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(57) ABSTRACT

A physiological response to activity (PRA) during a subject’s
activities of daily living (ADL) can be used, such as to gen-
erate useful diagnostic information about the subject. This
can involve using a template, such as an impulse response
template. The technique can be used with an implantable or
other ambulatory medical monitoring or therapy device, such
as a cardiac function management device, or with a local or
remote external interface device.
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KINETICS OF PHYSIOLOGICAL RESPONSE
TO ACTIVITY DURING ACTIVITIES OF
DAILY LIVING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/304,908, filed on Feb. 16, 2010,
under 35 U.S.C. §119(e), which is incorporated herein by
reference in its entirety.

BACKGROUND

[0002] Congestive heart failure (CHF) is a condition in
which blood circulation provided by the heart is impaired.
CHEF is a common, disabling, and costly condition. CHF can
be treated by drug therapy and, sometimes, by implantable
cardiac function management devices, such as for providing
cardiac resynchronization therapy (CRT). A patient’s chronic
stable heart failure may abruptly decompensate, requiring
hospitalization. Therefore, monitoring a patient’s cardiac sta-
tus, such as for CHF, can help avoid such acute decompensa-
tion and hospitalization.

Overview

[0003] Thepresent inventors have recognized, among other
things, a need for improved diagnostic indicators, such as for
diagnosing CHF status, for example. This document
describes, among other things, how a physiological response
to activity (PRA) during a subject’s activities of daily living
(ADL) can be used, such as to generate useful diagnostic
information about the subject.

[0004] Patients with CHF exhibit slowed kinetics of physi-
ological responses to activity. This can be demonstrated in a
laboratory setting, such as by having a patient first maintain a
low level of physical activity, until physiological processes
become reasonably steady over time. Then, if an abrupt
increase in activity is imposed, such as by placing the patient
on a treadmill, for example, physiological responses such as
heart rate, contractility, stroke volume, or respiratory activity
(e.g., tidal volume, respiratory rate, or their product, ie.,
minute ventilation) will respond relatively slowly in a CHF
patient, as compared a person without CHF. The slowed
kinetics of PRA is related to the reduced cardiac function of
the CHF patient. However, this test is difficult to administer.
1t is believed that the slowed kinetics of physiological
responses to changes in activity will be roughly proportional
to the severity of cardiac limitation. The slowed kinetics may
contribute to patient symptoms, such as shortness of breath,
exercise limitation, or fatigue. This document describes,
among other things, systems and methods for determining the
kinetic response of physiological processes to changes in
activity by continuously monitoring both activity and physi-
ological responses during a patient’s normal activities of daily
living. As described in detail below, this can involve using a
template, such as an impulse response template, such as to
determine response kinetics.

[0005] Example 1 describes subject matter that can include
an apparatus. The apparatus can comprise an activity sensor
cireuit, configured to receive an activity signal indicative of
physical activity of a subject during the subject’s activities of
daily living. A physiological sensor circuit can be included,
and configured to receive a concurrent actual physiological
response signal, different from the activity signal, during the
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subject’s activities of daily living. A signal processor circuit
can be included, and configured to generate an approximate
physiological response signal, including convolving the
activity signal with a template for generating the approximate
physiological response signal, the template including at least
one characteristic parameter, and comparing information
from the approximate physiological response signal with
information from the actual physiological response signal to
determine the at least one characteristic parameter. The signal
processor circuit can be configured to provide information
from the at least one characteristic parameter to a user or
process.

[0006] 1n Example 2, the subject matter of Example 1 can
optionally include an activity sensor circuit that includes an
accelerometer configured to receive the activity signal includ-
ing an acceleration signal, and wherein receiving the concur-
rent actual physiological response signal includes receiving
at least one of a heart rate or interval signal or a respiration
signal.

[0007] 1n Example 3, the subject matter of any one of
Examples 1-2 can optionally include the signal processor
circuit being configured to generate the approximate physi-
ological response signal including iteratively generating the
approximate physiological response signal so as to reduce or
minimize a difference between the approximate physiologi-
cal response signal and the actual physiological response
signal.

[0008] In Example 4, the subject matter of any one of
Examples 1-3 can optionally include the signal processor
circuit that includes a time-to-frequency domain transform
circuit, and wherein the signal processor circuit is configured
to convolve the activity signal with a template including mul-
tiplying a frequency domain representation of the activity
signal with a frequency domain representation of the impulse
response template.

[0009] 1n Example 5, the subject matter of any one of
Examples 1-4 can optionally include the signal processor
circuit is configured to convolve the activity signal with a
template, including convolving the activity signal with an
impulse response template.

[0010] In Example 6, the subject matter of any one of
Examples 1-5 can optionally include the signal processor
circuit being configured to convolve the activity signal with a
template including using a time-domain impulse response
template that includes an exponential function of time, and
wherein the at least one characteristic parameter includes at
least one of a scaling constant of the exponential function or
a time constant of the exponential function.

[0011] 1n Example 7, the subject matter of any one of
Examples 1-6 can optionally include the signal processor
circuit being configured to trend the at least one characteristic
parameter over time, and is configured to provide adiagnostic
of the subject using the trended characteristic parameter.

[0012] In Example 8, the subject matter of any one of
Examples 1-7 can optionally include at least one characteris-
tic parameter that includes the time constant, and the signal
processor circuit can be configured to provide the diagnostic
indicating worsening of cardiac status when the trended time
constant increases over time.

[0013] 1n Example 9, the subject matter of any one of
Examples 1-8 can optionally include at least one characteris-
tic parameter includes the scaling constant, and the signal
processor circuit can be configured to provide the diagnostic
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indicating worsening of chronotropic incompetence when the
trended scaling constant decreases over time.

[0014] 1n Example 10, the subject matter of any one of
Examples 1-9 can optionally include at least one characteris-
tic parameter includes the scaling constant, and the signal
processor circuit can be configured to provide the diagnostic
indicating a worsening of cardiac status when the trended
scaling constant increases over time.

[0015] Example 11 can include, or can optionally be com-
bined with any one of Examples 1-10 to include, a device-
readable medium. The device-readable medium can include
instructions that, when performed by the device, can com-
prise: receiving an activity signal indicative of physical activ-
ity of a subject during the subject’s activities of daily living;
receiving a concurrent actual physiological response signal,
different from the activity signal, during the subject’s activi-
ties of daily living; generating an approximate physiological
response signal, including: convolving the activity signal
with a template for generating the approximate physiological
response signal, the template including at least one charac-
teristic parameter; and comparing information from the
approximate physiological response signal with information
from the actual physiological response signal to determine
the at least one characteristic parameter; and providing infor-
mation from the at least one characteristic parameter to a user
Or process.

[0016] 1n Example, 12 the subject matter of any one of
Examples 1-11 can optionally be configured or performed
such that receiving the activity signal includes receiving an
acceleration signal, and wherein receiving the concurrent
actual physiological response signal includes receiving at
least one of a heart rate or interval signal or a respiration
signal.

[0017] 1n Example 13, the subject matter of any one of
Examples 1-12 can optionally be configured or performed
such that generating the approximate physiological response
signal includes iteratively generating the approximate physi-
ological response signal so as to reduce or minimize a differ-
ence between the approximate physiological response signal
and the actual physiological response signal.

[0018] 1n Example 14, the subject matter of any one of
Examples 1-13 can optionally be configured or performed
such that convolving the activity signal with a template
includes multiplying a frequency domain representation of
the activity signal with a frequency domain representation of
the impulse response template.

[0019] 1n Example 15, the subject matter of any one of
Examples 1-14 can optionally be configured or performed
such that convolving the activity signal with a template
includes convolving the activity signal with an impulse
response template.

[0020] 1n Example 16, the subject matter of any one of
Examples 1-15 can optionally be configured or performed
such that convolving the activity signal with a template
includes using a time-domain impulse response template that
includes an exponential function of time, and wherein the at
least one characteristic parameter includes at least one of a
scaling constant of the exponential function or a time constant
of the exponential function.

[0021] 1n Example 17, the subject matter of any one of
Examples 1-16 can optionally comprise trending the at least
one characteristic parameter over time, and providing a diag-
nostic of the subject using the trended characteristic param-
eter.
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[0022] 1n Example 18, the subject matter of any one of
Examples 1-17 can optionally be configured or performed
such that the at least one characteristic parameter includes the
time constant, and the diagnostic can be configured to indi-
cate worsening of cardiac status when the trended time con-
stant increases over time.

[0023] In Example 19, the subject matter of any one of
Examples 1-18 can optionally be configured or performed
such that the at least one characteristic parameter includes the
scaling constant, and the diagnostic can be configured to
indicate worsening of chronotropic incompetence when the
trended scaling constant decreases over time.

[0024] 1n Example 20, the subject matter of any one of
Examples 1-19 can optionally be configured or performed
such that the at least one characteristic parameter includes the
scaling constant, and the diagnostic can be configured to
indicate a worsening of cardiac status when the trended scal-
ing constant increases over time.

[0025] These examples can be combined in any permuta-
tion or combination. This overview is intended to provide an
overview of subject matter of the present patent application. 1t
is not intended to provide an exclusive or exhaustive expla-
nation of the invention. The detailed description is included to
provide further information about the present patent applica-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] 1nthe drawings, which are not necessarily drawn to
scale, like numerals may describe similar components in dif-
ferent views. Like numerals having different letter suffixes
may represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the
present document.

[0027] FIG. 1 shows an example of portions of a cardiac
function management system and an environment in which it
is used.

[0028] FIG. 2 shows an example of how a physiological
response to activity (PRA) during a subject’s activities of
daily living (ADL) can be used, such as to generate useful
diagnostic information about the subject.

DETAILED DESCRIPTION

[0029] FIG. 1 shows an example of portions of a cardiac
function management system 100 and an environment in
which it is used. In an example, the system 100 can include an
ambulatory medical device, such as an external (e.g., wear-
able) medical device or an implantable cardiac rhythm or
function management device 102, a local external interface
device 104, and an optional remote external interface device
106.

[0030] In an example, the implantable device 102 can
include an atrial sensing circuit 108, an atrial therapy circuit
110, a ventricular sensing circuit 112, a ventricular therapy
circuit 114, a controller circuit 116, a memory circuit 118, a
communication circuit 120, a power source such as a battery
121, a battery status circuit 123, an activity sensor 113 con-
figured to sense a physical activity signal of a patient or other
subject, and a physiologic sensor 115 configured to sense a
physiologic signal, different from the physical activity signal,
of the subject.

[0031] 1n an example, the atrial sensing circuit 108 can be
coupled to electrodes, such as an intra-atrial electrode or any
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other electrode that permits sensing of an intrinsic atrial car-
diac signal including atrial depolarization information. The
atrial therapy circuit 110 can similarly be coupled to these or
other electrodes, such as for delivering pacing, cardiac resyn-
chronization therapy (CRT), cardiac contractility modulation
(CCM) therapy, defibrillation/cardioversion shocks, or other
energy pulses to one or both atria.

[0032] In an example, the ventricular sensing circuit 112
can be coupled to electrodes, such as an intra-ventricular
electrode or any other electrode that permits sensing of an
intrinsic ventricular cardiac signal including ventricular
depolarization information. The ventricular therapy circuit
114 can similarly be coupled to these or other electrodes, such
as for delivering pacing, cardiac resynchronization therapy
(CRT), cardiac contractility modulation (CCM) therapy,
defibrillation/cardioversion shocks, or other energy pulses to
one or both ventricles.

[0033] Inan example, the activity sensor 113 can include a
single or multiple axis accelerometer, such as to sense an
acceleration of the subject that is indicative of physical activ-
ity of the subject. The activity sensor 113 can also include a
sensor interface circuit, configured to process the acceleration
signal and provide a resulting physical activity signal. In an
example, the physical activity signal can be indicative of a
physical exertion of the subject. In an example, the activity
sensor 113 can also be used for other purposes, such as to
sense the subject’s posture, heart sounds, or other information
available from an acceleration signal.

[0034] In an example, the physiologic sensor 115 can
include a respiration sensor, such as an impedance or other
sensor, which can include electrodes configured to deliver a
test energy, such as to the subject’s thorax, and to sense a
responsive voltage signal, such as indicative of the thoracic
impedance, and which can be filtered to provide information
about respiration, heart contraction, or thoracic fluid accumu-
lation.

[0035] A controller circuit 116 can be coupled to the atrial
sensing circuit 108 and the ventricular sensing circuit 112,
such as to receive information from the sensed cardiac sig-
nals. The controller circuit 116 can also be coupled to the
activity sensor 113 to receive information about the subject’s
physical activity or exertion level. The controller circuit 116
can also be coupled to the physiologic sensor 115, such as to
receive other physiologic information. In an example, such
other physiologic information can include cardiac contrac-
tion signal, such as to provide information about the subject’s
heart rate or interval, stroke volume, or other information
available from the cardiac contraction signal. In an example,
the other physiologic information can include a respiration
signal, such as to provide information about the subject’s
breathing rate or interval, tidal volume, or other information
available from the respiration signal. In an example, the con-
troller circuit 116 can include a signal processor circuit, such
as a digital signal processor (DSP) circuit, such as for extract-
ing a template parameter from which a diagnostic indicator
can be generated, as described below. In an example, the
signal processor circuit can include dedicated circuitry for
performing one or more signal processing functions, such as
convolution in the time-domain or the frequency domain, or
signal conversion from the time-domain to the frequency-
domain or from the frequency domain to the time-domain.
[0036] In an example, the controller circuit 116 can be
coupled to the atrial therapy circuit 110 and the ventricular
therapy circuit 114 to provide control or triggering signals to
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trigger timed delivery of the therapy pulses. In an example,
the controller circuit 116 can be configured to provide control
to help permit the CCM therapy to be effectively delivered,
such as in combination with one or more other therapies (e.g.,
bradycardia pacing, antitachyarrhythmia pacing (ATP), car-
diac resynchronization therapy (CRT), atrial or ventricular
defibrillation shock therapy) or functionalities (e.g., auto-
threshold functionality for automatically determining pacing
threshold energy, autocapture functionality for automatically
adjusting pacing energy to capture the heart, etc.). In an
example, this can include providing dedicated modules
within the controller circuit 116, or providing executable,
interpretable, or otherwise performable code configure the
controller circuit 116.

[0037] A memory circuit 118 is coupled to the controller
circuit 116, such as to store control parameter values, physi-
ological data, or other information. A communication circuit
120 is coupled to the controller circuit 116 to permit radiof-
requency (RF) or other wireless communication with an
external device, such as the local external interface device 104
or the remote external interface device 106.

[0038] In an example, the battery 121 can include one or
more batteries to provide power for the implantable device
102. In an example, the battery 121 can be rechargeable, such
as by wireless transcutaneous power transmission from an
external device to the implantable device 102. The battery
status circuit 123 can be communicatively coupled to each of
the battery 121 and the controller circuit 116, such as to
determine battery status information, for example, indicative
of how much energy remains stored in the battery 121. The
controller circuit 116 can be configured to alter operation of
the implantable device 102, such as based at least in part on
the battery status information.

[0039] In an example, the local external interface device
104 can include a processor 122 and a graphic user interface
(GUT) 124 or like device for displaying information or receiv-
ing user input as well as a communication circuit, such as to
permit wired or wireless communication with the remote
external interface device 106 over a communications or com-
puter network. Similarly, the remote external interface device
106 can include a processor 126 and a graphic user interface
(GUT) 128 or like device for displaying information or receiv-
ing user input as well as a communication circuit, such as to
permit wired or wireless communication with the local exter-
nal interface device 104 over the communications or com-
puter network.

[0040] Because the system 100 includes processing capa-
bility in the ambulatory or implantable device 102 (e.g., pro-
vided by the controller circuit 116), the local external inter-
face device 104 (e.g., provided by the processor 122), and the
remote external interface device 106 (e.g., provided by the
processor 126), various methods discussed in this document
can be implemented at any of such locations, or tasks can be
distributed between two or more of such locations.

[0041] FIG. 2 shows an example 200 of how a physiologi-
cal response to activity (PRA) during a subject’s activities of
daily living (ADL) can be used, such as to generate useful
diagnostic information about the subject. As described in
detail below, this can involve using a template, such as an
impulse response template that can be convolved with an
activity signal. The subject’s ADL involve the subject’s nor-
mal everyday physical activities, such as walking, sleeping,
sitting, standing, bending, exercising or the like. The present
systems and methods are capable of extracting useful diag-



US 2011/0201943 Al

nostic information from the subject’s ADL—without requir-
ing that the subject undergo a prescribed exercise regimen
(e.g., acardiac stress test, treadmill test, or the like), which are
considered outside the subject’s ADL because they are pre-
scribed activities that must be undertaken in order to extract
the diagnostic information. By contrast, the present diagnos-
tic information can be obtained without subjecting the subject
to one or more prescribed activities from which the diagnostic
information is extracted. Instead, the present diagnostic infor-
mation can be obtained while the subject is undergoing his or
her ordinary (or atypical) everyday activities, without requir-
ing any such prescribed regimen.

[0042] Moreover, determining the subject’s PRA can
involve monitoring one or more physiologic signals during
the subject’s ADL. The physiologic signal may change during
or after such ADL. In an example, such changes in the physi-
ologic signal that accompany the variations in the subject’s
physical activity provided by the subject’s ADL can be
regarded as the subject’s PRA, whether such changes in the
physiologic signal are actually in response to suchADL of the
subject, or merely accompany the ADL, such as during or
after the ADL.

[0043] At 202A in FIG. 2, actual physiologic signal infor-
mation, such as can be obtained in response to (e.g., during)
the subject’s activities of daily living can be obtained during
a representative period of time. At 202B, an approximate
physiologic signal, for the same representative period of time,
can be received. (Initially, the approximate physiologic signal
can be generated by first seeding a nominal set of template
parameters, and performing one or more iterations of the
iterative loop described below, e.g., starting at the convolu-
tion at 214, such as described below).

[0044] In an example, the actual physiologic signal can
include aheart rate (HR) or interval signal. The HR signal can
provide information as to how fast successive heart contrac-
tions are occurring in the subject. In an example, the actual
physiologic signal can include a respiration signal. In an
example, the respiration signal can include a respiration rate
(RR) or interval signal. The RR signal can provide informa-
tion as to how fast successive breaths are occurring in the
subject. In an example, the respiration signal can include a
minute ventilation (MV) signal, which can be represented as
MV=TV'RR, where MV represents minute ventilation, TV
represents the tidal volume (air expelled per breath), and RR
represents the respiration rate indicating how fast the subject
is breathing. One or more other physiologic response vari-
ables can also be used.

[0045] At 204, the actual and approximate physiologic
response signals can be compared. In an example, this can
include comparing the actual and approximate physiologic
signals, corresponding to the same representative time period.
In an example, this comparing of the actual and approximate
physiologic signals can include performing a time-domain
subtraction of approximate and actual data points, corre-
sponding to the same time, squaring these differences, and
summing these squared differences to yield a sum-of-
squared-differences indication of the cumulative discrepancy
between the approximate and actual physiologic response
signals over the representative time period.

[0046] At 206, the computed indication of the discrepancy
between the approximate an actual physiologic response sig-
nals over the representative time period can be compared to
one or more criteria. In an example, this can include compar-
ing the amount of the discrepancy to a specified static or
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dynamic minimum threshold value. In an example, this can
include testing various combinations of the template param-
eters and selecting the combination of template parameters
that vields the minimum discrepancy between the approxi-
mate and actual physiologic response signals over the repre-
sentative time period. In an example, the various combina-
tions of template parameters can be tested exhaustively. In an
example, the various combinations of template parameters
can be tested more sparingly, such as by using a numerical
best fit search routine, such as downhill simplex or the like, or
other techniques for intelligently traversing the space of the
various combinations of template parameters.

[0047] At 206, if the one or more criteria are met, or the
parameter combination vielding the minimum value of dis-
crepancy between the approximate and actual physiologic
response signals is established, then, at 208, the correspond-
ing one or more parameters associated with the template can
be saved and, after optionally waiting a specified period of
time at 210, the process can return to 202A-B.

[0048] At 206, if the discrepancy between the approximate
and actual physiologic response signals exceeds the threshold
value, then the process can proceed to 212. At 212, one or
more of the template parameters can be adjusted, such as in a
direction that tends to reduce or minimize the discrepancy
between the approximate and actual physiologic responses.
[0049] Inan example, the template can include an impulse
response template. In an example, the impulse response tem-
plate can be approximated by a first-order exponential model.
Such an impulse response template can be represented in the
time domain by h(t)=A-e"”®, where h(t) is the time domain
impulse response, “A” can represent a scaling constant and
“t” can represent a characteristic time constant. The scaling
constant, A, and time constant, T, can form parameters of this
first-order exponential impulse response template h(t). At
212, one or both of the scaling constant and the time constant
can be adjusted, such as to reduce or minimize the discrep-
ancy between the approximate and actual physiologic
responses.

[0050] At 214, after one or both of the template parameters
have been adjusted. the impulse response template can be
convolved with the physical activity signal, such as can be
derived from the activity sensor 113 and provided at 216, such
as to generate a new approximate physiologic response signal
to be iteratively compared against the actual physiologic
response signal at 204 until the specified one or more criteria
are met at 206 or a discrepancy between the approximate and
actual physiologic response signals is minimized. In this way,
204,206,212, and 214 can form a loop for iteratively arriving
at an approximate physiologic response signal that is as close
to the actual physiologic response signal as the first-order
exponential model of the impulse response template permits,
or at least until the specified one or more criteria are met at
206.

[0051] In an example, the convolution of the impulse
response template with the physical activity signal can be
carried out using a time domain (e.g., fold-and-shift) signal
convolution operation. In an example, the convolution of the
impulse response template with the physical activity signal
can be carried out by converting each ofthe impulse response
template and the physical activity signal into the frequency
domain, such that the convolution can be carried out by per-
forming a multiplication of the frequency domain impulse
response template by the frequency domain representation of
the physical activity signal. In an example, the time-domain-
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to-frequency-domain conversion can be carried out using a
Fast Fourier Transform (FFT) circuit that can be included in
the signal processing circuit of the controller circuit 116.
[0052] At 208, the saved one or more template parameters
(e.g., scaling constant or time constant) need not be immedi-
ately discarded and overwritten by new values of the template
parameters. Instead, the template parameters can be stored
(e.g., in a first-in-first-out (FIFO) memory buffer in the
memory circuit 118) and trended over time, and used to
provide diagnostic information about the subject. In an illus-
trative example, the optional wait at 210 can be a 24-hour wait
period, and the actual physiologic response information at
202A and the approximate physiologic response information
at 202B can constitute a one-day period of such information,
and the template parameters saved at 208 can represent daily
values that can be stored and trended over an extended period
of time, such as weeks, months, or even years. The optional
wait at 210 can be for shorter or longer periods. For instance,
multiple periods of several minutes to several hours can be fit,
such as in FIG. 2, and the parameters can be stored, such as for
averaging together (to build a daily average or computing
some other indication of central tendency) or for trending
individually.

[0053] Table 1 shows an example of diagnostic information
that the present inventors believe can be derived from one or
more trended template parameters (e.g., A, T).

TABLE 1

Diagnostic Information From Impulse
Response Template Parametets

Physiologic Change in Trended
Signal Parameter Over Time Diagnostic Indicator
Heart Rate  Increased Time Constant, ~ Worsening cardiac status
T (e.g., worsening
congestive heart failure
(CHF))
Minute Increased Time Constant, Worsening cardiac status
Ventilation T (e.g., worsening
congestive heart failure
(CHF)
Heart Rate Reduced Scaling Worsening chronotropic
Constant, A incompetence
Heart Rate Increased Scaling Worsening cardiac status
Constant, A (e.g., worsening
congestive heart failure
(CHF))
Minute Increased Scaling Worsening cardiac status

‘Ventilation Constant, A (e.g., worsening
congestive heart failure

(CHF))

In an example, the one or more impulse response template
parameters, one or more trended impulse response template
parameters, or diagnostic or other information that can be
derived from one or more such impulse response template
parameters can be communicated from the ambulatory or
implantable medical device. In an example, such information
can be communicated from the implantable cardiac rhythm
management device 102, such as via the communication cir-
cuit 120, to the local external interface device 104 or the
remote external interface device 106, such as for textual (e.g.,
alphanumeric) or non-textual (e.g., non-alphanumeric) dis-
play of useful diagnostic information to a user.

Additional Notes

[0054] The above detailed description includes references
1o the accompanying drawings, which form a part of the
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detailed description. The drawings show, by way of illustra-
tion, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addition
to those shown or described. However, the present inventors
also contemplate examples in which only those elements
shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination
or permutation of those elements shown or described (or one
or more aspects thereof), either with respect to a particular
example (or one or more aspects thereof), or with respect to
other examples (or one or more aspects thereof) shown or
described herein.

[0055] All publications, patents, and patent documents
referred to in this document are incorporated by reference
herein in their entirety, as though individually incorporated
by reference. In the event of inconsistent usages between this
document and those documents so incorporated by reference,
the usage in the incorporated reference(s) should be consid-
ered supplementary to that of this document; for irreconcil-
able inconsistencies, the usage in this document controls.
[0056] Inthis document, the terms “a” or “an” are used, as
is common in patent documents, to include one or more than
one, independent of any other instances or usages of ““at least
one” or “one or more.” In this document, the term “or’ is used
to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise
indicated. In the appended claims, the terms “including” and
“in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are
open-ended, that is, a system, device, article, or process that
includes elements in addition to those listed after such a term
in a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terms “first,”
“second,” and “third,” etc. are used merely as

[0057] Method examples described herein can be machine
or computer-implemented at least in part. Some examples can
include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an
electronic device to perform methods as described in the
above examples. An implementation of such methods can
include code, such as microcode, assembly language code, a
higher-level language code, or the like. Such code can include
computer readable instructions for performing various meth-
ods. The code may form portions of computer program prod-
ucts. Further, the code may be tangibly stored on one or more
volatile or non-volatile tangible computer-readable media
during execution or at other times. These computer-readable
media may include, but are not limited to, hard disks, remov-
able magnetic disks, removable optical disks (e.g., compact
disks and digital video disks), magnetic cassettes, memory
cards or sticks, random access memories (RAMs), read only
memories (ROMs), and the like.

[0058] The above description is intended to be illustrative,
and not restrictive. For example, the above-described
examples (or one or more aspects thereof) may be used in
combination with each other. Other embodiments can be
used, such as by one of ordinary skill in the art upon reviewing
the above description. The Abstract is provided to comply
with 37 C.ER. §1.72(b), to allow the reader to quickly ascer-
tain the nature of the technical disclosure. It is submitted with
the understanding that it will not be used to interpret or limit
the scope or meaning of the claims. Also, in the above
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Detailed Description, various features may be grouped
together to streamline the disclosure. This should not be inter-
preted as intending that an unclaimed disclosed feature is
essential to any claim. Rather, inventive subject matter may
lie in less than all features of a particular disclosed embodi-
ment. Thus, the following claims are hereby incorporated into
the Detailed Description, with each claim standing on its own
as a separate embodiment. The scope of the invention should
be determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are
entitled.

1. An apparatus comprising:
an activity sensor circuit, configured to receive an activity
signal indicative of physical activity of a subject during
the subject’s activities of daily living;
a physiological sensor circuit, configured to receive a con-
current actual physiological response signal, different
from the activity signal, during the subject’s activities of
daily living;
a signal processor circuit, configured to generate an
approximate physiological response signal, including:
convolving the activity signal with a template for gen-
erating the approximate physiological response sig-
nal, the template including at least one characteristic
parameter; and

comparing information from the approximate physi-
ological response signal with information from the
actual physiological response signal to determine the
at least one characteristic parameter; and

wherein the signal processor circuit is configured to pro-
vide information from the at least one characteristic
parameter to a user or process.

2. The apparatus of claim 1, wherein the activity sensor
circuit includes an accelerometer configured to receive the
activity signal including an acceleration signal, and wherein
receiving the concurrent actual physiological response signal
includes receiving at least one of a heart rate or interval signal
or a respiration signal.

3. The apparatus of claim 1, wherein the signal processor
circuit is configured to generate the approximate physiologi-
cal response signal including iteratively generating the
approximate physiological response signal so as to reduce or
minimize a difference between the approximate physiologi-
cal response signal and the actual physiological response
signal.

4. The apparatus of claim 1, wherein the signal processor
circuit includes a time-to-frequency domain transform cir-
cuit, and wherein the signal processor circuit is configured to
convolve the activity signal with a template including multi-
plying a frequency domain representation of the activity sig-
nal with a frequency domain representation of the impulse
response template.

5. The apparatus of claim 1, wherein the signal processor
circuit is configured to convolve the activity signal with a
template, including convolving the activity signal with an
impulse response template.

6. The apparatus of claim 5, wherein the signal processor
circuit is configured to convolve the activity signal with a
template including using a time-domain impulse response
template that includes an exponential function of time, and
wherein the at least one characteristic parameter includes at
least one of a scaling constant of the exponential function or
a time constant of the exponential function.
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7. The apparatus of claim 6, wherein the signal processor
circuit is configured to trend the at least one characteristic
parameter over time, and is configured to provide adiagnostic
of the subject using the trended characteristic parameter.
8. The apparatus of claim 7, wherein the at least one char-
acteristic parameter includes the time constant, and wherein
the signal processor circuit is configured to provide the diag-
nostic indicating worsening of cardiac status when the
trended time constant increases over time.
9. The apparatus of claim 7, wherein the at least one char-
acteristic parameter includes the scaling constant, and
wherein the signal processor circuit is configured to provide
the diagnostic indicating worsening of chronotropic incom-
petence when the trended scaling constant decreases over
time.
10. The apparatus of claim 7, wherein the at least one
characteristic parameter includes the scaling constant, and
wherein the signal processor circuit is configured to provide
the diagnostic indicating a worsening of cardiac status when
the trended scaling constant increases over time.
11. A device-readable medium including instructions that,
when performed by the device, comprise:
receiving an activity signal indicative of physical activity
of a subject during the subject’s activities of daily living;

receiving a concurrent actual physiological response sig-
nal, different from the activity signal, during the sub-
ject’s activities of daily living;

generating an approximate physiological response signal,

including:

convolving the activity signal with a template for gen-
erating the approximate physiological response sig-
nal, the template including at least one characteristic
parameter; and

comparing information from the approximate physi-
ological response signal with information from the
actual physiological response signal to determine the
at least one characteristic parameter; and

providing information from the at least one characteristic
parameter to a user or process.

12. The device-readable medium of claim 11, wherein
receiving the activity signal includes receiving an accelera-
tion signal, and wherein receiving the concurrent actual
physiological response signal includes receiving at least one
of a heart rate or interval signal or a respiration signal.

13. The device-readable medium of claim 11, wherein
generating the approximate physiological response signal
includes iteratively generating the approximate physiological
response signal so as to reduce or minimize a difference
between the approximate physiological response signal and
the actual physiological response signal.

14. The device-readable medium of claim 11, wherein
convolving the activity signal with a template includes mul-
tiplying a frequency domain representation of the activity
signal with a frequency domain representation of the impulse
response template.

15. The device-readable medium of claim 11, wherein
convolving the activity signal with a template includes con-
volving the activity signal with an impulse response template.

16. The device-readable medium of claim 15, wherein
convolving the activity signal with a template includes using
a time-domain impulse response template that includes an
exponential function of time, and wherein the at least one
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characteristic parameter includes at least one of a scaling
constant of the exponential function or a time constant of the
exponential function.

17. The device-readable medium of claim 16, comprising
trending the at least one characteristic parameter over time,
and providing a diagnostic of the subject using the trended
characteristic parameter.

18. The device-readable medium of ¢laim 17, wherein the
at least one characteristic parameter includes the time con-
stant, and wherein the diagnostic is configured to indicate
worsening of cardiac status when the trended time constant
increases over time.
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19. The device-readable medium of claim 17, wherein the
at least one characteristic parameter includes the scaling con-
stant, and wherein the diagnostic is configured to indicate
worsening of chronotropic incompetence when the trended
scaling constant decreases over time.

20. The device-readable medium of ¢laim 17, wherein the
at least one characteristic parameter includes the scaling con-
stant, and wherein the diagnostic is configured to indicate a
worsening of cardiac status when the trended scaling constant
increases over time.
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