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(54) Apparatus and method for patient activity estimation and classification

(57) A medical device includes a housing and an
electrode arrangement coupled to the housing and con-
figured to sense an electrical physiologic signal from a
patient. The device also includes detection circuitry cou-
pled to the electrode arrangement and configured to ob-
tain a cardiac signal component and a non-cardiac signal
component from the physiological signal. A processor is
coupled to the detection circuitry. The processor is con-
figured to detect patient activity using at least the non-
cardiac signal component and discriminate between vol-
untary and involuntary activity of the patient based on a
comparison of temporally aligned cardiac and non-car-
diac signal components.



EP 2 774 534 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] This patent document pertains generally to dis-
ease monitoring and more particularly, but not by way of
limitation, to using patient physical activity as an indicator
for disease monitoring.

Background

[0002] Electrical signals cause a heart to beat. In a
healthy patient, regular heart beats pump blood through
the cardiovascular system. The human cardiovascular
system is responsible for receiving oxygen-deprived
blood into the heart from the venous system of the body,
delivering the oxygen-deprived blood to the lungs to be
replenished with oxygen, receiving the oxygenated blood
from the lungs back into the heart, and delivering the
oxygenated blood to the body via the arterial vasculature.
This process is regulated within the heart by electrical
pulses that control operation of the heart’s receiving and
pumping chambers.
[0003] In a healthy heart, the sinoatrial node of the
heart generates electrical pulses in a consistent and reg-
ulated fashion to regulate receiving and pumping blood
in the heart’s chambers. The electrical impulses propa-
gate as activation wavefronts across the atria, the upper
chambers of the heart, and cause cells of the atria to
depolarize and contract, which forces blood from the atria
to the ventricles, the lower chambers of the heart. The
ventricles receive the blood from the atria, and the wave-
front, after passing through the atrioventricular node and
moving to the Purkinje system, moves to cells of the ven-
tricles causing the ventricles to contract and pump the
blood to the lungs and to the rest of the body.
[0004] Various aspects of cardiac activity (e.g., heart
rate, arrhythmias) can be detected by measuring, record-
ing, and analyzing cardiac electrical signals, such as an
electrocardiogram (ECG) signal. One way of measuring
ECG signals involves attaching electrodes, typically ten,
externally to a patient’s skin and sensing the electrical
signals that form the ECG waveform.
[0005] Implantable monitoring systems can be im-
planted under the skin with electrodes that sense subcu-
taneous electrical signals, including ECG signals, which
are analyzed as being indicative of cardiac activity. In
such systems, the electrodes also receive extraneous
non-cardiac electrical signal information, which is typi-
cally filtered out to produce a more readable ECG. Non-
cardiac electrical signals can be generated by muscle
tissues during physical activity, for example. In some ex-
amples, an implantable loop recorder (ILR) can record
and quantify patient heart electrical activity.

Summary

[0006] Embodiments of the disclosure are directed to

methods and devices for assessing a patient using a mul-
tiplicity of signal components derived from a common
physiologic signal acquired from the patient. According
to some embodiments, a method of assessing a patient
involves sensing an electrical physiologic signal between
a single electrode pair, obtaining a cardiac signal com-
ponent from the physiological signal, and obtaining a
non-cardiac signal component from the physiologic sig-
nal. The method also involves comparing the cardiac and
non-cardiac signal components to thresholds estab-
lished for the patient, and detecting patient activity using
at least the non-cardiac signal component. The method
further involves discriminating between voluntary and in-
voluntary activity of the patient based on the comparison
and temporal alignment of the cardiac signal component
relative to the non-cardiac signal component.
[0007] According to other embodiments, a method of
assessing a patient involves sensing an electrical phys-
iologic signal between a single electrode pair, obtaining
a cardiac signal component from the physiological signal,
and deriving a cardiac metric using the cardiac signal
component. The method also involves obtaining a non-
cardiac signal component from the physiologic signal,
deriving an activity metric using the non-cardiac signal
component, and comparing the cardiac and activity met-
rics. The method further involves discriminating between
voluntary and involuntary activity of the patient based on
the comparison and temporal alignment of the cardiac
and activity metrics.
[0008] In accordance with some embodiments, a med-
ical device includes a housing, and an electrode arrange-
ment coupled to the housing and configured to sense an
electrical physiologic signal from a patient. The device
also includes detection circuitry coupled to the electrode
arrangement and configured to obtain a cardiac signal
component and a non-cardiac signal component from
the physiological signal. A processor is coupled to the
detection circuitry. The processor is configured to detect
patient activity using at least the non-cardiac signal com-
ponent and discriminate between voluntary and involun-
tary activity of the patient based on a comparison of tem-
porally aligned cardiac and non-cardiac signal compo-
nents.
[0009] The above summary is not intended to describe
each disclosed embodiment or every implementation of
the present disclosure. The figures and the detailed de-
scription below more particularly exemplify illustrative
embodiments

Brief Description of the Drawings

[0010] Throughout the specification reference is made
to the appended drawings, where like reference numer-
als designate like elements, and wherein:

Figure 1 illustrates a representative implantable de-
vice that can be subcutaneously implanted under a
patient’s skin, typically in a pectoral region of a pa-
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tient’s thorax, in accordance with various embodi-
ments;
Figure 2 illustrates a representative implantable de-
vice that can be subcutaneously implanted under a
patient’s skin in accordance with other embodi-
ments;
Figure 3 illustrates a method of assessing patient
status in accordance with various embodiments;
Figure 4 illustrates a method of assessing patient
status in accordance with other embodiments;
Figure 5 illustrates a method of assessing patient
status in accordance with some embodiments;
Figure 6 illustrates a method of assessing patient
status in accordance with various embodiments;
Figure 7 illustrates a method of assessing patient
status in accordance with some embodiments;
Figure 8 illustrates a method of assessing patient
status in accordance with other embodiments;
Figure 9 illustrates a cardiac signal component and
a non-cardiac signal component derived from the
same composite electrophysiologic signal, which
can be used to perform patient monitoring in accord-
ance with various embodiments;
Figure 10 illustrates a cardiac signal component and
a non-cardiac signal component derived from the
same composite electrophysiologic signal, which
can be used to perform patient monitoring in accord-
ance with various embodiments;
Figure 11 illustrates a cardiac signal component and
a non-cardiac signal component derived from the
same composite electrophysiologic signal, which
can be used to perform patient monitoring in accord-
ance with various embodiments;
Figure 12 is a graphical showing of cardiac metrics
and activity metrics derived from cardiac and non-
cardiac signal components of the same composite
electrophysiologic signal in accordance with various
embodiments;
Figure 13 is a graphical showing of cardiac metrics
and activity metrics derived from cardiac and non-
cardiac signal components of the same composite
electrophysiologic signal in accordance with various
embodiments;
Figure 14 is a graphical showing of cardiac metrics
and activity metrics derived from cardiac and non-
cardiac signal components of the same composite
electrophysiologic signal in accordance with various
embodiments;
Figure 15 is a diagram of a representative system
for assessing a patient in accordance with various
embodiments; and
Figure 16 is a block diagram of circuitry that may be
included in implementations of a system for assess-
ing a patient in accordance with various embodi-
ments.

[0011] The figures are not necessarily to scale. Like
numbers used in the figures refer to like components.

However, it will be understood that the use of a number
to refer to a component in a given figure is not intended
to limit the component in another figure labeled with the
same number.

Detailed Description

[0012] The present inventors have recognized, among
other things, that patient physical activity is a measure
for disease monitoring. The present inventors have fur-
ther recognized that it is desirable to provide a device or
method for remotely monitoring or actively interrogating
patient activity levels.
[0013] In the following detailed description, the exam-
ples are described in sufficient detail to enable those
skilled in the art to practice the invention, and it is to be
understood that other examples may be utilized and that
structural changes may be made without departing from
the scope of the present invention. Therefore, the follow-
ing detailed description is not to be taken in a limiting
sense.
[0014] In this 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 docu-
ment, 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 this docu-
ment, the terms "including" and "in which" are used as
the plain-English equivalents of the respective terms
"comprising" and "wherein." Also, the terms "including"
and "comprising" are open-ended, that is, a system, de-
vice, article, or process that includes elements in addition
to those listed after such a term are still deemed to fall
within the scope of the description. Moreover, the terms
"first," "second," and "third," etc. are used merely as la-
bels, and are not intended to impose numerical require-
ments on their objects.
[0015] In some embodiments, a patient monitoring de-
vice, such as an implantable loop recorder (ILR), meas-
ures ECG in real-time. Currently, the beat-detection val-
ues are of interest. In addition to cardiac activity, the
measured signal(s) also have additional information cor-
responding to patient activity, such as EMG (muscle ac-
tivity). Using a signal separation (e.g., frequency domain
filtering or wavelet decomposition), the measured ECG
signal can be split into several components. The high
frequency components may correspond to muscle activ-
ity (e.g., voluntary upper-chest movement) and the low
frequency components (e.g., drifts) could arise from pa-
tient movements (e.g., respiration). Thus, the low and
high frequency and the non-ECG (i.e., PQRST) signal
components can be used to determine the presence and
quantify patient activity levels. The use of high-frequency
band-pass filtered signal components as a measure for
activity is described in U.S. Patent No. 8,180,442, which
is incorporated by reference herein.
[0016] In some examples, the quantification and de-
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tection of patient activity can be performed on the peri-
odic, asymptomatic, or symptomatic ECG strips acquired
during normal patient monitoring device (e.g., ILR) oper-
ation or extended to the measured ECG in real-time for
all time instances.
[0017] In some examples, an extension of the activity
measurement method is discriminating between tran-
sient/involuntary patient activity (e.g., coughing) versus
sustained patient activity (e.g., running). In various ex-
amples, the discrimination can be performed in an open-
loop or closed-loop manner. In the open-loop setting, in
some examples, patient activity can be classified as tran-
sient (vs. sustained) if (i) it occurs during sleep (vs. active)
as determined by the heart-rate and breath-rate level and
frequency components, (ii) short (vs. long) duration of
non-cardiac activity signal components, and (iii) low (vs.
high) power (e.g., measured as the product of intensity
and duration of activity) activity.
[0018] In the closed-loop setting, in some examples,
the patient/caregiver/associate/clinic can input timing
and levels (e.g., measured with other devices such as
accelerometers or actigraphs) of one or more periods of
the patient’s sustained and voluntary activity (e.g., run-
ning), before, after or during the activity instances. The
input can happen on the external accessory that is paired
to the implantable device, on the remote web-server that
receives data wirelessly or the resulting report generated
from an analysis of the non-ECG data, or on all. This
provides a patient-specific closed-loop activity measure-
ment tuning method where, e.g., the quantified activity
signal components during the said activity periods can
be used to derive patient-specific threshold (duration/in-
tensity/power) and activity signal signatures and pat-
terns. If, in some examples, the activity signal compo-
nents (during subsequent monitoring) meet or exceed
the thresholds, then the patient activity is classified as
sustained; otherwise, it is classified as transient. Such a
feedback adaptive scheme can also be used, in some
examples, to train the system to transient activity. Such
a method makes the activity level tracker patient-specific.
[0019] For instance, while the patient activity content
isolated from the total recorded ECG signal can be used
in isolation for assessment of the patient status, an aspect
of the present subject matter is the interpretation of the
patient activity content relative to the ECG content, de-
rived from the same signal. The dynamic relationship be-
tween the activity content and ECG content is important
is achieving an accurate and applicable patient assess-
ment. While each has value in its own regards, the inter-
play between the two signals allows for a more compre-
hensive assessment of patient condition. For example,
an elevated patient activity intensity in the context of an
elevated patient heart rate can indicate compensated
heart function, whereas a low patient activity intensity
with an elevated heart rate can indicate an uncompen-
sated arrhythmia. Conversely, a low patient activity in-
tensity with a low heart rate can indicate normal patient
status, whereas a low heart rate with a high activity in-

tensity can indicate an inadequate cardiac chronotropic
function, epileptic seizures, or other. These examples
are merely illustrative, and not restrictive, of how the in-
terpretation of the patient activity and the ECG derived
from the same signal could be used to assess patient
function. Other applications and interpretations are pos-
sible and are contemplated herein.
[0020] In some examples, temporal interpretation is
possible based upon the simultaneous occurrence of
these derived measures since they are derived from the
same signal. In some examples, individual ECG strips
can be used to present point-wise activity estimates, or
multiple ECG strips can be used to temporally trend pa-
tient activity. In some examples, false positive activity
detections can be mitigated by viewing adjacent activity
strips as well. In some examples, activity measures from
multiple implanted or non-implanted devices can be used
to qualify "local" (e.g., chest alone) vs. "global" (upper
and lower torso) patient activity.
[0021] Various embodiments disclosed herein use ex-
isting ECG measurements (e.g., antenna to ’can’) to
quantify patient activity. In further examples, in general
with implantable devices and specifically with the ILR de-
vices, such devices can measure the signals from the
suture points to antenna and/or from the suture points to
can. With the suture points intended to ’hold’ the device
in place, in some examples, they can be used as refer-
ence to measure the deviations from the rest of the de-
vice. In still further examples, such measurement
schemes can be extended to other implantable and non-
implantable devices whose functioning depends on an
anchored location (e.g., ICD/CRT).
[0022] At least some of the embodiments described
herein indirectly measure patient activity. In further ex-
amples, patient activity can also be explicitly monitored
with on-board accelerometers (multi-axis models for pa-
tient orientation as well).
[0023] Although described herein with respect to de-
vices using ECG, in other examples, other measurement
systems, including EMG, etc., can be used. Although de-
scribed herein with reference to an ILR, the presently-
described examples can be used in other implanted
measurement systems (e.g., ICD/CRT, pacemakers) or
other surface (patient-external) measurement systems.
These and other similar devices are collectively referred
to herein as a patient monitoring device, understanding
that such a device may include a therapy delivery capa-
bility according to various embodiments.
[0024] In accordance with various embodiments, a pa-
tient monitoring device may be implemented as an im-
plantable loop recorder, which may be leadless or may
include one or more subcutaneous leads. Two represent-
ative embodiments of such a patient monitoring device
are illustrated in Figures 1 and 2. Each of the patient
monitoring devices illustrated in Figures 1 and 2 is con-
figured to record an electrical physiologic signal, such as
an EGG signal for the patient, from which various diag-
nostic information can be derived. It is understood that
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the devices illustrated herein are disclosed for illustrative
purposes, and that methods and apparatuses of the
present disclosure may be implemented in a variety of
implantable and external embodiments.
[0025] Figure 1 illustrates a representative patient
monitoring device 100 that can be subcutaneously im-
planted under a patient’s skin, typically in a pectoral re-
gion of a patient’s thorax, in accordance with various em-
bodiments. The device 100 may be a minimally invasive
implantable monitoring device that senses and records
a physiologic parameter, such as electrical activity of the
heart, within a body of a patient. In some implementa-
tions, the device 100 is an implantable monitoring device
that senses and records a physiologic parameter, such
as an ECG signal, within the body of the patient and wire-
lessly transmits information associated with the physio-
logic parameter to an external device or system. Such a
monitoring-only device that records cardiac electrical in-
formation may be implanted in a human patient for a rel-
atively short period of time, such as a few months for
example.
[0026] Other physiologic parameters or combinations
of parameters, such as other electrical physiologic sig-
nals (e.g., EMG signal, bio-impedance signal), mechan-
ical signals (e.g., blood pressure signal, blood flow signal,
pulse oximetry), chemical signals (e.g., glucose), tem-
perature and the like may similarly be recorded by the
device 100 in various implementations. The description
that follows will focus without limitation on implementa-
tions where the device 100 is used to monitor a subcu-
taneous ECG signal, but in other implementations such
monitoring could be combined with or substituted by oth-
er monitoring functions.
[0027] The implantable device 100 shown in Figure 1
includes a proximal section 102 and a distal section 103.
The proximal section 102 includes a housing 104 within
which various components of the device 100 are dis-
posed, including electronic circuitry 120 and a battery
105, which may be single-use or rechargeable in various
implementations. The housing 104 may be configured to
include one or more electrodes, an example of which is
shown as electrode 122. All or a portion of the housing
104 may be configured as an "active can," and may fur-
ther include an indifferent electrode (not shown) which
is electrically isolated from the housing electrode(s) 122.
A header 106 is connected to the housing 104 and to a
distal extension 110, which is generally flexible or sha-
peable. A distal electrode 112 is disposed at a distal end
of the extension 110. The header 106 serves to electri-
cally couple the distal electrode 112 and any other elec-
trical or optical component of the distal extension 110
with components within the housing 104 (e.g., electronic
circuitry 120). An antenna 108 is shown extending from
the housing 104 and into the header 108. The antenna
108 is configured for telemetering data from the implant-
able device 100, and can be configured to effect bidirec-
tional wireless communication with a patient-external de-
vice or system. In some embodiments, the antenna 108

can be incorporated into the distal extension 110.
[0028] Figure 2 illustrates a representative patient
monitoring device 200 that can be subcutaneously im-
planted under a patient’s skin, typically in a pectoral re-
gion of a patient’s thorax, in accordance with other em-
bodiments. The representative device 200 generally in-
cludes three sections: a proximal section 201, a distal
extension 202, and a midsection 203 between the prox-
imal section 201 and the distal extension 202. The prox-
imal section 201 is configured to hermetically house a
battery 204, which may be single-use or rechargeable in
various implementations, and electronic circuitry 206
(e.g., an electronics module) for performing actions con-
sistent with the device’s intended purpose. Without lim-
itation, examples of actions that may be performed with
some implementations of the device 200 include meas-
uring one or more physiologic signals, storing the meas-
ured signal (s) in memory within the device 200, process-
ing collected data, and wirelessly transmitting or receiv-
ing information to/from an external device, among others.
[0029] The midsection 203 may include a non-hermet-
ic external surface, and may be designed to enclose or
embed components suited for housing in a non-conduc-
tive enclosure, such as components that communicate
by field or wave properties that may otherwise be imped-
ed by a conductive housing. In this implementation, the
midsection 203 houses an antenna 208 for wirelessly
transmitting data to an external device or wirelessly re-
ceiving data from an external device. In some implemen-
tations, the midsection 203 can include a charging coil
(not shown) that can be excited (e.g., with an external
charging coil placed in proximity to the implant location)
to recharge a rechargeable battery 204 of the device 200.
Hermetic feedthroughs 210 may be provided where elec-
trical connections enter or exit the hermetic proximal sec-
tion 201 from the non-hermetic midsection 203 to main-
tain hermeticity of the proximal section 201.
[0030] The distal extension 202 may be a flexible sub-
cutaneous lead attached to the midsection 203 at one
end. Lead 202 may include one or more electrodes, such
as distal electrode 222, for measuring electrical activity
or stimulating body tissue. In some implementations, the
distal extension 202 can serve as the telemetry antenna
for the device 200, and in these cases the depicted an-
tenna 208 may be omitted. In some implementations, the
telemetry antenna function is incorporated into the distal
extension (lead) 202 independent from any ECG sensing
lead functionality. The device 200 may include a feature
on an exterior surface to facilitate grasping of the device
200 during extraction. For example, a retraction loop 212
near the proximal end 201 of the device 200 may be
grasped or hooked in this fashion for ease of retraction.
The loop 212 may in addition, or in the alternative, be
configured as a suture hole to facilitate anchoring of the
device 200 via a suture.
[0031] The devices 100 and 200 shown in Figures 1
and 2 may include one or more electrodes for electrically
interfacing to surrounding tissue for the purpose of sens-
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ing electrical activity. In some implementations, devices
100 and 200 include two electrodes, such as a proximal
electrode and a distal electrode, and may measure a po-
tential difference (e.g., a subcutaneous ECG signal) be-
tween the proximal and distal electrodes. The electrodes
may be located on the devices 100 and 200 to increase
(e.g., maximize) signal vector length of a measured phys-
iologic signal. In general, measured amplitude of a
sensed physiologic signal, such as an ECG signal, will
vary with device placement and orientation within the pa-
tient. Sensed signal amplitude may also be related to
separation distance between the measuring electrodes.
Positioning the proximal and distal electrodes near op-
posing ends (e.g., near opposite longitudinal ends) of the
devices 100 and 200 can increase (e.g., maximize) the
amplitude of the sensed physiologic signal for a given
device length, which may lead to better measurement
results. In other implementations, the devices 100 and
200 can include three electrodes, though any suitable
number (one, two, three, four, five, etc.) may be used in
other implementations. In some implementations, one or
more of the electrodes of the devices 100 and 200 may
comprise excitation electrodes or combination excita-
tion/sense electrodes. By way of example, the devices
100 and 200 may measure a bio-impedance for diagnos-
tic purposes by injecting a known current between two
electrodes and measuring a resulting voltage between
two electrodes.
[0032] Turning now to Figure 3, there is illustrated a
method of assessing patient status in accordance with
various embodiments. The methodology shown in Figure
3 and other figures can be implemented by a patient mon-
itoring device according to various embodiments. The
methodology shown in Figure 3 involves sensing 302 an
electrical physiologic signal from a patient, such as a sig-
nal sensed from a subcutaneous, intra-thoracic, or cuta-
neous location. The sensed electrical physiologic signal
is processed to obtain 304 a cardiac signal component
and to obtain 306 a non-cardiac signal component. The
cardiac signal component may include an ECG signal,
for example. The non-cardiac signal component may in-
clude an activity signal indicative of muscle movement,
for example. A comparison 308 is performed on the car-
diac and non-cardiac signal components. In some em-
bodiments, the cardiac and non-cardiac signal compo-
nents are compared to respective thresholds, such as
thresholds developed for the specific patient or for a pop-
ulation of patients. The thresholds may be developed and
refined dynamically during real time monitoring of the pa-
tient by the patient monitoring device or by an external
processor, for example.
[0033] In various embodiments, the interplay between
the cardiac and non-cardiac signal components is eval-
uated to provide a more comprehensive assessment of
the patient’s condition. Evaluating the interplay between
the two signal components may involve comparing each
component to its respective threshold(s) as well as com-
paring one or more features of the two signal components

relative to one another. Illustrative examples of patient
assessment based on the interplay of cardiac and non-
cardiac signal components are provided hereinbelow.
The methodology shown in Figure 3 further involves de-
tecting 310 patient activity using at least the non-cardiac
signal component, and quantifying 312 the patient activ-
ity. The methodology shown in Figure 3 may further in-
volve monitoring 314 the status of a patient’s disease,
including improvement, worsening and/or progression of
a particular disease.
[0034] Figure 4 illustrates a method of assessing pa-
tient status in accordance with other embodiments. The
methodology shown in Figure 4 involves sensing 402 an
electrical physiologic signal from a patient, such as a sig-
nal sensed from a subcutaneous, intra-thoracic, or cuta-
neous location. The sensed electrical physiologic signal
is processed to obtain 404 a cardiac signal component
and to obtain 406 a non-cardiac signal component. The
cardiac signal component may include an ECG signal,
for example, and the non-cardiac signal component may
include an activity signal indicative of muscle movement,
for example. A comparison 408 is performed on the car-
diac and non-cardiac signal components, such as com-
parisons with respective thresholds and/or comparisons
between features of the two signal components that re-
veal interrelationships between the two signal compo-
nents as discussed previously. The methodology shown
in Figure 4 further involves detecting 410 disparate types
of patient activity based on the comparison of cardiac
and non-cardiac signal components. The methodology
of Figure 4 also involves discriminating 412 between vol-
untary and involuntary activity of the patient based, for
example, on an assessment of the interplay between the
cardiac and non-cardiac signal components. Discriminat-
ing 412 between voluntary and involuntary activity of the
patient may further involve discriminating 414 between
transient activity and sustained activity of the patient. Il-
lustrative examples of distinguishing between voluntary
and involuntary activity of a patient using temporally re-
lated cardiac and non-cardiac signal components de-
rived from the same electrical physiologic signal are pro-
vided hereinbelow.
[0035] Figure 5 illustrates a method of assessing pa-
tient status in accordance with various embodiments.
The methodology shown in Figure 5 involves sensing
502 an electrical physiologic signal from a patient, such
as a signal sensed from a subcutaneous, intra-thoracic,
or cutaneous location. The sensed electrical physiologic
signal is processed to obtain 504 a cardiac signal com-
ponent and to obtain 506 a non-cardiac signal compo-
nent. The cardiac signal component may include an ECG
signal, for example, and the non-cardiac signal compo-
nent may include an activity signal indicative of muscle
movement, for example. A comparison 508 is performed
on the cardiac and non-cardiac signal components, such
as comparisons with respective thresholds and/or com-
parisons between features of the two signal components
that reveal interrelationships between the two signal
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components as discussed previously.
[0036] The methodology shown in Figure 5 further in-
volves detecting 510 disparate types of patient activity
based on the comparison of cardiac and non-cardiac sig-
nal components. The methodology of Figure 5 also in-
volves automatically adjusting 512 one or more thresh-
olds to which one or both of the cardiac and non-cardiac
signal components are compared, and can further in-
volve determining 516 device parameters for adjustment.
For example, one or more activity thresholds can be in-
itially established and then adjusted 512 over time (e.g.,
automatically or algorithmically by the monitoring device)
based on detected patient activity over time. In some
implementations, process flow from block 516 can pass
to block 510 rather than (or in addition to) passing to block
502, depending on whether the signal needs to be col-
lected de novo using the new parameters or reprocessing
the same data with new parameters. The methodology
illustrated in Figure 5 can also involve monitoring 514
(optionally) for a change in patient status (e.g., activity
status, disease status) based on change in one or more
of the thresholds, and determining 516 parameters for
adjustment. The adjusted parameters can be used in
subsequent comparing 508, detecting 510, and adjusting
512 processes shown in Figure 5.
[0037] Figure 6 illustrates a method of assessing pa-
tient status in accordance with various embodiments.
The methodology shown in Figure 6 involves obtaining
602 activity metrics derived from one or more periods of
a patient’s sustained and voluntary activity. The method-
ology illustrated in Figure 6 also involves deriving 604
one or more of patient-specific thresholds, activity signal
signature, and activity signal patterns using the activity
metrics. The methodology further involves transferring
606 one or more of the patient-specific thresholds, activ-
ity signal signature, and activity signal patterns to an im-
plantable or cutaneous patient monitoring device. Using
the patient monitoring device, an electrical physiologic
signal of the patient is sensed 608, from which cardiac
and non-cardiac signal components are respectively ob-
tained 610, 612. The cardiac signal component may in-
clude an ECG signal, for example, and the non-cardiac
signal component may include an activity signal indica-
tive of muscle movement, for example. The cardiac and
non-cardiac signal components are compared 614 to one
or more of the patient-specific thresholds, activity signal
signature, and activity signal patterns using the activity
metrics. The methodology shown in Figure 6 further in-
volves discriminating 616 between sustained and tran-
sient activity of the patient using the comparison.
[0038] Figure 7 illustrates a method of assessing pa-
tient status in accordance with various embodiments.
The methodology shown in Figure 7 involves sensing
702 an electrical physiologic signal from a patient, such
as a signal sensed from a subcutaneous, intra-thoracic,
or cutaneous location. The sensed electrical physiologic
signal is processed to obtain 704 a cardiac signal com-
ponent and to obtain 706 a non-cardiac signal compo-

nent. The cardiac signal component may include an ECG
signal, for example, and the non-cardiac signal compo-
nent may include an activity signal indicative of muscle
movement, for example. A comparison 708 is performed
on the cardiac and non-cardiac signal components, such
as comparisons with respective thresholds and/or com-
parisons between features of the two signal components
that reveal interrelationships between the two signal
components as discussed previously. Based on the com-
parison operation 708, the following patient information
may be derived: determining 710 a sleep status of the
patient (e.g., based on patient activity below a sleep
threshold); determining 712 a duration of the non-cardiac
signal component (e.g., based on a duration threshold
(n seconds or m minutes) distinguishing transient from
sustained activity); determining 714 a power of the non-
cardiac signal component (e.g., based on a power thresh-
old distinguishing transient (low power) from sustained
(high power) activity); and determining 716 a periodicity
of the non-cardiac system component (e.g., based on a
rhythmicity threshold distinguishing voluntary (periodic)
and involuntary (aperiodic). The method shown in Figure
7 further involves discriminating 718 between transient
and sustained (or involuntary and voluntary) activity of
the patient using one or more of the determining proc-
esses 710, 712, 714, and 716.
[0039] Figure 8 illustrates a method of assessing pa-
tient status in accordance with various embodiments.
The methodology shown in Figure 8 involves sensing
802 an electrical physiologic signal from a patient, such
as a signal sensed from a subcutaneous, intra-thoracic,
or cutaneous location. The sensed electrical physiologic
signal is processed to obtain 804 temporally aligned car-
diac and non-cardiac signal components. The cardiac
signal component may include an ECG signal, for exam-
ple, and the non-cardiac signal component may include
an activity signal indicative of muscle movement, for ex-
ample. The methodology shown in Figure 8 further in-
volves evaluating 806 a characteristic of the cardiac sig-
nal component relative to a characteristic of the non-car-
diac signal component.
[0040] The characteristic of the cardiac signal compo-
nent may include one or more of rate, QRS width, inter-
vals between any of the PQRST features, time-domain
characterization, frequency domain characterization,
morphology, and any other useful characteristic or com-
bination of characteristics of the cardiac signal compo-
nent. The characteristic of the non-cardiac signal com-
ponent may include one or more of intensity, duration,
rhythmicity/periodicity, pattern, continuous vs. discontin-
uous nature (i.e. concatenation), and any other useful
characteristic or combination of characteristics of the
non-cardiac signal component. Evaluating 806 the car-
diac and non-cardiac signal component characteristics
may involve one or more of performing a mathematical
correlation operation (e.g., feature correlation coefficient
computation), a standard deviation operation, regression
analysis, dependence analysis, distribution analysis, and
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any other useful mathematical comparison operation or
combination of operations.
[0041] Figure 9 illustrates a cardiac signal component
and a non-cardiac signal component derived from the
same composite electrophysiologic signal acquired by a
patient monitoring device according to various embodi-
ments. More particularly, Figure 9 shows a comparison
of a cardiac signal component 902 and a non-cardiac
signal component 912 derived from the same composite
electrophysiologic signal, which can be performed by a
patient monitoring device in accordance with various em-
bodiments. It is to be understood that the cardiac and
non-cardiac signal components 902 and 912 shown in
Figure 9 and other figures are graphical depictions pro-
vided for illustrative purposes, and may not be represent-
ative of actual signals. Figure 9 shows a sampling of the
cardiac and non-cardiac signal components 902 and 912
within a detection window 905. The number of signal
component samples within the detection window 905 can
vary between a few to several hundred or more, depend-
ing on how many samples are needed for a particular
comparison or analysis operation. In Figure 9, the cardiac
signal component 902 is shown as an ECG signal com-
prising a sequence of QRS complexes. It is understood
that the ECG signal shown in Figure 9 and other figures
can comprise a sequence of PQRST complexes. The
non-cardiac signal 912 is shown as an EMG signal com-
prising a series of high-frequency muscle activity signals.
The EMG signal 912 is typically obtained from muscle
activity at the location or vicinity of a patient monitoring
device affixed to a patient. In the case of an implantable
loop recorder, for example, the EMG signal 912 is gen-
erally representative of pectoral muscle activity.
[0042] The non-cardiac signal component 912, such
as an EMG signal, is often a relatively noisy signal. De-
tection of patient activity is facilitated by comparing the
non-cardiac signal component, such as non-cardiac sig-
nal component 922 shown in the lower portion of Figure
9, to a threshold, Th. The threshold, Th, is one that is
greater than the noise floor and can be tailored to the
activity profile/habits of a specific patient. For example,
the threshold, Th, may be set to a lower level for a sed-
entary patient, and higher for an active patient. The
threshold, Th, can be adjusted dynamically by the patient
monitoring device based on detection of patient activity
over time. For example, a threshold, Th, may initially be
set to a lower level following a surgical procedure, then
progressively set to higher levels over time in correlation
to the patient’s rehabilitation. This activity threshold, Th,
can be an indicator of the patient’s activity level over time.
As such, the threshold, Th, can be monitored over time
to assess changes in patient activity.
[0043] In accordance with various embodiments, a pa-
tient monitoring device can be configured to operate on
the cardiac and non-cardiac signal components 902 and
912 in various ways. According to some embodiments,
each of the signals 902 and 912 can be compared to one
or more predetermined thresholds, such as thresholds

that indicate relative activity of the patient. Comparison
of each individual signal 902 and 912 to its respective
threshold or thresholds can reveal the status, such as
activity status, of the patient. Evaluating the interplay be-
tween the cardiac and non-cardiac signal components
902 and 912 can provide a more comprehensive assess-
ment of patient status.
[0044] In the illustrative example shown in Figure 9,
for example, the patient monitoring device can determine
that the cardiac signal component 902 within the detec-
tion window 905 is relatively stable and rhythmic (e.g.,
unchanging in duration and morphology), which may in-
dicate the patient is at rest or exercising at a consistent
exertion level (e.g., depending on rate threshold testing
and evaluation of PQRST features). For example, the
cardiac signal component 902 shown in Figure 9 can be
detected by the patient monitoring device as normal sinus
rhythm. The patient monitoring device can determine that
the non-cardiac signal component 912 depicted within
the detection window 905 is relatively stable and consist-
ent, with a relatively unchanging intensity level for exam-
ple. Various properties of the non-cardiac signal compo-
nent 912 can be evaluated by the patient monitoring de-
vice using one or more of the signal evaluation processes
disclosed herein. In the illustrative example shown in Fig-
ure 9, the patient monitoring device can compare the
signal components 902 and 912 of the time-aligned sig-
nal components 902 and 912) within the detection win-
dow 905 to their respective thresholds and, in addition,
compare features of each signal component 902 and
912, such as temporally aligned signal features (e.g.,
compute feature correlation coefficients based on fea-
tures of the temporally aligned signal components 902
and 912).
[0045] By way of example, if the non-cardiac signal
component 912 exceeds a predetermined activity thresh-
old, such as threshold 922, and the cardiac signal com-
ponent 902 is determined to be stable or increasing, the
patient monitoring device can conclude that the patient
is involved in sustained voluntary activity, such as exer-
cise. If, for example, a comparison between the cardiac
and non-cardiac signal components 902 and 912 within
the detection window 905 reveals that both signal com-
ponents 902 and 912 are increasing or decreasing with
a similar trajectory, the patient monitoring device can de-
termine that the patient is involved in a compensated
heart function activity. If, by way of further example, the
non-cardiac signal component 912 does not exceed a
predetermined activity threshold and the cardiac signal
component 902 is determined to be stable or decreasing
somewhat, the patient monitoring device can conclude
that the patient is resting or sleeping.
[0046] In some embodiments, the patient monitoring
device can be programmed to collect physiologic infor-
mation from a patient on a discontinuous basis. The du-
ration and time separation between adjacent sensing
windows can be based on pre-programmed values, on
patient-specific factors, and/or adjusted dynamically. For
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example, physiologic information can be collected sev-
eral times per day, such as once every minute, every
several minutes, every hour, or every several hours ac-
cording to a pre-programmed schedule. Physiologic in-
formation can be collected every several days and/or in
response to detecting predetermined events. These dis-
continuous (non-overlapping) time-separated sensing
windows can have the same or different duration (e.g.,
difference lengths depending on time of day, activity lev-
el, cardiac condition, etc.). The comparison operations
discussed herein can include comparisons performed on
signal components and metrics captured in a multiplicity
of time-separated sensing windows. For example, detec-
tion of a potentially concerning cardiac condition can trig-
ger opening of one or more addition (i.e., out-of-se-
quence) sensing windows in order to further assess the
potentially concerning cardiac condition. The patient
monitoring device can evaluate the cardiac and non-car-
diac signal information acquired for each of these sensing
windows to provide a more accurate assessment of the
potentially concerning cardiac condition of the patient.
The duration of each detection window (e.g., window 905
shown in Figure 9) can be the same length as its asso-
ciated sensing window or be of shorter duration.
[0047] Figure 10 shows a comparison of a represent-
ative cardiac signal component 1002 and a non-cardiac
signal component 1012 derived from the same composite
electrophysiologic signal, which can be operated on by
a patient monitoring device in accordance with various
embodiments. In the illustrative example shown in Figure
10, the cardiac signal component 1002 (depicted as a
sequence of simplified QRS complexes) within a detec-
tion window 1005 indicates that the patient’s heart rate
is increasing over the time. This increase in patient heart
rate is shown as a progressive decrease in R-R cycle
length. While the patient’s heart rate is determined to be
increasing for the cardiac signal component sample 1002
shown in Figure 10, the non-cardiac signal component
1012 indicates stable, non-increasing muscle activity
over the duration of the detection window 1005. In this
illustrative scenario, the trajectories of the two signals
1002 and 1012 within the detection window 1005 may
be inconsistent with normal or healthy patient activity.
[0048] For example, an increasing heart rate as shown
in Figure 10 should be accompanied by an increase in a
pectoral muscle activity due to patient movement/exer-
cise. Based on a presence of an increasingly faster car-
diac signal 1002 and absence of a corresponding in-
creasing muscle activity signal 1012 within the detection
window 1005, the patient monitoring device can deter-
mine that the patient is experiencing an uncompensated
arrhythmia. In response, the patient monitoring device
can generate a warning, which can be transmitted to an
external device or system, thereby alerting the patient,
caregiver or a clinician to a potentially dangerous patient
situation. According to some embodiments, an ECG
waveform (e.g., strip) is generated in response to detect-
ing an adverse patient condition. The ECG strip can in-

clude the non-cardiac signal waveform. The ECG strip
can be annotated using indicia or a maker (e.g., triangles)
to indicate the adverse patient condition. For example,
the ECG strip can be annotated with a marker to indicate
the point in time of disharmony or dyssynchrony between
the cardiac and muscle activity signals 1002 and 1012
(e.g., one signal indicating involuntary activity while the
other signal indicates voluntary activity).
[0049] Figure 11 shows a comparison of a cardiac sig-
nal component 1102 and a non-cardiac signal compo-
nent 1112 derived from the same composite electrophys-
iologic signal that can be performed by a patient moni-
toring device in accordance with various embodiments.
In the illustrative example shown in Figure 11, the cardiac
signal component 1102 within a detection window 1105
indicates that the patient’s heart rate is relatively stable
(e.g., generally unchanging in duration and morphology)
over the duration of the cardiac signal component sample
shown in Figure 11 (e.g., normal sinus rhythm). The rel-
ative stability of the patient heart rate can be seen in
Figure 11 by an R-R interval of relatively consistent du-
ration. While the patient’s heart rate is relatively stable
over the time sample shown in Figure 11, the non-cardiac
signal component 1112 indicates increasing muscle ac-
tivity over the same time period. In this illustrative sce-
nario, the trajectories of the two signals 1102 and 1112
within the detection window 1105 may be inconsistent
with normal or healthy patient activity. For example, and
assuming that a threshold comparison of the cardiac sig-
nal component 1102 indicates a low patient heart rate,
the presence of low patient heart rate and high activity
intensity indicated by the non-cardiac signal component
1112 within the detection window 1105 can indicate an
inadequate cardiac chronotropic function or other path-
ological condition. In the case of epilepsy, for example,
an epileptic seizure will result in periodic high intensity
bursts of the non-cardiac signal 1112 rather than a grad-
ual ramp as is depicted for illustrative purposes in Figure
11.
[0050] Figure 12 is a graphical showing of cardiac met-
rics 1202 and activity metrics 1212 derived from cardiac
and non-cardiac signal components of the same com-
posite electrophysiologic signal in accordance with var-
ious embodiments. In the illustrative example shown in
Figure 12, the cardiac metric can be a measure of heart
rate, QRS width, intervals between any of the PQRST
features, time-domain characterization, frequency do-
main characterization, morphology, and any other useful
characteristic or combination of characteristics of the car-
diac signal component. The activity metric can be a
measure of intensity, duration, power, rhythmicity/perio-
dicity, pattern, continuous vs. discontinuous nature (i.e.
concatenation), and any other useful characteristic or
combination of characteristics of the non-cardiac signal
component. Although Figure 12, as well as Figures 13
and 14 graphically show a single cardiac metric in tem-
poral alignment with a single activity metric within a de-
tection window 1205, it is understood that a multiplicity
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of disparate temporally related cardiac and activity met-
rics can be evaluated by a patient monitoring device ac-
cording to various embodiments.
[0051] In Figure 12, a patient monitoring device can
compare the cardiac metric 1202 and the activity metric
1212 within the detection window 1205 to their respective
threshold or thresholds to determine information about
each metric individually. The patient monitoring device
can also perform an evaluation of a multiplicity of tem-
porally aligned metrics to provide a more thorough as-
sessment of patient status. A metric comparison opera-
tion performed by the patient monitoring device accord-
ing to various embodiments can involve one or more of
performing a correlation operation (e.g., feature correla-
tion coefficient computation), a standard deviation oper-
ation, regression analysis, dependence analysis, distri-
bution analysis, and any other useful mathematical com-
parison operation or combination of operations. In Figure
12, the cardiac metric 1212 is shown in time-alignment
with respect to the activity metric 1212, which is readily
achievable since the two metrics are derived from the
same electrophysiologic signal. A time-wise comparison
of the intensity or magnitude of the metrics 1202 and
1212 shown in Figure 12, for example, reveals that the
metrics 1202 and 1212 track each other fairly consistent-
ly. The patient monitoring device can determine that the
interplay between the cardiac and activity metrics 1202
and 1212 within the detection window 1205 indicates nor-
mal patient status.
[0052] In Figure 13, a cardiac metric 1302 is generally
increasing with time for the sample within the detection
window 1305, while an activity metric 1312 remains rel-
atively steady. The patient monitoring device can deter-
mine the interplay between the cardiac and activity met-
rics 1302 and 1312 within the detection window 1305 to
indicate an abnormal patient status, such as uncompen-
sated arrhythmia. In Figure 14, a cardiac metric 1402 is
relatively stable with time within the detection window
1405, while an activity metric 1412 is generally increasing
over the same time sample. The patient monitoring de-
vice can determine that the interplay between the cardiac
and activity metrics 1402 and 1412 within the detection
window 1405 indicates an abnormal patient status, such
as inadequate cardiac chronotropic function or other ad-
verse condition.
[0053] According to some embodiments, one or both
of the cardiac and activity metrics shown in Figures 12-14
are adjustable thresholds that can be dynamically
changed during patient monitoring by the patient moni-
toring device operating in a closed-loop manner. In some
embodiments, the adjustable thresholds operative in a
patient monitoring device are dynamically computed dur-
ing patient monitoring by an external system, which can
be configured to change the adjustable thresholds of the
patient monitoring device remotely. In other embodi-
ments, the adjustable thresholds operative in a patient
monitoring device are modifiable by a clinician during pa-
tient monitoring via an external system (e.g., open-loop

or quasi open loop operation). The adjustable thresholds
of the patient monitoring device can be updated to the
algorithmically computed (e.g., closed-loop) settings or
clinician (e.g., open-loop) settings via the external sys-
tem.
[0054] A patient monitoring device of a type disclosed
herein can be embodied in an implantable device (e.g.,
subcutaneous extra-thoracic device, intra-thoracic de-
vice), a cutaneous patient-external device, or a hybrid
device having both patient-internal and patient-external
components. A patient monitoring device of a type dis-
closed herein can be incorporated in a variety of system
implementations, a representative example of which is
shown in Figure 15. The system 1500 includes a patient
monitoring device 1504 implanted in a body of a patient
1502. The device 1504 may correspond to any of the
patient monitoring devices disclosed herein. When im-
planted, the device 1504 may collect physiological data
from the patient 1502. A handheld computing device
1510 may be programmed to communicate wirelessly
(e.g., transmit or receive data via radio frequency telem-
etry) with the implantable device 1504. In some imple-
mentations, an external charging device (not shown) may
be used to periodically recharge a battery of the implant-
able device 1504, though the device 1504 may alterna-
tively use a single-use battery in some implementations.
[0055] In various implementations, the patient 1502
may use the handheld device 1510 to manually initiate
data collection by the device 1504 (e.g., initiate ECG sig-
nal sensing and recording). For example, if the patient
1502 feels lightheaded or feels palpitations in her chest,
she may press a button on the handheld device 1510,
and the handheld device 1510 may wirelessly command
the device 1504 to record and store physiologic data.
The device 1504 may also record a physiologic signal
when it determines that such recordation may provide
useful information. For example, the device 1504 may
monitor a physiologic parameter (e.g., heart rate), and
may record an ECG signal based on predetermined char-
acteristics of the physiologic parameter. In some imple-
mentations, the device 1504 may periodically record
sensed physiologic information according to a predeter-
mined schedule. For example, the device may record a
strip of data (e.g., covering a predetermined number of
heart beats or having a predetermined strip duration or
length) once every minute, every several minutes, every
hour, every several hours, every day, every several days,
etc.
[0056] The device 1504 may periodically transmit col-
lected data to the handheld device 1510, such as every
few hours or once per day, for example. In some imple-
mentations, the device 1504 may transmit sensed data
in real time to the handheld device 1510, and the hand-
held device 1510 may store the data in internal memory
or display the data as a waveform or otherwise on a dis-
play screen of the handheld device 1510. The handheld
device 1510 is configured to wirelessly communicate with
the cloud 1520 (e.g., the Internet) via a cellular or Wi-Fi
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connection, and to establish a connection with a remote
server 1530. The handheld device 1510 may send and
receive data to/from the server 1530. In some embodi-
ments, the handheld device 1510 may transmit data
through the cloud 1520 and to the remote server 1530,
where the data may be processed and analyzed auto-
matically (e.g., algorithmically by the server 1530) and/or
by a physician or a health care provider. Thresholds can
be computed at the server 1530 and transmitted to hand-
held device 1510 for upload to the device 1504. In some
implementations, data analysis may occur within one or
both of the device 1504 and the handheld device 1510
(or in a distributed manner between two or more of these
components). Data analysis can include detection of car-
diac, musculature, neural, and sleep anomalies based
on the collected data and trending of such detection data.
Data analysis can also include monitoring of a disease
status of the patient 1502.
[0057] Figure 16 is a block diagram of circuitry 1600
that may be included in implementations of a patient mon-
itoring device disclosed herein. In some implementa-
tions, the circuitry 1600 or a portion thereof may be in-
cluded in the electronics circuitry shown in various pre-
ceding figures. Components or modules may be com-
bined or separated as desired, and may be positioned in
one or more portions of the implanted device. A filtering
module 1605 may receive a sensed physiologic signal
and appropriately filter the signal to remove unwanted
noise or to pare the received signal to information in a
desired frequency range, or above or below a desired
frequency threshold. An amplification module 1610 may
amplify the received signal for processing, and an ana-
log-to-digital converter 1615 may convert the analog sig-
nal to a digital signal. The digital signal may be stored
directly into memory 1625, or may first be processed by
a signal processing module 1620. Signal processing
module 1620 may include functions to extract information
from the measured signal, or to compress the measured
signal to reduce the volume of data to store and transmit.
Memory 1625 may include both volatile and non-volatile
memory, according to various implementations, and may
additionally store instructions that can be executed by a
processor or logic device to perform specified actions.
[0058] A control module 1630 may provide overall de-
vice control, and may include one or more processors
that can execute instructions and in response perform
actions. A telemetry module 1635 may be used, in con-
junction with the telemetry antenna, for communication
with an external device. Charge reception/control circuit-
ry 1640 may optionally be used in implementations that
include a rechargeable battery to control reception of
charge energy over a charge reception apparatus and
coordinate recharging of the battery. A battery monitoring
module 1645 may provide one or more of controlling the
charge current/voltage as appropriate for the type of bat-
tery, providing data that can be transmitted to a charger
during charging to control and terminate charge time, as-
sess a state of the battery from charge to depletion via

voltage, impedance, charge-counting or other means,
provide data to communicate to an external device for
feedback as to when to charge or if an early charge is
required. For simplicity, connections between the various
modules are not shown in Figure 16.

Conclusion

[0059] The above description is intended to be illustra-
tive, and not restrictive. For example, the above-de-
scribed examples (or one or more aspects thereof) may
be used in combination with each other. Other examples
may be used, such as by one of ordinary skill in the art
upon reviewing the above description. Also, in the above
Detailed Description, various features may be grouped
together to streamline the disclosure. This should not be
interpreted as intending that an unclaimed disclosed fea-
ture is essential. Rather, inventive subject matter may lie
in less than all features of a particular disclosed example.

Claims

1. A method, comprising:

sensing, from a patient, an electrical physiologic
signal between a single electrode pair;
obtaining a cardiac signal component from the
physiological signal;
obtaining a non-cardiac signal component from
the physiologic signal;
comparing the cardiac and non-cardiac signal
components to thresholds established for the
patient;
detecting patient activity using at least the non-
cardiac signal component; and
discriminating between voluntary and involun-
tary activity of the patient based on the compar-
ison and temporal alignment of the cardiac sig-
nal component relative to the non-cardiac signal
component.

2. The method of claim 1, wherein discriminating be-
tween voluntary and involuntary activity of the patient
comprises discriminating between sustained and
transient activity of the patient.

3. The method of claim 1 or claim 2, wherein discrimi-
nating between voluntary and involuntary activity of
the patient comprises performing a mathematical
correlation between temporally aligned cardiac and
non-cardiac signal components.

4. The method of any of claims 1 to 3, further compris-
ing:

performing one or more of:
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(a) determining a sleep status of the patient
using the non-cardiac signal component
and the cardiac signal component;
(b) determining a duration of the non-cardi-
ac signal component;
(c) determining a power of the non-cardiac
signal component; and
(d) determining a periodicity of the non-car-
diac signal component;

wherein discriminating between voluntary and
involuntary activity of the patient is based at least
in part on one or more of (a), (b), (c), and (d).

5. The method of any of claims 1 to 4, wherein:

detecting patient activity comprises comparing
the non-cardiac signal component to a thresh-
old; and
the method comprises adjusting the threshold
over time based on changes in patient activity
over time.

6. The method of claim 5, comprising detecting a
change in patient status based on a change in the
threshold.

7. The method of any of claims 1 to 6, comprising de-
tecting disparate types of patient activity based on
the comparison and temporal alignment of the car-
diac signal component relative to the non-cardiac
signal component.

8. The method of any of claims 1 to 7, comprising:

deriving a cardiac metric using the cardiac signal
component;
deriving an activity metric using the non-cardiac
signal component; and
discriminating between voluntary and involun-
tary activity of the patient based on the compar-
ison and temporal alignment of the cardiac and
activity metrics;
wherein discriminating between voluntary and
involuntary activity of the patient comprises per-
forming a mathematical correlation between
temporally aligned cardiac and activity metrics.

9. The method of claim 8, wherein:

the cardiac metric comprises at least one of
heart rate, QRS width, intervals between any of
PQRST features, time-domain characterization,
frequency domain characterization, and mor-
phology; and
the activity metric comprises at least one of in-
tensity, duration, power, rhythmicity or periodic-
ity, pattern, and concatenation.

10. A medical device, comprising:

a housing;
an electrode arrangement coupled to the hous-
ing and configured to sense an electrical phys-
iologic signal from a patient;
detection circuitry coupled to the electrode ar-
rangement and configured to obtain a cardiac
signal component and a non-cardiac signal
component from the physiological signal; and
a processor coupled to the detection circuitry,
the processor configured to detect patient activ-
ity using at least the non-cardiac signal compo-
nent and discriminate between voluntary and in-
voluntary activity of the patient based on a com-
parison of temporally aligned cardiac and non-
cardiac signal components.

11. The device of claim 10, wherein the processor is con-
figured to discriminate between sustained and tran-
sient activity of the patient.

12. The device of claim 10 or claim 11, wherein the proc-
essor is configured to perform a mathematical cor-
relation between the temporally aligned cardiac and
non-cardiac signal components.

13. The device of any of claims 10 to 12, wherein:

the detection circuitry is configured to compare
the non-cardiac signal component to a thresh-
old; and
the processor is configured to adjust the thresh-
old over time based on changes in patient ac-
tivity over time.

14. The device of claim 13, wherein the processor is con-
figured to detect a change in patient status based on
a change in the threshold.

15. The device of any of claims 10 to 14, wherein the
processor is configured to detect a plurality of dis-
parate types of patient activity.
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摘要(译)

一种医疗装置，包括壳体和电极装置，所述电极装置耦合到所述壳体并
且被配置为感测来自患者的电生理信号。该装置还包括检测电路，该检
测电路耦合到电极装置并配置成从生理信号获得心脏信号分量和非心脏
信号分量。处理器耦合到检测电路。处理器被配置为至少使用非心脏信
号分量来检测患者活动，并基于时间对准的心脏和非心脏信号分量的比
较来区分患者的自愿和非自愿活动。
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