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(57) ABSTRACT

A system and method of detecting and classifying atrial
fibrillations (AFs) monitors an electro-cardiogram (ECG)
signal of the patient. Based on the monitored ECG signals,
AF episodes are detected. Monitored physiological param-
eters are utilized to determine an activity level of the patient
at the time of the detected AF episode, wherein the activity
level is associated with the detected AF episode. The etiol-
ogy of the detected AF episodes is classified as adrenergic if
the AF episodes occur while the patient is active, and
classified as vagal if the AF episodes occur while the patient
is at rest.
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SYSTEM AND METHOD FOR MONITORING
AND CLASSIFYING ATRIAL
FIBRILLATIONS

TECHNICAL FIELD

[0001] The present disclosure is related in general to
patient monitoring and in particular to monitoring, detecting
and classifying atrial fibrillations (AFs).

BACKGROUND

[0002] Atrial fibrillation (AF) is a condition that results in
the irregular and oftentimes rapid beating of the heart,
sometimes also referred to as an arrhythmic condition.
Although AF may not in and of itself represent a threat to the
health of the patient, it may represent a symptom of an
underlying problem. Differentiating between different types
of AF allows a physician to better diagnose and treat the
underlying problem.

[0003] Atrial fibrillation is detected by monitoring the
electrical signals (e.g., electrocardiogram signals) associated
with the patient. Electrocardiogram signals are monitored by
attaching two or more leads to the patient and monitoring the
electrical response. In some cases, a physician or doctor will
monitor ECG signals while putting the patient through a
series of exercises such as walking on a treadmill or riding
a stationary bike. The resulting ECG signal is analyzed to
determine whether the patient is subject to AF. However, this
requires the patient to be present in the physician’s office and
for the arrhythmia condition to present during the prescribed
duration of the exam or test.

[0004] It would therefore be beneficial to develop a system
that provides long-term monitoring and detection of AFs,
which can be utilized to improve etiology of the atrial
fibrillations.

SUMMARY

[0005] Described herein is a system and method of detect-
ing and classifying atrial fibrillations (AFs). To this end, the
system monitors an electro-cardiogram (ECG) signal of the
patient and detects AF episodes based on the monitored
ECG signals. In addition, monitored physiological param-
eters are utilized to determine an activity level of the patient
at the time of the detected AF episode, wherein the activity
level is associated with detected AF episodes. Based on a
combination of the detected AF episodes and associated
activity levels, the cause of the AF episodes are classified as
adrenergic or vagal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates a schematic view of a monitoring
and treatment system comprising a patient utilizing a medi-
cal device measuring one or more physiological values,
according to an embodiment of the present invention.
[0007] FIGS. 2A-2C are flowcharts that illustrate steps
performed to differentiate between different types of
arrhythmias according to an embodiment of the present
invention.

[0008] FIGS. 3A-3B are charts generated as part of a
monitoring report that correlates identification of arrhyth-
mias in a patient with activity levels of the patient according
to an embodiment of the present invention.

[0009] FIGS. 4A-4B are charts generated as part of a
monitoring report that graphically correlate the identifica-
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tion of arrhythmias in a patient with activity levels of the
patient according to an embodiment of the present invention.

[0010] FIGS. SA-5D are bar charts generated as part of a
monitoring report that graphically illustrate the relationship
between detected arrhythmias and patient state utilized to
aid in determining the etiology of the detected arrhythmia
according to an embodiment of the present invention.

[0011] FIGS. 6A-6D are bar charts generated as part of a
monitoring report that graphically illustrate the relationship
between detected arrhythmias and patient state utilized to
aid in determining the etiology of the detected arrhythmia
according to an embodiment of the present invention.

[0012] FIGS. 7A-7D are bar charts generated as part of a
monitoring report that graphically illustrate the relationship
between detected arrhythmias and patient state utilized to
aid in determining the etiology of the detected arrhythmia
according to an embodiment of the present invention.

[0013] FIGS. 8A-8D are bar charts generated as part of a
monitoring report that graphically illustrate the relationship
between detected arrhythmias and patient state utilized to
aid in determining the etiology of the detected arrhythmia
according to an embodiment of the present invention.

[0014] FIG. 9 shows an exploded view of an adherent
device according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0015] The present invention is related to a system and
method of monitoring and classifving arrhythmias. In par-
ticular, a patient device is utilized to monitor electrical
signals from the patient (ECG) to detect atrial fibrillations.
In addition, the patient device is utilized to collect one or
more additional physiological parameters from the patient to
determine a patient state (e.g., activity state). The etiology of
the detected arrhythmias is determined based on the col-
lected information and communicated to a physician.

[0016] A benefit of the system and method described
herein, is that it does not require a patient to be present in the
physician’s office to collect the data. Rather, the patient
wears the device for an extended period of time (e.g.
monitoring period), and data is collected as the patient
undergoes normal day to day activities, including periods of
rest and periods of activity. In addition, the system and
method described herein prevents the physician/doctor from
having to review all data collected over the period of time
the patient wears the adherent/implantable device. This
provides considerable time-savings to health care providers,
without sacrificing quality of the care provided.

[0017] FIG. 1 shows a patient P and a monitoring system
10. Patient P comprises a midline M, a first side S1, for
example a right side, and a second side S2, for example a left
side. Monitoring system 10 comprises a patient measure-
ment device 100, gateway 102, and remote monitoring
center 106. In the embodiment shown in FIG. 1, patient
measurement device 100 (hereinafter, “adherent device
100”) is an adherent device that attaches to the skin of the
patient, but in other embodiments may be an implantable or
injectable device. Adherent device 100 can be adhered to a
patient P at many locations, for example thorax T of patient
P. In many embodiments, the adherent device may adhere to
one side of the patient, from which side data can be
collected. A benefit of utilizing an adherent device such as
adherent device 100 is that it may be utilized to collect
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physiological data from the patient while the patient goes
about normal day-to-day activities outside of a hospital
setting.

[0018] Adherent device 100 is capable of monitoring a
variety of different types of data, including one or more of
electro-cardiogram signals (ECG), bio-impedance, respira-
tion, heart rate, heart rhythm, heart rate variability (HRV),
heart rate turbulence (HRT), heart sounds, respiratory
sounds, blood pressure, activity (e.g., rest, active), posture,
and wake/sleep. In one embodiment, ECG signals are uti-
lized to automatically detect arrhythmic states. In other
embodiments the patient may initiate a patient-triggered
arrhythmia signal (e.g., by depressing a button or switch on
adherent device 100) to trigger a patient detected arrhythmic
event. As described in more detail below, additional physi-
ological parameters are measured/monitored by adherent
device 100 and utilized either alone or in combination to
make determinations regarding patient state (e.g., patient
motion may be monitored to determine an activity level of
the patient).

[0019] Adherent device 100 can wirelessly communicate
with remote center 106. The communication may occur
directly (via a cellular or Wi-Fi network), or indirectly
through intermediate device or gateway 102. The gateway
102 may comprise components of the zLink™, a small
portable device similar to a cell phone that wirelessly
transmits information received from adherent device 100 to
remote monitoring center 106. The gateway 102 may consist
of multiple devices, which can communicate wired or wire-
lessly 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 diagnosis. Remote center 106 may
further or alternatively comprise a back-end operation where
physiological data from adherent device 100 are read by
expert human operators to verify accuracy. For example,
ECG strips captured and communicated to remote center
106 from adherent device 100 can be adjudicated for
arrhythmias by experts located at remote center 106. Com-
munication may include physiological data monitored by
adherent device 100 or may include analysis/reports genet-
ated locally by adherent device 100.

[0020] 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 1027, 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 monitored by adherent device 100
may be analyzed by one or more of the distributed proces-
sors included as part of adherent device 100, gateway 102,
and/or remote monitoring center 106.

[0021] In an exemplary embodiment, adherent device 100
may continuously monitor physiological parameters, com-
municate wirelessly with a remote center, and provide alerts
when necessary. The adherent patch may attach to the
patient’s thorax and contains sensing electrodes, battery,
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memory, logic, and wireless communication capabilities. In
on embodiment described in more detail with respect to
FIGS. 2A-2C, adherent device 100 collects physiological
data from the patient, some of which may be communicated
to remote center 106 for verification. In addition, adherent
device 100 locally processes monitored physiological data to
detect, classify and generate reports related to arrhythmia
etiology. One or more of the monitored physiological data
and generated reports may then be communicated to remote
center 106 for physician review/verification. In other
embodiments, monitored data collected by adherent device
100 is communicated to remote monitoring system 106,
which analyzes the data to detect, classify and generate
reports related to arrhythmia etiology. A benefit of locally
processing collected data (i.e., processing on adherent
device 100), is that this decreases the amount of data that
must be communicated to remote center 106. However, this
is at the expense of requiring additional processing power
located locally on adherent device 100.

[0022] FIGS. 2A-2C are flowcharts that illustrate steps
performed to differentiate between types of arrhythmias
according to an embodiment of the present invention. In
particular, the embodiment shown in FIGS. 3A-3C illustrate
analysis of physiologic data collected from a patient to
differentiate between vagal atrial fibrillation (AF) and adren-
ergic AF.

[0023] At step 202, prior to beginning the analysis of
collected or soon to be collected physiological data, a
number of variables are initialized. In the embodiment
shown in FIG. 2A, variables include a count of resting AF
ECG strips indicative of vagal AF included in final report
(NV); total number of resting AF episodes indicative of
vagal AF in the monitoring period (TNV); total resting AF
burden/duration indicative of vagal AF in monitoring period
(VAFB); number of active AF ECG strips indicative of
adrinergic AF included final report (NA); total number of
active AF episodes indicative of adrenergic AF in the
monitoring period (TNA); and total active AF burden/
duration indicative of adrenergic AF in the monitoring
period (AAFB). In the embodiment shown in FIG. 2A, each
of these values is initialized to zero, although in other
embodiments initialization may be provided at different
values. In addition, the variable NV describes the number
of resting AF ECG strips to be collected in the final report
and NA . describes the number of active AF ECG strips to be
collected in the final report. These are maximum values that
may be selectively determined by a physician or user to
dictate how many AF ECG strips are recorded and provided
for analysis. In many embodiments, while the patient may
experience tens or hundreds of AF events, it is only benefi-
cial to provide a subset of those events to the physician for
review. With these variables the physician may determine
the number of AF events needed for review.

[0024] At step 206, the monitoring procedure begins and/
or continues, with electrocardiogram (ECG) signals being
monitored by adherent/implantable device 100. Monitoring
of ECG signals at step 206 may begin following the initia-
tion step described with respect to step 202, or in response
to a previous monitoring period ending as described below.
[0025] At step 208, a determination is made whether the
monitoring period has ended. The monitoring period may be
defined as period of time (e.g., days, weeks), or may be
defined by the operability of the adherent/implantable
device. For example, if it is detected that the adherent device
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is no longer adhered to the patient, then the monitoring
period may also be terminated. If the monitoring period has
ended, then the analysis continues at step 210 with reporting
of the results—described in more detail with respect to FIG.
2C. If it is determined at step 208 that the monitoring period
has not yet ended, then the process continues at step 212
with analysis of the monitored ECG signal, shown in FIG.
2B.

[0026] As shown in FIG. 2B, if the monitoring period has
not ended, then at step 216 the monitored ECG signal is
analyzed to detect atrial fibrillation. A number of well-
known algorithms may be utilized to detect the presence of
AF in a patient based on a measured ECG of the patient. In
general, an AF event is characterized by rapid and irregular
beating, although may not be accompanied by any external
symptoms of the patient (e.g., no evidence of fainting,
shortness of breath, or chest pain).

[0027] At step 218 a determination is made regarding
whether AF was detected. If no AF was detected at step 216
then the process continues at step 206—shown in FIG.
2A—in which adherent/implantable device 100 continues
monitoring the ECG signal. If AF is detected at step 218,
then at step 220 the activity level of the patient is reviewed.
In particular, in the embodiment shown in FIG. 2B, at step
220 a determination is made regarding the activity level of
the patient. The determination regarding the activity level of
the patient may be based on one or more physiological
values monitored by the adherent/implantable device. For
example, activity sensor and activity circuitry included as
part of adherent device 100 may be used to collect physi-
ological signals related to the activity level of the patient,
wherein activity sensors may include one or more of ball
switch, accelerometer, minute ventilation, HR, bioimped-
ance noise, skin temperature/heat flux, BP, muscle noise,
posture. In other embodiments, various other physiological
parameters may utilized in conjunction with physiological
parameters monitored by activity sensor and circuitry, such
as heart rate, respiration rate, etc. The activity threshold
utilized to determine whether a patient is in an active state
or a rest state may be based on one or more of the monitored
physiological values, and may utilize a patient dependent
threshold.

[0028] If at step 220 it is determined that the patient is in
an active state, then at step 224 a total count of active AF
episodes detected is incremented as illustrated by the equa-
tion (TNA=TNA+1). In addition at step 224, the AF episode
duration is added to the total active AF burden/duration
within the monitoring period. In one embodiment this
includes determining the length of time the AF episode
persists (e.g., end time—start time), and adding the mea-
sured length of time to a total duration of AF episodes
measured while the patient is in an active state. In addition
to incrementing/modifying variables related to AFs detected
during an active patient state, physiologic data measured
during the detected AF is recorded, including ECG data
related to the detected AF, time of day information, posture
data, respiration rate data, and or other data related to patient
state at the time of the detected AF. This data may be stored
locally, or may be communicated from adherent/implantable
device 100 to gateway 102 and/or to remote center 106.
[0029] At step 226, a determination is made whether the
number of active AF ECGs captured and reviewed is less
than a maximum number of active AF ECG strips included
in the final report. If the number of active AF ECGs captures
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is less than the maximum number of active AF ECGs
allowed in the final report, then data—including ECG
data—from the detected AF event is communicated to
gateway 102 or remote center 106 for review by a physician
for verification of a detected AF event at step 226. If the
physician or reviewing party at gateway 102 or remote
center 106 agrees with the initial assessment of the event as
an AF event, then the total number of detected active AFs
indicative of adrenergic AF is incremented (NA=NA+1) and
the monitoring process continues at step 206—shown in
FIG. 2A. If the physician does not agree with the AF
assessment, then the total number of detected active AFs is
remained unchanged and the monitoring process still con-
tinues at step 236. When the total number of detected active
AFs indicative of adrenergic AF is incremented to the point
that the number is greater than the threshold number of
active AF episodes allowed for inclusion in the final report
(e.g., NA<NA,), then captured ECGs are no longer sent to
remote center 106 for review at step 228. Detection of AFs
and incrementing of the total number of AFs indicative of
adrenergic AF (TNA) are still incremented, but captured
ECGs are no longer communicated to a physician at remote
center 106 for review because the desired number of active
AF episodes in a monitoring period has already been
reached. The monitoring process then continues at step 206.

[0030] If at step 220 it is determined that the patient is in
an passive or rest state, then at step 230 a total count of
resting AF episodes detected is incremented as illustrated by
the equation (TNV=TNV+1). In addition at step 224, the AF
episode duration is added to the total resting AF burden/
duration within the monitoring period. In one embodiment
this includes determining the length of time the AF episode
persists (e.g., end time-start time), and adding the measured
length of time to a total duration of AF episodes measured
while the patient is in a rest state. In addition to increment-
ing/modifying variables related to AFs detected during a
resting patient state, physiologic data measured during the
detected AF is recorded, including ECG data related to the
detected AF, time of day information, posture data, respira-
tion rate data, and or other data related to patient state at the
time of the detected AF. This data may be stored locally, or
may be communicated from adherent/implantable device
100 to gateway 102 and/or to remote center 106.

[0031] At step 232, a determination is made whether the
number of resting AF ECGs captured and reviewed is less
than a maximum number of resting AF ECG strips included
in the final report. If the number of resting AF ECGs
captured is less than the maximum number of resting AF
ECGs allowed in the final report, then data—including ECG
data—from the detected AF event is communicated to
gateway 102 or remote center 106 for review by a physician
for verification of a detected AF event at step 234. If the
physician or reviewing party at gateway 102 or remote
center 106 agrees with the initial assessment of the event as
an AF event, then the total number of detected resting AFs
indicative of vagal AF is incremented (NV=NV+1) and the
monitoring process continues at step 206—shown in FIG.
2A. If the physician does not agree with the AF assessment,
then the total number of detected resting AFs is remained
unchanged and the monitoring process continues at step 206.
When the total number of detected active AFs indicative of
vagal AF is incremented to the point that the number is
greater than the threshold number of resting AF episodes
allowed for inclusion in the final report (e.g., NV<NV),
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then captured ECGs are no longer sent to remote center 106
for review at step 234. Detection of AFs and incrementing
of the total number of AFs indicative of vagal AF (TNV) are
still incremented, but captured ECGs are no longer commu-
nicated to a physician at remote center 106 for review
because the desired number of resting AF episodes in a
monitoring period has already been reached. The monitoring
process then continues at step 206, as shown in FIG. 2A.
[0032] When the monitoring period ends at step 208
(shown in FIG. 2A), then reporting of the events is initiated
at step 210. An exemplary report generated as part of the
reporting step is illustrated in FIG. 2C. In general, the
purpose of the report is to provide the physician or reviewer
with a snapshot of information useful in determining the
etiology of arrhythmic conditions, without requiring the
physician to review all monitored ECG data. Benefits of this
approach include a reduction in the total amount of data
communicated from adherent device 100 to remote center
106, and a reduction in the amount of data the physician
must review, thereby decreasing the amount of physician
time required.

[0033] In the embodiment shown in FIG. 2C, the final
report includes vagal AF evidence and adrenergic AF evi-
dence. With respect to vagal AF evidence, the data displayed
to the physician includes resting AF episodes captured prior
to exceeding the maximum number of resting AF episodes
to be included in the final report. For example, if a maximum
of three resting AF ECG strips are allowed, and three or
more incidences of resting AF episodes were detected and
captured, then the physician would be presented with three
resting AF ECG strips. If, on the other hand, only one
episode of resting AF was detected, then the physician
would only be presented with a single resting AF ECG strip.
In addition to ECG strips captured during the monitoring
process, the report also includes a count of the total number
of resting AF episodes detected (e.g., TNV). The total
number of resting AF episodes detected indicates the total
number of AF episodes detected while the patient was in a
rest state, regardless of whether an ECG was captured and
presented to the physician. In this way, the total number of
AF episodes detected while the patient is at rest (INV) may
be greater than the number of vagal AF ECGs displayed. In
addition, the report may also include the total resting AF
duration or resting AF burden (VAFB) indicating the total
amount of time the patient spend in a resting AF state.
[0034] In addition to collected AF information, the moni-
toring report may provide the physician with other moni-
tored physiological data monitored with respect to the
patient. In particular, the report includes graphical displays
relating/correlating detected resting AF episodes with other
parameters, such as time of day, patient posture, and patient
respiration rate. Similarly, resting AF burden or total time
spent in a resting AF state may be correlated with monitored
data including time of day, posture, and/or respiration.
[0035] Similarly, with respect to adrenergic AF evidence
the data displayed to the physician includes active AF
episodes captured prior to exceeding the maximum number
of active AF episodes to be included in the final report. As
described with respect to resting AF, the number of active
AF ECGs displayed is limited by the total number of active
AF ECG strips allowed. For example, if a maximum of three
active AF ECG strips are allowed, and three or more
incidences of active AF episodes were detected and cap-
tured, then the physician would be presented with three
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active AF ECG strips. However, in the embodiment shown
in FIG. 2C, only one active AF episode was detected, and
therefore only the one captured active AF ECG strip is
displayed to the physician for review. In addition to ECG
strips captured during the monitoring process, the report also
includes a count of the total number of active AF episodes
detected (e.g., TNV). The total number of active AF epi-
sodes detected indicates the total number of AF episodes
detected while the patient was in an active state, regardless
of whether an ECG was captured and presented to the
physician. In this way, the total number of AF episodes
detected while the patient is active (TNA) may be greater
than the number of adrenergic AF ECGs displayed. In
addition, the report may also include the total active AF
duration or active AF burden (AAFB) indicating the total
amount of time the patient spend in an active AF state.
[0036] In addition to collected AF information, the moni-
toring report may provide the physician with other moni-
tored physiological data monitored with respect to the
patient. In particular, the report includes graphical displays
relating/correlating detected active AF episodes with other
parameters, such as time of day, patient posture, and patient
respiration rate. Similarly, active AF burden or total time
spent in an active AF state may be correlated with monitored
data including time of day, posture, and/or respiration. The
monitoring report may provide a diagnosis for the physician
to review, or may provide only the collected data without a
diagnosis.

[0037] FIGS. 3A-3B are charts that illustrate a combina-
tion of data utilized to determine the etiology of detected
arrhythmias according to an embodiment of the present
invention. FIG. 3A illustrates data collected over a 24 hour
period, while FIG. 3B provides a zoomed-in view of data
displayed with respect to FIG. 3A to illustrate detection of
an AF event. In particular, charts shown in FIGS. 3A-3B
may be representative of charts included as part of the
monitoring report provided to the physician for review,
which may be in addition to other relevant information such
as ECG AF strips and other collected physiological data.
[0038] In the embodiment shown in FIGS. 3A-3B, the
y-axis represents a percentage of maximum activity level on
a scale of 0-100 percent, while the x-axis represents time.
Solid line 300 shown in FIGS. 3A-3B represents activity
level of the patient as a percentage of a maximum activity
level. Shaded regions 302a, 3025, and 302c¢ represent supine
rest durations as determined from one or more sensors
monitoring posture and activity level of the patient, while
shaded regions 304a, 3045, 304¢ and 3044 represent upright
rest durations as determined from one or more sensors
monitoring posture and activity level of the patient. Dashed
line 306 indicates an auto-trigger arrhythmic event detected
by adherent/implantable device 100, while dotted line 308
indicates a patient-trigger arrhythmic event.

[0039] In the embodiment shown in FIGS. 3A and 3B, an
arrhythmic event occurs just after midnight while the patient
was resting/asleep in a supine position. FIG. 3B illustrates a
zoomed in view of the arrhythmic event occurrence detected
just after midnight. As shown in FIG. 3B, the patient is in a
supine rest state as indicated by shaded region 3044 prior to
the arrhythmic (AF) event. An auto-triggered arrhythmic
(AF) event is detected at approximately 12:30 AM as
indicated by dashed line 306, and shortly thereafter the
patient gets up—as indicated by the increased activity
level—and indicates a patient trigger event (e.g., by pushing
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a button to indicate a patient detected event). Shortly there-
after, the patient returns to a supine rest state as indicated by
shaded region 304c.

[0040] Assuming that the maximum number of ECG AF
strips has not yet been reached, the AF event triggered and
recorded at approximately 12:30 AM may be communicated
from adherent/implantable device 100 to gateway 102 and/
or remote center 106, where the AF event is verified by a
physician/attendant. Assuming the event is verified as an AF
event, the ECG AF strip is stored and provided as part of the
report provided to the physician at the end of the monitoring
period along with the charts shown in FIGS. 3A-3B. In this
case, assuming no other AF events are detected—or assum-
ing that subsequent AF events occur under similar patient
circumstances (e.g., AF occurs while at rest, supine, etc.)—
then a diagnosis may be generated either locally by adher-
ent/implantable device 100 or remotely at remote center
106. The diagnosis is based on the AF events detected—
including number of AF events and AF duration/burden—in
combination with the activity level of the patient at the time
of each AF event. For example, in the embodiment shown in
FIGS. 3A-3B, an AF event is detected while the patient was
in a supine, rest state. In response, the diagnosis indicates
cholinergic AF, which is verified by the physician/doctor via
review of data provided as part of the monitoring report.
[0041] FIGS. 4A-4B are charts that illustrate a combina-
tion of data utilized to determine the etiology of detected
arrhythmias according to an embodiment of the present
invention. Once again, FIG. 4A illustrates data collected
over a 24-hour period, while FIG. 4B zooms in on a portion
of the data shown in FIG. 4A.

[0042] In the embodiment shown in FIGS. 4A-4B, the
y-axis represents a percentage of maximum activity level on
a scale of 0-100 percent, while the x-axis represents time.
Solid line 400 shown in FIGS. 4A-4B represents activity
level of the patient as a percentage of a maximum activity
level. Shaded regions 402a, 4025, 402¢, and 4024 represent
supine rest durations as determined from one or more
sensors monitoring posture and activity level of the patient,
while shaded regions 404a, 4045, and 404¢ represent upright
rest durations as determined from one or more sensors
monitoring posture and activity level of the patient. Dashed
vertical lines 406a, 4065, 406c, 406d, 406e, and 406/
indicate an auto-trigger arrhythmic event detected by adher-
ent/implantable device 100. No patient-trigger arrhythmic
events are shown in FIGS. 4A and 4B. As discussed with
respect to FIGS. 3A-3B, depending on the number of ECG
AF strips that have been collected, detected auto-trigger
arrhythmic events 406a-406/ may be sent to gateway 102
and/or remote center 106 for verification of an arrhythmic
event by a physician. If verified as an arrhythmic event, the
ECG AF strip is stored and provided as part of the moni-
toring report delivered at the end of the monitoring period
along with other collected information, such as the charts
shown in FIGS. 4A-4B.

[0043] As illustrated in FIG. 4B, auto-trigger arrhythmic
events 406a-406f were detected during periods of patient
activity. In one embodiment of the present invention, in
response to the combination of detected arrhythmias and
activity level of the patient during the arrhythmic events, a
diagnosis is generated—either locally on adherent/implant-
able device 100 or remotely at remote center 106—indicat-
ing adrenergic AF. In other embodiments, no diagnosis is
generated either locally or remotely, but rather the report is
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provided to the physician that includes data relevant to
determining the etiology of the AF, such as the graphs shown
in FIGS. 4A-4B indicating the number of AF occurrences
while the patient is in an active state.

[0044] FIGS. SA-5D are bar charts provided as an output
to a physician/doctor that illustrates graphically relation-
ships between detected arrhythmias and patient state utilized
to determine the etiology of the detected arrhythmia accord-
ing to an embodiment of the present invention. One or more
of the charts relating monitored AF events and durations to
time of day and activity level may be presented to the
physician for review or utilized in generating a diagnosis. In
particular, FIG. 5A is a bar chart that relates total number of
detected arrhythmic events to time of day (i.e., nighttime
hours, daytime hours). F1G. 5B is a bar chart that relates total
number of detected arrhythmic events to activity level of the
patient (i.e., at rest or active). FIG. 5C relates AF burden
within the prescription period to time of day, and FIG. 5D
relates AF burden within the prescription period to activity
level of the patient (i.e., at rest or active). In one embodi-
ment, the instances of AF events and AF burden described
with FIGS. 5A-5D represent those AF episodes that are
transmitted by adherent/implantable device 100 to remote
center 106 and corroborated by a physician/technician.
[0045] In the embodiment shown in FIG. 5A, the percent-
age of detected AF episodes occurring at night (between the
hours of 10:00 PM and 8:00 AM) is approximately eighteen,
while the percentage of AF episodes occurring during the
day (between the hours of 8:00 AM and 10:00 PM) is
approximately eighty-two. In addition, FIG. 5B indicates
that the percentage of detected AF episodes detected during
periods of rest is approximately twenty, while the percentage
of detected AF episodes detected during periods of activity
is approximately eighty. The embodiment shown in FIG. 5C
illustrates that the measured AF event durations (measured
in hours) occurring at night is approximately eight hours,
while the measured AF event durations occurring during the
day is approximately sixty hours. FIGS. 5D illustrates that
the measured AF event duration occurring during periods of
rest is approximately twenty-five hours while the measured
AF event duration occurring during periods of activity is
approximately forty-two hours.

[0046] Based on the information provided in FIGS.
5A-5D, which indicates that for this patient most occur-
rences of AF happen during the day, while the patient is
active, indicates that the etiology of the AF is likely adren-
ergic. This diagnosis may be provided directly to the phy-
sician for review and verification, or may be left entirely for
the physician to diagnose based on the information provided
and displayed. A benefit of the present invention is that not
only does it allow long-term monitoring and data collection
of data related to AF, but also reduces the amount of data a
physician must sort through in able to make a diagnosis or
verify that an automated diagnosis is accurate.

[0047] FIGS. 6A-6D are bar charts provided as an output
to a physician/doctor that illustrates graphically relation-
ships between detected arrhythmias and patient state utilized
to determine the etiology of the detected arrhythmia accord-
ing to an embodiment of the present invention. The bar
charts shown in FIGS. 6A-6D are organized the same way
as the bar charts shown in FIGS. 5A-5D, but are based on
different data collected with respect to a different patient.
[0048] In the embodiment shown in FIG. 6A, the percent-
age of detected AF episodes occurring at night (between the
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hours of 10:00 PM and 8:00 AM) is approximately seventy
percent, while the percentage of AF episodes occurring
during the day (between the hours of 8:00 AM and 10:00
PM) is approximately thirty percent. In addition, FIG. 6B
indicates that the percentage of detected AF episodes
detected during periods of rest is approximately eighty
percent, while the percentage of detected AF episodes
detected during periods of activity is approximately twenty
percent. The embodiment shown in FIG. 6C illustrates that
the measured AF event durations (measured in hours) occur-
ring at night is approximately 1.7 hours, while the measured
AF event durations occurring during the day is approxi-
mately 0.2 hours. FIG. 6D illustrates that the measured AF
event duration occurring during periods of rest is approxi-
mately 1.8 hours while the measured AF event duration
occurring during periods of activity is approximately 0.1
hours.

[0049] Based on the information provided in FIGS.
6A-6D, which indicates that for this patient most occur-
rences of AF happen at night, while the patient is at rest,
indicates that the etiology of the AF is likely cholinergic.
This diagnosis may be provided directly to the physician for
review and verification, or may be left entirely for the
physician to diagnose based on the information provided and
displayed.

[0050] FIGS. 7A-7D are bar charts provided as an output
to a physician/doctor that illustrates graphically relation-
ships between detected arrhythmias and patient state utilized
to determine the etiology of the detected arrhythmia accord-
ing to an embodiment of the present invention. The bar
charts shown in FIGS. 7A-7D are organized the same way
as the bar charts shown in FIGS. 5A-5D (and FIGS. 6A-6D),
but are based on different data collected with respect to a
different patient. In particular, FIGS. 7A-7D illustrate the
benefit of relating AF episodes to activity level, and not
simply to time of day measurements.

[0051] In the embodiment shown in FIG. 7A, the percent-
age of detected AF episodes occurring at night (between the
hours of 10:00 PM and 8:00 AM) is approximately twenty-
five percent, presumably while the patient is at rest. The
percentage of AF episodes occurring during the day (be-
tween the hours of 8:00 AM and 10:00 PM) is approximately
seventy-five percent, presumably when the patient is active.
However, FIG. 7B indicates that the percentage of detected
AF episodes detected during periods of rest is approximately
eighty percent, while the percentage of detected AF episodes
detected during periods of activity is only approximately
twenty percent. This is counter to what would be expected
based on the time of day measurements.

[0052] Similarly, the embodiment shown in FIG. 7C illus-
trates that the measured AF event durations (measured in
hours) occurring at night is approximately 3 hours, presum-
ably while the patient is at rest. Meanwhile, the measured AF
event durations occurring during the day is approximately
10 hours, presumably while the patient is active. However,
FIG. 7D illustrates that the measured AF event duration
occurring during periods of rest is approximately 12 hours
while the measured AF event duration occurring during
periods of activity is only approximately 1 hour.

[0053] The information provided in FIGS. 7A-7D indi-
cates that most occurrences of AF happen during the day, but
while the patient is at rest. Therefore, even though the data
indicates most AF events occur during the day, the correla-
tion between the data indicates that the etiology of the AF is
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likely cholinergic because most of the occurrences of AF
occur during periods of rest. The embodiment shown in
FIGS. 7TA-7D therefore illustrates the importance of corre-
lating AF events to not only time of day but activity level in
order to correctly determine the etiology of the detected
arrhythmias. This diagnosis may be provided directly to the
physician for review and verification, or may be left entirely
for the physician to diagnose based on the information
provided and displayed.

[0054] FIGS. 8A-8D are bar charts provided as an output
to a physician/doctor that illustrates graphically relation-
ships between detected arrhythmias and patient state utilized
to determine the etiology of the detected arrhythmia accord-
ing to another embodiment of the present invention. The bar
charts shown in FIGS. 8A-8D are organized the same way
as the bar charts shown in FIGS. 5A-5D, 6A-6D, and
7A-7D, but are based on different data collected with respect
to a different patient. In particular, FIGS. 8A-8D illustrate
the benefit of relating AF episodes to activity level, and not
simply to time of day measurements for a different reason
than that shown in FIGS. 7A-7D.

[0055] In the embodiment shown in FIG. 8A, the percent-
age of detected AF episodes occurring at night (between the
hours of 10:00 PM and 8:00 AM) is approximately forty
percent, presumably while the patient is at rest. The per-
centage of AF episodes occurring during the day (between
the hours of 8:00 AM and 10:00 PM) is approximately sixty
percent, presumably when the patient is active. In this
embodiment, arrhythmic events are split relatively evenly
between the times of day (nighttime, daytime), and therefore
the results of this correlation are not definitive in any way.
However, FIG. 8B indicates that the percentage of detected
AF episodes detected during periods of rest is approximately
seventy-five percent, while the percentage of detected AF
episodes detected during periods of activity is only approxi-
mately twenty-five percent. That is, the correlation of
detected arrhythmic events and activity level of the patient
is much higher than the correlation between time of day and
occurrence of arrhythmias.

[0056] The embodiment shown in FIG. 8C illustrates that
the measured AF event durations (measured in hours) occur-
ring at night is approximately three hours, presumably while
the patient is at rest. Meanwhile, the measured AF event
durations occurring during the day is approximately sixteen
hours, presumably while the patient is active. This is in
contrast with the correlation between percentage of arrhyth-
mic events and time of day illustrated in FIG. 8A, which
detected arrhythmic events relatively evenly across different
times of day. However, F1G. 8D illustrates that the measured
AF event duration occurring during periods of rest is
approximately thirteen hours while the measured AF event
duration occurring during periods of activity is only approxi-
mately five hours.

[0057] The information provided in FIGS. 8A-8D indi-
cates that while the occurrences of AF are distributed
throughout the day and night, because most of the occur-
rences happen while the patient is at rest, the etiology of the
arrhythmic events is likely cholinergic. This diagnosis may
be provided directly to the physician for review and verifi-
cation, or may be left entirely for the physician to diagnose
based on the information provided and displayed.

[0058] FIG. 9 is an exploded view, respectively, of
embodiments of adherent device 100. In the embodiment
shown in FIG. 9, adherent device includes adherent tape
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910T, electrodes 912A, 912B, 912C, 912D with gels 914A,
914B, 914C, 914D, printed circuit board (PCB) 920, flexible
connected 922A, electrical components/sensors 930
mounted on PCB 920, batteries 950, electronics housing
cover 960, and flexible cover 962.

[0059] Adherent device 100 comprises at least two elec-
trodes—although the embodiment shown in FIG. 9 includes
electrodes 912A, 912B, 912C and 912D. Adherent device
100 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 100 comprises a first
side, or a lower side 910A, that is oriented toward the skin
of the patient when placed on the patient. The adherent patch
100 may also comprise a tape 910T which is a material,
preferably breathable, with an adhesive (not shown) to
adhere to patient P. Electrodes 912A, 912B, 912C and 912D
are affixed to adherent patch 100. In many embodiments, at
least four electrodes are attached to the patch. Gels 914A,
914B, 914C and 914D can each be positioned over elec-
trodes 912A, 912B, 912C and 912D, respectively, to provide
electrical conductivity between the electrodes and the skin
of the patient. Adherent patch 100 also comprises a second
side, or upper side 910B. In many embodiments, electrodes
912A, 912B, 912C and 912D extend from lower side 910A
through adherent patch 100 to upper side 910B. An adhesive
can be applied to upper side 910B 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
9107, 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 912A-912D may be communicated to electronic
components 930 via flexible connection 922A, which is
connected to PCB 920.

[0060] Electrical components 930 may include a process-
ing module and/or other electrical components/sensors
capable of monitoring and processing physiological param-
eters. In addition, electrical components 930 may include
circuitry to transmit data to remote center 106 and receive
commands from remote center 106. In many embodiments,
electronics components 930 may comprise known low
power circuitry, for example complementary metal oxide
semiconductor (CMOS) circuitry components.

[0061] In one embodiment, electrical component 930
includes an activity sensor and activity circuitry that can
comprise many known activity sensors and circuitry. In
many embodiments, the accelerometer comprises at least
one of a piezoelectric accelerometer, capacitive accelerom-
eter or electromechanical accelerometer. The accelerometer
can comprise a 3-axis accelerometer to measure at least one
of an inclination, a position, an orientation or acceleration of
the patient in three dimensions. Work in relation to embodi-
ments of the present invention suggests that three dimen-
sional orientation of the patient and associated positions, for
example sitting, standing, lying down, can be very useful
when combined with data from other sensors, for example
hydration data. In particular, 3D accelerometer may be
utilized to determine an activity level of the patient, either
alone or in combination with our monitored physiological
parameters (e.g., heart rate, breath parameters, etc.).
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[0062] In addition, electronic components 930 may utilize
other types of sensors such as a temperature sensor, an
activity sensor and activity circuitry, impedance circuitry
and electrocardiogram circuitry. In some embodiments,
electronic circuitry 930 may comprise a microphone and
microphone circuitry to detect an audio signal, such as heart
or respiratory sound, from within the patient. Electronic
circuitry 930 may also include impedance circuitry (not
shown) to generate both hydration data and respiration data.
In many embodiments, impedance circuitry is electrically
connected to electrodes 912A, 912B, 912C and 912D in a
four pole configuration, such that electrodes 912A and 912D
comprise outer electrodes that are driven with a current and
comprise force electrodes that force the current through the
tissue. The current delivered between electrodes 912A and
912D generates a measurable voltage between electrodes
912B and 912C, such that electrodes 912B and 912C com-
prise inner, sense, electrodes that sense and/or measure the
voltage in response to the current from the force electrodes.
In some embodiments, electrodes 912B and 912C may
comprise force electrodes and electrodes 912A and 912D
may comprise sense electrodes. The voltage measured by the
sense electrodes can be used to measure the impedance of
the patient and determine the respiration rate and/or hydra-
tion of the patient. In many embodiments, the impedance
circuitry can be configured to determine respiration of the
patient. In specific embodiments, the impedance circuitry
can measure the hydration at 25 Hz intervals, for example at
25 Hz intervals using impedance measurements with a
frequency from about 0.5 kHz to about 20 kHz.

[0063] In addition, electronic components 930 may
include ECG circuitry utilized to generate electrocardiogram
signals and data from two or more of electrodes 912A, 912B,
912C and 912D in many ways. In some embodiments, ECG
circuitry (not shown) is connected to inner electrodes 912B
and 912C, 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 912A and 912D when current is not passed
through electrodes 912A and 912D.

[0064] In addition, electronic circuitry 930 may comprise
a processor module that can be configured to analyze
physiological parameters monitored by adherent device 100
and to control collection and transmission of data from the
impedance circuitry electrocardiogram circuitry and the
accelerometer. In one embodiment, the processor module
included as part of electronic circuitry 930 comprises a
tangible medium, for example read only memory (ROM),
electrically erasable programmable read only memory (EE-
PROM) and/or random access memory (RAM).

[0065] In many embodiments, electronics components
930 comprise wireless communications circuitry (not
shown) to communicate with remote center 106. PCB 920
may comprise an antenna to facilitate wireless communica-
tion. The antenna may be integral with PCB 920 or may be
separately coupled thereto. The wireless communication
circuitry can be coupled to the impedance circuitry, the
electrocardiogram circuitry and the accelerometer to trans-
mit to a remote center with a communication protocol at
least one of the hydration signal, the electrocardiogram
signal or the inclination signal. In specific embodiments, the
wireless communication circuitry is configured to transmit
collected physiological parameters to remote center 106
(shown in FIG. 1) either directly or through gateway 102.



US 2016/0361024 Al

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.

[0066] In this way, the disclosure provides a system and
method of detecting atrial fibrillations and determining the
etiology of detected atrial fibrillations (AFs). In particular,
the disclosure describes how detected AF episodes are
associated with an activity level of the patient to determine
the etiology of the detected AF episodes. A benefit of the
system and method described herein, is that it does not
require a patient to be present in the physician’s office to
collect the data. Rather, the patient wears the device for an
extended period of time, and data is collected as the patient
undergoes normal day to day activities, including periods of
rest and periods of activity. In addition, the system and
method described herein prevents the physician/doctor from
having to review ALL data collected over the period of time
the patient wears the adherent/implantable device. For
example, as described with respect to FIGS. 2A-2C, the
adherent device may be configured to collect a sample of
ECG strips that are communicated to a physician/doctor for
review and verification, but will not collect/transmit all
detected ECG strips including AF episodes. In addition, the
report generated by adherent/implantable device provides a
concise summary of relationships detected between detected
AF episodes and other physiological parameters such as
activity level, without requiring the data be parsed by the
physician/doctor. This provides considerable time-savings to
health care providers, without sacrificing quality of the care
provided.

Discussion of Possible Embodiments

[0067] The following are non-exclusive descriptions of
possible embodiments of the present invention.

[0068] A method of detecting and classifying atrial fibril-
lations (AFs) may include monitoring an electro-cardiogram
(ECG) signal of the patient and detecting atrial fibrillation
(AF) episodes based on the monitored ECG signal. In
addition, the method may include monitoring one or more
physiological parameters to determine an activity level of
the patient, and may further include associating a detected
AF episode with an activity level of the patient at a time of
the detected arrhythmia. The method may further include
classifying a cause of the detected AF episodes as adrenergic
if detected AF episodes occur when the patient is active and
classifying the cause of the detected AF episodes as vagal if
detected AF episodes occur when the patient is at rest. The
method may further include generating a report regarding
the determined classification of the AF episodes.

[0069] 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.

[0070] The method may include monitoring of the ECG
signal and detection of AF episodes for a prescribed moni-
toring period.

[0071] The method may further include incrementing a
count of active AF episodes detected within the prescribed
monitoring period in response to AF episodes detected
during a period of patient activity, and may include incre-
menting a count of resting AF episodes detected within the
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prescribed monitoring period in response to AF episodes
detected during a period of patient rest.

[0072] The method may further include classifying a cause
of the detected AF episodes as adrenergic or vagal based on
the count of active AF episodes and the count of resting
episodes detected within the prescribed monitoring period.
[0073] The method may further include communicating an
ECG strip collected during a detected AF episode to a
remote center for verification, wherein only ECG strips
representing verified AF episodes are retained.

[0074] The method may further include including verified
AF episodes in the generated report regarding the deter-
mined classification of the AF episodes.

[0075] The method may further include communicating
up to a maximum number of ECG strips collected during AF
episodes to the remote center for verification, wherein once
the maximum number of ECG strips representing AF epi-
sodes have been communicated and verified, no additional
ECG strips are communicated to the remote center.

[0076] The method may further include capturing addi-
tional physiological parameters associated with the patient
with respect to a detected AF episode for inclusion in the
generated report.

[0077] In another embodiment, an adherent device is uti-
lized to determine the etiology of detected AF episodes as
either adrenergic or vagal. The adherent device may include
a plurality of electrodes and sensing circuitry, an activity
sensor, and a processing module. The plurality of electrodes
and sensing circuitry may be utilized to monitor an electro-
cardiogram (ECG) signal of the patient to which the adher-
ent device is affixed. The activity may be utilized to detect
an activity level of the patient. The processing module may
be configured to receive the monitored ECG signal and the
monitored activity level. In response, the processing module
may detect atrial fibrillation episodes based on the moni-
tored ECG signal and associate with each detected AF
episode an activity level monitored at the time of the AF
episode, wherein the processing module may additionally
maintains data related to detected AF episodes and activity
level associated with the detected AF episodes. In response
detected AF episodes and activity levels, the processing
module may classify an etiology of the detected AF episodes
as adrenergic or vagal.

[0078] The adherent device of the preceding paragraph
can optionally include, additionally and/or alternatively any,
one or more of the following features, configurations and/or
additional components.

[0079] The adherent device may further include wherein
data maintained by the processing module includes a count
of AF episodes that occur during periods of patient rest and
a count of AF episodes that occur during periods of patient
activity.

[0080] The adherent device may further include wherein
data maintained by the processing module includes a total
duration of AF episodes that occur during periods of patient
rest and a total duration of AF episodes that occur during
periods of patient activity.

[0081] The adherent device may further include wherein
in response to a detected AF episode, the processing module
communicates an ECG strip including information related to
the detected AF episode to a remote center for review and
verification of the detected AF episode.

[0082] The adherent device may further include wherein
during a monitoring period, a maximum number of ECG
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strips are communicated to the remote center for review,
wherein after the maximum number of ECG strips have been
communicated and verified, subsequent AF episodes are
utilized to update maintained data but are not communicated
to the remote center for verification.

[0083] The adherent device may further include wherein
the processing module generates a report that includes at
most a maximum number of ECG strips, a count of resting
AF episodes that occurred during the monitoring period, and
a count of active AF episodes that occurred during the
monitoring period.

[0084] The report generated by the processing module
may further include one or more of time of day, patient
posture, respiration rate as compared with resting AF epi-
sodes and active AF episodes.

[0085] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from the essential scope thereof. Therefore, it
is intended that the invention not be limited to the particular
embodiment(s) disclosed, but that the invention will include
all embodiments falling within the scope of the appended
claims.

1. A method of detecting and classifying atrial fibrillations
(AFs), the method comprising:

monitoring an electro-cardiogram (ECG) signal of the

patient;

detecting atrial fibrillation (AF) episodes based on the

monitored ECG signal,

monitoring one or more physiological parameters to

determine an activity level of the patient;
associating a detected AF episode with an activity level of
the patient at a time of the detected arrhythmia;

classifying a cause of the detected AF episodes as adren-
ergic if detected AF episodes occur when the patient is
active and classifying the cause of the detected AF
episodes as vagal if detected AF episodes occur when
the patient is at rest; and

generating a report regarding the determined classifica-

tion of the AF episodes.

2. The method of claim 1, wherein monitoring of the ECG
signal and detection of AF episodes is provided for a
prescribed monitoring period.

3. The method of claim 2, wherein in response to a
detected AF episode during a period of patient activity, a
count of active AF episodes detected within the prescribed
monitoring period is incremented and wherein in response to
a detected AF episode during a period of patient rest, a count
of resting AF episodes detected within the prescribed moni-
toring period is incremented.

4. The method of claim 4, wherein classifying a cause of
the detected AF episodes as adrenergic or vagal is based on
the count of active AF episodes and the count of resting
episodes detected with the prescribing monitoring period.

5. The method of claim 1, wherein in response to a
detected AF episode during a period of patient activity, an
ECG strip representing the detected AF episode is commu-
nicated to a remote center for verification, wherein only
ECG strips representing verified AF episodes are retained.
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6. The method of claim 5, wherein verified AF episodes
are included in the generated report regarding the deter-
mined classification of the AF episodes.

7. The method of claim 5, wherein up to a maximum
number of ECG strips representing AF episodes are com-
municated to the remote center for verification, wherein
once the maximum number of ECG strips representing AF
episodes have been communicated and verified, no addi-
tional ECG strips are communicated to the remote center.

8. The method of claim 1, further including capturing
additional physiological parameters associated with the
patient with respect to a detected AF episode for inclusion in
the generated report.

9. An adherent device comprising:

a plurality of electrodes and sensing circuitry for moni-
toring an electrocardiogram (ECG) signal of a patient
to which the adherent device is affixed;

an activity sensor for monitoring an activity level of the
patient; and

a processing module configured to receive the monitored
ECG signal and the monitored activity level, wherein
the processing module detects atrial fibrillation epi-
sodes based on the monitored ECG signal and associ-
ates with each detected AF episode an activity level
monitored at the time of the AF episode, wherein the
processing module maintains data related to detected
AF episodes and activity level associated with the
detected AF episodes and classifies an etiology of the
detected AF episodes as adrenergic or vagal based on
the maintained data.

10. The adherent device of claim 9, wherein data main-
tained by the processing module includes a count of AF
episodes that occur during periods of patient rest and a count
of AF episodes that occur during periods of patient activity.

11. The adherent device of claim 9, wherein data main-
tained by the processing module includes a total duration of
AF episodes that occur during periods of patient rest and a
total duration of AF episodes that occur during periods of
patient activity.

12. The adherent device of claim 9, wherein in response
to a detected AF episode, the processing module communi-
cates an ECG strip including information related to the
detected AF episode to a remote center for review and
verification of the detected AF episode.

13. The adherent device of claim 12, wherein during a
monitoring period, a maximum number of ECG strips are
communicated to the remote center for review, wherein after
the maximum number of ECG strips have been communi-
cated and verified, subsequent AF episodes are utilized to
update maintained data but are not communicated to the
remote center for verification.

14. The adherent device of claim 9, wherein the process-
ing module generates a report that includes at most a
maximum number of ECG strips, a count of resting AF
episodes that occurred during the monitoring period, and a
count of active AF episodes that occurred during the moni-
toring period.

15. The adherent device of claim 14, wherein the pro-
cessing module further includes in the generated report one
or more of time of day, patient posture, and respiration rate
as compared with resting AF episodes and active AF epi-
sodes.



patsnap

TREMOF) ATHNRS OB REMGTE
[F(RE)E US20160361024A1 K (aH)A 2016-12-15
RiES US14/739399 RiEH 2015-06-15

BRI E(ERRAGE) ZRABRAT
B (TR AE) EHHNFHM |, INC.

HARBEEANR)AGE) ZRDLREN , INC.

[FRIRBAA CHAKRAVARTHY NIRANJAN
CHAVAN ABHI
RAAN CHAKRAVARTHY, NIRANJAN
CHAVAN, ABHI
IPCH %S A61B5/00 A61B5/11 A61B5/0205 A61B5/046
CPCH %S A61B5/7264 A61B5/046 A61B5/1118 A61B5/7278 A61B2562/04 A61B5/6832 A61B5/0006 AG1B5

/0205 A61B5/7289 A61B5/0404 A61B5/0408
H A3 FF 3R US9636069

SNEBEEE Espacenet USPTO

BAMDROETEMLES) (AF ) BREMBEZENBENLBE

WE(E) 102 T
(ECG){E2. EFMMMECCES , BMAFEE, BWNNERSHE (

FREERNEIWAFE HHNRENEHAT | EREHKTSRNE
AR SBAREEE, MR BEEN R AAFRIE | WM BIRAF & AE @: @h—-mﬁp
BEERS XN E LR MRERERENEEAF S | WTES N .

KN REWE, o m—" 102TI 1067



https://share-analytics.zhihuiya.com/view/81430c24-396d-42af-8ce4-94df3f3d0eb3
https://worldwide.espacenet.com/patent/search/family/056194622/publication/US2016361024A1?q=US2016361024A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160361024%22.PGNR.&OS=DN/20160361024&RS=DN/20160361024

