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REDUCING FALSE POSITIVES IN
DETECTION OF POTENTIAL CARDIAC
PAUSES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Provisional
Application No. 62/304,117, filed Mar. 4, 2016, which is
herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to
medical systems and devices. More specifically, embodi-
ments of the disclosure relate to reducing false positives in
detection of cardiac pauses by a medical system or device.

BACKGROUND

[0003] Syncope, also known as fainting, is a temporary
loss of consciousness. Typically, syncope is due to a
decrease in blood flow to the brain. However, the cause of
the decrease in blood flow to the brain may remain unex-
plained in up to 47% of patients. A possible cause of
decrease in blood flow to the brain may be a cardiac pause
experienced by a patient. In some cases, a medical device,
for example, an implantable cardiac monitor (ICM) or an
external cardiac monitor, may be used to determine a poten-
tial cardiac pause. For example, the ICM may be implanted
under the skin of the chest of a patient to record the heart’s
electrical activity. The heart’s electrical activity, as recorded
by the ICM, may be displayed in a graph known as an
electrogram (EGM). EGMs may include QRS complexes,
which may be analyzed to determine R-R intervals for a
patient (e.g., time intervals between QRS complexes). R-R
intervals can be used to determine if a cardiac pause has
occurred. For example, if an R-R interval exceeds a time
threshold, a cardiac pause may have occurred, which may be
the underlying cause of syncope for a patient.

SUMMARY

[0004] Embodiments of the disclosure include systems
and methods for reducing false positives in detection of
potential cardiac pauses.

[0005] In an Example 1, a system comprises: a sensing
component configured to be operatively coupled to a patient
and to obtain values of a first physiological parameter of the
patient; and at least one processor configured to: determine
a potential cardiac pause of the patient using the values of
the first physiological parameter; and perform a validation
check of the potential cardiac pause using at least one of the
values of the first physiological parameter or values of a
second physiological parameter.

[0006] Inan Example 2, the system of Example 1, wherein
the values of the first physiological parameter are values of
an electrogram of the patient.

[0007] Inan Example 3, the system of Example 2, wherein
the potential cardiac pause is determined when at least one
of the following occurs: (1) a first R-R interval of the
electrogram is greater than a time threshold, wherein the first
R-R interval is identified using a first electric potential, or
(2) a subsequent R wave does not occur within a specified
period of time after an R wave is identified, wherein the R
wave is identified using the first electric potential threshold.
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[0008] InanExample 4, the system of Example 3, wherein
the at least one processor performs the validation check by
calculating a second R-R interval and wherein an R wave of
the second R-R interval is identified using a second electric
potential threshold, the second electric potential threshold
being less than the first electric potential threshold.

[0009] In an Example 5, the system of any of Examples
1-3, wherein the values of the second physiological param-
eter are obtained from a heart sound sensor and wherein the
at least one processor performs the validation check by
determining whether the second physiological parameter
includes values indicative of heart sounds following a fidu-
cial of the first physiological parameter.

[0010] InanExample 6, the system of Example 5, wherein
the heart sounds include at least one of: an S1 heart sound,
an S2 heart sound, an S3 heart sound and an S4 heart sound.
[0011] In an Example 7, the system of any of Examples
1-6, wherein the at least one processor confirms the valida-
tion check by performing at least one of: a morphological
analysis of the electrogram and a frequency analysis of the
electrogram.

[0012] In an Example 8, the system of any of Examples
1-7, wherein the values of the second physiological param-
eter are obtained from at least one of’ a second electrogram,
an activity sensor, a posture sensor, a heart sound sensor and
an impedance sensor.

[0013] In an Example 9, the system of any of Examples
1-8, wherein the at least one processor is configured to be
implanted in the patient.

[0014] In an Example 10, the system of any of Examples
1-8, wherein the at least one processor is configured to be
outside of the patient.

[0015] In an Example 11, a method comprises: receiving
an indication of a determined potential cardiac pause of the
patient, wherein the determined potential cardiac pause is
based on a first R-R interval of an electrogram of the patient
exceeding a time threshold and wherein an R wave of the
first R-R interval is identified using a first electric potential
threshold; and performing a validation check of the potential
cardiac pause using at least one of: the values of the
electrogram or values of a second physiological parameter.
[0016] In an Example 12, the method of Example 11,
wherein performing the validation check includes comput-
ing a second R-R interval of the electrogram during the
determined potential cardiac pause, wherein an R wave of
the second R-R interval is identified using a second electric
potential threshold, the second electric potential threshold
being less than the first electric potential threshold.

[0017] In an Example 13, the method of Example 12,
wherein the first electric potential threshold is at least 33%
greater than the second electric potential threshold.

[0018] In an Example 14, the method of any of Examples
11-13, further comprising adjusting the first electric poten-
tial threshold based on the performed validation check.
[0019] In an Example 15, the method of any of Examples
11-14, further comprising confirming the validation check
using at least one of: a morphological analysis of the
electrogram, a frequency analysis of the electrogram, QRS
template matching, activity information, posture informa-
tion, impedance information, and heart sounds information.
[0020] In an Example 16, a system comprises: a sensing
component configured to be operatively coupled to a patient
and to obtain values of a first physiological parameter; and
at least one processor configured to: determine a potential
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cardiac pause of the patient using the values of the first
physiological parameter; and perform a validation check of
the potential cardiac pause using at least one of’ the values
of the first physiological parameter or values of a second
physiological parameter.

[0021] In an Example 17, the system of Example 16,
wherein the values of the first physiological parameter are
values of an electrogram.

[0022] In an Example 18, the system of Example 17,
wherein the potential cardiac pause is determined when at
least one of the following occurs: (1) a first R-R interval of
the electrogram is greater than a time threshold, wherein the
first R-R interval is identified using a first electric potential,
or (2) a subsequent R wave does not occur within a specified
period of time after an R wave is identified, wherein the R
wave is identified using the first electric potential threshold.
[0023] In an Example 19, the system of Example 18,
wherein the at least one processor performs the validation
check by calculating a second R-R interval and wherein an
R wave of the second R-R interval is identified using a
second electric potential threshold, the second electric
potential threshold being less than the first electric potential
threshold.

[0024] In an Example 20, the system of Example 16,
wherein the values of the second physiological parameter
are obtained from a heart sound sensor and wherein the at
least one processor performs the validation check by deter-
mining whether the second physiological parameter includes
values indicative of heart sounds following a fiducial of the
first physiological parameter.

[0025] In an Example 21, the system of Example 20,
wherein the heart sounds include at least one of: an S1 heart
sound, an S2 heart sound, an S3 heart sound and an S4 heart
sound.

[0026] In an Example 22, the system of Example 16,
wherein the at least one processor is configured to confirm
the validation check by performing at least one of: a mor-
phological analysis of the electrogram and a frequency
analysis of the electrogram.

[0027] In an Example 23, the system of Example 16,
wherein the values of the second physiological parameter
are obtained from at least one of the following: a second
electrogram, an activity sensor, a posture sensor, a heart
sound sensor and an impedance sensor.

[0028] In an Example 24, the system of Example 16,
wherein the at least one processor comprises: a first pro-
cessing circuit disposed in an implantable medical device
(IMD), the first processing circuit configured to determine
the potential cardiac pause of the patient; and a second
processing circuit disposed in the IMD, the second process-
ing circuit configured to perform the validation check.
[0029] In an Example 25, a system comprises: a sensing
component configured to be operatively coupled to a patient
and to obtain values of a first physiological parameter,
wherein the values of the first physiological parameter are
values of an electrogram; a first processing circuit config-
ured to: (1) identify a first R wave peak using a first electric
potential threshold; (2) identify a second R wave peak using
the first electric potential threshold; (3) determine, based on
the first and second R wave peaks, a first R-R interval; and
(4) determine a potential cardiac pause of the patient by
determining that the first R-R interval is greater than a time
threshold; and a second processing circuit configured to
perform a validation check of the potential cardiac pause
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using at least one of the values of the first physiological
parameter or values of a second physiological parameter.
[0030] In an Example 26, the system of Example 25,
wherein the sensing component and at least one of the first
processing circuit and second processing circuit are disposed
in an implantable medical device (IMD).

[0031] In an Example 27, the system of Example 26,
wherein the sensing component and at least one of the first
processing circuit and the second processing circuit are
disposed in a wearable medical device.

[0032] In an Example 28, the system of Example 25,
wherein the sensing component and the first processing
circuit are disposed in an implantable medical device (IMD),
the system further comprising an external monitoring device
(EMD) configured to be disposed outside the patient’s body,
the EMD comprising the second processing circuit.

[0033] In an Example 29, the system of Example 25,
wherein the second processing circuit performs the valida-
tion check by (1) identifying, between the first and second
R wave peaks, a third R wave peak using a second electric
potential threshold; (2) determining a second R-R interval,
based on the third R wave peak; and (3) determining whether
the second R-R interval exceeds the time threshold.

[0034] In an Example 30, the system of Example 25,
wherein the second processing circuit is configured to con-
firm the validation check by performing at least one of a:
morphological analysis of the electrogram and a frequency
analysis of the electrogram.

[0035] In an Example 31, the system of Example 25, the
second physiological parameter comprising at least one of
activity, posture, heart sounds and impedance.

[0036] In an Example 32, a method comprises: obtaining
values of a first physiological parameter of a patient; deter-
mining, using the values of the first physiological parameter,
a potential cardiac pause of the patient; and performing a
validation check of the potential cardiac pause using at least
one of the values of the first physiological parameter or
values of a second physiological parameter.

[0037] In an Example 33, the method of Example 32,
wherein determining the potential cardiac pause includes
determining when a first R-R interval is greater than a time
threshold, wherein an R wave of the first R-R interval is
identified using a first electric potential threshold, and
wherein performing the validation check includes determin-
ing a second R-R interval of the electrogram during the
potential cardiac pause, the second R-R interval comprising
an additional R wave, wherein the additional R wave is
identified using a second electric potential threshold.
[0038] In an Example 34, the method of Example 33,
wherein the first electric potential threshold is at least 33%
greater than the second electric potential threshold.

[0039] In an Example 35, the method of Example 33,
wherein performing the validation check includes using
values obtained from at least one of: a second electrogram,
an activity sensor, a posture sensor, a heart sound sensor and
an impedance sensor.

[0040] While multiple embodiments are disclosed, still
other embodiments of the present disclosure will become
apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative
embodiments of the disclosure. Accordingly, the drawings
and detailed description are to be regarded as illustrative in
nature and not restrictive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a schematic drawing of an illustrative
medical system for reducing false positives in detection of
potential episodes, in accordance with embodiments of the
disclosure.

[0042] FIG. 2 is a graph depicting an illustrative potential
episode and validation check of the potential episode, in
accordance with embodiments of the disclosure.

[0043] FIG. 3 is a block diagram of an illustrative medical
device for reducing false positives in detection of potential
episodes, in accordance with embodiments of the disclosure.
[0044] FIG. 4 is a schematic block diagram of an illustra-
tive process for reducing false positives in detection of
potential episodes, in accordance with embodiments of the
disclosure.

[0045] FIG. 5 is a flow diagram depicting an illustrative
method for reducing false positives in detection of potential
episodes, in accordance with embodiments of the disclosure.
[0046] While the disclosed subject matter is amenable to
various modifications and alternative forms, specific
embodiments have been shown by way of example in the
drawings and are described in detail below. The intention,
however, is not to limit the disclosure to the particular
embodiments described. On the contrary, the disclosure is
intended to cover all modifications, equivalents, and alter-
natives falling within the scope of the disclosure as defined
by the appended claims.

[0047] As the terms are used herein with respect to ranges
of measurements (such as those disclosed immediately
above), “about” and “approximately” may be used, inter-
changeably, to refer to a measurement that includes the
stated measurement and that also includes any measure-
ments that are reasonably close to the stated measurement,
but that may differ by a reasonably small amount such as
will be understood, and readily ascertained, by individuals
having ordinary skill in the relevant arts to be attributable to
measurement error, differences in measurement and/or
manufacturing equipment calibration, human error in read-
ing and/or setting measurements, adjustments made to opti-
mize performance and/or structural parameters in view of
differences in measurements associated with other compo-
nents, particular implementation scenarios, imprecise
adjustment and/or manipulation of objects by a person or
machine, and/or the like.

[0048] Although the term “block™ may be used herein to
connote different elements illustratively employed, the term
should not be interpreted as implying any requirement of, or
particular order among or between, various steps disclosed
herein unless and except when explicitly referring to the
order of individual steps. Additionally, a “set” or “group” of
items (e.g., inputs, algorithms, data values, etc.) may include
one or more items, and, similarly, a subset or subgroup of
items may include one or more items.

DETAILED DESCRIPTION

[0049] Embodiments of the present disclosure relate to
reducing false positives in detection of cardiac pauses. As
mentioned above, a cardiac pause can be determined from
QRS complexes by calculating the time interval between R
waves of different QRS complexes (R-R interval). In
embodiments, a potential cardiac pause may be determined
if, after an R wave is identified, a subsequent R wave does
not occur within a specified temporal distance. In embodi-
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ments, however, a cardiac pause may be incorrectly deter-
mined when the calculated time interval between R waves
does not accurately reflect the physiological reality. This
may occur, for example, when the cardiac pause is deter-
mined based on an R-R interval exceeding a threshold, but
where the calculated R-R interval represents a time interval
between R waves of QRS complexes that are not adjacent to
one another, where the threshold is configured to be used
with R-R intervals between adjacent QRS complexes.

[0050] Typically, medical systems identify R waves of a
QRS complex by setting an electric potential threshold that
will trigger the medical system to identify an R wave when
the electric potential threshold is met or exceeded. If the
electric potential threshold is not set high enough, T waves,
P waves and/or noise may exceed the electric potential
threshold. As such, many waves may be falsely identified as
R waves. Alternatively, or additionally, if the electric poten-
tial threshold is set too high, some of the R waves may not
be identified because their peak electric potential may fall
below the threshold. Adding complexity to the problem of
appropriately setting an electric potential threshold is the
notion that the amplitudes of R waves may vary depending
on a patient’s posture, activity level, change in fluid volume,
and/or the like. As such, while the amplitudes of a patient’s
R waves might generally exceed an electric potential thresh-
old in one situation (e.g., while the patient is standing up),
it does not follow that the patient’s R waves will exceed the
electric potential threshold in another situation (e.g., while
the patient is lying down). Due, at least in part, to these, and
similar, considerations, cardiac pauses are oftentimes incor-
rectly determined. Embodiments of this disclosure may
facilitate reducing false positives for the detection of cardiac
pauses.

[0051] FIG. 1 shows an illustrative medical system 100, in
accordance with embodiments of the disclosure. As shown
in FIG. 1, the medical system 100 includes a medical device
102 operatively coupled to a subject 104. A medical device
102 that is operatively coupled to a subject includes one or
more sensing components (e.g., sensors) capable of obtain-
ing information from and/or about the subject, and/or one or
more therapy components capable of providing therapy to
the subject. In embodiments, sensor and/or therapy compo-
nents may be disposed in, on, or near the subject, may be
configured to operate in direct contact with the subject
and/or without directly contacting the subject. In embodi-
ments, for example, the medical device 102 may be external
to the subject 104 or may be implanted in the subject 104.
The medical system 100 also includes an external monitor-
ing device (EMD) 106 that may, for example, be configured
to be disposed outside of the subject’s body 104, and may
also, in embodiments, be operatively coupled to the subject
104. The subject 104 may be a human, a dog, a pig, and/or
any other animal having physiological parameters that can
be recorded. For example, in embodiments, the subject 104
may be a human patient. The medical device 102 may be
communicatively coupled to the EMD 106 via a communi-
cation link 108A.

[0052] Additionally, the medical device 102 and/or the
EMD 106 may communicate with a management server 110
via a network 112, as described below. In embodiments, the
management server 110 may include any type of server
device, server function, and/or server application configured
to provide any type of service such as, for example, analysis,
data storage, device provisioning, software updating, and/or
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the like. In embodiments, the management server 110 may
be one server or multiple servers and may be accessible by
any number of different types of users, devices, and/or the
like.

[0053] Various components depicted in the system 100
may operate together with and/or incorporated into another
monitoring system, which may be, for example, a comput-
erized patient management and monitoring system. In
embodiments, the system 100 may be designed to assist in
monitoring the subject’s condition, managing the subject’s
therapy, and/or the like. An illustrative patient management
and monitoring system that utilizes embodiments of an
EMD 106 and a management server 110 is the LATITUDE®
patient management system from Boston Scientific Corpo-
ration, Natick Mass. Illustrative aspects of a patient man-
agement and monitoring system are described in
ADVANCED PATIENT MANAGEMENT SYSTEM
INCLUDING INTERROGATOR/TRANSCEIVER UNIT,
U.S. Pat. No. 6,978,182 to Mazar et al., the entirety of which
is hereby incorporated by reference herein.

[0054] The illustrative medical system 100 shown in FIG.
1 is not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the present disclo-
sure. Neither should the illustrative medical system 100 be
interpreted as having any dependency or requirement related
to any single component or combination of components
illustrated therein. Additionally, various components
depicted in FIG. 1 may be, in embodiments, integrated with
various ones of the other components depicted therein
(and/or components not illustrated), all of which are con-
sidered to be within the ambit of the present disclosure.
[0055] According to embodiments, for example, the medi-
cal device 102 may include any type of medical device, any
number of different components of an external medical
device, any number of different components of an implant-
able system, and/or the like. In embodiments, one or more
functions and/or components of the medical device 102, as
described below, may be integrated into a single device as
depicted in FIG. 1, or may be distributed between multiple
devices, which may be implanted, worn, carried, and/or
otherwise operatively coupled to the subject 104. That is, for
example, the medical device 102 may be an implantable
medical device (IMD) configured to be implanted within the
body of the subject 104, may be configured to be outside of
the subject’s body 104, or may include one or more implant-
able components, one or more conponents configured to be
outside of the body 104, and/or one or more transcutaneous
components. In various embodiments, the medical device
102 may be a device that is configured to be portable with
the subject 104, e.g., by being integrated into a vest, belt,
harness, patch, sticker; placed into a pocket, a purse, or a
backpack; carried in the subject’s hand; and/or the like, or
otherwise operatively (and/or physically) coupled to the
subject 104.

[0056] Furthermore, the medical device 102 may be, or be
incorporated into, another medical device. The medical
device 102 may include a control device, a monitoring
device, a pacemaker, an implantable cardioverter defibrilla-
tor (ICD), a cardiac resynchronization therapy (CRT) device
and/or the like, and may be an implantable medical device
configured for providing therapy and/or diagnostic data
about the subject 104 and/or the medical device 102. In
various embodiments, the medical device 102 may include
both defibrillation and pacing/CRT capabilities (e.g., a
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CRT-D device). In embodiments, the medical device 102
may be implanted subcutaneously within an implantation
location or pocket in the patient’s chest or abdomen. For
example, the medical device 102 may be an implantable
cardiac monitor (ICM) (e.g., implantable diagnostic monitor
(IDM), implantable loop recorder (ILR), etc.) and/or a
subcutaneous implantable cardioverter defibrillator (S-ICD).
[0057] In embodiments, the medical device 102 may be
used to gather data (e.g., measure, sense, record and/or
receive data) associated with any number of a variety of
physiological, subjective, and/or environmental parameters
(collectively referred to herein as “parameters™) associated
with the subject 104, using electrical, mechanical, and/or
chemical means. In embodiments, the medical device 102
may be configured to automatically gather data associated
with parameters, gather data associated with parameters
upon request (e.g., input provided by the subject, a clinician,
another device, and/or the like), and/or any number of
various combinations and/or modifications thereof.

[0058] For example, the medical device 102 may be
configured to monitor (e.g., measure, sense and/or record)
physiological parameters associated with the patient’s heart.
In embodiments, the medical device 102 may be configured
to monitor physiological parameters associated with one or
more other organs, systems, and/or the like. The medical
device 102 may be configured to record physiological
parameters such as, for example, one or more cardiac
electrical signals, heart sounds, heart rate, oxygen satura-
tions, and/or the like. In embodiments, the medical device
102 may also be configured to detect physiological param-
eters that may include one or more signals indicative of a
patient’s physical activity level (e.g., using an accelerom-
eter), metabolic level and/or other parameters relating to
human body, such as temperature (e.g., using a thermom-
eter), blood pressure (e.g., using a sphygmomanometer),
blood characteristics (e.g., glucose levels), body weight,
physical strength, mental acuity, diet, relative geographic
position (e.g., using a Global Positioning System (GPS)),
and/or the like.

[0059] Inaddition, or alternatively, the medical device 102
may be configured to detect intrathoracic impedance, from
which various respiratory parameters may be derived,
including, for example, respiratory tidal volume and minute
ventilation. As another example, the medical device 102
may be configured to detect one or more body movements
or body postures and/or position related signals. For
example, one or more accelerometers and/or GPS devices
may be employed to detect patient activity, patient location,
body orientation, torso position, and/or posture.

[0060] The medical device 102 may also be able to obtain
information about the external environment (e.g., tempera-
ture, air quality, humidity, carbon monoxide level, oxygen
level, barometric pressure, light intensity, sound, and/or the
like) surrounding the patient 104, and/or the like (collec-
tively referred to herein as “environmental parameters”).
[0061] According to embodiments, the medical device 102
may also be configured to receive subjective and/or percep-
tive data from the subject 104 (collectively referred to herein
as “subjective parameters”). A subjective parameter is infor-
mation related to a patient’s feelings, perceptions, and/or
opinions, as opposed to, for example, objective physiologi-
cal data. For example, the medical device 102 may be
configured to receive subject responses to inquiries such as
“How do you feel?” and “How is your pain?” The medical
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device 102 may be configured to prompt the subject 104 and
record subjective data from the subject 104 using visual
and/or audible cues. In embodiments, the subject 104 can
press coded response buttons or type an appropriate
response on a keypad or other touch interface included in the
medical device and/or EMD 106, which may be, for
example, a user device (e.g., a cell phone, programmer,
laptop, etc.). In embodiments, subjective data may be col-
lected by allowing the subject 104 to speak into a micro-
phone and using speech recognition software to process the
subjective data. In embodiments, the medical device 102 is
configured to receive the subjective parameters. Alterna-
tively, or in addition, the medical device 102 may be
configured to receive subjective parameters via an EMD 106
that is communicatively coupled to the medical device 102
via the communication link 108A.

[0062] In embodiments, the medical device 102 may be
configured to store data related to the sensed physiological,
environmental, and/or subjective parameters. The medical
device 102 may also be configured to transmit and/or receive
the parameter data to any number of other devices in the
system 100. The medical device 102 may be configured to
sense, record and/or transmit at regular intervals, continu-
ously, and/or in response to a detected event.

[0063] In embodiments, the medical device 102 may also
be configured to deliver therapy to the subject 104. In
embodiments, therapy may be provided automatically, for
example, after performing additional analysis on a potential
episode, and/or upon request (e.g., an input by the subject
104, a clinician, another device or process, and/or the like).
In embodiments, the medical device 102 may be program-
mable in that various characteristics of sensing, analysis and
therapy (e.g., duration and interval), respectively, may be
altered by communication between the medical device 102
and other components of the system 100 (e.g., the EMD 106,
the management server 110, etc.).

[0064] In embodiments, the communication link 108A
(and other communication links 108B-108C discussed
herein) may be, or include, a wired communication link
and/or a wireless communication link such as, for example,
a short-range radio link, such as Bluetooth, IEEE 802.11, a
proprietary wireless protocol, and/or the like. In embodi-
ments, for example, the communication link 108A may
utilize Bluetooth Low Energy radio (Bluetooth 4.1), or a
similar protocol, and may utilize an operating frequency in
the range of 2.40 to 2.48 GHz. The term “communication
link” may refer to an ability to communicate some type of
information in at least one direction between at least two
devices, and should not be understood to be limited to a
direct, persistent, or otherwise limited communication chan-
nel. That is, according to embodiments, the communication
link 108A may be a persistent communication link, an
intermittent communication link, an ad-hoc communication
link, and/or the like. The communication link 108A may
refer to direct communications between the medical device
102 and other components of system 100 and/or indirect
communications that travel between the medical device 102
and other components of the system 100 via at least one
other device (e.g., a repeater, router, hub, and/or the like).
The communication link 108 A may facilitate uni-directional
and/or bi-directional communication between the medical
device 102 and other components of the system 100. Data
and/or control signals may be transmitted between the
medical device 102 and other components of the system 100
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to coordinate the functions of the medical device 102 and
other components of the system 100. In embodiments,
patient data may be downloaded from other of the medical
device 102 periodically or on command. The physician
and/or the patient may communicate with the medical device
102, for example, to acquire patient data or to initiate,
terminate and/or modify recording and/or therapy.

[0065] As shown, the medical device 102 may be config-
ured to send data to, and receive data from, any number of
other devices, depicted (e.g., the EMD 106, a management
server 110, etc.) or not depicted in FIG. 1. Such communi-
cations may be transported over a network 112, for example,
a local area network (LAN), via communication links 110B,
110C. In some embodiments, the medical device 102 may
communicate directly with the management server 110,
which may be located in the subject’s home and/or at a
remote location (e.g., the server 110 may be implemented, at
least in part, as software having components instantiated by
more than one device). The medical device 102 may also or
alternatively incorporate multi-mode wireless telecommu-
nications such as cellular, BLUETOOTH, or IEEE 802.11B
to communicate with the network 112. For example, the
medical device 102 may include a miniature cellular phone
capable of wirelessly uploading clinical data from the device
on a periodic basis. In addition, in embodiments, medical
device 102 may function in a hybrid form, utilizing wireless
communication when available and defaulting to a local
wireless portal or a wired connection when the wireless
communication becomes unavailable. The network 112 may
be, or include, any number of different types of communi-
cation networks such as, for example, a bus network, a short
messaging service (SMS), a local area network (LAN), a
wireless LAN (WLAN), a wide area network (WAN), the
Internet, a P2P network, custom-designed communication or
messaging protocols, and/or the like. The network 112 may
include a combination of multiple networks.

[0066] In embodiments, the medical device 102 may be
configured to communicate during a given duty cycle. For
example, the medical device 102 may be configured to
communicate with the management server 110 (or other
device) at given intervals, such as once a week. The medical
device 102 may write data for the time period (e.g., a week)
and transmit the data to the management server 110 (or other
device) during the portion of the cycle that transmission is
active and then conserve energy for the rest of the cycle. In
another example, the medical device 102 may conserve
energy and only communicate with the management server
110 (or other device) when a trigger event has occurred.

[0067] In embodiments, the medical device 102 may be
configured to analyze parameter data gathered by the medi-
cal device 102. For example, the medical device 102 may be
configured to determine a potential episode (e.g., a potential
cardiac pause) and perform additional analysis on the epi-
sode (e.g., perform a validation check of the potential
cardiac pause). In embodiments, the EMD 106 may be
configured to perform the additional analysis. As it is used
herein, the term “episode” refers to a time period during
which some sort of abnormal or otherwise interesting event
occurs. “Episode data” may include parameter data obtained
before, during and/or after an episode, and may also include
device settings, actions that were taken by the device,
actions that were taken by a user, environmental parameters,
and/or other information.
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[0068] For example, an episode may be a potential cardiac
pause of a patient’s heart. That is, in embodiments, a
determination algorithm may be incorporated into the medi-
cal device 102 to determine a potential cardiac pause based
on one or more parameters. For example, a potential cardiac
pause may be determined if an R-R interval, included in a
patient’s physiological parameter data, exceeds a time
threshold. As another example, a potential cardiac pause
may be determined if a subsequent R wave does not occur
within a specified period of time after an identified occur-
rence of an R wave. In other words, a determination algo-
rithm may be configured to identify an R wave in an
electrogram, search for a subsequent R wave within a
specified time period (that is, within a specified time window
of the electrogram) and, if a subsequent R wave is not
identified within that specified time window, the determina-
tion algorithm may determine that a potential cardiac pause
occurred. In embodiments, the time threshold and/the speci-
fied temporal distance may be user-defined, system-defined,
statistically-defined, dynamically-defined, and/or the like,
and may include using one or more of the following: the
patient’s age, sex, temperature, blood pressure, body weight,
physical strength, diet, heart characteristics, posture, hydra-
tion, physical activity level, metabolic level, heart sounds,
mental acuity, relative geographic position, intrathoracic
impedance, respiratory tidal volume, minute ventilation,
subjective feelings and/or other parameters. As an example,
the time threshold may be user-defined based on a baseline
R-R threshold for the patient. That is, for example, if the
patient normally exhibits an R-R interval of less than 3
seconds, a potential cardiac pause may be determined if an
R-R interval, for the patient, is greater than or equal to 3
seconds. In some cases, the time threshold may be set
(and/or adjusted) for all patients, for a group of patients,
and/or the like.

[0069] In embodiments, the medical device 102 may per-
form additional analysis on the episode data, or part of the
episode data, corresponding to a particular episode. For
example, if a potential cardiac pause (i.e., an episode) is
determined, the medical device 102 may perform a valida-
tion check (i.e., additional analysis) of the potential cardiac
pause using the episode data (e.g., data corresponding to a
time period during which the potential cardiac pause is
determined to have occurred). According to embodiments,
the determination algorithm may be configured to be more
sensitive than the validation check, whereas the validation
check may be configured to be more specific than the
determination algorithm. In other words, the determination
may have higher sensitivity while the validation may have
higher specificity. As an example, assume an R-R interval
exceeds a time threshold, which is indicative of a potential
cardiac pause. Further assume that a first electric potential
threshold is used to identify R waves used in calculating the
R-R intervals. In response to determining the potential
cardiac pause, a validation component incorporated into the
medical device 102 may perform a validation check of the
cardiac pause. In embodiments, a validation check may
include determining a second R-R interval, where an R wave
of the second R-R interval is identified using a second
electric potential threshold that is less than the first electric
potential threshold. For example, the first electric potential
threshold may be 33% greater than the second electric
potential threshold.
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[0070] As another example, the validation component of
the medical device 102 may perform a validation check
based on the patient’s posture. That is, when the medical
device 102 senses that the patient using the medical device
102 is sitting and/or laying down, the validation check may
determine that R waves are typically less than they other-
wise would be (e.g. 10% less). If the first electric potential
threshold is set to measure R waves when a patient is
standing, the medical device 102 may implement a second
electric potential threshold that is lower than the first electric
potential threshold (e.g., 10% lower).

[0071] As another example, the validation component of
the medical device 102 may perform a validation check
based on one or more of the patient’s heart sounds. For
example, in response to determining a potential cardiac
pause, the validation component of the medical device 102
may determine whether the medical device 102 (or another
device operatively coupled to the patient that is configured
to measure heart sounds) detected the presence of one or
more heart sounds during the R-R interval that includes the
potential cardiac pause. If one or more heart sounds were
detected near a fiducial included in the R-R interval that
includes the potential cardiac pause, the validation compo-
nent of the medical device 102 may invalidate the potential
cardiac pause as being a false positive. However, if one or
more heart sounds were not detected near a fiducial included
the R-R interval that includes the potential cardiac pause, the
potential cardiac pause may be validated. In embodiments,
the fiducial may be where an R wave was expected to occur
(#/-10%, 20% and/or the like) in the R-R interval that
includes the cardiac pause. In embodiments, where an R
wave was expected to occur may be determined by, for
example, a patient’s average R-R interval or the patient’s
R-R interval before the R-R interval that includes the
potential cardiac pause. In embodiments, the heart sounds
may be S1, S2, S3 and/or S4 heart sounds.

[0072] In embodiments, the medical device 102 may per-
form the validation check on the entire R-R interval or a
subinterval of the R-R interval that includes the potential
cardiac pause. For embodiments that perform the validation
check on a subinterval of the R-R interval, an average R-R
interval may be determined for the patient using a patient’s
physiological parameter data. In embodiments, the average
R-R interval may be based on the last N number of beats
(e.g., 3 beats, 4 beats, 5 beats, 6 beats and/or the like) of the
patient. By adding the average R-R interval to the time that
the last R wave was identifled, the time at which another R
wave was expected to occur can be identified. Using the
identified time that another R wave was expected to occur,
the validation check may be performed for a period of time
that is centered at and surrounding the identified time. In
embodiments, the period of time surrounding the identified
time may be a fixed time (e.g., +/-10 ms, 20 ms, 30 ms,
and/or the like), may be a percentage (e.g., +/-5%, 10%,
15% and/or the like) of the average R-R interval or may be
a percentage (e.g., +/-5%, 10%, 15% and/or the like) of the
prior R-R interval. For example, if identified time at which
another R wave was expected to occur is t;, then the
validation check may be performed for the interval (t,-t,,
t,+,), where t, is a period of time (e.g., a fixed time period,
a percentage of the average R-R interval variability or a
percentage of the prior R-R interval).

[0073] In embodiments, the first and second electric
potentials may be may user defined, system defined, statis-
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tically defined, dynamically defined, and/or the like and may
include using one or more of the following: the patient’s age,
sex, temperature, blood pressure, body weight, physical
strength, diet, heart characteristics, posture, hydration,
physical activity level, metabolic level, heart sounds, mental
acuity, relative geographic position, intrathoracic imped-
ance, respiratory tidal volume, minute ventilation, subjective
feelings and/or other environmental parameters. In embodi-
ments, when performing a validation check, the medical
device 102 and/or EMD 106 may be configured to update the
time threshold, the first electric potential threshold and/or
the second electric potential threshold based on the addi-
tional analysis.

[0074] Additionally, machine-learning techniques may be
employed to adapt the time threshold, the first electric
potential threshold and/or the second electric potential
threshold to more rapidly-changing scenarios such as, for
example, the impact of adjusting to a new medication, the
impact of a temporary adjustment in sleep schedule, the
impact of the air quality in a particular location (e.g., outside
vs. inside, downtown vs. at home, one city vs. another, etc.),
the impact of an allergic reaction to an environmental
stimulus, the impact of a psychological response to an
increase or decrease in an amount of sunlight over the course
of one or more days, the impact of a rapid change in
barometric pressure, and/or the like. According to embodi-
ments, adapting the time threshold, the first electric potential
threshold and/or the second electric potential threshold may
include adjusting one or more value ranges, adding or
subtracting types of information to be considered (e.g.,
requiring additional, or fewer, inputs to the determination
component and/or validation component of the medical
device 102), adjusting weight applied to one or more inputs,
adjusting error terms, adjusting boundary conditions, and/or
the like.

[0075] In embodiments, when performing a validation
check (e.g., using a second electric potential threshold that
is less than the first electric potential threshold or using heart
sounds), if another R wave is not identified, then a cardiac
pause may be validated. However, if when the validation
check is performed and an R wave is identified that was not
originally identified using the first electric potential thresh-
old, then additional analysis may be performed to confirm
the presence of the identified R wave.

[0076] In embodiments, the additional analysis to confirm
the presence of the identified R wave may be a morphologi-
cal analysis and/or a frequency analysis of the identified R
wave (and/or a portion of the waveform including the
identified R wave). For example, the identified R wave may
be matched to one or more templates to confirm the presence
of the identified R wave. That is, if the identified R wave
matches one or more templates, then the presence of the
identified R wave may be confirmed and, therefore, the
additional analysis may result in a conclusion that a cardiac
pause did not actually occur. If, however, the identified R
wave is not matched to one or more templates, then the
presence of the identified R wave may have been misiden-
tified and, therefore, the additional analysis may result in a
conclusion that a cardiac pause may have occurred. In
embodiments, the morphological analysis may use a stored
template (or templates) that are representative of a QRS
complex. In embodiments, the morphological analysis may
use a dynamically extracted template from the patient’s
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physiological parameter data. For example, a template may
be extracted from one or both of the R waves that surround
the identified pause.

[0077] Additionally or alternatively, in embodiments
where the validation check is performed on a subinterval (as
described above), the additional analysis may include using
a second electric potential threshold to potentially identify R
waves included in the R-R interval but were outside the
subinterval. In embodiments, the amplitudes of any peaks
found in the subinterval may be compared to any peaks
found outside the subinterval. An identified R wave may
have been misidentified if there are relatively small or absent
peaks outside of the subinterval. Illustrative aspects of a
confirming an identified R wave are described in IMPED-
ANCE WAVEFORM MONITORING FOR HEART BEAT
CONFIRMATION, U.S. patent application Ser. No. 14/609,
059 to Thakur et al, the entirety of which is hereby
incorporated by reference herein.

[0078] Since the medical device 102 may be configured to
send data to, and receive data from, any number of other
devices, one or more functions of the medical device 102
described above (e.g., sensing parameter data, determining a
potential episode and/or performing additional analysis of
the potential episode) may be performed by another device
(e.g., by the EMD 106 and/or by the management server
110). Offloading one or more functions to another device
may increase the longevity of the medical device 102. That
is, for example, the medical device 102 may be configured
to detect a potential syncope, and upon detecting the poten-
tial syncope, may be configured to provide information to
the EMD 106 and/or the management server 110, which may
be configured to perform a validation check of the potential
syncope.

[0079] In implementations in which the EMD 106 per-
forms the validation check, the EMD 106 may request data
from the medical device 102 that it can use in performing the
validation check. In embodiments, the medical device 102
may provide that data to the EMD 106 even in the absence
of a request therefrom. In implementations in which the
management server 110 performs the validation check, the
management server 110 may request data from the EMD 106
that it can use in performing the validation check. If the
EMD 106 does not have the requested data stored, the EMD
106 may first obtain the data from the medical device 102,
and then provide the data to the management server 110. In
embodiments, the medical device 102 may provide that data
to the EMD 106, which may provide the data to the
management server 110, even in the absence of a request
therefrom.

[0080] In embodiments, for example, the EMD 106 may
be a medical device and may include any one or more of the
components, characteristics, features, and/or functionality of
amedical device (e.g., the medical device 102), as described
herein. In embodiments, the EMD 106 may perform one or
more of the following functions: (1) data storage; (2) data
analysis; (3) data forwarding; (4) patient interaction; (5)
patient feedback; and (6) data communications. For
example, the EMD 106 may facilitate communications
between the medical device 102 and a management server
110. The EMD 106 may, periodically or in real-time, inter-
rogate and download into memory clinically relevant patient
data. This data may include, for example, P and R-wave
measurements, pacing, shocking events, lead impedances,
pacing thresholds, battery voltage, capacitor charge times,
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ATR episodes with electrograms, tachycardia episodes with
electrograms, histogram information, and/or any other clini-
cal information necessary to ensure patient health and proper
device function.

[0081] According to various embodiments of the disclosed
subject matter, any number of the components depicted in
FIG. 1 (e.g., the IMD 102, the EMD 106, and/or the
management server 110) may be implemented on one or
more computing devices. The computing device may
include any type of computing device suitable for imple-
menting aspects of embodiments of the disclosed subject
matter. Examples of computing devices include specialized
computing devices or general-purpose computing devices
such “multi-parameter monitors,” “workstations,” “servers,”
“laptops,” “desktops,” “tablet computers,” “hand-held
devices,” “general-purpose graphics processing units (GPG-
PUs),” and the like, all of which are contemplated within the
scope of FIG. 1, with reference to various components of the
system 100 and/or computing device.

[0082] In embodiments, a computing device includes a
bus that, directly and/or indirectly, couples the following
devices: a processor, a memory, an input/output (I/O) port,
an I/O component, and a power supply. Any number of
additional components, different components, and/or com-
binations of components may also be included in the com-
puting device. The I/O component may include a presenta-
tion component configured to present information to a user
such as, for example, a display device, a speaker, a printing
device, and/or the like, and/or an input component such as,
for example, a microphone, a joystick, a satellite dish, a
scanner, a printer, a wireless device, a keyboard, a pen, a
voice input device, a touch input device, a touch-screen
device, an interactive display device, a mouse, and/or the
like.

[0083] The bus represents what may be one or more
busses (such as, for example, an address bus, data bus, or
combination thereof). Similarly, in embodiments, the com-
puting device may include a number of processors, a number
of memory components, a number of I/O ports, a number of
1/O components, and/or a number of power supplies. Addi-
tionally any number of these components, or combinations
thereof, may be distributed and/or duplicated across a num-
ber of computing devices.

[0084] In embodiments, memory includes computer-read-
able media in the form of volatile and/or nonvolatile
memory and may be removable, nonremovable, or a com-
bination thereof. Media examples include Random Access
Memory (RAM); Read Only Memory (ROM); Electroni-
cally Erasable Programmable Read Only Memory (EE-
PROM); flash memory; optical or holographic media; mag-
netic cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices; data transmissions; and/or any
other medium that can be used to store information and can
be accessed by a computing device such as, for example,
quantum state memory, and/or the like. In embodiments, the
memory stores computer-executable instructions for causing
the processor to implement aspects of embodiments of
system components discussed herein and/or to perform
aspects of embodiments of methods and procedures dis-
cussed herein.

[0085] The computer-executable instructions may include,
for example, computer code, machine-useable instructions,
and the like such as, for example, program components
capable of being executed by one or more processors
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associated with the computing device. Program components
may be programmed using any number of different pro-
gramming environments, including various languages,
development kits, frameworks, and/or the like. Some or all
of the functionality contemplated herein may also, or alter-
natively, be implemented in hardware and/or firmware.
[0086] FIG. 2 is a graph 200 depicting an illustrative
potential cardiac pause and validation check, in accordance
with embodiments of the disclosure. The graph 200 includes
a plot of an EGM 202 of a patient. As discussed above,
medical systems may include an electric potential threshold
204, which will identify an R wave of the EGM when the
electric potential threshold 204 is met or exceeded. Further-
more, based on the differences between the times of the
identified R waves, R-R intervals can be calculated for an
EGM. If an R-R interval exceeds a time threshold, a poten-
tial cardiac pause and (e.g., associated with a syncope) can
be identified. In embodiments, a potential cardiac pause may
be determined if, after an R wave is identified, a subsequent
R wave does not occur within a specified time period (e.g.,
time window of the electrogram).

[0087] As shown in FIG. 2, a first electric potential is set
to approximately 3.7 mV. Accordingly, all R waves that
exceed 3.7 mV will be identified. In this example, all the R
waves in the EGM are identified except for the R wave 206.
Since the R wave 206 is not identified, R wave 208 and R
wave 210 are used to determine a first R-R interval. As
shown, the first R-R interval is approximately 5 seconds. In
this example, assume that the time threshold is greater than
or equal to 4 seconds. Since the R-R interval is greater than
4 seconds, a potential cardiac pause is determined to have
occurred for the patient.

[0088] In embodiments, to perform a validation check on
the potential cardiac pause, a second R-R interval may be
calculated using a second electric potential threshold 212
that is less than the first electric potential threshold 204. In
embodiments, the first electric potential threshold 204 may
be 33% greater than the second electric potential threshold.
This is only an example, though, and is not meant to be
limiting. Since the R wave 206 exceeds the second electric
potential threshold 212, the validation check calculates a
second R-R interval for the time interval between R wave
208 and R wave 206 that is approximately 3 seconds, and
calculates a second R-R interval for the time interval
between R wave 206 and R wave 210 that is approximately
2 seconds. Since both of these R-R intervals are less than the
time threshold, the validation check determines the first R-R
interval to be a false positive. In embodiments, if the
validation check determined the same R-R interval, the
validation check may determine the potential episode to be
positive. As another example, the validation check may be
performed using a morphological analysis, as discussed
above in relation to FIG. 1. In embodiments, a medical
system that performed a validation check may record, report
and/or transmit the results, update the time threshold, the
first electric potential and/or the second potential and/or
provide alternative therapy (including not performing any
therapy at all).

[0089] As discussed above with regard to FIG. 1, the time
threshold, the first electric potential threshold 204 and the
second electric potential 212 may be user-defined, system-
defined, statically-defined, dynamically-defined, and/or the
like, and may include using one or more of the following: the
patient’s age, sex, temperature, blood pressure, body weight,
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physical strength, diet, heart characteristics, posture, hydra-
tion, physical activity level, metabolic level, heart sounds,
mental acuity, relative geographic position, intrathoracic
impedance, respiratory tidal volume, minute ventilation,
subjective feelings and/or other parameters.

[0090] FIG. 3 is a block diagram depicting an illustrative
system 300 for reducing false positives in detection of
cardiac pauses, in accordance with embodiments of the
disclosure. As shown, the system 300 includes a medical
device 302. In embodiments, the medical device 302 may
be, be similar to, include, or be included in, the medical
device 102 depicted in FIG. 1, and/or the EMD 106 depicted
in FIG. 1.

[0091] According to embodiments illustrated in FIG. 3,
the medical device 302 includes a processor 306, memory
308, a sensing component 310, a determination component
312, a validation component 314, a communication compo-
nent 316 and power source 318.

[0092] In embodiments, the processor 306 may include,
for example, a processing device, a pulse generator, a
controller, and/or the like. The processor 306 may be any
arrangement of electronic circuits, electronic components,
processors, program components and/or the like configured
to store and/or execute programming instructions, to direct
the operation of the other functional components of the
medical device 302. For example, the processor 306 may
control the storage of physiologic data obtained by the
sensing component 310, control the determination compo-
nent 312, control the validation component 314, control the
communication component 316 and control the power
source 318 and/or the like, and may be implemented, for
example, in the form of any combination of hardware,
software, and/or firmware.

[0093] In embodiments, the processor 306 may represent
a single processor 306 or multiple processors 306, and the
single processor 306 and/or multiple processors 306 may
each include one or more processing circuits. In embodi-
ments, the processor 306 may configured to be implanted in
the patient and/or may be configured to be outside of the
patient. That is, for example, the processor 306 may repre-
sent a component of an implantable medical device, an
external medical device, and/or may represent at least one
processor in an implantable medical device and at least one
processor in an external device. The processor 306 may
include one or more processing circuits, which may include
hardware, firmware, and/or software. In embodiments, dif-
ferent processing circuits of the processor 306 may perform
different functions. For example, the processor 306 may
include a first processing circuit configured to determine a
potential cardiac pause of a patient, and a second processing
circuit configured to perform a validation check. That is, for
example, the first processing circuit may be, include, and/or
control the determination component 312, and the second
processing circuit may be, include, and/or control the vali-
dation component 314. As such, using the example given in
FIG. 2, the first processing circuit may identify R waves
using a first electric potential threshold and the second
processing circuit may identify R waves using a second
electric potential.

[0094] The first processing circuit (or aspects thereof)
and/or the second processing circuit (or aspects thereof) may
be configured to be implanted in the patient and/or disposed
external to the patient. That is, for example, in embodiments,
the first processing circuit and the second processing circuit
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may be integrated within a processor 306 disposed in a
medical device (e.g., an implantable medical device, an
external medical device). In embodiments, the first process-
ing circuit may be, or include, a first algorithm, virtual
processor, and/or process implemented by the processor
306, and, similarly, the second processing circuit may be, or
include, a second algorithm, virtual processor, and/or pro-
cess implemented by the processor 306. In embodiments, the
first processing circuit may be, or include, a first set of
physical and/or virtual circuit elements, and, similarly, the
second processing circuit may be, or include, a second set of
physical and/or virtual circuit elements.

[0095] In embodiments, the processor 306 may be a pro-
grammable micro-controller or microprocessor, and may
include one or more programmable logic devices (PLDs) or
application specific integrated circuits (ASICs). In some
implementations, the processor 306 may include memory as
well. Although embodiments of the present system 300 are
described in conjunction with a medical device 302 having
a microprocessor-based architecture, it will be understood
that the medical device 302 (or other device) may be
implemented in any logic-based integrated circuit architec-
ture, if desired. The processor 306 may include digital-to-
analog (D/A) converters, analog-to-digital (A/D) converters,
timers, counters, filters, switches, and/or the like. The pro-
cessor 306 may execute instructions and perform desired
tasks as specified by the instructions.

[0096] The processor 306 may also be configured to store
information in the memory 308 and/or access information
from the memory 308. The memory 308 may include
volatile and/or non-volatile memory, and may store instruc-
tions that, when executed by the processor 306 cause meth-
ods (e.g., algorithms) to be performed by the medical device.
In embodiments, the processor 306 may process instructions
and/or data stored in the memory 308 to control sensing
operations performed by the medical device 302, to control
determination operations by the medical device 302, to
control validation operations by the medical device 302, to
control communications performed by the IMD 302 and/or
the like.

[0097] The medical device 302 may sense physiological
parameters using a sensing component 310 that may include,
for example, one or more electrodes (not shown), one or
more sensors (not shown), or a combination of these. In
embodiments, the sensing component 310 may include any
number of electrical circuits, electronic components, pro-
cessors, program components and/or the like. The memory
308 may be used to store sensed information according to
some implementations. Information from sense circuits
included in the sensing component 310 may be used to
determine a potential cardiac pause and/or perform a vali-
dation check of the potential cardiac pause.

[0098] In embodiments, the sensing component 310 may
be configured to sense intrinsic cardiac electrical signals
such as, for example, electrograms (EGMs) in a manner
similar to known electrocardiogram (ECG) electrodes,
which signals are transmitted via conventional techniques to
the processor 306. In various embodiments, the sensing
component 310 may be configured to sense other patient
physiological and/or environmental parameters in addition
to, or alternative to, cardiac signals. Examples of other
physiological and environmental parameters may include,
but are not limited to, the physiological, environmental and
subjective parameters discussed above with regard to FIG. 1.
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The output from the sensing component 310 may be used in
determining an episode, performing a validation check on an
episode and/or the like.

[0099] In embodiments, the medical device 302 also
includes a determination component 312 configured to
determine a potential episode. The determination component
312 may be implemented in any combination of hardware,
software, and/or firmware, and may be implemented, at least
in part, by the processor 306.

[0100] The determination component 312 may determine
a potential episode based on information received from any
number of other components, devices, and/or the like. For
example, the determination component 312 may obtain
physiological, environmental and/or subjective parameter
data from the sensing component 310 and may use that
information to determine a potential episode. The episode
criteria used to determine potential episodes may be may be
user-defined (e.g., by a patient and/or a clinician), system-
defined, statically-defined, dynamically-defined, and/or the
like. The determination component 312 may reference epi-
sode criteria stored in memory (e.g., the memory 308) to
determine whether a potential episode has occurred. As an
example, the determination component 312 may determine
cardiac pause, a specific type of episode, if the sensing
component 310 senses an R-R interval that exceeds a time
threshold, as described above with regard to FIGS. 1 and 2.
In embodiments, a potential cardiac pause may be deter-
mined if, after an R wave is identified, a subsequent R wave
does not occur within a specified temporal distance.

[0101] In embodiments, the medical device 302 also
includes a validation component 314. The validation com-
ponent 314 performs a validation check of a potential
episode, as determined by the determination component 312.
The validation component 314 may be implemented in any
combination of hardware, software, and/or firmware, and
may be implemented, at least in part, by the processor 306.

[0102] The validation component 314 may perform a
validation check based on information received from any
number of other components, devices, and/or the like. For
example, the determination component 312 may obtain
physiological, environmental and/or subjective parameter
information from the sensing component 310 and may use
that information to perform a validate check on a potential
episode. The validation component 314 may reference vali-
dation criteria stored in memory (e.g., the memory 308) to
perform a validation check.

[0103] As an example, to perform a validation check of a
determined potential cardiac pause, the validation compo-
nent 314 may be configured to receive the electrogram
(EGM) data from the sensing component 310 and determine
a second R-R interval, wherein a R wave of the second R-R
interval is identified using a second electric potential thresh-
old that is less than the electric potential threshold used to
determine cardiac pause, as described in more detail with
regard to FIGS. 1 and 2 above.

[0104] As another example, the validation component 314
may perform a validation check based on the patient’s
posture. For example, when the sensing component 310
senses that the patient using the medical device 302 is sitting
and/or laying down, the validation check may determine that
R waves are typically 10% less than they otherwise would
be. If the first electric potential threshold is set to measure
R waves when a patient is standing, the validation compo-
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nent 314 may implement a second electric potential thresh-
old that is 10% lower than the first electric potential thresh-
old.

[0105] As another example, the validation component 314
may perform a validation check based on one or more heart
sounds of a patient, as described in related to FIG. 1 above.
For example, in response to determining a potential cardiac
pause, the validation component 314 may determine the
presence of one or more heart sounds, during the R-R
interval that includes the potential cardiac pause, were
detected. If one or more heart sounds were detected near
(e.g., +/-10%, 20% and/or the like) where an R wave should
have registered, as determined by, for example, a patient’s
average R-R interval or the patient’s R-R interval before the
potential cardiac pause, the validation component 314 may
dismiss the potential cardiac pause as being a false positive.
However, if one or more heart sounds were not detected, the
potential cardiac pause may be validated by the validation
component 314.

[0106] As stated above with regard to FIG. 1, machine-
learning techniques may be employed to adapt the time
threshold, the first electric potential threshold and/or the
second electric potential threshold. In embodiments, this
may include adapting the time threshold, the first electric
potential threshold and/or the second electric potential
threshold to rapidly-changing scenarios such as, for
example, the impact of posture, the impact of adjusting to a
new medication, the impact of a temporary adjustment in
sleep schedule, the impact of the air quality in a particular
location (e.g., outside vs. inside, downtown vs. at home, one
city vs. another, etc.), the impact of an allergic reaction to an
environmental stimulus, the impact of a psychological
response to an increase or decrease in an amount of sunlight
over the course of one or more days, the impact of a rapid
change in barometric pressure, and/or the like. According to
embodiments, adapting the time threshold, the first electric
potential threshold and/or the second electric potential
threshold may include adjusting one or more value ranges,
adding or subtracting types of information to be considered
(e.g., requiring additional, or fewer, inputs), adjusting
weight applied to one or more inputs, adjusting error terms,
adjusting boundary conditions, and/or the like. In embodi-
ments, after the medical device 302 performs a validation
check, the results of the validation check may be confirmed,
e.g., using morphological analysis, as described above in
relation to FIG. 1. Additionally or alternatively, the medical
device 302 may record, report and/or transmit the results,
update the time threshold, the first electric potential and/or
the second potential and/or provide alternative therapy (in-
cluding not performing any therapy at all).

[0107] The communication component 316 included in
the medical device 302 may include, for example, circuits,
program components, and one or more transmitters, receiv-
ers, transceivers, transducers, and/or the like for communi-
cating wirelessly with one or more other devices such as, for
example, an external monitoring device (EMD) (e.g., the
EMD 106 depicted in FIG. 1) and/or a server (e.g., the
management server 110 depicted in FIG. 1). According to
various embodiments, the communication component 316
may be configured to facilitate any number of different types
of wireless communication such as, for example, radio-
frequency (RF) communication, microwave communica-
tion, infrared communication, acoustic communication,
inductive communication, conductive communication, and/
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or the like. The communication component 316 may include
any combination of hardware, software, and/or firmware
configured to facilitate establishing, maintaining, and using
any number of communication links.

[0108] In embodiments, the communication component
316 of the medical device 302 facilitates wireless commu-
nication with other devices (e.g., the management server 110
depicted in FIG. 1) and other medical devices such as, for
example, to facilitate coordinated operations between the
medical devices. Since the medical device 302 may include
a communication component 316 configured to send data to,
and receive data from, any number of other devices, the
sensing component 310, the determination component 312
and/or the validation component 314 may be performed by
another device (e.g., by the EMD 106 and/or by the man-
agement server 110 depicted in FIG. 1).

[0109] The power source 320 included in the medical
device 302 provides electrical power to the other operative
components (e.g., the processor 306, the memory 308, the
sensing component 310, the determination component 312,
the validation component 314, and the communication com-
ponent 316), and may be any type of power source suitable
for providing the desired performance and/or longevity
requirements of the medical device 302. In various embodi-
ments, the power source 320 may include one or more
batteries, which may be rechargeable (e.g., using an external
energy source). The power source 320 may include one or
more capacitors, energy conversion mechanisms, and/or the
like. Power sources for medical devices such as the medical
devices 302 are well known, and are therefore not discussed
in greater detail herein.

[0110] The illustrative medical system 300 shown in FIG.
3 is not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the present disclo-
sure. Neither should the illustrative medical system 300 be
interpreted as having any dependency or requirement related
to any single component or combination of components
illustrated therein. Additionally, various components
depicted in FIG. 3 may be, in embodiments, integrated with
various ones of the other components depicted therein
(and/or components not illustrated), all of which are con-
sidered to be within the ambit of the present disclosure.
[0111] FIG. 4 is a schematic diagram depicting an illus-
trative process flow 400 for reducing false positives in
detection of cardiac pauses, in accordance with embodi-
ments of the disclosure. Because any number of the various
components depicted in FIG. 4 may be implemented in any
number of different combinations of devices (such as, e.g.,
aspects of embodiments of the systems 100 and 300
depicted, respectively, in FIGS. 1 and 3), FI1G. 4 is depicted,
and described, without regard to the particular device(s)
within which each component is implemented, but is rather
discussed in the context of system components and their
functions.

[0112] As shown in FIG. 4, the process flow 400 includes
a sensing component 402 that obtains a set 404 of values of
one or more physiological, environmental and/or subjective
parameters and provides that set 404 of values to a deter-
mination component 406. In embodiments, the sensing
component 402 may be, be similar to, include, or be
included in, the sensing component 310 depicted in FIG. 3,
and may be implemented, for example, in a medical device
(e.g., the medical device 102 depicted in FIG. 1 and/or the
medical device 302 depicted in FIG. 3). The physiological,
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environmental and/or subjective parameters may include,
but are not limited to, the physiological, environmental
and/or subjective parameters discussed above in the discus-
sion of FIG. 1. For example, the set 404 may include an
EGM for a patient.

[0113] Inembodiments, the determination component 406
analyzes the set 404 to determine whether or not a potential
episode (e.g., cardiac pause) has occurred using a set of
episode criteria 408, which may retrieved from a memory
410. In embodiments, the determination component 406
may be, be similar to, include, or be included in, the
determination component 312 depicted in FIG. 3, and may
also, or alternatively, be implemented in an medical device
(e.g., the medical device 102 depicted in FIG. 1 and/or the
medical device 302 depicted in FIG. 3) and/or a server (e.g,,
the management server 110 depicted in FIG. 1). In embodi-
ments, the episode criteria 408 for determining a potential
episode may be or be similar to the episode criteria discussed
above in the discussion of FIG. 3. For example, a potential
episode may be determined if an R-R interval is greater than
a time threshold. In embodiments, a potential cardiac pause
may be determined if, after an R wave is identified, a
subsequent R wave does not occur within a specified tem-
poral distance. Moreover, in embodiments, the memory 410
may be, be similar to, include, or be included in, the memory
308 depicted in FIG. 3. The memory 410 may also, or
alternatively, be implemented in a medical device and/or a
server.

[0114] Inembodiments, the determination component 406
may be configured to provide a notification 412 of a deter-
mined potential episode 414 to the validation component
416. The validation component 416 is configured to perform
a validation check of the potential episode 414.

[0115] In embodiments, the validation component 416
may be, be similar to, include, or be included in, the
validation component 314 depicted in FIG. 3, and may also,
or alternatively, be implemented in a medical device and/or
a server. To perform the validation check, the validation
component 416 may request the set 404 from the sensing
component 402 and/or validation criteria 418, which may be
retrieved from the memory 410. In embodiments, the vali-
dation criteria 418 for determining a potential episode may
be or be similar to the episode criteria discussed above in the
discussion of FIG. 3. For example, the validation criteria 418
may include a second electric potential threshold that is used
to identify R waves, such that the second electric potential
threshold is less than the first electric potential threshold
used to initially determine the R-R interval. As another
example, the validation criteria 418 may use heart sounds to
perform a validation check of a potential cardiac pause, as
described in relation to FIGS. 1 and 3 above. In embodi-
ments, the validation component 418 may also include
confirm the results of the validation check, e.g., using
morphological analysis, as described above in relation to
FIG. 1.

[0116] In embodiments, the validation component 418
may be configured to send the results 420 of the validation
check back to memory 410. In embodiments, the process
flow 400 may include the machine-learning techniques may
be employed based on the results 420 to adapt the episode
criteria 408 and the validation criteria 418. In embodiments,
this may include adapting the time threshold of the episode
criteria 408, the first electric potential threshold of the
episode criteria 408 and/or the second electric potential
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threshold of the validation criteria 418 to rapidly-changing
scenarios such as, for example, the impact of posture, the
impact of adjusting to a new medication, the impact of a
temporary adjustment in sleep schedule, the impact of the air
quality in a particular location (e.g., outside vs. inside,
downtown vs. at home, one city vs. another, etc.), the impact
of an allergic reaction to an environmental stimulus, the
impact of a psychological response to an increase or
decrease in an amount of sunlight over the course of one or
more days, the impact of a rapid change in barometric
pressure, and/or the like. According to embodiments, the
episode criteria 408 and the validation criteria 418 may
include adjusting one or more value ranges, adding or
subtracting types of information to be considered (e.g.,
requiring additional, or fewer, inputs), adjusting weight
applied to one or more inputs, adjusting error terms, adjust-
ing boundary conditions, and/or the like.

[0117] FIG. 5 is a flow diagram depicting an illustrative
method 500 for reducing false positives in detection of
episodes. Embodiments of the method 500 may be per-
formed by one or more components of a patient monitoring
system such as, for example, the medical system 100
depicted in FIG. 1, the medical system 300 depicted in FIG.
3, using a process such as, for example, the illustrative
process 400 depicted in FIG. 4.

[0118] Embodiments of the illustrative method 500
include sensing data corresponding to a parameter (block
502) (e.g., obtaining values of a physiological parameter).
The sensing may be performed by a medical device (e.g., the
medical device 102 depicted in FIG. 1 and/or the medical
device 302 depicted in FIG. 3). The parameter that is sensed
may include any number of different types of information
such as, for example, physiological parameter values, envi-
ronmental parameters, subjective parameters and/or the like
discussed above in relation to FIG. 1. In embodiments, the
data corresponding to the first parameter include cardiac
electrical activity and, more specifically, QRS complexes for
a patient.

[0119] The method 500 further includes determining a
potential episode using the sensed data (block 504). Deter-
mining a potential episode may be performed by a medical
device (e.g., the medical device 102 depicted in FIG. 1
and/or the medical device 302 depicted in FIG. 3), an
external monitoring device (EMD) (e.g., the EMD 106
depicted in FIG. 1), and/or a server (e.g., the management
server 110 depicted in FIG. 1). In embodiments, a potential
episode may be determined if a set of episode criteria is met.
In embodiments, the episode criteria can include, but is not
limited to, the episode criteria discussed above. For
example, determining a potential episode may include deter-
mining a potential cardiac pause. Specifically, the episode
criteria may include determining if an R-R interval exceeds
a time threshold. In embodiments, a first electric potential
threshold may be used to identify R waves, in an ECG of a
patient, that are used in computing the R-R interval. In
embodiments, a potential cardiac pause may be determined
if, after an R wave is identified, a subsequent R wave does
not occur within a specified temporal distance. In embodi-
ments, a single device can perform blocks 502 and 504. In
embodiments, different devices can perform blocks 502 and
504, respectively.

[0120] The method 500 further includes performing a
validation check of the potential episode (block 506). Per-
forming a validation check may be performed by a medical
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device (e.g., the medical device 102 depicted in FIG. 1
and/or the medical device 302 depicted in FIG. 3), an
external monitoring device (EMD) (e.g., the EMD 106
depicted in FIG. 1), and/or a server (e.g., the management
server 110 depicted in FIG. 1). In embodiments, a validation
check may be performed using a set validation criteria. In
embodiments, the validation criteria can include, but is not
limited to, the validation criteria discussed above. For
example, performing a validation check may include deter-
mining a second R-R interval using a second electric poten-
tial threshold to identify R waves, in an EGM of a patient,
wherein the second electric potential threshold is less than
the first electric potential threshold. In embodiments, a
single device can perform blocks 502, 504 and 506. In
embodiments, different devices can perform one or more of
blocks 502, 504, 506, respectively. As another example, a
validation check may be performed using heart sounds. In
embodiments, the validation check may be performed using
heart sounds as described in relation to FIGS. 1 and 3 above.
[0121] In embodiments, method 500 further includes con-
firming the results of the validation check (block 508). In
embodiments, the results of the validation check may be
confirmed by a morphological analysis, e.g., the morpho-
logical analysis described above in relation to FIG. 1.
[0122] Various modifications and additions can be made to
the exemplary embodiments discussed without departing
from the scope of the present disclosure. For example, while
the embodiments described above refer to particular fea-
tures, the scope of this disclosure also includes embodiments
having different combinations of features and embodiments
that do not include all of the described features. Accordingly,
the scope of the present disclosure is intended to embrace all
such alternatives, modifications, and variations as fall within
the scope of the claims, together with all equivalents thereof.
We claim:
1. A system comprising:
a sensing component configured to be operatively coupled
to a patient and to obtain values of a first physiological
parameter; and
at least one processor configured to:
determine a potential cardiac pause of the patient using
the values of the first physiological parameter; and

perform a validation check of the potential cardiac
pause using at least one of: the values of the first
physiological parameter or values of a second physi-
ological parameter.

2. The system of claim 1, wherein the values of the first
physiological parameter are values of an electrogram.

3. The system of claim 2, wherein the potential cardiac
pause is determined when at least one of the following
occurs: (1) a first R-R interval of the electrogram is greater
than a time threshold, wherein the first R-R interval is
identified using a first electric potential, or (2) a subsequent
R wave does not occur within a specified period of time after
an R wave 1s identified, wherein the R wave is identified
using the first electric potential threshold.

4. The system of claim 3, wherein the at least one
processor performs the validation check by calculating a
second R-R interval and wherein an R wave of the second
R-R interval is identified using a second electric potential
threshold, the second electric potential threshold being less
than the first electric potential threshold.

5. The system of claim 1, wherein the values of the second
physiological parameter are obtained from a heart sound
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sensor and wherein the at least one processor performs the
validation check by determining whether the second physi-
ological parameter includes values indicative of heart
sounds following a fiducial of the first physiological param-
eter.

6. The system of claim 5, wherein the heart sounds
include at least one of: an S1 heart sound, an S2 heart sound,
an S3 heart sound and an S4 heart sound.

7. The system of claim 1, wherein the at least one
processor is configured to confirm the validation check by
performing at least one of: a morphological analysis of the
electrogram and a frequency analysis of the electrogram.

8. The system of claim 1, wherein the values of the second
physiological parameter are obtained from at least one of the
following: a second electrogram, an activity sensor, a pos-
ture sensot, a heart sound sensor and an impedance sensor.

9. The system of claim 1, wherein the at least one
processor comprises:

a first processing circuit disposed in an implantable medi-
cal device (IMD), the first processing circuit configured
to determine the potential cardiac pause of the patient;
and

a second processing circuit disposed in the IMD, the
second processing circuit configured to perform the
validation check.

10. A system comprising:

a sensing component configured to be operatively coupled
to a patient and to obtain values of a first physiological
parameter, wherein the values of the first physiological
parameter are values of an electrogram;

at first processing circuit configured to: (1) identify a first
R wave peak using a first electric potential threshold,
(2) identify a second R wave peak using the first
electric potential threshold; (3) determine, based on the
first and second R wave peaks, a first R-R interval; and
(4) determine a potential cardiac pause of the patient by
determining that the first R-R interval is greater than a
time threshold; and

a second processing circuit configured to perform a vali-
dation check of the potential cardiac pause using at
least one of the values of the first physiological param-
eter or values of a second physiological parameter.

11. The system of claim 10, wherein the sensing compo-
nent and at least one of the first processing circuit and
second processing circuit are disposed in an implantable
medical device (IMD).

12. The system of claim 11, wherein the sensing compo-
nent and at least one of the first processing circuit and the
second processing circuit are disposed in a wearable medical
device.
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13. The system of claim 10, wherein the sensing compo-
nent and the first processing circuit are disposed in an
implantable medical device (IMD), the system further com-
prising an external monitoring device (EMD) configured to
be disposed outside the patient’s body, the EMD comprising
the second processing circuit.

14. The system of claim 10, wherein the second process-
ing circuit performs the validation check by (1) identifying,
between the first and second R wave peaks, a third R wave
peak using a second electric potential threshold; (2) deter-
mining a second R-R interval, based on the third R wave
peak; and (3) determining whether the second R-R interval
exceeds the time threshold.

15. The system of claim 10, wherein the second process-
ing circuit is configured to confirm the validation check by
performing at least one of a: morphological analysis of the
electrogram and a frequency analysis of the electrogram.

16. The system of claim 10, the second physiological
parameter comprising at least one of activity, posture, heart
sounds and impedance.

17. A method comprising:

obtaining values of a first physiological parameter of a
patient;

determining, using the values of the first physiological
parameter, a potential cardiac pause of the patient; and

performing a validation check of the potential cardiac
pause using at least one of the values of the first
physiological parameter or values of a second physi-
ological parameter.

18. The method of claim 17, wherein determining the
potential cardiac pause includes determining when a first
R-R interval is greater than a time threshold, wherein an R
wave of the first R-R interval is identified using a first
electric potential threshold, and wherein performing the
validation check includes determining a second R-R interval
of the electrogram during the potential cardiac pause, the
second R-R interval comprising an additional R wave,
wherein the additional R wave is identified using a second
electric potential threshold.

19. The method of claim 18, wherein the first electric
potential threshold is at least 33% greater than the second
electric potential threshold.

20. The method of claim 18, wherein performing the
validation check includes using values obtained from at least
one of: a second electrogram, an activity sensor, a posture
sensor, a heart sound sensor and an impedance sensor.
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