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SYSTEM AND METHODS OF PROCESSING
ACCELEROMETER SIGNALS

TECHNICAL FIELD

[0001] The present disclosure is generally related to
patient medical devices and in particular to those utilizing an
accelerometer.

BACKGROUND

[0002] In diagnosing arrhythmias, diagnostically relevant
information includes a type of arrhythmia and a rate during
the arrhythmia, as well as a patient’s symptoms, activity
level, and posture before and after the arrhythmia. While
cardiac monitors may be utilized to detect various types of
arrhythmias and a patient’s rate during the arrhythmia,
current monitors fail to provide accelerometer-derived
objective patient activity levels and posture before and after
an arrhythmia. Generally, this is because cardiac monitor-
ing—particularly ambulatory monitoring—includes long-
term monitoring of ECG signals and the amount of data
generated by an accelerometer in an ambulatory setting is
cost prohibitive with respect to transmission costs and
battery longevity, among other things. Instead, physicians
and other medical professionals either rely on the patient to
record symptoms and activity levels in a patient diary, or the
patient’s recollection of symptoms and activity levels at a
later date, for example, during an examination or a phone
call from the monitoring center to note symptoms when the
patient trigger is pressed. While in some instances a time of
day at which an arrhythmia occurred is relied upon to
estimate a patient’s activity level and/or posture, time of day
is a poor surrogate for activity information recorded in
real-time.

[0003] Current devices that monitor patient activity could
also suffer from errors due to the location of the device being
on a periphery of the patient, such as an arm or wrist. For
example, current devices may monitor patient activity via
hand-only movement, but this introduces error, distorts
signals, and sacrifices accuracy. Furthermore, current
devices that attach to an article of clothing (e.g., a belt
clip/holster or lanyard) do not provide reliable measure-
ments of patient activity since they are not adhered to nor
implanted in a patient’s body. In addition, utilization of
independent devices for monitoring patient activity and
ECG, respectively, without a shared common clock, could
result in problems synchronizing detected activity levels and
arrhythmias

[0004] It would therefore be desirable to provide a system
and method that may be adhered to or implanted in a
patient’s body, reduce the amount of accelerometer data
needed to continuously track and accurately detect a
patient’s activity and posture, and synchronize results with
one another to enhance a diagnosis of arrhythmia.

SUMMARY

[0005] In general, embodiments of the present disclosure
describe systems and methods of processing accelerometer
signals and enhancing arrhythmia diagnosis with objective
activity measures.

[0006] Accordingly, embodiments of the present disclo-
sure describe a method of monitoring a patient comprising
monitoring an accelerometer signal of a patient via a patient
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medical device and sampling the accelerometer signal at a
sampling rate that utilizes non-regular timing intervals.
[0007] Embodiments of the present disclosure further
describe a patient medical device comprising sensors for
monitoring an accelerometer signal of a patient. The patient
medical device further comprises circuitry for sampling the
accelerometer signal at a sampling rate that utilizes non-
regular timing intervals.

[0008] Embodiments of the present disclosure also
describe a method of processing physiological signals com-
prising monitoring ECG signals and accelerometer signals
of a patient via a patient medical device, and capturing an
ECG segment and sampling the accelerometer signal at a
sampling rate that utilizes non-regular timing intervals.
[0009] The details of one or more examples are set forth
in the description below. Other features, objects, and advan-
tages will be apparent from the description and from the
claims.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1isa schematic view of a patient and a patient
monitoring system, according to one or more embodiments
of the present disclosure.

[0011] FIGS. 24-2b include schematic diagrams of sys-
tems for sampling an accelerometer signal, according to one
or more embodiments of the present disclosure.

[0012] FIGS. 3a-3b are flowcharts of methods of moni-
toring an ambulatory patient, according to one or more
embodiments of the present disclosure.

[0013] FIGS. 4a-4d are graphical views of activity inten-
sities and time-course of patients during tachycardia epi-
sodes, according to one or more embodiments of the present
disclosure.

[0014] FIGS. 5a-5¢ are graphical views of activity inten-
sities of patients during bradycardia episodes, according to
one or more embodiments of the present disclosure.
[0015] FIGS. 6a-6b are graphical views of activity profiles
of two patients before and after each patient’s arrhythmic
episode, according to one or more embodiments of the
present disclosure.

[0016] FIGS. 7a-7b are graphical views of activity profiles
and intensities of two patients alternating between walking
and resting, according to one or more embodiments of the
present disclosure.

[0017] FIG. 8 is a schematic diagram of an adherent
device, according to one or more embodiments of the
present disclosure.

[0018] FIG. 9 is a schematic diagram of an insertable
device, according to one or more embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0019] The present invention relates to systems and meth-
ods of processing an accelerometer signal. In particular, the
present invention relates to processing accelerometer signals
at a reduced sampling rate (e.g., downsampling the signal)
and/or at non-regular timing intervals (e.g., via a timing
jitter) sufficient to reduce an amount of data needed to
continuously track and accurately detect a patient’s activity
and posture. In this way, the present invention balances the
costs associated with communicating or processing large
volumes of information collected throughout a monitoring
duration (e.g., an amount of transmitted data, battery pres-
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ervation, etc.) with the presentation of granular temporal
activity and posture information. In addition, the present
invention combines diagnostically relevant information of
an activity profile (e.g., a patient’s activity level and/or
posture before, during, and/or after a clinically relevant
episode) with other physiological data, such as electrocar-
diogram signals/segments, to determine a level of debilita-
tion, prioritize, improve a diagnosis, and/or determine a
severity of a clinically relevant episode (e.g., arthythmia)

[0020] FIG. 1 is a schematic view of a patient P and a
monitoring system 10, according to an embodiment of the
present disclosure. Patient P includes a midline M, a first
side S1 (e.g., a right side), and a second side S2 (e.g., a left
side). Monitoring system 10 includes a patient medical
device 100, gateway 102, and remote monitoring center 106.
In the embodiment shown in FIG. 1, patient medical device
100 is an adherent device that is attached to the skin of the
patient. In other embodiments (not shown in FIG. 1), patient
medical device 100 may be an implantable device, an
insertable device, an injectable device, and/or a wearable
device, such as a Holter monitor (collectively referred to as
a medical device). Exemplary embodiments of suitable
medical devices are described in more detail with respect to
FIGS. 1, 8, and 9. In general, medical device 100 is
described herein as performing a monitoring function, but in
other embodiments may be configured to provide treatment
as well.

[0021] Medical device 100 can be adhered/injected/in-
serted/worn by patient P at many locations. In many embodi-
ments, adherent device 100 is adhered to one side of a thorax
of patient P (e.g., a first side S1 (shown in FIG. 1) or a
second side S2 (not shown)). The location of medical device
100 can vary in other embodiments and depend on the
physiological parameters of patient P being monitored. The
physiological parameters being monitored by medical
device 100 may include accelerometer signals to determine
activity levels and body posture of a patient P and electro-
cardiogram (ECG) signals to detect arrhythmias, such as
tachycardia and/or bradycardia and/or atrial fibrillation, as
well as bio-impedance, respiration, blood pressure, etc. A
benefit of medical device 100 and its various embodiments
is that it may be utilized to collect objective and/or quanti-
fiable measurements of an ambulatory patient’s activity
levels and body posture to prioritize, and improve a diag-
nosis and/or determine a severity of, an arthythmic episode.
In addition, medical device 100 and its various embodiments
may be utilized to determine a level of debilitation of a
patient following a clinically relevant episode.

[0022] As shown in FIG. 1, medical device 100 may be
aligned and/or oriented with respect to one or more axes of
patient P via a patient coordinate system 100P. For example,
patient P may include a horizontal axis P, that extends
laterally from one side of the patient to the other side of the
patient, for example, from side S1 to side S2 across midline
M. Patient P may include an anterior posterior axis P,, that
extends from the front of the patient (e.g., anterior) to the
back of the patient (e.g., posterior). Patient P may include a
vertical axis P, that extends vertically along the patient, for
example, vertically along the midline of the patient from the
feet of the patient toward the head of the patient. In many
embodiments, horizontal axis P,, anterior posterior axis P,,
and vertical axis P, may include a right-handed triple of
orthogonal coordinate references.
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[0023] Inembodiments in which medical device 100 is an
adherent device, adherent device 100 may include a 3D
coordinate reference system 112XYZ for aligning and/or
orienting the adherent device 100 with the patient coordinate
system 100P. For example, adherent device 100 may include
a 3D coordinate reference system 112XYZ. Adherent device
100 may include an x-axis 112X for alignment with hori-
zontal axis P, of the patient or for alignment at an angle with
horizontal axis P_ of the patient (e.g., to capture a wearable
sensor’s lead I1 application angle), a y-axis 112Y for align-
ment with anterior posterior axis P, of the patient, and z-axis
1127 for alignment with vertical axis P,. Adherent device
100 may also be aligned at an angle with one or more of
horizontal axis P, anterior posterior axis P, and vertical
axis P, to better correlate the ECG and accelerometer data
with physiological signals relevant to the condition or con-
ditions of interest. Coordinate reference system 112XYZ
may include a right-handed triple, although other non-
orthogonal and orthogonal reference systems may be used.

[0024] While adherent device 100 is discussed in more
detail below with respect to FIG. 8, in many embodiments,
adherent device 100 may include a cardiac monitor for
detecting arrhythmias and an accelerometer for determining
patient activity and body posture. For example, adherent
device 100 may include one or more sensors and one or
more circuitry for monitoring (e.g., sensing) ECG signals
and accelerometer signals and for capturing (e.g., collecting
and storing) and processing (e.g., analyzing) ECG segments
and accelerometer data. In many embodiments, ECG signals
and accelerometer signals may be monitored via one or more
sensors provided on the same medical device. By providing
one or more sensors for measuring ECG signals and accel-
erometer signals on the same medical device, the acceler-
ometer and cardiac monitoring device may share a common
clock to more accurately synchronize activity levels with
arrhythmias. In addition, many embodiments include a
medical device located on a thorax of the patient. By
measuring accelerometer signals, in addition to ECG sig-
nals, from a thorax of the patient, the medical device of the
present disclosure minimizes errors in comparison to
devices in which a patient’s activity is monitored via sensors
located on a periphery, such as on a limb, arm, and/or wrist.
In some embodiments, accelerometer signals and ECG sig-
nals are measured via common sensors (e.g., the same
sensors). In other embodiments, separate sensors may be
utilized to monitor, capture, and process each of ECG
signals and accelerometer signals. In many embodiments,
the activity sensor includes a three-axis accelerometer to
measure an activity level and body posture of a patient. For
example, accelerometer measurements may include one or
more of an inclination, a position, an orientation, or accel-
eration of the patient in three dimensions. In other embodi-
ments, the activity sensor includes one or more of a piezo-
electric accelerometer, a capacitive accelerometer, and an
electromechanical accelerometer.

[0025] Inembodiments with an activity sensor, the activity
sensor may include a three-axis accelerometer with at least
one measurement axis. In some embodiments, the three-axis
accelerometer may include an x-axis, a y-axis, and a z-axis,
each of which may be sensitive to gravity such that the
orientation of the accelerometer can be determined in rela-
tion to gravity. In some embodiments, the three-axis accel-
erometer may utilize the same sensors (e.g., electrodes) for
monitoring ECG signals. In other embodiments, the three-



US 2018/0132793 Al

axis accelerometer may be aligned with sensors (e.g., elec-
trodes) for monitoring ECG signals. In some embodiments,
the three-axis accelerometer may include an x-axis aligned
with one or more of the x-axis 112X of adherent device 100
and the horizontal axis P_ of patient coordinate system 100P,
a y-axis aligned with one or more of the y-axis 112Y of
adherent device 100 and the anterior posterior axis P, of
patient coordinate system 100P, and a z-axis aligned with
one or more of the z-axis 1127 of adherent device 100 and
the vertical axis P, of patient coordinate system 100P. In
some embodiments, the axes of the three-axis accelerometer
may be aligned in a predetermined, parallel, or non-parallel
configuration.

[0026] In the embodiment shown in FIG. 1, adherent
device 100 communicates wirelessly with remote monitor-
ing center 106. Adherent device 100 may communicate
directly (via a cellular or Wi-Fi network, or via Bluetooth
connectivity, etc.), or indirectly through an intermediate
device or gateway 102. The determination of which opera-
tions (e.g., monitoring, capturing, and/or processing) are
performed locally (e.g., at adherent device 100) and which
operations are performed remotely (e.g., at remote monitor-
ing center 106) may depend on a balancing of tradeoffs. For
example, in some embodiments, the determination may
require balancing a cost of transmitting data with an interest
in preserving battery life. In many embodiments, the deter-
mination properly balances these costs by minimizing the
amount of accelerometer data transmitted to the remote
monitoring center 106. In other embodiments, the determi-
nation includes balancing and/or considering other factors,
such as labor costs, storage costs, urgency, accuracy, and
efficiency.

[0027] Physiclogical data may be processed (e.g., ana-
lyzed) locally by medical device 100 (e.g., at adherent
device 100A), or remotely by gateway 102 and/or remote
monitoring center 106 (or similar platform separate from
medical device 100). Processing of physiological data (e.g.,
ECG signals/segments, accelerometer signals/data/informa-
tion) may include monitoring physiological signals, captur-
ing physiological data (e.g., in response to a triggering
event), processing physiological data at a reduced sampling
rate and/or at non-regular timing intervals, communicating
(via a cellular or Wi-Fi network, or via Bluetooth connec-
tivity) captured and/or processed physiological data to an
external processing center such as gateway 102 and/or
remote monitoring center 106, detecting clinically relevant
episodes (e.g., arrhythmias), and/or computing/estimating/
deriving physiological information (e.g., patient activity
and/or body posture) from physiological data. Any of the
above processes and/or analyses may be performed locally
and/or remotely.

[0028] In many embodiments, adherent device 100 locally
monitors accelerometer signals, captures all accelerometer
signals, processes the accelerometer signals at a reduced
sampling rate and/or at non-regular timing intervals, and
communicates (via a cellular or Wi-Fi network, or via
Bluetooth connectivity) the processed accelerometer signals
to an external processing center such as gateway 102 and/or
remote monitoring center 106. At the external processing
center, the raw communicated data is further processed to
extract information including patient activity levels and/or
body posture to construct an activity profile with activity
intensities. In addition, the extracted information may be
combined and presented with other clinically relevant infor-
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mation to prioritize, and improve a diagnosis and/or deter-
mine a severity level of, clinically relevant episodes. In other
embodiments, any combination of locally and/or remotely
performed processes may be achieved.

[0029] In one embodiment, gateway 102 comprises com-
ponents of the zILink™, a small portable device similar to a
cell phone that wirelessly transmits information received
from medical device 100 to remote monitoring center 106.
The gateway 102 may consist of multiple devices, which can
communicate wired or wirelessly with remote center 106 in
many ways, for example, with a connection 104 which may
comprise an Internet connection and/or with a cellular
connection. Remote center 106 may comprise a hosted
application for data analysis and storage that also includes a
website, which enables secure access to physiological trends
and clinical event information for interpretation and diag-
nosis. Remote center 106 may further or alternatively com-
prise a back-end operation where physiological data from
adherent device 100 are read by human experts to verify
accuracy. Reports may then be generated at remote moni-
toring center 106 for communication to the patient’s physi-
cian or care provider. In one embodiment, in addition to
one-way communication from medical device 100 to gate-
way 102 and/or remote monitoring center 106, remote
monitoring center 106 may communicate/push baseline data
to medical device 100, either to program/initialize medical
device 100 or update the baseline data stored by medical
device 100.

[0030] In an exemplary embodiment, monitoring system
10 comprises a distributed processor system with at least one
processing module (not shown) included as part of adherent
device 100, at least one processor 102P of gateway 102, and
at least one processor 106P at remote center 106, each of
which processors can be in electronic communication with
the other processors. At least one processor 102P comprises
a tangible medium 102T, and at least one processor 106P
comprises a tangible medium 106T. Remote processor 106P
may comprise a backend server located at the remote center.
Physiological parameters—including ECG and accelerom-
eter signals—monitored by medical device 100 may be
analyzed by one or more of the distributed processors
included as part of medical device 100, gateway 102, and/or
remote monitoring center 1086.

[0031] FIGS. 24-2b include schematic diagrams of sys-
tems for sampling an accelerometer signal, according to one
or more embodiments of the present disclosure. Any of the
medical devices and methods of the present disclosure may
utilize the systems illustrated in FIGS. 2a-2b.

[0032] FIG. 2a is a schematic diagram of a system 200A
for sampling an accelerometer signal at a first sampling rate
and at a second reduced sampling rate, according to an
embodiment of the present disclosure. The system includes
an accelerometer 201, an analog-to-digital converter 202, a
processor 203, and a timing jitter 204. The system 200A
produces an accelerometer signal 205 that has been down-
sampled without an anti-aliasing pre-filter and with a timing
jitter (e.g., at non-regular timing intervals). The accelerom-
eter 201 may produce an accelerometer signal with at least
one axis value. As shown in FIG. 24, in many embodiments,
the accelerometer signal includes three axis values, includ-
ing an x-axis value 201X, a y-axis value 201Y, and a z-axis
value 2017. The accelerometer signal may be communi-
cated to the analog-to-digital converter 202, where each of
the three values of the accelerometer signal may be sampled
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at a first sampling rate to produce an x-axis value 202X, a
y-axis value 202Y, and a z-axis value 2027Z. These are
communicated to the processor 203 and sampled at a second
sampling rate with a timing jitter 204 (e.g., at non-regular
timing intervals), wherein the second sampling rate is much
less than the first sampling rate. In some embodiments, the
same timing jitter may be applied to each of the x-axis value
202X, the y-axis value 202Y, and the z-axis value 202Z. In
other embodiments, a different timing jitter may be applied
to each of one or more of the x-axis value 202X, the y-axis
value 202Y, and the z-axis value 2027. The signals from the
processor may include an x-axis value 203X, a y-axis value
203Y, and a z-axis value 2037, which collectively refer to
the downsampled accelerometer signal 205.

[0033] FIG. 25 is a schematic diagram of a system 200B
for sampling an accelerometer signal at a reduced sampling
rate, according to an embodiment of the present disclosure.
FIG. 25 is similar to the embodiment illustrated in FIG. 24,
except that instead of utilizing a processor for sampling the
accelerometer signal at a second reduced sampling rate, the
accelerometer signal from the accelerometer 206 is imme-
diately sampled at a reduced sampling rate without an
anti-aliasing low-pass filter. For example, accelerometer
signals may include an x-axis value 206X, a y-axis value
206Y, and a z-axis value 206Z. The accelerometer signals
from accelerometer 206 may be communicated to an analog-
to-digital converter 207 where each of the three values are
sampled at a reduced sampling rate with a timing jitter 208
(e.g., at non-regular timing intervals). The sampled signals
include an x-axis value 207X, a y-axis value 207Y, and a
z-axis value 2077, which collectively refer to the down-
sampled accelerometer signal 209. In many embodiments,
the reduced samipling rate is a sampling rate that is much less
than 100 Hz. In other embodiments, any sampling rate may
be utilized by analog-to-digital converter 207.

[0034] FIG. 3a is a flowchart of a method of monitoring a
patient, according to an embodiment of the present disclo-
sure. Any of the medical devices of the present disclosure
may be utilized to implement the method illustrated in FIG.
3a.

[0035] At step 301A, an accelerometer signal of a patient
is generated via a medical device. In many embodiments, the
accelerometer signal is generated from an accelerometer. In
other embodiments, the accelerometer signal is monitored
via a medical device. In addition to generating and/or
monitoring accelerometer signals, the medical device may
generate and/or monitor ECG signals, hydration impedance
signals, respiration impedance signals, blood pressure, and/
or any other physiological signals discussed herein and/or
within the knowledge of one of skill in the art.

[0036] At step 302A, accelerometer signals are sampled at
a sampling rate that utilizes non-regular timing intervals
(e.g., a timing jitter). In many embodiments, the accelerom-
eter signal (e.g., accelerometer values along each of three
axes in a three-axis accelerometer) is sampled at a reduced
sampling rate and/or at non-regular timing intervals suffi-
cient to retain activity and/or posture information of a
patient and to reduce an amount of data needed to continu-
ously track and accurately detect a patient’s activity and
posture. In many embodiments, this data may be stored and
communicated to a remote monitoring center where patient
activity and posture information is extracted and used to
construct an activity profile. In this way, the medical device
of the present disclosure may reduce costs associated with
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communicating data generated at high sampling rates (e.g.,
100 Hz). In addition, the medical device of the present
disclosure may improve and/or preserve battery longevity,
among other things. The medical device of the present
disclosure finds an optimal balance between the amount of
transmitted data and the presentation of granular temporal
activity and posture information.

[0037] Traditionally, downsampling a signal requires use
of a low-pass filter to avoid aliasing effects. However,
low-pass filters result in the loss of information provided in
the high-frequency range. With respect to accelerometers,
patient activity information is generally provided in the
higher frequencies and patient posture information is gen-
erally provided in the lower frequencies of the accelerometer
signal. Use of a low-pass filter therefore results in a loss of
high frequency content indicative of patient activity. To
prevent the loss of high frequency content, an embodiment
of the present invention foregoes application of a low-pass
filter. A timing jitter is introduced into the sampling fre-
quency that results in the interval between samples being
non-regular. As a result, higher frequencies fold into the
lower frequencies while retaining activity information pro-
vided in the high-frequency range. Although the introduc-
tion of timing jitter to the downsampling process may not
allow for reconstruction of the high frequency signal, it will
allow for determination of the power associated with the
higher frequency components of the accelerometer signal,
which is sufficient for determining activity level of the
patient.

[0038] As a result, the accelerometer signal may be
sampled at a reduced rate and/or at non-regular timing
intervals to reduce an amount of data to be transmitted while
also ensuring a patient’s activity and posture may be con-
tinuously tracked and accurately detected. In some embodi-
ments, the accelerometer signal/data may be sampled at a
reduced sampling rate of about 0.25 Hz (or about 1 sample
every 4 seconds). In some embodiments, the accelerometer
signal/data may be sampled at non-regular timing intervals
via a timing jitter. For instance, sampling with a timing jitter
may include sampling at t(t,+A), t(t,+A) , t(t,+A), . . .,
t(t,+A), where A is a random integer from a uniform random
number generator or chosen from a pseudo-random pre-
chosen sequence (e.g., [-1, 1,2, 5,2, -2, 2, -4]). According
to this embodiment, the accelerometer signal may be pro-
cessed by capturing 1 sample every 4 seconds plus or minus
A. In other embodiments, any reduced sampling rate and/or
downsampling rate may be utilized.

[0039] In one embodiment, the accelerometer signal may
be sampled at a reduced sampling rate and/or at non-regular
timing intervals via an analog-to-digital converter, and all of
the data from the signals sampled at the reduced rate and/or
at non-regular timing intervals may be stored in memory.
For example, the accelerometer signal may be sampled at a
sampling rate of about 0.25 Hz and/or at non-regular timing
intervals (i.e., introduced timing jitter) to reduce an amount
of data from the accelerometer signal stored in memory. A
benefit of storing all sampled accelerometer signals in
memory is that this data may be available for analysis, as the
clinical relevance of the information may not be determin-
able until a period of time in the future, such as at a time of
a future arrhythmia

[0040] In another embodiment, the accelerometer signal
may be sampled at a first sampling rate and at a second
sampling rate. The first sampling rate may be much higher
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than the second sampling rate. For example, the accelerom-
eter signal may be sampled at 100 Hz (e.g., a first sampling
rate) and that signal may be downsampled at 0.25 Hz (e.g.,
a second sampling rate) to reduce an amount of data from the
accelerometer. In this embodiment, all of the data from the
downsampled accelerometer signal may be stored in
memory.

[0041] In other embodiments, accelerometer signals/data
generated over a predetermined period of time are continu-
ously sampled and stored (e.g., temporarily stored) in
memory (e.g., looping memory), and prospective acceler-
ometer signals may be sampled in response to a triggering
event. For example, in some embodiments, accelerometer
signals generated from a period of about the last 30 minutes
may be continuously sampled and stored in memory, with
the oldest signals that have been stored being discarded
and/or replaced over time. In some embodiments, prospec-
tive accelerometer signals may be sampled and stored in
memory in response to a triggering event. In some embodi-
ments, depending on the detected physiological episode
(e.g., arrhythmia), the accelerometer signals stored in loop-
ing memory and/or prospective accelerometer signals may
be sampled, captured, and processed in response to a trig-
gering event.

[0042] Generally, a triggering event may include a patient-
triggered event or an automatically triggered event. A
patient-triggered event may include an event in which a
patient experiences an onset of symptoms and manually
triggers capture of physiological data. In some embodi-
ments, upon experiencing an onset of symptoms, a patient
may manually trigger capture of accelerometer signals and/
or ECG segments. In other embodiments, upon experiencing
an onset of symptoms, a patient may manually trigger
capture of any type of physiological data.

[0043] An automatically triggered event may include an
event in which physiological data is captured without human
intervention upon monitoring and/or detecting physiological
data defining an automatically triggered event. In some
embodiments, an automatically triggered event may be
defined as abnormal physiological signals. For example, an
abnormal physiological signal may include one or more of
an abnormal heart rhythm, an abnormal heart beat, an
abnormal ECG signal/segment, an abnormal morphology,
and a significant ECG change. To detect abnormal physi-
ological signals, monitored physiological signals may be
compared to threshold levels, population-based baseline
data, and/or patient-specific baseline data. For example,
threshold levels may include an upper heart rate limit and/or
a lower heart rate limit, and population-based and/or patient-
specific data relating to heart rhythm, heart rate, ECG
morphology, etc. In other embodiments, recently monitored
and/or previously captured physiological data may be used
to define automatically triggering events.

[0044] The accelerometer data that is captured may
include prospective accelerometer signals, recent acceler-
ometer data stored in memory, and combinations thereof. In
some embodiments, the accelerometer data from prospective
accelerometer signals may include data from accelerometer
signals following a triggering event. In some embodiments,
the accelerometer data that is captured may include recent
accelerometer data stored in memory (e.g., “looping”
memory) preceding a triggering event. For example, looping
memory may include about t minutes (e.g., about 15 min-
utes) of previously monitored accelerometer data collected
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and temporarily stored prior to the triggering event. Storing
such data may be useful where a clinically relevant episode
has already passed by the time a triggering event is detected
and/or confirmed. In many embodiments, captured accelet-
ometer data includes both recent and prospective acceler-
ometer data. In this way, one or more of a patient’s activity
levels and body posture before, during, and/or after a
triggering event may be combined with other physiological
data to prioritize, improve a diagnosis of and/or determine a
severity of, a clinically relevant episode, such as an arrhyth-
mia

[0045] FIG. 35 is a flowchart of a method of monitoring
accelerometer signals and other physiological signals,
according to an embodiment of the present disclosure. Any
of the above embodiments describing methods for sampling
and storing accelerometer signals may be utilized here. As
shown in FIG. 35, in addition to accelerometer signals, other
physiological signals/data—such as ECG signals/data—
may be monitored, captured, stored, and/or communicated
to a remote monitoring center in order to permit contextual
interpretation. Contextual interpretation improves a diagno-
sis of an arrhythmia because it permits a medical profes-
sional/expert who is reviewing an ECG indicative of an
arrhythmia to determine a patient’s activity level and posture
before, during, and/or after the arrhythmia. For example, a
medical professional/expert who is provided with a patient’s
ECG and the patient’s activity level and posture for the same
or about the same period of time can determine, among other
things, a patient’s level of debilitation during and/or after an
arrhythmia and a severity level of an arthythmia to better
prioritize one or more arrhythmic episodes. In other words,
contextual interpretation enhances a diagnosis of an arrhyth-
mia

[0046] At decision step 301B, the method determines
whether a triggering event (discussed in more detail below)
is defined. If a triggering event is not defined, the method
proceeds to step 302B and captures and stores all physi-
ological data. If a triggering event is defined, the method
proceeds to 303B and monitors physiological signals for a
triggering event.

[0047] At step 302B, all physiological data—e.g., accel-
erometer data and ECG data—are captured and stored. In
many embodiments, accelerometer data and ECG data are
continuously and simultaneously monitored, captured, and
stored on a medical device. In some embodiments, accelet-
ometer data and ECG data may remain stored on a medical
device for future use (e.g., downloaded/transferred at an
upcoming appointment). In other embodiments, the accel-
erometer data and ECG data may be communicated to a
remote monitoring center on a continuous and/or periodic
basis to permit active (e.g., real-time) or nearly active (e.g.,
delayed or slightly delayed) monitoring and analysis of the
physiological data. The medical professional and/or expert
may communicate signals/alerts back to the patient follow-
ing a review and/or analysis. Although this embodiment is
data-intensive and consumes large volumes of memory, this
embodiment permits interpretation of a patient’s daily elec-
trophysiology with the activities of daily living. In particu-
lar, it may be particularly valuable particular diseases and/or
conditions and patient health characterizations, among other
things. It may also be particularly valuable for interpretation
of data in instances where, upon an onset of symptoms, a
patient manually triggers capture of physiological data, but
an automatically triggered event does not occur.
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[0048] At step 303B, as discussed above, the method
monitors physiological signals (e.g., accelerometer signals
and BECG signals) for a triggering event. In comparison to
step 302B, step 303B and subsequent steps are less data
intensive and that consume less memory may be based on an
automatically triggered event.

[0049] At decision step 304B, the method determines
whether a triggering event has been detected. If no triggering
event has been detected, the method returns to step 303B and
monitors physiological signals. If a triggering event has
been detected, the method captures physiological data. In
many embodiments, the triggering event is based on a
primary signal (e.g., an ECG signal) and a secondary signal
(e.g., an accelerometer signal). In these embodiments, upon
detecting a triggering event for a primary signal at decision
step 304B, the method proceeds to step 305B and captures
a secondary signal.

[0050] In one embodiment, for example, the triggering
event may be based on a primary signal (e.g., ECG signal)
and a secondary signal (e.g.. an accelerometer signal). In this
embodiment, the primary ECG signal may trigger capture of
the secondary accelerometer signal upon detecting automati-
cally triggering events, which are defined and described
above in more detail (e.g., upon detecting an arrhythmia,
abnormal heart beat, etc.). For example, the primary ECG
signal may trigger capture of the secondary accelerometer
signal if a patient rate-based or rhythm-based disorder is
detected (e.g., tachycardia, bradycardia, atrial fibrillation,
and any other arrhythmia). In another example, if a patient
experiences a tachycardia episode that triggers the capture of
the secondary accelerometer signal, this embodiment may
be utilized to determine whether the episode occurred while
the patient was sedentary (e.g., a potentially true arrhythmia)
or while the patient was exercising (e.g., a potentially
compensated rhythm that may be normal).

[0051] In another embodiment, the triggering event may
be based on a primary signal (e.g., an accelerometer signal)
and a secondary signal (e.g., an ECG signal). In this embodi-
ment, the primary accelerometer signal may trigger captur-
ing of the secondary ECG signal upon detecting a change or
significant change in a patient’s posture and/or activity level.
For example, if the accelerometer detects a change in
posture (e.g., a fall), the primary accelerometer signal trig-
gers capture of the secondary ECG signal to determine
and/or interpret potential reasons for the patient’s change in
posture. A benefit of this embodiment is that it provides
valuable information relating to syncope episodes and
instances in which a patient experiences a fall. Other activity
trigger may include one or more of activity intensity, dura-
tion, significant changes in activity and/or posture, and
abrupt changes in activity and/or posture.

[0052] At decision step 306B, the method determines
whether to communicate physiological data. For example,
the medical device may be programmed or may receive
instructions to store and/or communicate captured physi-
ological data. Any of the embodiments discussed herein may
be utilized to store and/or communicate physiological data.
If physiological data is to be communicated, the method
proceeds to step 307B. For example, in some embodiments,
the accelerometer data and ECG data may be communicated
to a remote monitoring center on a continuous and/or
periodic basis to permit active (e.g., real-time) or nearly
active (e.g., delayed or slightly delayed) monitoring and
analysis of the physiological data. The medical professional
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and/or expert may communicate signals/alerts back to the
patient following a review and/or analysis. If physiological
data is not to be communicated, the method proceeds to step
308B and stores the physiological data for future analysis. In
these embodiments, accelerometer data and ECG data may
remain stored on a medical device for future use (e.g,
downloaded/transferred at an upcoming appointment).
[0053] Any of the above embodiments described above
relating to providing accelerometer data with ECG data to
enhance a diagnosis may be programmable. For example, a
healthecare provider or medical professional (e.g., physician/
expert) may program settings to meet the needs of a par-
ticular patient or to follow an adaptive algorithmic approach
for auto-programming. In addition, a healthcare provider
and/or medical professional may select from or combine the
above embodiments in order to reduce consumption of
resources necessary for continuously and simultaneously
capturing and storing and, in some cases, communicating
accelerometer data and ECG data.

[0054] Returning to FIG. 34, at step 303 A, patient activity
levels and posture are extracted from the sampled acceler-
ometer signal to construct activity profiles. In some embodi-
ments, the sampled accelerometer signal includes activity
intensity data from which information relating to a patient’s
activity levels and posture may be extracted and derived. In
many embodiments, step 303A may be performed at a
remote monitoring center. For example, the captured and
processed accelerometer signals may be communicated (via
a cellular or Wi-Fi network, or via Bluetooth connectivity)
to a remote monitoring center 106 directly or indirectly
through gateway 102. In other embodiments, step 303A may
be performed locally (e.g., at adherent device). In some
embodiments, step 303A is optional. In one embodiment,
because the accelerometer signal is downsampled without
utilizing a low-pass filter, both activity level and posture data
may be extracted from the downsampled accelerometer
signal.

[0055] At step 304A, activity profiles are reported with
other physiological data associated with a clinically relevant
episode. Activity profiles include diagnostically relevant
information that may provide insight into various clinically
relevant episodes. In many embodiments, activity profiles
including patient activity level and posture are reported with
arrhythmias to prioritize arrhythmias, improve a diagnosis
of an arrhythmia (e.g., provide a standardized way of
quantifying and presenting activity information), determine
a severity of an arrhythmia, and/or determine a level of
debilitation associated with an arrhythmias In some embodi-
ments, in a case of bradycardia, an activity profile showing
a patient to be active before and/or after the bradycardia
episode may suggest chronotropic incompetence. In other
embodiments, a case of tachycardia, an activity profile
showing a patient at rest before and/or after the tachycardia
episode may be indicative of heart failure (HF) worsening.
In some embodiments, step 304A is optional.

[0056] Table 1 is an example of an arrhythmia report for
clinician review in which detected arrhythmias are reported
based on a priority (e.g., diagnostic relevance) and/or a
severity of a detected arrhythmia, according to an embodi-
ment of the present disclosure. The arrhythmias reported in
Table 1 were captured over a period of a month and
prioritized in a report based on arrhythmia severity. The
priority assigned to a given episode was based on patient
activity and posture information (e.g.. via an activity profile)
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derived from an accelerometer. As shown in Table 1, the first
column reports the day and time of the episode, the rhythm
column reports the type of arrhythmia episode detected, and
the activity column reports whether the patient was at rest or
active during the arrhythmia episode.

TABLE 1

Prioritized Arrhythmia Report Based on Activity and Posture

Day/Time Rhythm Activity
Day 24/04:15:00 wide-complex tachycardia at rest
Day 6/10:30:00 sinus tachycardia at rest
Day 2/11:00:00 sinus tachycardia active
Day 2/14:00:00 sinus tachycardia active

[0057] As reported in Table 1, the wide-complex tachy-
cardia episode while the patient was at rest is identified as
the most diagnostically relevant, followed by the sinus
tachycardia episode while the patient was at rest. The two
sinus tachycardia episodes while the patient was active were
reported as being the least diagnostically relevant among
these detected arrhythmias Because tachycardia events are
less likely to be identified with respect to a patient at rest, the
wide-complex tachycardia and sinus tachycardia are given a
higher significance than the tachycardia events identified
while the patient is active. In other embodiments, the
determination of whether the patient is at rest or active may
have a different impact on the prioritization of the episode.
For example, a bradycardia episode detected while a patient
is active may be given higher priority than a bradycardia
episode detected while a patient is at rest. In this way,
arrhythmias (e.g., tachycardias) may be prioritized based on
patient activity information to promote prompt notification
of resting tachycardia episodes.

[0058] For example, FIGS. 4a-4d and 5a-5e are graphical
views of activity profiles of a patient during tachycardia
episodes and bradycardia episodes, respectively, according
to an embodiment of the present disclosure. As shown in
FIGS. 4a-4d and 5a-5e, activity levels are plotted with time.
The activity levels, represented as horizontal dashed lines,
include moderate activity, light activity, and sedentary. In
addition, the vertical dashed line indicates an arrhythmia
occurrence time, the solid line indicates raw activity inten-
sity data about 30 minutes before and about 5 to 7 minutes
after the arrhythmia, and the shaded areas indicate durations
when the patient was deemed active based on activity
intensity.

[0059] FIGS. 4a-4d illustrate an embodiment relating to
tachycardia episodes in which activity profiles may be
utilized to determine a severity of detected arrhythmias and
to prioritize a reporting of the detected arrhythmias. Each of
FIGS. 4a and 4b show two sinus tachycardia events around
ts, in which the patient was active before and after the
tachycardia episode. FIGS. 4¢ and 4d show a resting sinus
tachycardia event between t, and t; and a wide-complex
tachycardia event between t, and ts, respectively, in which
the patient activity profile shows no activity before and after
the tachycardia episode. According to this embodiment, the
wide-complex tachycardia episode of FIG. 44, having
occurred while the patient was at rest, would be the most
severe and reported first. Next would include the resting
sinus tachycardia episode of FIG. 4¢, followed by the two
sinus tachycardia episodes of FIGS. 4a and 4b. In this way,
activity information derived from the high frequency com-
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ponents of the monitored accelerometer signal are utilized to
determine the severity of detected arrhythmias.

[0060] FIGS. 5a-5e illustrate an embodiment relating to
bradycardia episodes in which activity profiles may be
utilized to determine a severity of detected arrhythmias and
to prioritize a reporting of the detected arrhythmias As
shown in FIGS. 5a-5¢, the patient was monitored over a
12-day period, with 1 sinus bradycardia episodes detected
between t, and t; on a first day (FIG. 5a); 3 episodes between
t, and t5 on a second day (FIGS. 5b-5d); and between t, and
t; on a last day (FIG. Se). According to the activity profiles,
the patient was active during the bradycardia episodes
reported in FIGS. 54, 54, and Se, whereas the patient was at
rest during the bradycardia episodes reported in FIG. 55 and
FIG. 5c¢. Based on the activity profile and arrhythmia sever-
ity, the bradycardia event reported in FIG. 5¢ may indicate
chronotropic incompetence since the patient was moderately
to highly active. The other bradycardia events associated
with activity at night could be indicative of posture-related
syncope.

[0061] In addition to being used to prioritize a reporting of
the detected arrhythmias, the information provided in FIGS.
4a-4d and 5a-5¢ may also be used to triage a severity of
patient conditions. For example, in some embodiments, a
monitoring center (e.g., healthcare clinic, hospital, etc.) may
receive physiological data (e.g., accelerometer and/or ECG
data) from two or more patients. The data provided in FIGS.
4a-4d and 5a-5e, for example, may be utilized by medical
professionals/experts (e.g., triage nurses, physicians,
experts, etc.) to assess and/or prioritize whether data must be
urgently processed, to aid in emergency response manage-
ment and resource management, and to prioritize two or
more patients based on severity.

[0062] FIGS. 6a-6b are graphical views of activity profiles
of two different patients about 30 minutes before and about
30 minutes after each patient’s arrhythmic episodes, accord-
ing to an embodiment of the present disclosure. The solid
line plots activity levels (e.g., sedentary, moderate, light)
with time. The vertical dashed line indicates a time of
arrhythmia occurrence. From these activity profiles, a level
or degree of debilitation of a patient may be determined via
changes in a patient’s activity level before and after an
arrhythmia occurrence. In particular, FIGS. 6a and 65 both
show a patient being active before the sinus arrhythmia and
bradycardia, but who became mostly sedentary after the
sinus arrhythmia and bradycardia, respectively.

[0063] FIGS. 7a-7b are graphical views of activity profiles
of two different patients alternating between walking and
resting, according to an embodiment of the present disclo-
sure. In particular, FIGS. 7a and 7b provide examples of a
study in which a patient alternated between walking and
resting. The short-dashed lines indicate activity types as
derived from activity logs, the long-dashed lines are the
active versus rest detection, and the solid line is the activity
intensity in mG as derived via the methods described above
with respect to FIG. 3. As shown in FIGS. 74 and 75, the
amount of data required to accurately construct an activity
profile is reduced via the methods of the present disclosure
with respect to FIG. 3, while ensuring that patient activity
and posture may be continuously tracked and that patient
activity instances as short as a 4-minute walk and/or activity
durations may be accurately detected.

[0064] FIG. 8 is an exploded view, respectively, of a
patient medical device 800, according to an embodiment of
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the present disclosure. In the embodiment shown in FIG. 8,
patient medical device 800 is an adherent device, but as
described above may also be implemented as an implantable
device, an injectable device, or similar wearable device. In
the embodiment shown in FIG. 8, adherent device 800
includes adherent tape 8107, electrodes 8124, 812B, 812C,
812D with gels 814A, 814B, 814C, 814D, printed circuit
board (PCB) 820, flexible connector 8224, electrical com-
ponents/sensors 830 mounted on PCB 820, batteries 850,
electronics housing cover 860, and flexible cover 862.

[0065] Adherent device 800 comprises an accelerometer
and at least two electrodes—although the embodiment
shown in FIG. 8 includes electrodes 812A, 812B, 812C and
812D. Adherent device 800 may comprise a maximum
dimension, for example a maximum length from about 4 to
10 inches, a maximum thickness along a profile of the device
from about 0.2 inches to about 0.6 inches, and a maximum
width from about 2 to about 4 inches. The adherent patch
800 comprises a first side, or a lower side 810A, that is
oriented toward the skin of the patient when placed on the
patient. The adherent patch 800 may also comprise a tape
810T, which is a material, preferably breathable, with an
adhesive (not shown) to adhere to patient P. Electrodes
812A, 812B, 812C and 812D are aflixed to adherent patch
800. In many embodiments, at least four electrodes are
attached to the patch. Gels 814A, 814B, 814C and 814D can
each be positioned over electrodes 812A, 812B, 812C and
812D, respectively, to provide electrical conductivity
between the electrodes and the skin of the patient. Adherent
patch 800 also comprises a second side, or upper side 810B.
In many embodiments, electrodes 812A, 812B, 812C and
812D extend from lower side 810A through adherent patch
100 to upper side 810B. An adhesive can be applied to upper
side 810B to adhere structures, for example a breathable
cover, to the patch such that the patch can support the
electronics and other structures when the patch is adhered to
the patient. In many embodiments, adherent patch 100 may
comprise a layer of breathable tape 810T, for example a
tricot-knit polyester fabric, to allow moisture vapor and air
to circulate to and from the skin of the patient through the
tape. Electrical signals received at electrodes 812A-812D
may be communicated to electronic components 830 via
flexible connection 822A, which is connected to a PCB (not
shown). Cover 860 is positioned over batteries 850 and
electronic components 830 to provide protection for both. In
addition, flexible cover 862 is positioned to encase the
flexible PCB 820, electronics components 830, and/or
adherent patch 810 so as to protect at least the electronics
components and the PCB

[0066] Electronic components 830 may include an accel-
erometer configured to measure an activity and posture of a
patient. In particular, the accelerometer may include an
activity sensor and/or activity circuitry for monitoring, cap-
turing, and processing accelerometer signals, as well as
extracting patient activity and posture information and
report activity profiles. In many embodiments, the acceler-
ometer may further include an analog-to-digital converter
and/or a processor for sampling accelerometer signals at
non-regular timing intervals (e.g., a timing jitter) and/or for
sampling signals at one or more of a first sampling rate, a
second sampling rate, and a reduced sampling rate. The
accelerometer may include a three-axis accelerometer, such
as the one described above. The accelerometer may include
an X-axis, a y-axis, and a z-axis, each of which may be
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sensitivity to gravity such that the orientation of the patient
and/or accelerometer may be determined in relation to
gravity. As shown above with respect to FIG. 1, the three
axes of the three-axis accelerometer may be aligned with
one or more of the patient coordinate system 100P and the
3D coordinate reference system 112XYZ.

[0067] In addition, electronic components 830 may
include ECG circuitry utilized to generate electrocardiogram
signals and data from two or more of electrodes 812A, 812B,
812C and 812D in many ways. In some embodiments, ECG
circuitry (not shown) is connected to inner electrodes 812B
and 812C, which may comprise sense electrodes of the
impedance circuitry as described above. In many embodi-
ments, the ECG circuitry may measure the ECG signal from
electrodes 812A and 812D when current is not passed
through electrodes 812A and 812D. In addition, electronic
components 830 may include bioimpedance circuitry con-
nected to two or more of electrodes 812A, 812B, 812C and
812D to allow electronic components 830 to measure a
bioimpedance associated with the patient.

[0068] In addition, electronic circuitry 830 may comprise
a processor module that can be configured to analyze
physiological parameters monitored by adherent device 800
and to control collection and transmission of data from the
electrocardiogram circuitry. In one embodiment, the proces-
sor module included as part of electronic circuitry 830
comprises a tangible medium, for example read only
memory (ROM), electrically erasable programmable read
only memory (EEPROM) and/or random access memory
(RAM). Tangible medium may, for example, store one or
more of threshold levels, population-based baseline data,
patient-specific baseline data, recently monitored physi-
ological data, and previously captured physiological data, as
discussed above. Processing of monitored physiological
parameters such as accelerometer signals and/or ECG sig-
nals may be distributed between the local processor module
included as part of electronic circuitry 830 and remote
monitoring system 106 (shown in FIG. 1).

[0069] In one embodiment, a processor and/or a process-
ing module include electronic circuitry configured to moni-
tor accelerometer signals and/or ECG signals of a patient;
capture and process accelerometer signals at a reduced
sampling rate and at non-regular intervals, as well as ECG
segments, in response to triggering events; extract patient
activity and posture information from the captured and
processed accelerometer signal; and/or report activity pro-
files with patient activity and posture information. The
processor and/or processing module may also communicate
and/or transmit accelerometer signals/data, ECG signals,
and/or captured ECG segments to a remote monitoring
center for review by an analysis.

[0070] In many embodiments, electronics components
830 comprise wireless communications circuitry (not
shown) to communicate with remote center 106. The PCB
(not shown) may comprise an antenna to facilitate wireless
communication. The antenna may be integral with the PCB
or may be separately coupled thereto. The wireless commu-
nication circuitry can be coupled to the accelerometer and/or
electrocardiogram circuitry to transmit to a remote center
with a communication protocol at least one of the acceler-
ometer signals, electrocardiogram signals, or other features
collected by the adherent device 800. In specific embodi-
ments, the wireless communication circuitry is configured to
transmit collected physiological parameters to remote center
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106 (shown in FIG. 1) either directly or through gateway
102. The communication protocol comprises at least one of
Bluetooth, ZigBee, WiFi, WiMAX, IR, amplitude modula-
tion or frequency modulation. In many embodiments, the
communications protocol comprises a two-way protocol
such that the remote center is capable of issuing commands
to control data collection. For example, in one embodiment
a HCP may push updated sampling rates, timing jitters,
and/or urgent notifications to adherent device 800. For
example, a sampling rate may be increased and/or
decreased, or a timing jitter may be altered, to improve a
quality of data being collected. In addition, an urgent noti-
fication may be pushed to a patient to alert patient that urgent
medical attention may be necessary. C

[0071] FIG. 9 is a perspective view of an insertable
monitoring device 900 according to an embodiment of the
present invention. In the embodiment shown in FIG. 9,
insertable cardiac monitor 900 is defined by a length [, a
width W and thickness or depth D and is in the form of an
elongated rectangular prism wherein the length L is much
larger than the width W, which in turn is larger than the depth
D. In one embodiment, the geometry of the insertable
cardiac monitor 900—in particular a width W greater than
the depth D—is selected to allow the cardiac monitor 900 to
be inserted under the skin of the patient using a minimally
invasive procedure and to remain in the desired orientation
during insert. For example, the device shown in FIG. 9
includes radial asymmetries (notably, the rectangular shape)
along the longitudinal axis that maintains the device in the
proper orientation following insertion. For example, in one
embodiment the spacing between proximal electrode 904
and distal electrode 906 may range from 30 millimeters
(mm) to 55 mm, 35 mm to 55 mm, and from 40 mm to 55
mm and may be any range or individual spacing from 25 mm
to 60 mm In addition, insertable cardiac monitor 900 may
have a length L that ranges from 30 mm to about 70 mm In
other embodiments, the length I may range from 40 mm to
60 mm, 45 mm to 60 mm and may be any length or range
of lengths between about 30 mm and about 70 mm In
addition, the width W of major surface 908 may range from
3 mm to 10 mm and may be any single or range of widths
between 3 mm and 10 mm The thickness of depth D of
cardiac monitor device 900 may range from 2 mm to 9 mm.
In other embodiments, the depth D of insertable cardiac
monitor 900 may range from 2 mm to 5 mm and may be any
single or range of depths from 2 mm to 9 mm In addition,
insertable cardiac monitor 900 according to an embodiment
of the present invention is has a geometry and size designed
for ease of implant and patient comfort. Embodiments of
insertable cardiac monitor 900 described in this disclosure
may have a volume of three cubic centimeters (cm) or less,
1.5 cubic cm or less or any volume between three and 1.5
cubic centimeters.

[0072] In the embodiment shown in FIG. 9, once inserted
within the patient, the first major surface 908 faces outward,
toward the skin of the patient while the second major surface
910 is located opposite the first major surface 908. In
addition, in the embodiment shown in FIG. 9, proximal end
912 and distal end 914 are rounded to reduce discomfort and
irritation to surrounding tissue once inserted under the skin
of the patient.

[0073] The insertable cardiac monitor 900 includes an
accelerometer as well as electrodes. In particular, proximal
electrode 904 and distal electrode 906 may be used to sense
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cardiac signals for determining abnormal cardiac events
(e.g., bradycardia, tachycardia, etc.). ECG signals may be
stored in a memory of the insertable cardiac monitor 900,
and ECG data may be transmitted via integrated antenna 922
to another medical device, which may be another implant-
able device or an external device, or to a remote monitoring
center. In alternative applications, electrodes 904 and 906
may be used for sensing any bio-potential signal of interest,
which may be, for example, an EGM, EEG, EMG, or a nerve
signal, from any implanted location.

[0074] In the embodiment shown in FIG. 9, proximal
electrode 904 is in close proximity to the proximal end 912
and distal electrode 906 is in close proximity to distal end
914. In this embodiment, distal electrode 906 is not limited
to a flattened, outward facing surface, but may extend from
first major surface 908 around rounded edges 916 and onto
the second major surface 910 so that the electrode 906 has
a three-dimensional curved configuration. In the embodi-
ment shown in FIG. 9, proximal electrode 904 is located on
first major surface 908 and is substantially flat, outward
facing. However, in other embodiments proximal electrode
904 may utilize the three dimensional curved configuration
of distal electrode 906, providing a three dimensional proxi-
mal electrode (not shown in this embodiment). Similarly, in
other embodiments distal electrode 906 may utilize a sub-
stantially flat, outward facing electrode located on first
major surface 908 similar to that shown with respect to
proximal electrode 904. The various electrode configura-
tions allow for configurations in which proximal electrode
904 and distal electrode 906 are located on both first major
surface 908 and second major surface 910. In other con-
figurations, such as that shown in FIG. 9, only one of
proximal electrode 904 and distal electrode 906 is located on
both major surfaces 908 and 910, and in still other configu-
rations both proximal electrode 904 and distal electrode 906
are located on one of the first major surface 908 or the
second major surface 910 (ie., proximal electrode 904
located on first major surface 908 while distal electrode 906
1s located on second major surface 910). In another embodi-
ment, insertable monitoring device 900 may include elec-
trodes on both major surface 908 and 910 at or near the
proximal and distal ends of the device, such that a total of
four electrodes are included on insertable monitoring device
900. Electrodes 904 and 906 may be formed of a plurality of
different types of biocompatible conductive material, e.g.
stainless steel, titanium, platinum, iridium, or alloys thereof,
and may utilize one or more coatings such as titanium nitride
or fractal titanium nitride.

[0075] In the embodiment shown in FIG. 9, proximal end
912 includes a header assembly 920 that includes one or
more of proximal electrode 904, integrated antenna 922,
anti-migration projections 924, and/or suture hole 926. Inte-
grated antenna 922 is located on the same major surface (i.e.,
first major surface 908) as proximal electrode 904 and is also
included as part of header assembly 920. Integrated antenna
922 allows insertable monitoring device 900 to transmit
and/or receive data. In other embodiments, integrated
antenna 922 may be formed on the opposite major surface as
proximal electrode 904, or may be incorporated within the
housing 922 of insertable monitoring device 900. In one
embodiment, electronic circuitry (not shown) may be
housed within housing 922. As described above with respect
to FIG. 1, electronic circuitry may include a tangible
medium for storing baseline and threshold levels with
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respect to triggering events, as well as monitored, captured,
and processed accelerometer signals and ECG signals/seg-
ments. In addition, electronic circuitry may include sensing
circuitry for sensing one or more physiological parameters,
such as ECG signals and accelerometer signals. Electronic
circuitry may further include a processor module for pro-
cessing accelerometer signals at a reduced sampling rate and
at non-regular intervals and ECG signals to detect arrhyth-
mic ECG segments.

[0076] In the embodiment shown in FIG. 9, anti-migration
projections 924 are located adjacent to integrated antenna
922 and protrude away from first major surface 908 to
prevent longitudinal movement of the device. In the embodi-
ment shown in FIG. 9, anti-migration projections 924
includes a plurality (e.g., nine) small bumps or protrusions
extending away from first major surface 908. As discussed
above, in other embodiments anti-migration projections 924
may be located on the opposite major surface as proximal
electrode 904 and/or integrated antenna 922. In addition, in
the embodiment shown in FIG. 9 header assembly 920
includes suture hole 926, which provides another means of
securing insertable monitoring device 900 to the patient to
prevent movement following insert. In the embodiment
shown, suture hole 926 is located adjacent to proximal
electrode 904. In one embodiment, header assembly 920 is
a molded header assembly made from a polymeric or plastic
material, which may be integrated or separable from the
main portion of insertable monitoring device 900.

Discussion of Possible Embodiments

[0077] The following are non-exclusive descriptions of
possible embodiments of the present invention.

[0078] A method of monitoring a patient comprising gen-
erating an accelerometer signal of a patient via a patient
medical device and sampling the accelerometer signal at a
sampling rate that utilizes non-regular timing intervals.

[0079] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively any, one or
more of the following features, configurations and/or addi-
tional components.

[0080] The method may further include wherein the sam-
pling rate is a second sampling rate and further comprising
a first sampling rate, wherein the accelerometer signal is
sampled at the first sampling rate before the accelerometer
signal is sampled at the second sampling rate, wherein the
first sampling rate is much higher than the second sampling
rate.

[0081] The method may further include wherein the
sampled accelerometer signal retains low frequency content
and high frequency content.

[0082] The method may further include wherein the low
frequency content includes posture information and the high
frequency content includes activity information.

[0083] The method may further include wherein at least
one of the posture information and activity information is
utilized to prioritize a reporting of one or more arrhythmic
episodes.

[0084] The method may further include wherein at least
one of the posture information and activity information is
utilized to determine a severity level of one or more arrhyth-
mic episodes.
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[0085] The method may further include wherein the sever-
ity level of the arrhythmia is high if a tachycardia is detected
and the activity level of the patient is one or more of
sedentary or low.

[0086] The method may further include wherein the sever-
ity level of the arrhythmia is high if a bradycardia is detected
and the activity level of the patient is one or more of low or
higher.

[0087] The method may further include wherein at least
one of the posture information and activity information is
utilized to determine a level of debilitation of a patient.
[0088] The method may further include wherein at least
one of the posture information and activity information is
communicated to a remote monitoring center.

[0089] The method may further include extracting patient
activity and posture information from the captured and
processed accelerometer signal.

[0090] The method may further include reporting an activ-
ity profile, the activity profile including the extracted patient
activity and posture information.

[0091] In another embodiment, a patient medical device
comprises sensors for monitoring an accelerometer signal of
a patient; and circuitry for sampling the accelerometer signal
at a sampling rate that utilizes non-regular timing intervals.
[0092] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively any, one or
more of the following features, configurations and/or addi-
tional components.

[0093] The medical device may further include wherein
the sampling rate is a second sampling rate and further
comprising a first sampling rate, wherein the accelerometer
signal is sampled at the first sampling rate before the
accelerometer signal is sampled at the second sampling rate,
wherein the first sampling rate is much higher than the
second sampling rate.

[0094] The medical device may further include wherein
the sampled accelerometer signal retains low frequency
content and high frequency content, the low frequency
content including posture information and the high fre-
quency content include activity information.

[0095] The medical device may further include wherein at
least one of the posture information and activity information
is utilized to construct an activity profile.

[0096] The medical device may further include wherein at
least one of the posture information and activity information
is utilized to prioritize a reporting of one or more arrhythmic
episodes.

[0097] The medical device may further include wherein at
least one of the posture information and activity information
is utilized to determine a severity level of one or more
arrhythmic episodes.

[0098] The medical device may further include wherein at
least one of the posture information and activity information
is utilized to determine a level of debilitation of a patient.
[0099] The medical device may further include sensors for
monitoring an electrocardiogram (ECG) signal of a patient.
[0100] Another embodiment provides a method of pro-
cessing physiological signals comprising monitoring ECG
signals and accelerometer signals of a patient via a patient
medical device and capturing an ECG segment and sampling
the accelerometer signal at a sampling rate that utilizes
non-regular timing intervals.
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[0101] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively any, one or
more of the following features, configurations and/or addi-
tional components.

[0102] The method may further include wherein the sam-
pling rate is a second sampling rate and further comprising
a first sampling rate, wherein the accelerometer signal is
sampled at the first sampling rate before the accelerometer
signal is sampled at the second sampling rate, wherein the
first sampling rate is much higher than the second sampling
rate.

[0103] The method may further include wherein all moni-
tored ECG signals are captured and stored and all acceler-
ometer signals are sampled and stored.

[0104] The method may further include wherein the stored
ECG signals and accelerometer signals are communicated to
a remote monitoring center.

[0105] The method may further include wherein the accel-
erometer signal is sampled in response to a triggering event
based on the ECG segment.

[0106] The method may further include wherein the trig-
gering event is an abnormal ECG segment.

[0107] The method may further include wherein the ECG
segment is captured in response to a triggering event based
on the accelerometer signal.

[0108] The method may further include wherein the trig-
gering event is an abnormal accelerometer signal.

[0109] Other embodiments of the present disclosure are
possible. Although the description above contains much
specificity, these should not be construed as limiting the
scope of the disclosure, but as merely providing illustrations
of some of the presently preferred embodiments of this
disclosure. It is also contemplated that various combinations
or sub-combinations of the specific features and aspects of
the embodiments may be made and still fall within the scope
of this disclosure. It should be understood that various
features and aspects of the disclosed embodiments can be
combined with or substituted for one another in order to
form various embodiments. Thus, it is intended that the
scope of at least some of the present disclosure should not
be limited by the particular disclosed embodiments
described above.

[0110] Thus the scope of this disclosure should be deter-
mined by the appended claims and their legal equivalents.
Therefore, it will be appreciated that the scope of the present
disclosure fully encompasses other embodiments which may
become obvious to those skilled in the art, and that the scope
of the present disclosure is accordingly to be limited by
nothing other than the appended claims, in which reference
to an element in the singular is not intended to mean “one
and only one” unless explicitly so stated, but rather “one or
more.” All structural, chemical, and functional equivalents
to the elements of the above-described preferred embodi-
ment that are known to those of ordinary skill in the art are
expressly incorporated herein by reference and are intended
to be encompassed by the present claims. Moreover, it is not
necessary for a device or method to address each and every
problem sought to be solved by the present disclosure, for it
to be encompassed by the present claims. Furthermore, no
element, component, or method step in the present disclo-
sure is intended to be dedicated to the public regardless of
whether the element, component, or method step is explic-
itly recited in the claims.
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[0111] The foregoing description of various preferred
embodiments of the disclosure have been presented for
purposes of illustration and description. It is not intended to
be exhaustive or to limit the disclosure to the precise
embodiments, and obviously many modifications and varia-
tions are possible in light of the above teaching. The
example embodiments, as described above, were chosen and
described in order to best explain the principles of the
disclosure and its practical application to thereby enable
others skilled in the art to best utilize the disclosure in
various embodiments and with various modifications as are
suited to the particular use contemplated. It is intended that
the scope of the disclosure be defined by the claims
appended hereto

[0112] Various examples have been described. These and
other examples are within the scope of the following claims.

What is claimed is:

1. A method of monitoring a patient, comprising:

generating an accelerometer signal of a patient via a

patient medical device; and

sampling the accelerometer signal at a sampling rate that

utilizes non-regular timing intervals.

2. The method of claim 1, wherein the sampling rate is a
second sampling rate and further comprising a first sampling
rate, wherein the accelerometer signal is sampled at the first
sampling rate before the accelerometer signal is sampled at
the second sampling rate, wherein the first sampling rate is
much higher than the second sampling rate.

3. The method of claim 1, wherein the sampled acceler-
ometer signal retains low frequency content and high fre-
quency content.

4. The method of claim 3, wherein the low frequency
content includes posture information and the high frequency
content includes activity information.

5. The method of claim 4, wherein at least one of the
posture information and activity information is utilized to
prioritize a reporting of one or more arrhythmic episodes.

6. The method of claim 4, wherein at least one of the
posture information and activity information is utilized to
determine a severity level of one or more arthythmic epi-
sodes.

7. The method of claim 6, wherein the severity level of the
arrhythmia is high if a tachycardia is detected and the
activity level of the patient is one or more of sedentary or
low.

8. The method of claim 6, wherein the severity level of the
arthythmia is high if a bradycardia is detected and the
activity level of the patient is one or more of low or higher.

9. The method of claim 4, wherein at least one of the
posture information and activity information is utilized to
determine a level of debilitation of a patient.

10. The method of claim 4, wherein at least one of the
posture information and activity information is communi-
cated to a remote monitoring center.

11. The method of claim 1, further comprising extracting
patient activity and posture information from the captured
and processed accelerometer signal.

12. The method of claim 1, further comprising reporting
an activity profile, the activity profile including the extracted
patient activity and posture information.

13. A patient medical device, comprising:

sensors for monitoring an accelerometer signal of a

patient; and
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circuitry for sampling the accelerometer signal at a sam-

pling rate that utilizes non-regular timing intervals.

14. The patient medical device of claim 13, wherein the
sampling rate is a second sampling rate and further com-
prising a first sampling rate, wherein the accelerometer
signal is sampled at the first sampling rate before the
accelerometer signal is sampled at the second sampling rate,
wherein the first sampling rate is much higher than the
second sampling rate.

15. The patient medical device of claim 13, wherein the
sampled accelerometer signal retains low frequency content
and high frequency content, the low frequency content
including posture information and the high frequency con-
tent include activity information.

16. The patient medical device of claim 15, wherein at
least one of the posture information and activity information
is utilized to construct an activity profile.

17. The patient medical device of claim 15, wherein at
least one of the posture information and activity information
is utilized to prioritize a reporting of one or more arrhythmic
episodes.

18. The patient medical device of claim 15, wherein at
least one of the posture information and activity information
is utilized to determine a severity level of one or more
arrhythmic episodes.

19. The patient medical device of claim 15, wherein at
least one of the posture information and activity information
is utilized to determine a level of debilitation of a patient.

20. The patient medical device of claim 13, further
comprising sensors for monitoring an electrocardiogram
(ECG) signal of a patient.
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21. A method of processing physiological signals, com-
prising:

monitoring ECG signals and accelerometer signals of a

patient via a patient medical device; and

capturing an ECG segment and sampling the accelerom-

eter signal at a sampling rate that utilizes non-regular
timing intervals.

22. The method of claim 21, wherein the sampling rate is
a second sampling rate and further comprising a first sam-
pling rate, wherein the accelerometer signal is sampled at the
first sampling rate before the accelerometer signal is
sampled at the second sampling rate, wherein the first
sampling rate is much higher than the second sampling rate.

23. The method of claim 21, wherein all monitored ECG
signals are captured and stored and all accelerometer signals
are sampled and stored.

24. The method of ¢laim 23, wherein the stored ECG
signals and accelerometer signals are communicated to a
remote monitoring center.

25. The method of claim 21, wherein the accelerometer
signal is sampled in response to a triggering event based on
the ECG segment.

26. The method of claim 25, wherein the triggering event
is an abnormal ECG segment.

27. The method of claim 21, wherein the ECG segment is
captured in response to a triggering event based on the
accelerometer signal.

28. The method of claim 27, wherein the triggering event
is an abnormal accelerometer signal.
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