elektroden der mehreren
Elektroden enthält, zu erfassen und ein zweites bioelektrisches Signal in dem Gehirn mit einer zweiten Erfas-
sungselektrodenkombination, die eine zweite Untergruppe von Elektroden der mehreren Elektroden, die von
der ersten Untergruppe von Elektroden verschieden sind, zu erfassen; und
einen Prozessor (40); dadurch gekennzeichnet, dass der Prozessor (40) konfiguriert ist, eine Frequenzbe-
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reichseigenschaft von dem ersten und dem zweiten bioelektrischen Signal zu bestimmen, die erste und/oder
die zweite Erfassungselektrodenkombination aufgrund der Frequenzbereichseigenschaft des ersten und des
zweiten bioelektrischen Signals auszuwählen und eine Stimulationselektrodenkombination für die Verabrei-
chung einer elektrischen Stimulation an das Gehirn des Patienten aufgrund der ausgewählten ersten und/oder
zweiten Erfassungselektrodenkombination auszuwählen.

2. System nach Anspruch 1, das ferner einen Speicher (42) enthält, der mehrere Erfassungselektrodenkombinationen
und zugehörige Stimulationselektrodenkombinationen speichert.

3. System nach Anspruch 2, wobei der Speicher das erste und/oder das zweite bioelektrisches Signal oder die Fre-
quenzbereichseigenschaft des ersten und des zweiten bioelektrischen Signals speichert.

4. System nach Anspruch 2, wobei die erste Erfassungselektrodenkombination einer ersten Stimulationselektroden-
kombination zugeordnet ist und die zweite Erfassungselektrodenkombination einer zweiten Stimulationselektroden-
kombination in dem Speicher zugeordnet ist, wobei der Prozessor konfiguriert ist, die Stimulationselektrodenkom-
bination für die Verabreichung einer elektrischen Stimulation an das Gehirn des Patienten zumindest durch Aus-
wählen der ersten oder der zweiten Stimulationselektrodenkombination, die der ausgewählten ersten und/oder
zweiten Erfassungselektrodenkombination zugeordnet ist, auszuwählen.

5. System nach Anspruch 2, wobei der Prozessor konfiguriert ist, eine Vertrauenskennzahl für jede der gespeicherten
Erfassungselektrodenkombinationen zu bestimmen, wobei die Vertrauenskennzahl eine Wahrscheinlichkeit angibt,
dass die Verabreichung der Stimulation an den Patienten mit der Stimulationselektrodenkombination, die einer
jeweiligen Erfassungselektrodenkombination zugeordnet ist, eine wirksame Therapie für den Patienten liefert.

6. System nach Anspruch 1, wobei die Frequenzbereichseigenschaft einen Leistungspegel innerhalb eines Frequenz-
bandes des ersten und des zweiten bioelektrischen Signals enthält und wobei der Prozessor die erste und/oder die
zweite Elektrodenerfassungskombination zumindest durch Auswählen der ersten und/oder der zweiten Erfassungs-
elektrodenkombination, die einen höheren Leistungspegel in dem Frequenzband aufweist, auswählt.

7. System nach Anspruch 6, wobei die Frequenzbereichseigenschaft den Leistungspegel in dem Frequenzband relativ
zu einer Gesamtleistung des jeweiligen ersten oder zweiten bioelektrischen Signals enthält.

8. System nach Anspruch 1, wobei die Frequenzbereichseigenschaft einen Leistungspegel innerhalb eines Frequenz-
bandes des ersten und zweiten bioelektrischen Signals enthält und wobei der Prozessor die erste und/oder die
zweite Erfassungselektrodenkombination zumindest durch Auswählen der ersten und/oder der zweiten Erfassungs-
elektrodenkombination, die einen geringeren Leistungspegel in dem Frequenzband aufweist, auswählt; oder wobei
die Frequenzbereichseigenschaft ein Verhältnis von Leistungspegeln in zwei oder mehr Frequenzbändern, eine
Korrelation in der Änderung der Leistung zwischen zwei oder mehr Frequenzbändern oder ein Muster in dem
Leistungspegel von einem oder mehreren Frequenzbändern mit der Zeit enthält.

9. System nach Anspruch 1, wobei der Prozessor konfiguriert ist, ein interessierendes Frequenzband zu bestimmen,
und die Frequenzbereichseigenschaft einen Leistungspegel in dem interessierenden Frequenzband enthält.

10. System nach Anspruch 9, wobei das Erfassungsmodul konfiguriert ist, während einer ersten Zeitperiode, in der der
Patient keine Therapie empfängt, ein drittes bioelektrisches Signal in dem Gehirn des Patienten zu erfassen, um
einen Zustand eines Patienten zu managen, und während einer zweiten Zeitperiode, in der der Patient die Therapie
empfängt, ein viertes bioelektrisches Signal in dem Gehirn des Patienten zu erfassen, um den Zustand des Patienten
zu managen, wobei der Prozessor konfiguriert ist, das interessierende Frequenzband durch Erzeugen eines Spek-
trogramms des dritten und des vierten bioelektrischen Signals, Bestimmen, welches Frequenzband eine Änderung
in den Leistungspegeln zwischen der ersten und der zweiten Zeitperiode aufweist, und Auswählen mindestens eines
Frequenzbandes, das eine Änderung in den Leistungspegeln zwischen der ersten und der zweiten Zeitperiode
aufweist, als das interessierende Frequenzband zu bestimmen.

11. System nach Anspruch 1, wobei der Prozessor die Frequenzbereichseigenschaft des ersten und des zweiten bio-
elektrischen Signals zumindest durch Bestimmen einer ersten und einer zweiten Frequenzbereichseigenschaft für
das erste und das zweite bioelektrische Signal zu bestimmen.

12. System nach Anspruch 11, wobei die erste Frequenzbereichseigenschaft einen ersten Leistungspegel in einem
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ersten Frequenzband enthält und die zweite Frequenzbereichseigenschaft einen zweiten Leistungspegel in einem
zweiten Frequenzband, das von dem ersten Frequenzband verschieden ist, enthält.

13. System nach Anspruch 11, wobei die erste Frequenzbereichseigenschaft einen ersten mittleren Leistungspegel in
einem Frequenzband über eine erste Zeitperiode enthält und die zweite Frequenzbereichseigenschaft einen zweiten
mittleren Leistungspegel in dem Frequenzband über eine zweite Zeitperiode enthält.

14. System nach Anspruch 1, wobei das Erfassungsmodul konfiguriert ist, das erste oder das zweite bioelektrische
Signal in einem ersten Teil des Gehirns jeweils mit der ausgewählten ersten und/oder zweiten Erfassungselektro-
denkombinationen zu erfassen, und die Stimulationselektrode im Einsatz innerhalb des Gehirns positioniert wird,
um eine elektrische Stimulation an einen zweiten Teil des Gehirns des Patienten, der von dem ersten Teil verschieden
ist, zu liefern.

15. System nach Anspruch 1, wobei der Prozessor konfiguriert ist, einen ersten elektrischen Parameterwert zu bestim-
men, der eine erste Impedanz eines ersten elektrischen Weges angibt, der Elektroden der ersten Erfassungselek-
trodenkombination enthält, und einen zweiten elektrischen Parameterwert zu bestimmen, der eine zweite Impedanz
eines zweiten elektrischen Weges angibt, der Elektroden der zweiten Erfassungselektrodenkombination enthält,
wobei der Prozessor konfiguriert ist, die erste und/oder zweite Erfassungselektrodenkombination zumindest durch
Auswählen der ersten und/oder zweiten Erfassungselektrodenkombination aufgrund der Frequenzbereichseigen-
schaft des ersten und des zweiten bioelektrischen Signals und des ersten und des zweiten elektrischen Parame-
terwertes auszuwählen.

Revendications

1. Système comportant :

une pluralité d’électrodes (24, 26) ;
un module de détection (46) configuré pour détecter un premier signal bioélectrique dans le cerveau d’un patient
à l’aide d’une première combinaison d’électrodes de détection comportant un premier sous ensemble d’élec-
trodes de la pluralité d’électrodes et pour détecter un deuxième signal bioélectrique dans le cerveau d’une
seconde combinaison d’électrodes de détection qui comporte un second sous ensemble d’électrodes de la
pluralité d’électrodes différent du premier sous ensemble d’électrodes ; et
un processeur (40) ; caractérisé en ce que le processeur (40) est configuré pour déterminer une caractéristique
de domaine fréquentiel de chacun des premier et deuxième signaux bioélectriques, sélectionner au moins l’une
des première ou seconde combinaisons d’électrodes de détection sur la base des caractéristiques de domaine
fréquentiel des premier et deuxième signaux bioélectriques, et sélectionner une combinaison d’électrodes de
stimulation pour administrer une stimulation électrique au cerveau du patient sur la base de la au moins une
combinaison sélectionnée parmi les première ou seconde combinaisons d’électrodes de détection.

2. Système selon la revendication 1, comportant en outre une mémoire (42) qui mémorise une pluralité de combinaisons
d’électrodes de détection et de combinaisons d’électrodes de stimulation associées.

3. Système selon la revendication 2, dans lequel la mémoire mémorise au moins l’un des premier et deuxième signaux
bioélectriques ou la caractéristique de domaine fréquentiel de chacun des premier et deuxième signaux bioélectri-
ques.

4. Système selon la revendication 2, dans lequel la première combinaison d’électrodes de détection est associée à
une première combinaison d’électrodes de stimulation et la seconde combinaison d’électrodes de détection est
associée à une seconde combinaison d’électrodes de stimulation dans la mémoire, dans lequel le processeur est
configuré pour sélectionner la combinaison d’électrodes de stimulation afin d’administrer une stimulation électrique
au cerveau du patient en sélectionnant au moins la première ou la seconde combinaison d’électrodes de stimulation
associée à la au moins une combinaison associée parmi les première ou seconde combinaisons d’électrodes de
détection.

5. Système selon la revendication 2, dans lequel le processeur est configuré pour déterminer un indice de confiance
pour chacune des combinaisons d’électrodes de détection mémorisées, dans lequel l’indice de confiance indique
une probabilité que l’administration de la stimulation au patient à l’aide de la combinaison d’électrodes de stimulation
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associée à une combinaison d’électrodes de détection respective va délivrer une thérapie efficace pour le patient.

6. Système selon la revendication 1, dans lequel la caractéristique de domaine fréquentiel comprend un niveau de
puissance compris dans une bande de fréquences des premier et second signaux bioélectriques, et dans lequel le
processeur sélectionne au moins l’une des première ou seconde combinaisons de détection d’électrodes en sélec-
tionnant au moins la au moins une combinaison parmi les première ou seconde combinaisons d’électrodes de
détection ayant un niveau de puissance supérieur dans la bande de fréquences.

7. Système selon la revendication 6, dans lequel la caractéristique de domaine fréquentiel comporte le niveau de
puissance dans la bande de fréquences relative à une puissance globale du signal respectif parmi les premier ou
second signaux bioélectriques.

8. Système selon la revendication 1, dans lequel la caractéristique de domaine fréquentiel comprend un niveau de
puissance compris dans une bande de fréquences des premier et deuxième signaux bioélectriques, et dans lequel
le processeur sélectionne la au moins une combinaison parmi les première ou seconde combinaisons d’électrodes
de détection en sélectionnant au moins la au moins une combinaison parmi les première ou seconde combinaisons
d’électrodes de détection ayant un niveau de puissance inférieur dans la bande de fréquences ; ou dans lequel la
caractéristique de domaine fréquentiel comporte un rapport de niveau de puissance dans deux ou plus de deux
bandes de fréquences, une corrélation de changement de puissance entre deux ou plus de deux bandes de fré-
quences ou un modèle dans le niveau de puissance d’une ou plusieurs bandes de fréquences au fil du temps.

9. Système selon la revendication 1, dans lequel le processeur est configuré pour déterminer une bande de fréquences
d’intérêt et la caractéristique de domaine fréquentiel comprend un niveau de puissance dans la bande de fréquences
d’intérêt.

10. Système selon la revendication 9, dans lequel le module de détection et configuré pour détecter un troisième signal
bioélectrique dans le cerveau du patient pendant une première période de temps au cours de laquelle le patient ne
reçoit pas de thérapie pour gérer une condition d’un patient et pour détecter un quatrième signal bioélectrique dans
le cerveau du patient pendant une seconde période de temps au cours de laquelle le patient reçoit la thérapie pour
gérer la condition du patient, dans lequel le processeur est configuré pour déterminer la bande de fréquences
d’intérêt en générant un spectrogramme des troisième et quatrième signaux bioélectriques, en déterminant quelles
bandes de fréquences ont présenté un changement de niveaux de puissance entre les première et seconde périodes
de temps, et en sélectionnant au moins l’une des bandes de fréquences qui ont présenté un changement de niveaux
de puissance entre les première et seconde périodes de temps en tant que bande de fréquence d’intérêt.

11. Système selon la revendication 1, dans lequel le processeur détermine la caractéristique de domaine fréquentiel
de chacun des premier et deuxième signaux bioélectriques en déterminant au moins des première et seconde
caractéristiques de domaine fréquentiel pour chacun des premier et second signaux bioélectriques.

12. Système selon la revendication 11, dans lequel la première caractéristique de domaine fréquentiel comprend un
premier niveau de puissance dans une première bande de fréquences, et la seconde caractéristique de domaine
fréquentiel comprend un second niveau de puissance dans une seconde bande de fréquences qui est différente
de la première bande de fréquences.

13. Système selon la revendication 11, dans lequel la première caractéristique de domaine fréquentiel comprend un
premier niveau de puissance moyen dans une bande de fréquences sur une première période de temps, et la
seconde caractéristique de domaine fréquentiel comprend un second niveau de puissance moyen dans la bande
de fréquences sur une seconde période de temps.

14. Système selon la revendication 1, dans lequel le module de détection est configuré pour détecter le premier ou le
deuxième signal bioélectrique dans une première partie du cerveau à l’aide de la au moins une combinaison sé-
lectionnée parmi les première ou seconde combinaisons d’électrodes de détection, respectivement, et la combinai-
son d’électrodes de stimulation est positionnée, en utilisation, dans le cerveau pour administrer une stimulation
électrique à une seconde partie du cerveau du patient qui diffère de la première partie.

15. Système selon la revendication 1, dans lequel le processeur est configuré pour déterminer une première valeur de
paramètre électrique indicative d’une première impédance d’un premier trajet électrique incluant des électrodes de
la première combinaison d’électrodes de détection, et pour déterminer une seconde valeur de paramètre électrique
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indicative d’une seconde impédance d’un second trajet électrique incluant des électrodes de la seconde combinaison
d’électrodes de détection, dans lequel le processeur est configuré pour sélectionner la au moins une combinaison
parmi les première ou seconde combinaisons d’électrodes de détection en sélectionnant au moins la au moins une
combinaison parmi les première ou seconde combinaisons d’électrodes de détection sur la base des caractéristiques
de domaine fréquentiel des premier et second signaux bioélectriques et des première et seconde valeurs d’un
paramètre électrique.
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