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Description
TECHNICAL FIELD

[0001] The invention relates to medical devices and,
more particularly, to medical devices that deliver therapy.

BACKGROUND

[0002] Insome cases, anailment may affecta patient’s
activity level or range of activities by preventing the pa-
tient from being active. For example, chronic pain may
cause a patient to avoid particular physical activities, or
physical activity in general, where.such activities in-
crease the pain experienced by the patient. Other ail-
ments that may affect patient activity include movement
disorders and congestive heart failure.

[0003] In some cases, these ailments are treated via
a medical device, such as an implantable medical device
(IMD). For example, patients may receive an implantable
neurostimulator or drug delivery device to treat chronic
pain or a movement disorder. Congestive heart failure
may be treated by, for example, a cardiac pacemaker.

SUMMARY

[0004] Theinvention provides a medical system as de-
fined in claim 1.

[0005] In general, the invention is directed to tech-
niques for evaluating a therapy delivered to a patient by
a medical device based on patient activity. At any given
time, the medical device delivers the therapy according
to a current set of therapy parameters. The therapy pa-
rameters may change over time such that the therapy is
delivered according to a plurality of different therapy pa-
rameter sets.

[0006] A list of the therapy parameter sets and asso-
ciated activity metrics may be presented to a user, such
as a clinician, for evaluation of the relative efficacy of the
therapy parameter sets. The list may be ordered accord-
ing to the activity metric values to aid in evaluation of the
therapy parameter sets. In this manner, the user may
readily identify the therapy parameter sets that support
the highest activity levels for the patient, and evaluate
the relative efficacy of the parameter sets.

[0007] Thetherapy delivering medical device or anoth-
er device may monitor at least one signal that is gener-
ated by a sensor and varies as a function of patient ac-
tivity. For example, the device may monitor a signal gen-
erated by an accelerometer, a bonded piezoelectric crys-
tal, a mercury switch, or a gyro. In some embodiments,
the device may monitor a signal that indicates a physio-
logical parameter of the patient, which in turn varies as
a function of patient activity. For example, the device may
monitor a signal that indicates the heart rate, electrocar-
diogram (ECG) morphology, respiration rate, respiratory
volume, core temperature, subcutaneous temperature,
or muscular activity of the patient.
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[0008] The therapy delivering medical device or anoth-
er device may periodically determine an activity level of
the patient based on the one or more signals. In some
embodiments, the device periodically determines a
number of activity counts based on the signals, and the
number of activity counts is stored as the activity level.
The number of activity counts may be a number of thresh-
old crossings by a signal generated by a sensor such as
an accelerometer or piezoelectric crystal during a sample
period, or a number of switch contacts indicated by the
signal generated by a sensor such as mercury switch
during a sample period.

[0009] In some embodiments, the device may period-
ically determine a heart rate, measured value of one or
more ECG morphological features, respiration rate, res-
piratory volume, core temperature, subcutaneous tem-
perature, and/or muscular activity level of the patient
based on one or more signals. The determined values
of these parameters may be mean or median values. The
device may compare a determined value of such a phys-
iological parameter to one or more thresholds to deter-
mine a number of activity counts, which may be stored
as a determined activity level. In other embodiments, the
device may store the determined physiological parame-
ter value as a determined activity level.

[0010] The use of activity counts, however, may allow
the device to determine an activity level based on a plu-
rality of signals. For example, the device may determine
a first number of activity counts based on an accelerom-
eter signal and a second number of activity counts based
on a heart rate determined at the time the accelerometer
signal was sampled. The device may determine an ac-
tivity level by calculating the sum or average, which may
be a weighted sum or average, of first and second activity
counts.

[0011] As mentioned above, the device may associate
each determined activity level with a current set of ther-
apy parameters and, for each of a plurality of therapy
parameter sets used by the medical device over time, a
value of one or more activity metrics is determined. An
activity metric value may be, for example, a mean or me-
dian activity level, such as an average number of activity
counts per unit time. In other embodiments, an activity
metric value may be chosen from a predetermined scale
of activity metric values based on comparison of a mean
or median activity level to one or more threshold values.
The scale may be numeric, such as activity metric values
from 1-10, or qualitative, such as low, medium or high
activity.

[0012] In some embodiments, each activity level as-
sociated with a therapy parameter set is compared with
the one or more thresholds, and percentages of time
above and/or below the thresholds are determined as
one or more activity metric values for that therapy pa-
rameter set. In other embodiments, each activity level
associated with atherapy parameter setis compared with
a threshold, and an average length of time that consec-
utively determined activity levels remain above the
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threshold is determined as an activity metric value for
that therapy parameter set. One or both of the medical
device or another device, such as a programming device
or other computing device, may determine the activity
metric values as described herein.

[0013] The computing device or, in some external
medical device embodiments, the medical device,
presents a list of the plurality of parameter sets and as-
sociated activity metric values via a display. The com-
puting device may order the list according to the activity
metric values. Where values are determined for a plural-
ity of activity metrics for each of the therapy parameter
sets, the computing device may order the list according
tothe values of a user selected one of the activity metrics.
The computing device may also present other activity
information to a user, such as a trend diagram of activity
over time, or a histogram or pie chart illustrating percent-
ages of time that activity levels were within certain rang-
es. The computing device may generate such charts or
diagrams using activity levels associated with a particular
one ofthe therapy parameter sets, or all of the determined
activity levels.

[0014] In one embodiment, the invention is directed to
a medical system comprising an implantable medical de-
vice and an external programming device including a dis-
play. The implantable medical device delivers a therapy
to a patient, monitors a signal that varies as a function
of patient activity, periodically determines an activity level
of the patient based on the signal, and associates each
of the determined activity levels with a current therapy
parameter set. The external programming device re-
ceives information identifying a plurality of therapy pa-
rameter sets and associated activity levels from the im-
plantable medical device via telemetry, determines a val-
ue of an activity metric for each of a plurality of therapy
parameter sets based on activity levels associated with
the therapy parameter sets, and presents a list of the
plurality of therapy parameter sets and activity metric val-
ues associated with the therapy parameter sets via the
display.

[0015] Inanotherembodimentthe invention is directed
to a programming device comprising a telemetry circuit,
auser interface including a display, and a processor. The
processor receives information identifying a plurality of
therapy parameter sets and associated activity levels
from an implantable medical device via the telemetry cir-
cuit, determines a value of an activity metric for each of
a plurality of therapy parameter sets based on activity
levels associated with the therapy parameter sets, and
presents a list of the plurality of therapy parameter sets
and activity metric values associated with the therapy
parameter sets via the display.

[0016] In another embodiment, the invention is direct-
ed to a computer-readable medium comprising program
instructions. The program instructions cause a program-
mable processor to receive information identifying a plu-
rality of therapy parameter sets and associated activity
levels from an implantable medical device, determine a
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value of an activity metric for each of a plurality of therapy
parameter sets based on activity levels associated with
the therapy parameter sets, and present a list of the plu-
rality of therapy parameter sets and activity metric values
associated with the therapy parameter sets.

[0017] The invention is capable of providing one or
more advantages. For example, a medical system ac-
cording to the invention may provide a clinician with an
objective indication of the efficacy different sets of ther-
apy parameters. Further, by displaying therapy parame-
ter sets and associated activity metric values in an or-
dered and, in some cases, sortable list, the medical sys-
tem may allow the clinician to more easily compare the
relative efficacies of a plurality of therapy parameter sets.
The medical system may be particularly useful in the con-
text of trial neurostimulation for treatment of chronic pain,
where the patient is encouraged to try a plurality of ther-
apy parameter sets to allow the patient and clinician to
identify efficacious therapy parameter sets.

[0018] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features, objects, and ad-
vantages of the invention will be apparent from the de-
scription and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIG. 1 is a conceptual diagram illustrating an exam-
ple system that includes an implantable medical de-
vice that collects activity information according to the
invention.

FIG. 2 is a block diagram further illustrating the ex-
ample system and implantable medical device of
FIG. 1.

FIG. 3 is a block diagram illustrating an example
memory of the implantable medical device of FIG. 1.
FIG. 4 is aflow diagramillustrating an example meth-
od for collecting activity information that may be em-
ployed by an implantable medical device.

FIG. 5is a block diagram illustrating an example cli-
nician programmer.

FIG. 6 illustrates an example list of therapy param-
eter sets and associated activity metric values that
may be presented by a clinician programmer.

FIG. 7 is aflow diagramillustrating an example meth-
od for displaying a list of therapy parameter sets and
associated activity metric values that may be em-
ployed by a clinician programmer.

FIG. 8 is a conceptual diagram illustrating a monitor
that monitors values of one or more physiological
parameters of the patient.

DETAILED DESCRIPTION

[0020] FIG. 1 is a conceptual diagram illustrating an
example system 10 that includes an implantable medical
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device (IMD) 14 that collects information relating to the
activity of a patient 12. In the illustrated example system
10, IMD 14 takes the form of an implantable neurostim-
ulator that delivers neurostimulation therapy in the form
of electrical pulses to patient 12. However, the invention
is not limited to implementation via an implantable neu-
rostimulator. For example, in some embodiments of the
invention, IMD 14 may take the form of an implantable
pump or implantable cardiac rhythm management de-
vice, such as a pacemaker, that collects activity informa-
tion. Further, the invention is not limited to implementa-
tion via an IMD. In other words, any implantable or ex-
ternal device may collect activity information according
to the invention.

[0021] Inthe illustrated example, IMD 14 delivers neu-
rostimulation therapy to patient 12 via leads 16A and 16B
(collectively "leads 16"). Leads 16 may, as shown in FIG.
1, be implanted proximate to the spinal cord 18 of patient
12, and IMD 14 may deliver spinal cord stimulation (SCS)
therapy to patient 12 in order to, for example, reduce pain
experienced by patient 12. However, the invention is not
limited to the configuration of leads 16 shown in FIG. 1
or the delivery of SCS therapy. For example, one or more
leads 16 may extend from IMD 14 to the brain (not shown)
of patient 12, and IMD 14 may deliver deep brain stimu-
lation (DBS) therapy to patient 12 to, for example, treat
tremor or epilepsy. As further examples, one or more
leads 16 may be implanted proximate to the pelvic nerves
(not shown) or stomach (not shown), and IMD 14 may
deliver neurostimulation therapy to treat incontinence,
sexual dysfunction, or gastroparesis. IMD 14 delivers
therapy according to a set of therapy parameters, i.e., a
set of values for a number of parameters that define the
therapy delivered according to that therapy parameter
set. In embodiments where IMD 14 delivers neurostim-
ulation therapy in the form of electrical pulses, the pa-
rameters for each therapy parameter set may include
voltage or current pulse amplitudes, pulse widths, pulse
rates, duration, duty cycle and the like. Further, each of
leads 16 includes electrodes (not shown in FIG. 1), and
a therapy parameter set may include information identi-
fying which electrodes have been selected for delivery
of pulses, and the polarities of the selected electrodes.
Therapy parameter sets used by IMD 14 may include a
number of parameter sets programmed by a clinician (not
shown), and parameter sets representing adjustments
made by patient 12 to these preprogrammed sets.
[0022] System 10alsoincludes aclinician programmer
20. The clinician may use clinician programmer 20 to
program therapy for patient 12, e.g., specify a number of
therapy parameter sets and provide the parameter sets
to IMD 14. The clinician may also use clinician program-
mer 20 to retrieve information collected by IMD 14. The
clinician may use clinician programmer 20 to communi-
cate with IMD 14 both during initial programming of IMD
14, and for collection of information and further program-
ming during follow-up visits.

[0023] Clinician programmer 20 may, as shown in FIG.
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1, be a handheld computing device. Clinician program-
mer 20 includes a display 22, such as a LCD or LED
display, to display information to a user. Clinician pro-
grammer 20 may also include a keypad 24, which may
be used by a user to interact with clinician programmer
20. In some embodiments, display 22 may be a touch
screen display, and a user may interact with clinician pro-
grammer 20 via display 22. A user may also interact with
clinician programmer 20 using peripheral pointing devic-
es, such as a stylus or mouse. Keypad 24 may take the
form of an alphanumeric keypad or a reduced set of keys
associated with particular functions.

[0024] System 10 also includes a patient programmer
26, which also may, as shown in FIG. 1, be a handheld
computing device. Patient 12 may use patient program-
mer 26 to control the delivery of therapy by IMD 14. For
example, using patient programmer 26, patient 12 may
select a current therapy parameter set from among the
therapy parameter sets preprogrammed by the clinician,
or may adjust one or more parameters of a prepro-
grammed therapy parameter set to arrive at the current
therapy parameter set. Patient programmer 26 may in-
clude a display 28 and a keypad 30, to allow patient 12
to interact with patient programmer 26. In some embod-
iments, display 28 may be a touch screen display, and
patient 12 may interact with patient programmer 26 via
display 28. Patient 12 may also interact with patient pro-
grammer 26 using peripheral pointing devices, such as
a stylus, mouse, or the like.

[0025] Clinician and patient programmers 20, 26 are
not limited to the hand-held computer embodiments il-
lustrated in FIG. 1. Programmers 20, 26 according to the
invention may be any sort of computing device. For ex-
ample, a programmer 20, 26 according to the invention
may be atablet-based computing device, a desktop com-
puting device, or a workstation.

[0026] IMD 14, clinician programmer 20 and patient
programmer 26 may, as shown in FIG. 1, communicate
via wireless communication. Clinician programmer 20
and patient programmer 26 may, for example, commu-
nicate via wireless communication with IMD 14 using ra-
dio frequency (RF) or infrared telemetry techniques
known in the art. Clinician programmer 20 and patient
programmer 26 may communicate with each other using
any of a variety of local wireless communication tech-
niques, such as RF communication according to the
802.11 or Bluetooth specification sets, infrared commu-
nication according to the IRDA specification set, or other
standard or proprietary telemetry protocols.

[0027] Clinician programmer 20 and patient program-
mer 26 need not communicate wirelessly, however. For
example, programmers 20 and 26 may communicate via
a wired connection, such as via a serial communication
cable, or via exchange of removable media, such as mag-
netic or optical disks, or memory cards or sticks. Further,
clinician programmer 20 may communicate with one or
both of IMD 14 and patient programmer 26 via remote
telemetry techniques known in the art, communicating
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viaalocal area network (LAN), wide area network (WAN),
public switched telephone network (PSTN), or cellular
telephone network, for example.

[0028] As mentioned above, IMD 14 collects patient
activity information. Specifically, as will be described in
greater detail below, IMD 14 may periodically determine
an activity level of patient 12 based on a signal that varies
as a function of patient activity. IMD 14 may associate
each determined activity level with the therapy parameter
set that is currently active when the activity level is de-
termined. An activity level may comprise, for example, a
number of activity counts, or a value for a physiological
parameter that reflects patient activity.

[0029] Over time, IMD 14 uses a plurality of therapy
parameter sets to deliver the therapy to patient 12. A
processor within IMD 14 or another device, such as one
of programmers 20,26 or another computing device, de-
termines a value of one or more activity metrics for each
of the plurality of therapy parameter sets based on the
activity levels associated with the therapy parameter
sets. An activity metric value may be, for example, a
mean or median activity level, such as an average
number of activity counts per unit time. In other embod-
iments, an activity metric value may be chosen from a
predetermined scale of activity metric values based on
a comparison of a mean or median activity level to one
or more threshold values. The scale may be numeric,
such as activity metric values from 1-10, or qualitative,
such as low, medium or high activity.

[0030] In some embodiments, each activity level as-
sociated with a therapy parameter set is compared with
the one or more thresholds, and percentages of time
above and/or below the thresholds are determined as
one or more activity metric values for that therapy pa-
rameter set. In other embodiments, each activity level
associated with atherapy parameter setis compared with
a threshold, and an average length of time that consec-
utively determined activity levels remain above the
threshold is determined as an activity metric value for
that therapy parameter set.

[0031] In some embodiments, a plurality of activity
metric values are determined for each of the plurality of
therapy parameter sets. In such embodiments, an overall
activity metric value may be determined. For example,
the plurality of individual activity metric values may be
used as indices to identify an overall activity metric value
from a look-up table. The overall activity metric may se-
lected from a predetermined scale of activity metric val-
ues, which may be numeric, such as activity metric values
from 1-10, or qualitative, such as low, medium or high
activity.

[0032] One or more of IMD 14, programmers 20, 26,
or another computing device may determine the activity
metric values as described herein. In some embodi-
ments, IMD 14 determines and stores activity metric val-
ues for each of a plurality of therapy parameter sets, and
provides information identifying the therapy parameter
sets and the associated activity metric values to clinician
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programmer 20. In other embodiments, IMD 14 provides
information identifying the therapy parameter sets and
associated activity levels to clinician programmer 20, and
clinician programmer 20 determines the activity metric
values for each of the therapy parameter sets.

[0033] In either of these embodiments, clinician pro-
grammer 20 presents a list of the plurality of parameter
sets and associated activity metric values to the clinician
via display 22. Programmer 20 may order the list accord-
ing to the activity metric values. Where values are deter-
mined for a plurality of activity metrics for each of the
therapy parameter sets, programmer 20 may order the
list according to the values of one of the activity metrics
that is selected by the clinician. Programmer 20 may also
present other activity information to the clinician, such as
a trend diagram of activity over time, or a histogram or
pie chart illustrating percentages of time that activity lev-
els were within certain ranges. Programmer 20 may gen-
erate such charts or diagrams using activity levels asso-
ciated with a particular one of the therapy parameter sets,
or all of the activity levels determined by IMD 14.
[0034] However, the invention is not limited to embod-
iments that include programmer 20, or embodiments in
which programmer 20 presents activity information to the
clinician. For example, in some embodiments, program-
mer 26 presents activity information as described herein
to one or both of the clinician and patient 12. Further, in
some embodiments, an external medical device compris-
es a display. In such embodiments, the external medical
device may both determine activity metric values for the
plurality of therapy parameter sets, and present the list
of therapy parameter sets and activity metric values. Ad-
ditionally, in some embodiments, any type of computing
device, e.g., personal computer, workstation, or server,
may identify activity levels, determine activity metric val-
ues, and/or present a list to a patient or clinician.
[0035] Further, the invention is not limited to embodi-
ments in which a medical device determines activity lev-
els. For example, in some embodiments, IMD 14 may
instead periodically record samples of one or more sig-
nals that vary as a function of patient activity, and asso-
ciated the samples with a current therapy parameter set.
In such embodiments, programmer 20 or 26, or another
computing device, may receive information identifying a
plurality of therapy parameter sets and the samples as-
sociated with the parameter sets, may determine activity
levels based on the samples, and may determine one or
more activity metric values for each of the therapy pa-
rameter sets based on the determined activity levels.
[0036] FIG.2isablock diagram further illustrating sys-
tem 10. In particular, FIG. 2 illustrates an example con-
figuration of IMD 14 and leads 16A and 16B. FIG. 2 also
illustrates sensors 40A and 40B (collectively "sensors
40" thatgenerate signals that vary as a function of patient
activity. As will be described in greater detail below, IMD
14 monitors the signals, and may periodically determine
an activity level based on the signals.

[0037] IMD 14 may deliver neurostimulation therapy
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via electrodes 42A-D of lead 16A and electrodes 42E-H
of lead 16B (collectively "electrodes 42"). Electrodes 42
may be ring electrodes. The configuration, type and
number of electrodes 42 illustrated in FIG. 2 are merely
exemplary. For example, leads 16A and 16B may each
include eight electrodes 42, and the electrodes 42 need
not be arranged linearly on each of leads 16A and 16B.
Electrodes 42 are electrically coupled to a therapy deliv-
ery module 44 via leads 16A and 16B. Therapy delivery
module 44 may, for example, include an output pulse
generator coupled to a power source such as a battery.
Therapy delivery module 44 may deliver electrical pulses
to patient 12 via at least some of electrodes 42 under the
control of a processor 46, which controls therapy delivery
module 44 to deliver neurostimulation therapy according
to a current therapy parameter set. However, the inven-
tion is not limited to implantable neurostimulator embod-
iments or even to IMDs that deliver electrical stimulation.
For example, in some embodiments a therapy delivery
module 44 of an IMD may include a pump, circuitry to
control the pump, and a reservoir to store a therapeutic
agent for delivery via the pump.

[0038] Processor 46 may include a microprocessor, a
controller, adigital signal processor (DSP), an application
specific integrated circuit (ASIC), a field-programmable
gate array (FPGA), discrete logic circuitry, or the like.
Memory 48 may include any volatile, non-volatile, mag-
netic, optical, or electrical media, such as a random ac-
cess memory (RAM), read-only memory (ROM), non-vol-
atile RAM (NVRAM), electrically-erasable programma-
ble ROM (EEPROM), flash memory, and the like. In some
embodiments, memory 48 stores program instructions
that, when executed by processor 46, cause IMD 14 and
processor 46 to perform the functions attributed to them
herein.

[0039] Each of sensors 40 generates a signal that var-
ies as a function of patient activity. IMD 14 may include
circuitry (not shown) that conditions the signals generat-
ed by sensors 40 such that they may be analyzed by
processor 46. For example, IMD 14 may include one or
more analog to digital converters to convert analog sig-
nals generated by sensors 40 into digital signals usable
by processor 46, as well as suitable filter and amplifier
circuitry. Although shown as including two sensors 40,
system 10 may include any number of sensors.

[0040] Further, asillustrated in FIG. 2, sensors 40 may
be included as part of IMD 14, or coupled to IMD 14 via
leads 16. Sensors 40 may be coupled to IMD 14 via ther-
apy leads 16A and 16B, or via other leads 16, such as
lead 16C depicted in FIG. 2. In some embodiments, a
sensor 40 located outside of IMD 14 may be in wireless
communication with processor 46. Wireless communica-
tion between sensors 40 and IMD 14 may, as examples,
include RF communication or communication via electri-
cal signals conducted through the tissue and/or fluid of
patient 12.

[0041] A sensor 40 may be, for example, an acceler-
ometer, a bonded piezoelectric crystal, a mercury switch,
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or a gyro that generates a signal as a function of patient
activity, e.g., body motion, footfalls or other impact
events, and the like. Processor 46 may determine an
activity level based on a signal generated by one of these
types of sensors 40 by sampling the signal and deter-
mining a number of activity counts during the sample
period. Processor 46 may then store the determined
number of activity counts in memory 48 as an activity
level.

[0042] For example, processor 46 may compare the
sample of a signal generated by an accelerometer or
piezoelectric crystal to one or more amplitude thresholds
stored within memory 48. Processor 46 may identify each
threshold crossing as an activity count. Where processor
46 compares the sample to multiple thresholds with var-
ying amplitudes, processor 46 may identify crossing of
higher amplitude thresholds as multiple activity counts.
Using multiple thresholds to identify activity counts, proc-
essor 46 may be able to more accurately determine the
extent of patient activity for both high impact, low fre-
quency and low impact, high frequency activities. In em-
bodiments in which a sensor 40 takes the form of a mer-
cury switch, processor 46 may identify the number of
switch contacts indicated during the sample period as
the number of activity counts. In embodiments in which
a sensor 40 comprises an accelerometer or piezoelectric
crystal, IMD 14 may include a filter (not shown), or proc-
essor 46 may apply a digital filter, that passes a band
from approximately 0.1 Hz to 10 Hz. The filter may reduce
noise in the signal, and pass the portion of the signal that
reflects patient activity.

[0043] Insome embodiments, processor 46 may mon-
itor a signal that indicates a physiological parameter of
patient 12, which in turn varies as a function of patient
activity. For example, processor 46 may monitor a signal
that indicates the heart rate, ECG morphology, respira-
tion rate, respiratory volume, core temperature, subcu-
taneous temperature, or muscular activity of the patient.
In such embodiments, processor 46 may periodically de-
termine the heart rate, measured value of one or more
ECG morphological features, respiration rate, respiratory
volume, core temperature, subcutaneous temperature,
or muscular activity level of patient 12 based on the sig-
nal. The determined values of these parameters may be
mean or median values.

[0044] Sensors 40 may include electrodes located on
leads 16 or integrated as part of the housing of IMD 14
that generates an electrogram signal as a function of
electrical activity of the heart of patient 12, and processor
46 may periodically determine the heart rate of patient
12 based on the electrogram signal. In other embodi-
ments, a sensor 40 may include an acoustic sensor within
IMD 14, a pressure sensor within the bloodstream or cer-
ebrospinal fluid of patient 12, or a temperature sensor
located within the bloodstream of patient 12. The signals
generated by such sensors 40 may vary as a function of
contraction of the heart of patient 12, and can be used
by processor 46 to periodically determine the heart rate
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of patient 12.

[0045] In some embodiments, processor 46 may de-
tect, and measure values for one or more ECG morpho-
logical features within an electrogram generated by elec-
trodes as described above. ECG morphological features
may vary in a manner that indicates the activity level of
patient. For example, the amplitude of the ST segment
of the ECG may increase with increased patient activity.
Further, the amplitude of QRS complex or T-wave may
increase, and the widths of the QRS complex and T-wave
may decrease with increased patient activity. The QT
interval and the latency of an evoked response may de-
crease with increased patient activity, and the amplitude
of the evoked response may increase with increased pa-
tient activity.

[0046] Insome embodiments, sensors 40 may include
an electrode pair, including one electrode integrated with
the housing of IMD 14 and one of electrodes 42, that
generates a signal as a function of the thoracic imped-
ance of patient 12, which varies as a function of respira-
tion by patient 12. The electrodes of the pair may be
located on opposite sides of the patient’s thorax. For ex-
ample, the electrode pair may include one of electrodes
42 located proximate to the spine of a patient for delivery
of SCS therapy, and IMD 14 with an electrode integrated
inits housing may be implanted in the abdomen of patient
12.

[0047] In other embodiments, sensors 40 may include
a strain gauge, bonded piezoelectric element, or pres-
sure sensor within the blood or cerebrospinal fluid that
generates a signal that varies based on patient respira-
tion. Processor 46 may monitor the signals generated by
such sensors 40 to periodically determine a respiration
rate and/or respiratory volume of patient 12. An electro-
gram generated by electrodes as discussed above may
also be modulated by patient respiration, and processor
46 may use the electrogram as an indirect representation
of respiration rate.

[0048] Insome embodiments, sensors 40 may include
one or more electrodes that generate an electromyogram
(EMG) signal as a function of muscle electrical activity.
The amplitude and/or frequency of an EMG signal may
vary based on the activity level of a patient. The elec-
trodes may be, for example, located in the legs, abdo-
men, chest, back or buttocks of patient 12 to detect mus-
cle activity associated with walking, running, or the like.
The electrodes may be coupled to IMD 14 wirelessly or
by leads 16 or, if IMD 14 is implanted in these locations,
integrated with a housing of IMD 14.

[0049] However, bonded piezoelectric crystals located
in these areas generate signals as a function of muscle
contraction in addition to body motion, footfalls or other
impact events. Consequently, use of bonded piezoelec-
tric crystals to detect activity of patient 12 may be pre-
ferred in some embodiments in which it is desired to de-
tect muscle activity in addition to body motion, footfalls,
or other impact events. Bonded piezoelectric crystals
may be coupled to IMD 14 wirelessly or via leads 16, or
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piezoelectric crystals may be bonded to the can of IMD
14 when the IMD is implanted in these areas, e.g., in the
back, chest buttocks or abdomen of patient 12.

[0050] Further, sensors 40 may include any of a variety
of known temperature sensors to generate a signal as a
function of a core or subcutaneous temperature of patient
12. Core or subcutaneous temperature may vary as a
function of the activity level of patient 12. Such temper-
ature sensors may be incorporated within the housing of
IMD 14, or coupled to IMD 14 wirelessly or via leads.
[0051] Insome embodiments, processor 46 compares
a determined value of such a physiological parameter to
one or more thresholds or a look-up table stored in mem-
ory to determine a number of activity counts, and stores
the determined number of activity counts in memory 48
as a determined activity level. In other embodiments,
processor 46 may store the determined physiological pa-
rameter value as a determined activity level. The use of
activity counts, however, may allow processor 46 to de-
termine an activity level based on a plurality of signals
generated by a plurality of sensors 40. For example, proc-
essor 46 may determine a first number of activity counts
based on a sample of an accelerometer signal and a
second number of activity counts based on a heart rate
determined from an electrogram signal at the time the
accelerometer signal was sampled. Processor 46 may
determine an activity level by calculating the sum or av-
erage, which may be a weighted sum or average, of first
and second activity counts.

[0052] Processor 46 may record activity levels contin-
uously or periodically, e.g., one sample every minute or
continuously for ten minutes each hour. In some embod-
iments, processor 46 limits recording of activity levels to
relevant time periods, i.e., when patient 12 is awake or
likely to be awake, and therefore likely to be active. For
example, patient may indicate via patient programmer
26 when patient is going to sleep or awake. Processor
46 may receive these indications via a telemetry circuit
50 of IMD 14, and may suspend or resume recording of
activity levels based on the indications. In other embod-
iments, processor 46 may maintain a real-time clock, and
may record activity levels based on the time of day indi-
cated by the clock, e.g., processor 46 may limit activity
level recording to daytime hours.

[0053] Insome embodiments, processor 46 may mon-
itor one or more physiological parameters of patient 12
via signals generated by sensors 40, and may determine
when patient 12 is attempting to sleep or asleep based
onthe physiological parameters. For example, processor
46 may determine when patient 12 is attempting to sleep
by receiving an indication from patient programmer 26,
or by monitoring the posture of patient 12 to determine
when patient 12 is recumbent. Sensors 40 may include
a plurality of orthogonally arranged accelerometers, and
processor 46 may monitor the DC components of the
signals generated by the accelerometers to determine
when patient is recumbent.

[0054] In other embodiments, processor 46 deter-
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mines when patient 12 is attempting to fall asleep based
on the level of melatonin in a bodily fluid. In such embod-
iments, a sensor 40 may take the form of a chemical
sensor that is sensitive to the level of melatonin or a me-
tabolite of melatonin in the bodily fluid, and estimate the
time that patient 12 will attempt to fall asleep based on
the detection. For example, processor 46 may compare
the melatonin level or rate of change in the melatonin
levelto athreshold level stored inmemory 48, and identify
the time that threshold value is exceeded. Processor 46
may identify the time that patient 12 is attempting to fall
asleep as the time that the threshold is exceeded, or
some amount of time after the threshold is exceeded.
Any of a variety of combinations or variations of the
above-described techniques may be used to determine
when patient 12 is attempting to fall asleep, and a specific
one or more techniques may be selected based on the
sleeping and activity habits of a particular patient.
[0055] In order to determine whether patient 12 is
asleep, processor 46 may monitor any one or more phys-
iological parameters that discernibly change when pa-
tient 12 falls asleep, such as activity level, posture, heart
rate, ECG morphology, respiration rate, respiratory vol-
ume, blood pressure, blood oxygen saturation, partial
pressure of oxygen within blood, partial pressure of ox-
ygen within cerebrospinal fluid, muscular activity and
tone, core temperature, subcutaneous temperature, ar-
terial blood flow, brain electrical activity, eye motion, and
galvanic skin response. Processor 46 may additionally
or alternatively monitor the variability of one or more of
these physiological parameters, such as heart rate and
respiration rate, which may discernible change when pa-
tient 12 is asleep. Further details regarding monitoring
physiological parameters to identify when a patient is at-
tempting to sleep and when the patient is asleep may be
found in a commonly-assigned and co-pending U.S. Pat-
ent Application Serial No. 60/553,771 by Kenneth Heruth
and Keith Miesel, entitled "DETECTING SLEEP," which
was assigned Attorney Docket No. 1023-360US02 and
filed 16 March 2004.

[0056] In other embodiments, processor 46 may
record activity levels in response to receiving an indica-
tion from patient 12 via patient programmer 26. For ex-
ample, processor 46 may record activity levels during
times when patient 12 believes the therapy delivered by
IMD 14 is ineffective and/or the symptoms experienced
by patient 12 have worsened. In this manner, processor
46 may limit data collection to periods in which more pro-
bative datais likely to be collected, and thereby conserve
a battery and/or storage space within memory 48.
[0057] Further, as described above, the invention is
not limited to embodiments in which IMD 14 determines
activity levels. In some embodiments, processor 46 may
periodically store samples of the signals generated by
sensors 40 in memory 48, rather than activity levels, and
may associate those samples with the current therapy
parameter set.

[0058] FIG. 3illustrates memory 48 of IMD 14 in great-
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er detail. As shown in FIG. 3, memory 48 stores informa-
tion describing a plurality of therapy parameter sets 60.
Therapy parameter sets 60 may include parameter sets
specified by a clinician using clinician programmer 20.
Therapy parameter sets 60 may also include parameter
sets that are the result of patient 12 changing one or more
parameters of one of the preprogrammed therapy pa-
rameter sets. For example, patient 12 may change pa-
rameters such as pulse amplitude, frequency or pulse
width via patient programmer 26.

[0059] Memory 48 also stores the activity levels 62 de-
termined by processor 46. When processor 46 deter-
mines an activity level as discussed above, processor 46
associates the determined activity level with the current
one of therapy parameter sets 60, e.g., the one of therapy
parameter sets 60 that processor 46 is currently using to
control delivery of therapy by therapy module 44 to pa-
tient 12. For example, processor 46 may store deter-
mined activity levels 62 within memory 48 with an indi-
cation of the parameter sets 60 with which they are as-
sociated. In other embodiments, processor 46 stores
samples (not shown) of signals generated by sensors 40
within memory 48 with an indication of the parameter
sets 60 with which they are associated.

[0060] In some embodiments, processor 46 deter-
mines a value of one or more activity metrics for each of
therapy parameter sets 60 based on the activity levels
62 associated with the parameter sets 60. Processor 46
may store the determined activity metric values 66 within
memory 48 with an indication as to which of therapy pa-
rameter sets 60 the determined values are associated
with. For example, processor 46 may determine a mean
or median of activity levels associated with a therapy pa-
rameter set, and store the mean or median activity level
as an activity metric value 66 for the therapy parameter
set.

[0061] Inembodimentsinwhich activity levels 62 com-
prise activity counts, processor 46 may store, for exam-
ple, an average number of activity counts per unit time
as an activity metric value. An average number of activity
counts over a some period substantially between ten and
sixty minutes, for example, may provide a more accurate
indication of activity than an average over shorter periods
by ameliorating the effect of transient activities on an ac-
tivity signal or physiological parameters. For example,
rolling over in bed may briefly increase the amplitude of
an activity signal and a heart rate, thereby confounding
the activity analysis.

[0062] In other embodiments, processor 46 may com-
pare a mean or median activity level to one or more
threshold values 64, and may select an activity metric
value from a predetermined scale of activity metric values
based on the comparison. The scale may be numeric,
such as activity metric values from 1-10, or qualitative,
such as low, medium or high activity. The scale of activity
metric values may be, for example, stored as a look-up
table within memory 48. Processor 46 stores the activity
metric value 66 selected from the scale within memory
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48.

[0063] Insome embodiments, processor 46 compares
each activity level 62 associated with a therapy param-
eter set 60 to one or more threshold values 64. Based
on the comparison, processor 46 may determine per-
centages of time above and/or below the thresholds, or
within threshold ranges. Processor 46 may store the one
or more determined percentages within memory 48 as
one or more activity metric values 66 for that therapy
parameter set. In other embodiments, processor 46 com-
pares each activity level 62 associated with a therapy
parameter set 66 to a threshold values 64, and deter-
mines an average length of time that consecutively re-
corded activity levels 62 remained above the threshold
as an activity metric value 66 for that therapy parameter
set.

[0064] In some embodiments, processor 46 deter-
mines a plurality of activity metric values for each of the
plurality of therapy parameter sets, and determines an
overall activity metric value for a parameter set based on
the values of the individual activity metrics for that pa-
rameter set. For example, processor 46 may use the plu-
rality of individual activity metric values as indices to iden-
tify an overall activity metric value from a look-up table
stored in memory 48. Processor 46 may select the overall
metric value from a predetermined scale of activity metric
values, which may be numeric, such as activity metric
values from 1-10, or qualitative, such as low, medium or
high activity.

[0065] AsshowninFIG.2,IMD 14 includes a telemetry
circuit 50, and processor46 communicates with program-
mers 20, 26 via telemetry circuit 50. In some embodi-
ments, processor 46 provides information identifying
therapy parameter sets 60 and activity metric values 66
associated with the parameter sets to programmer 20,
and programmer 20 displays a list of therapy parameter
sets 60 and associated activity metric values 66. In other
embodiments, as will be described in greater detail be-
low, processor 46 does not determine activity metric val-
ues 66. Instead, processor 46 provides activity levels 62
to programmer 20 via telemetry circuit 50, and program-
mer 20 determines activity metric values 66 for display
tothe clinician. Further, in other embodiments, processor
46 provides samples of signals generated by sensors 40
to programmer 20 via telemetry circuit 50, and program-
mer 20 may both determine activity levels 62 and activity
metric values 66 based on the samples. Some external
medical device embodiments of the invention include a
display, and a processor of such an external medical de-
vice may both determine activity metric values 66 and
display a list of therapy parameter sets 60 and associated
activity metric values 66 to a clinician.

[0066] FIG. 4 is a flow diagram illustrating an example
method for collecting activity information that may be em-
ployed by IMD 14. IMD 14 monitors one or more activity
signals (70). For example, IMD 14 may monitor a signal
generated by an accelerometer or piezoelectric crystal,
and/or a signal that indicates a physiological parameter

10

15

20

25

30

35

40

45

50

55

that varies as a function of patient activity, such heart
rate, ECG morphology, respiration rate, respiratory vol-
ume, core temperature, subcutaneous temperature, or
muscle activity.

[0067] IMD 14 determines an activity level 62 (72). For
example, IMD 14 may determine a number of activity
counts based on the one or more signals, as described
above. IMD 14 identifies the current therapy parameter
set 60, and associates the determined activity level 62
with the current therapy parameter set 60 (74). For ex-
ample, IMD 14 may store the determined activity level
62 in memory 48 with an indication of the current therapy
parameter set 60. IMD 14 may then update one or more
activity metric values 66 associated with the current ther-
apy parameter set 60, as described above (76).

[0068] IMD 14 may periodically perform the example
method illustrated in FIG. 4, e.g., may periodically mon-
itor the activity signal (70), determine activity levels 62
(72), and associate the determined activity levels 62 with
a current therapy parameter set 60 (74). As described
above, IMD 14 may only perform the example method
during daytime hours, or when patient is awake and not
attempting to sleep, and/or only in response to an indi-
cation received from patient 12 via patient programmer
20. IMD 14 need not update activity metric values 66
each time an activity level 62 is determined. In some em-
bodiments, for example, IMD 14 may store activity levels
62 within memory, and may determine the activity metric
values 66 upon receiving a request for the values from
clinician programmer 20.

[0069] Further, in some embodiments, as will be de-
scribed in greater detail below, IMD 14 does not deter-
mine the activity metric values 66, but instead provides
activity levels 62 to a computing device, such as clinician
programmer 20 or patient programmer 26. In such em-
bodiments, the computing device determines the activity
metric values 66 associated with each of the therapy pa-
rameter sets 60. Additionally, as described above, IMD
14 need not determine activity levels 62, but may instead
store samples of the signals generated by sensors 40.
In such embodiments, the computing device may deter-
mine both activity levels 62 and activity metric values 66
based on the samples.

[0070] FIG. 5 is a block diagram illustrating clinician
programmer 20. A clinician may interact with a processor
80 via a user interface 82 in order to program therapy for
patient 12, e.g., specify therapy parameter sets. Proces-
sor 80 may provide the specified therapy parameter sets
to IMD 14 via telemetry circuit 84.

[0071] At another time, e.g., during a follow up visit,
processor 80 may receive information identifying a plu-
rality of therapy parameter sets 60 from IMD 14 via te-
lemetry circuit 84, which may be stored in a memory 86.
The therapy parameter sets 60 may include the originally
specified parameter sets, and parameter sets resulting
from manipulation of one or more therapy parameters by
patient 12 using patient programmer 26. In some embod-
iments, processor 80 also receives activity metric values
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66 associated with the therapy parameter sets 60, and
stores the activity metric values in memory 86.

[0072] In other embodiments, processor 80 receives
activity levels 62 associated with the therapy parameter
sets 60, and determines values 66 of one or more activity
metrics for each of the plurality of therapy parameter sets
60 using any of the techniques described above with ref-
erence to IMD 14 and FIGS. 2 and 3. Processor 80 may,
for example, use threshold values 64 stored in memory
86 to determine activity metric values 66, as described
above. In still other embodiments, processor 80 receives
samples of activity signals from IMD 14, and determines
activity levels 62 and activity metric values 66 based on
signals using any of the techniques described above with
reference to IMD 14 and FIGS. 2 and 3.

[0073] Upon receiving or determining activity metric
values 66, processor 80 generates a list of the therapy
parameter sets 60 and associated activity metric values
66, and presents the list to the clinician. User interface
82 may include display 22, and processor 80 may display
the list via display 22. The list of therapy parameter sets
60 may be ordered according to the associated activity
metric values 66. Where a plurality of activity metric val-
ues are associated with each of the parameter sets, the
list may be ordered according to the values of the activity
metric selected by the clinician. Processor 80 may also
present other activity information to a user, such as a
trend diagram of activity over time, or a histogram, pie
chart, or other illustration of percentages of time that ac-
tivity levels 62 were within certain ranges. Processor 80
may generate such charts or diagrams using activity lev-
els 62 associated with a particular one of the therapy
parameter sets 66, or all of the activity levels 62 recorded
by IMD 14.

[0074] User interface 82 may include display 22 and
keypad 24, and may also include a touch screen or pe-
ripheral pointing devices as described above. Processor
80 may include a microprocessor, a controller, a DSP,
an ASIC, an FPGA, discrete logic circuitry, or the like.
Memory 86 may include program instructions that, when
executed by processor 80, cause clinician programmer
20 to perform the functions ascribed to clinician program-
mer 20 herein. Memory 86 may include any volatile, non-
volatile, fixed, removable, magnetic, optical, or electrical
media, such as a RAM, ROM, CD-ROM, hard disk, re-
movable magnetic disk, memory cards or sticks,
NVRAM, EEPROM, flash memory, and the like.

[0075] FIG. 6 illustrates an example list 90 of therapy
parameter sets and associated activity metric values 66
that may be presented by clinician programmer 20. Each
row of example list 90 includes an identification of one
of therapy parameter sets 60, the parameters of the ther-
apy parameter set, and values 66 associated with the
therapy parameter set for each of two illustrated activity
metrics. Programmer 20 may order list 90 according to
a user-selected one of the activity metrics.

[0076] The activity metrics illustrated in FIG. 6 are a
percentage of time active, and an average number of
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activity counts per hour. IMD 14 or programmer 20 may
determine the average number of activity counts per hour
for one of the illustrated therapy parameter sets by iden-
tifying the total number of activity counts associated with
the parameter set and the total amount of time that IMD
14 was using the parameter set. IMD 14 or programmer
20 may determine the percentage of time active for one
of parameter sets 60 by comparing each activity level 62
associated with the parameter set to an "active" thresh-
old, and determining the percentage of activity levels 62
above the threshold. As illustrated in FIG. 9, IMD 14 or
programmer 20 may also compare each activity level for
the therapy parameter set to an additional, "high activity"
threshold, and determine a percentage of activity levels
62 above that threshold.

[0077] FIG. 7 is a flow diagram illustrating an example
method for displaying a list of therapy parameter sets 60
and associated activity metric values 66 that may be em-
ployed by a clinician programmer 20. Programmer 20
receives information identifying therapy parameter sets
60 and associated activity levels 62 from IMD 14 (100).
Programmer 20 then determines one or more activity
metric values 66 for each of the therapy parameter sets
based on the activity levels 62 associated with the ther-
apy parameter sets (102). In other embodiments, IMD
14 determines the activity metric values 66, and provides
them to programmer 20, or provides samples of activity
signals associated with therapy parameter sets to pro-
grammer 20 for determination of activity metric values,
as described above. After receiving or determining ac-
tivity metric values 66, programmer 20 presents a list 90
oftherapy parameter sets 60 and associated activity met-
ric values 66 to the clinician, e.g., via display 22 (104).
Programmer 20 may order list 90 of therapy parameter
sets 60 according to the associated activity metric values
66, and the clinician may select which of a plurality of
activity metrics list 90 is ordered according to via a user
interface 82 (106).

[0078] Various embodiments of the invention have
been described. However, one skilled in the art will rec-
ognize that various modifications may be made to the
described embodiments without departing from the
scope of the invention. For example, although described
herein primarily in the context of treatment of pain with
an implantable neurostimulator, the invention is not so
limited. The invention may be embodied in any implant-
able medical device that delivers a therapy, such as a
cardiac pacemaker or an implantable pump. Further, the
invention may be implemented via an external, e.g., non-
implantable, medical device.

[0079] Additionally, the invention is not limited to em-
bodiments in which a programming device receives in-
formation from the medical device, or presents informa-
tion to a user. Other computing devices, such as hand-
held computers, desktop computers, workstations, or
servers may receive information from the medical device
and present information to a user as described herein
with reference to programmers 20, 26. A computing de-
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vice, such as a server, may receive information from the
medical device and present information to a user via a
network, such as a local area network (LAN), wide area
network (WAN), or the Internet. Further, in some embod-
iments, the medical device is an external medical device,
and may itself include user interface and display to
present activity information to a user, such as a clinician
or patient, for evaluation of therapy parameter sets.
[0080] As another example, the invention may be em-
bodied in a trial neurostimulator, which is coupled to per-
cutaneous leads implanted within the patient to deter-
mine whether the patient is a candidate for neurostimu-
lation, and to evaluate prospective neurostimulation ther-
apy parameter sets. Similarly, the invention may be em-
bodied in a trial drug pump, which is coupled to a percu-
taneous catheter implanted within the patient to deter-
mine whetherthe patientis a candidate foranimplantable
pump, and to evaluate prospective therapeutic agent de-
livery parameter sets. Activity metric values collected
during use of the trial neurostimulator or pump may be
used by a clinician to evaluate the prospective therapy
parameter sets, and select parameter sets for use by the
later implanted non-trial neurostimulator or pump. For
example, a trial neurostimulator or pump may determine
values of one or more activity metrics for each of a plu-
rality of prospective therapy parameter sets, and a clini-
cian programmer may present a list of prospective pa-
rameter sets and associated activity metric values to a
clinician. The clinician may use the list to identify poten-
tially efficacious parameter sets, and may program a per-
manent implantable neurostimulator or pump for the pa-
tient with the identified parameter sets.

[0081] Additionally, the invention is not limited to em-
bodiments in which the therapy delivering medical device
monitors the physiological parameters of the patient de-
scribed herein. In some embodiments, a separate mon-
itoring device monitors values of one or more physiolog-
ical parameters of the patient instead of, or in addition
to, atherapy delivering medical device. The monitor may
include a processor 46 and memory 48, and may be cou-
pled to or include sensors 40, as illustrated above with
reference to IMD 14 and FIGS. 2 and 3. The monitor may
identify activity levels and activity metric values based
on the values of the monitored physiological parameter
values, or may transmit activity levels or the physiological
parameter values to a computing device for determina-
tion of the activity metric values.

[0082] In embodiments in which the medical device
determines activity levels or activity metric values, the
medical device may identify the current therapy param-
eter set when a value of one or more sleep quality metrics
is collected, and may associate that value with the ther-
apy parameter set. In embodiments in which a program-
ming device or other computing device determines ac-
tivity levels or activity metric values, the medical device
may associate recorded physiological parameter values
or activity levels with the current therapy parameter set
in the memory. Further, in embodiments in which a sep-

10

15

20

25

30

35

40

45

50

55

11

arate monitoring device records physiological parameter
values or determines activity levels or activity metric val-
ues, the monitoring device may mark recorded physio-
logical parameter values, activity levels, or activity metric
values with a current time in a memory, and the medical
device may store an indication of a current therapy pa-
rameter set and time in amemory. A programming device
of other computing device may receive indications of the
physiological parameter values, activity levels, or activity
metric values and associated times from the monitoring
device, and indications of the therapy parameter sets and
associated times from the medical device, and may as-
sociate the physiological parameter values, activity lev-
els, or activity metric values with the therapy parameter
set that was delivered by the medical device when the
values or levels were recorded.

[0083] FIG. 8 is a conceptual diagram illustrating a
monitor 110 that monitors values of one or more physi-
ological parameters of the patientinstead of, orin addition
to, a therapy delivering medical device. In the illustrated
example, monitor 110 is configured to be attached to or
otherwise carried by a belt 112, and may thereby be worn
by patient 12. FIG. 8 also illustrates various sensors 40
that may be coupled to monitor 110 by leads, wires, ca-
bles, or wireless connections, such as EEG electrodes
114A-C placed on the scalp of patient 12, a plurality of
EOG electrodes 116A and 116B placed proximate to the
eyes of patient 12, and one or more EMG electrodes 118
placed on the chin or jaw the patient. The number and
positions of electrodes 114, 116 and 118 illustrated in
FIG. 12 are merely exemplary. For example, although
only three EEG electrodes 174 are illustrated in FIG. 1,
an array of between 16 and 25 EEG electrodes 114 may
be placed on the scalp of patient 12, as is known in the
art. EEG electrodes 114 may be individually placed on
patient 12, or integrated within a cap or hair net worn by
the patient.

[0084] In the illustrated example, patient 12 wears an
ECG belt 120. ECG belt 120 incorporates a plurality of
electrodes for sensing the electrical activity of the heart
of patient 12. The heart rate and, in some embodiments,
ECG morphology of patient 12 may monitored by monitor
110 based on the signal provided by ECG belt 120. Ex-
amples of suitable belts 120 for sensing the heart rate of
patient 12 are the "M" and "F" heart rate monitor models
commercially available from Polar Electro. In some em-
bodiments, instead of belt 120, patient 12 may wear of
plurality of ECG electrodes attached, e.g., via adhesive
patches, at various locations on the chest of the patient,
as is known in the art. An ECG signal derived from the
signals sensed by such an array of electrodes may en-
able both heart rate and ECG morphology monitoring,
as is known in the art.

[0085] As shown in FIG. 8, patient 12 may also wear
a respiration belt 122 that outputs a signal that varies as
a function of respiration of the patient. Respiration belt
122 may be a plethysmograpy belt, and the signal output
by respiration belt 122 may vary as a function of the
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changes is the thoracic or abdominal circumference of
patient 12 that accompany breathing by the patient. An
example of a suitable belt 122 is the TSD201 Respiratory
Effort Transducer commercially available from Biopac
Systems, Inc. Alternatively, respiration belt 122 may in-
corporate or be replaced by a plurality of electrodes that
directan electrical signal through the thorax of the patient,
and circuitry to sense the impedance of the thorax, which
varies as a function of respiration of the patient, based
on the signal. In some embodiments, ECG and respira-
tion belts 120 and 122 may be a common belt worn by
patient 12, and the relative locations of belts 120 and 122
depicted in FIG. 8 are merely exemplary.

[0086] In the example illustrated by FIG. 8, patient 12
also wears a transducer 124 that outputs a signal as a
function of the oxygen saturation of the blood of patient
12. Transducer 124 may be an infrared transducer.
Transducer 124 may be located on one of the fingers or
earlobes of patient 12. Sensors 40 coupled to monitor
110 may additionally or alternatively include or be cou-
pled to any of the variety of sensors 40 described above
with reference to FIG. 2 that output signals that vary as
a function of patient activity, such as EMG electrodes,
accelerometers, piezoelectric crystals, or pressure sen-
sors.

[0087] Further, the invention may be embodied as a
computer-readable medium that includes instructions to
cause a processor to perform any of the methods de-
scribed herein. These and other embodiments are within
the scope of the following claims.

Claims
1. A medical system comprising:

means (40A, 40B) for monitoring a signal that
varies as a function of activity of a patient;
means (14) for periodically determining an ac-
tivity level of the patient based on the signal;
means (46) for associating each of the deter-
mined activity levels with a therapy parameter
set currently used by a medical device to deliver
a therapy to the patient when the activity level
is determined; and

means (20, 26) for determining a value of an
activity metric for each of a plurality of therapy
parameter sets based on activity levels associ-
ated with the therapy parameter sets,

wherein the means for determining a value of
an activity metric comprises:

means for comparing each of the activity levels
associated with the therapy parameter set to a
threshold value, and

means for determining an average length of time
that consecutively determined activity levels as-
sociated with the therapy parameter set were
above the threshold.

10

15

20

25

30

35

40

45

50

55

12

2,

10.

22

The system of claim 1, wherein the signal comprises
a signal generated by an accelerometer, the system
further comprising means for filtering the signal to
pass a band from 0.1 Hz to 10 Hz.

The system of claims 1 or 2, wherein the means for
periodically determining an activity level comprises:

means for determining when the patient is
awake; and

means for periodically determining an activity
level while the patient is determined to be
awake.

The system of any of claims 1 to 3, wherein the
means for determining a value of an activity metric
comprises means for determining at least one of a
mean and a median of activity levels associated with
the therapy parameter set.

The system of any of claims 1 to 4, wherein the
means for periodically determining an activity level
comprises means for periodically determining a
number of activity counts.

The system of claim 5, wherein the means for deter-
mining an activity metric value for each of the plurality
of therapy parameter sets comprises means for de-
termining an average number of activity counts per
a unit of time for each of the plurality of therapy pa-
rameter sets based on the numbers of activity counts
associated with the therapy parameter sets.

The system of claim 6, wherein the means for deter-
mining an average number of activity counts per a
unit of time comprises means for determining an av-
erage number of activity counts over a period of time
substantially within a range from 10 to 60 minutes.

The system of any of claims 1 to 4, wherein the
means for periodically determining an activity level
comprises means for periodically determining a val-
ue of at least one physiological parameter of the pa-
tient.

The system of claim 8, wherein the means for peri-
odically determining a value of a physiological pa-
rameter comprises means for periodically determin-
ing at least one of a heart rate, a value of an ECG
morphological feature, a respiration rate, a respira-
tory volume, a core temperature, a subcutaneous
temperature, and a muscular activity level.

The system of any of claims 1 to 9, further comprising
ameans for presenting a list of the plurality of therapy
parameter sets and activity metric values associated
with the therapy parameter sets.
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The system of claim 10, further comprising means
for ordering the list of therapy parameter sets ac-
cording to the associated activity metric values.

The system of claim 11, wherein the means for de-
termining a value of an activity metric comprises
means for determining a value of each of a plurality
of activity metrics for each of the plurality of therapy
parameter sets based on activity levels associated
with the therapy parameter sets, and the means for
ordering the list comprises means for ordering the
list according to a user selected one of the activity
metrics.

The system of any of claims 1 to 12, wherein the
means for determining a value of an activity metric
comprises:

means for determining a value of each of a plu-
rality of activity metrics for each of the plurality
of therapy parameter sets; and

means for determining a value of an overall ac-
tivity metric for each of the plurality of therapy
parameter sets based on the plurality of activity
metric values.

The system of any of claims 1 to 13, further compris-
ing means for presenting a graphical representation
of the determined activity levels.

The system of claim 14, wherein the means for pre-
senting a graphical representation comprises means
for presenting at least one of a trend diagram, a his-
togram and a pie chart based on the determined ac-
tivity levels.

The system of any of claims 1 to 15, wherein the
medical device comprises an implantable medical
device.

The system of claim 16, wherein the implantable
medical device comprises at least one of an implant-
able neurostimulator and an implantable drug pump.

The system of any of claims 1 to 15, wherein the
medical device comprises a trial neurostimulator.

Patentanspriiche

1.

Medizinisches System mit:

Mitteln (40A, 40B) zur Uberwachung eines Si-
gnals, das als Funktion der Aktivitat bzw. Lei-
stung eines Patienten variiert;

Mitteln (14) zur periodischen Bestimmung eines
Aktivitatslevels des Patienten auf Basis des Si-
gnals;
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Mitteln (46) zur Zuordnung jedes der bestimm-
ten Aktivitatslevels bzw. Leistungslevels zu ei-
nem Therapie-Parametersatz, der gegenwartig
von einem medizinischen Gerét verwendet wird,
um dem Patienten eine Therapie zu verabrei-
chen, wenn der Aktivitatslevel bestimmt ist, und

mit
Mitteln (20, 26) zur Bestimmung eines Wertes
einer Aktivitatsmetrik bzw. eines

Aktivitadtsmafsystems fiir einen jeden der Viel-
zahl von Therapie-Parametersatzen auf der
Grundlage von Aktivitatslevels, die den Thera-
pie-Parametersatzen zugeordnet sind,

wobei die Mittel zur Bestimmung eines Werts
einer Aktivitatsmetrik umfassen:

Mittel zum Vergleichen eines jeden dem
Therapie-Parametersatz zugeordneten Ak-
tivitatslevels mit einem Schwellenwert und
Mittel zur Bestimmung einer durchschnittli-
chen Zeitspanne, in der fortlaufend be-
stimmte Aktivitatslevels, die dem Therapie-
Parametersatz zugeordnet sind, oberhalb
der Schwelle lagen.

System nach Anspruch 1, bei dem das Signal ein
von einem Beschleunigungsmesser bzw. einem
Schwingungssensor erzeugtes Signal umfasst, und
bei dem das System auflerdem Mittel zur Filterung
des Signals umfasst, damit dieses ein Band von 0,1
Hz bis 10 Hz passieren kann.

System nach Anspruch 1 oder 2, bei dem die Mittel
zu periodischen Bestimmung eines Aktivitatslevels
umfassen:

Mittel zur Bestimmung des Wachzustandes des
Patienten; und

Mittel zur periodischen Bestimmung eines Akti-
vitatslevels, wahrend der Patient als wach be-
stimmt ist.

System nach einem der Anspriiche 1 bis 3, bei dem
die Mittel zur Bestimmung eines Wertes einer Akti-
vitdtsmetrik Mittel zur Bestimmung eines Durch-
schnitts und/oder eines Medians der Aktivitatslevels,
die dem Therapie-Parametersatz zugeordnet sind,
umfassen.

System nach einem der Anspriiche 1 bis 4, bei dem
die Mittel zu periodischen Bestimmung eines Aktivi-
tatslevels Mittel zur periodischen Bestimmung einer
Anzahl von Aktivitdtszahlimpulsen umfassen.

System nach Anspruch 5, bei dem die Mittel zur Be-
stimmung eines Aktivitdtsmetrikwertes fir einen je-
dender Vielzahl von Therapie-Parametersatzen Mit-
tel umfasst, um eine durchschnittliche Anzahl von
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Aktivitatszahlimpulsen pro Zeiteinheit fir einen je-
den der Vielzahl von Therapie-Parametersatzen auf
der Basis der Anzahl von Aktivitatszahlimpulsen, die
den Therapie-Parametersatzen zugeordnet sind, zu
bestimmen.

System nach Anspruch 6, bei dem die Mittel zur Be-
stimmung einer durchschnittlichen Anzahl von Akti-
vitatszdhlimpulsen pro Zeiteinheit Mittel umfassen,
um eine durchschnittliche Anzahl von Aktivitatszah-
limpulsen Uber eine Zeitdauer im Wesentlichen in-
nerhalb eines Bereichs von 10 bis 60 Minuten zu
bestimmen.

System nach einem der Anspriiche 1 bis 4, bei dem
die Mittel zur periodischen Bestimmung eines Akti-
vitatslevels Mittel umfassen, um periodisch einen
Wert zumindest eines physiologischen Parameters
des Patienten zu bestimmen.

System nach Anspruch 8, bei dem die Mittel zur pe-
riodischen Bestimmung eines Wertes eines physio-
logischen Parameters Mittel umfassen, um peri-
odisch zumindest einen der folgenden Werte, wie
eine Herzfrequenz, einen Wert eines EKG-morpho-
logischen Merkmals, einer Atemfrequenz, ein respi-
ratorischen Volumen, eine Kern- bzw. Innentempe-
ratur, eine subkutane Temperatur und einen musku-
laren Aktivitatslevel zu bestimmen.

System nach einem der Anspriiche 1 bis 9, mit wei-
terhin Mitteln zur Ausgabe einer Liste der Vielzahl
der Therapie-Parametersatzen und der Aktivitats-
metrikwerten, die den Therapie-Parametersatzen
zugeordnet sind.

System nach Anspruch 10, weiter mit Mitteln zum
Anfordern der Liste von Therapie-Parametersatzen
entsprechend den zugeordneten Aktivitatsmetrik-
werten.

System nach Anspruch 11, bei dem die Mittel zur
Bestimmung eines Wertes einer Aktivitatsmetrik Mit-
tel umfasst, um einen Wert einer jeden der Vielzahl
von Aktivitatsmetriken fUr jeden der Vielzahl von
Therapie-Parametersatzen basierend auf den Akti-
vitatslevels, die den Therapie-Parametersatzen zu-
geordnet sind, zu bestimmen, und wobei die Mittel
zur Anforderung der Liste Mittel umfassen, um die
Liste entsprechend einer Benutzerauswahl aus den
Aktivitatsmetriken anzufordern.

System nach einem der Anspriiche 1 bis 12, bei dem
die Mittel zur Bestimmung eines Wertes einer Akti-
vitatsmetrik umfassen:

Mittel zur Bestimmung eines Wertes einer jeden
der Vielzahl von Aktivitdtsmetriken fur einen je-
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den der Vielzahl von Therapie-Parametersat-
zen; und

Mittel zur Bestimmung eines Wertes einer tber-
greifenden Aktivitdtsmetrik fir einen jeden der
Vielzahl der Therapie-Parameterséatzen basie-
rend aufder Vielzahl von Aktivitatsmetrikwerten.

System nach einem der Anspriiche 1 bis 13, weiter-
hin mit Mitteln zur Ausgabe einer graphischen Dar-
stellung der bestimmten Aktivitatslevels.

System nach Anspruch 14, bei dem die Mittel zur
Ausgabe einer graphischen Darstellung Mittel um-
fassen, um ein Richtungs- bzw. Verlaufsdiagramm,
ein Histogramm und/oder ein Kuchendiagramm auf
der Basis der bestimmten Aktivitatslevels auszuge-
ben.

System nach einem der Anspriiche 1 bis 15, beidem
das medizinische Gerat ein implantierbares medizi-
nisches Gerat umfasst.

System nach Anspruch 16, bei dem das implantier-
bare medizinische Gerat einenimplantierbaren Neu-
rostimulator und/oder eine implantierbare Arzneimit-
telpumpe umfasst.

System nach einem der Anspriiche 1 bis 15, beidem
das medizinische Geréat einen Prif- bzw. Test- bzw.
Belastungs-Neurostimulator umfasst.

Revendications

1.

Systéme médical comportant :

des moyens (40A, 40B) pour surveiller un signal
qui varie en fonction de l'activité d’un patient ;
des moyens (14) pour déterminer périodique-
ment un niveau d’activité du patient sur la base
du signal ;

des moyens (46) pour associer chacun des ni-
veaux d’activité déterminés a un ensemble de
parametres de thérapie actuellement utilisé par
un dispositif médical pour administrer une thé-
rapie au patient lorsque le niveau d’activité est
déterminé ; et

des moyens (20, 26) pour déterminer une valeur
d’'une mesure d’activité pour chaque ensemble
parmi une pluralité d’ensembles de paramétres
de thérapie basés sur des niveaux d’activité as-
sociés aux ensembles de paramétres de théra-
pie,

dans lequel les moyens pour déterminer une va-
leur d’'une mesure d’activité comportent :

des moyens pour comparer chacun des ni-
veaux d’activité associés a I'ensemble de
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paramétres de thérapie a une valeur de
seuil, et

des moyens pour déterminer une durée
moyenne au cours de laquelle des niveaux
d’activité déterminés consécutivement as-
sociés a 'ensemble de paramétres de thé-
rapie étaient au-dessus du seuil.

Systéme selon la revendication 1, dans lequel le si-
gnal comporte un signal généré par un accélérome-
tre, le systeme comportant en outre des moyens
pour filtrer le signal afin de passer une bande de 0,1
Hz a 10 Hz.

Systéme selon la revendication 1 ou 2, dans lequel
les moyens pour déterminer périodiquement un ni-
veau d’activité comportent :

des moyens pour déterminer lorsque le patient
est éveillé ; et

des moyens pour déterminer périodiquementun
niveau d’activité lorsqu’il est déterminé que le
patient est éveillé.

Systéme selon I'une quelconque des revendications
1 a 3, dans lequel les moyens pour déterminer une
valeur d’'une mesure d’activité comportent des
moyens pour déterminer au moins I'un d’un niveau
moyen et d’'un niveau médian parmi des niveaux
d’activité associés a I'ensemble de paramétres de
thérapie.

Systéme selon 'une quelconque des revendications
1 a 4, dans lequel les moyens pour déterminer pé-
riodiqguement un niveau d’activité comportent des
moyens pour déterminer périodiquement un nombre
de comptes d’activités.

Systéme selon la revendication 5, dans lequel les
moyens pour déterminer une valeur d’'une mesure
d’activité pour chaque ensemble parmi la pluralité
d’ensembles de paramétres de thérapie comportent
des moyens pour déterminer un nombre moyen de
comptes d’activités par unité de temps pour chaque
paramétre parmi la pluralité d’ensembles de para-
meétres de thérapie basés sur les nombres de comp-
tes d’activités associés aux ensembles de parame-
tres de thérapie.

Systéme selon la revendication 6, dans lequel les
moyens pour déterminer un nombre moyen de
comptes d’activités par unité de temps comportent
des moyens pour déterminer un nombre moyen de
comptes d’activités sur une période de temps com-
prise en grande partie dans une plage allant de 10
a 60 minutes.

Systéme selon 'une quelconque des revendications
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1 a 4, dans lequel les moyens pour déterminer pé-
riodiquement un niveau d’activité comportent des
moyens pour déterminer périodiquement une valeur
d’au moins un paramétre physiologique du patient.

Systéme selon la revendication 8, dans lequel les
moyens pour déterminer périodiquement une valeur
d'un parameétre physiologique comportent des
moyens pour déterminer périodiguement au moins
'un parmi une fréquence cardiaque, une valeur
d’une caractéristique morphologique ECG, un ryth-
me respiratoire, un volume respiratoire, une tempé-
rature du coeur, une température sous-cutanée, et
un niveau d’activité musculaire.

Systeme selon I'une quelconque des revendications
149, comportant en outre des moyens pour présen-
ter une liste de la pluralité d’ensembles de parame-
tres de thérapie et de valeurs de mesure d’'activité
associées aux ensembles de parameétres de théra-

pie.

Systéme selon la revendication 10, comportant en
outre des moyens pour classer la liste d’ensembles
de parametres de thérapie conformément aux va-
leurs de mesure d’activité associées.

Systéme selon la revendication 11, dans lequel les
moyens pour déterminer une valeur d’'une mesure
d’activité comportent des moyens pour déterminer
une valeur de chaque mesure parmi une pluralité de
mesures d’activité pour chaque ensemble parmi la
pluralité d’ensembles de paramétres de thérapie sur
la base de niveaux d’activité associés aux ensem-
bles de parametres de thérapie, et les moyens pour
classer la liste comportent des moyens pour classer
la liste conformément a une mesure sélectionnée
par un utilisateur parmi les mesures d’activité.

Systéme selon I'une quelconque des revendications
1a12, dans lequel les moyens pour déterminer une
valeur d’'une mesure d’activité comportent :

des moyens pour déterminer une valeur de cha-
que mesure parmi une pluralité de mesures
d’activité pour chaque ensemble parmi la plura-
lité d’ensembles de paramétres de thérapie ; et
des moyens pour déterminer une valeur d’'une
mesure d’activité globale pour chaque ensem-
ble parmi la pluralité d’ensembles de paramé-
tres de thérapie sur la base de la pluralité de
valeurs de mesure d’activité.

Systéme selon I'une quelconque des revendications
1 a 13, comportant en outre des moyens pour pré-
senter une représentation graphique des niveaux
d’activité déterminés.
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Systéme selon la revendication 14, dans lequel les
moyens pour présenter une représentation graphi-
que comportent des moyens pour présenter au
moins I'un parmi un graphique de tendance, un his-
togramme et un diagramme circulaire sur la base
des niveaux d’'activité déterminés.

Systéme selon I'une quelconque des revendications
1a 15, dans lequel le dispositif médical comporte un
dispositif médical implantable.

Systéme selon la revendication 16, dans lequel le
dispositif médical implantable comporte au moins
I'un parmi un neurostimulateur implantable et une
pompe de médicaments implantable.

Systéme selon I'une quelconque des revendications
1a 15, dans lequel le dispositif médical implantable
comporte un neurostimulateur d’essai.
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