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WEARABLE CARDIOVERTER
DEFIBRILLATOR (WCD) SYSTEM
LOGGING EVENTS AND BROADCASTING
STATE CHANGES AND SYSTEM STATUS
INFORMATION TO EXTERNAL CLIENTS

CROSS REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This patent application claims priority from U.S.
Provisional Patent Application Ser. No. 62/662,892, filed on
Apr. 26, 2018, the disclosure of which is hereby incorpo-
rated herein by reference and for all purposes.

FIELD

[0002] The present disclosure generally relates to the field
of medical devices. More particularly, an embodiment
relates to a Wearable Cardioverter Defibrillator (WCD)
system that is capable of logging events and/or broadcasting
state changes and/or system status information to external
clients.

BACKGROUND

[0003] When people suffer from some types of heart
arrhythmias, the result may be that blood flow to various
parts of the body is reduced. Some arthythmias may even
result in a Sudden Cardiac Arrest (SCA). SCA can lead to
death very quickly, e.g., within 10 minutes unless treated in
the interim. Some observers consider SCA to be the same as
a heart attack, but it is not.

[0004] Some people have an increased risk of SCA. Such
people include patients who have had a heart attack, or a
prior SCA episode. A frequent recommendation for these
people is to receive an Implantable Cardioverter Defibrilla-
tor (ICD). ICD is surgically implanted in the chest, and
continuously monitors the patient’s electrocardiogram
(ECG). If certain types of heart arrhythmias are detected,
then the ICD delivers an electric shock through the heart to
avoid or reduce further complications.

[0005] As a further precaution, people who have been
identified to have an increased risk of an SCA are sometimes
given a Wearable Cardioverter Defibrillator (WCD) system,
to wear until the time that their ICD is implanted. Early
versions of such systems were called wearable cardiac
defibrillator systems. A WCD system includes a harness,
vest, belt, or other garment that the patient is to wear. The
WCD system further includes electronic components, such
as a defibrillator and electrodes, coupled to the harness, vest,
or other garment. When the patient wears the WCD system,
the electrodes may make good electrical contact with the
patient’s skin, and therefore can help sense the patient’s
ECG. If a shockable heart arrhythmia is detected from the
ECG, then the defibrillator delivers an appropriate electric
shock through the patient’s body, and thus through the heart.
This may restart the patient’s heart and thus save that
patient’s life.

[0006] All subject matter discussed in this Background
section of this document is not necessarily prior art, and may
not be presumed to be prior art simply because it is presented
in this Background section. Plus, any reference to any prior
art in this description is not, and should not be taken as, an
acknowledgement or any form of suggestion that such prior
art forms parts of the common general knowledge in any art
in any country. Along these lines, any recognition of prob-
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lems in the prior art discussed in this Background section or
associated with such subject matter should not be treated as
prior art unless expressly stated to be prior art. Rather, the
discussion of any subject matter in this Background section
should be treated as part of the approach taken towards the
particular problem by the inventor(s). This approach in and
of itself may also be inventive.

BRIEF SUMMARY

[0007] The present description provides instances of
Wearable Cardioverter Defibrillator (WCD) systems,
devices, storage media that may store programs (or instruc-
tions), and methods, the use of which may help overcome
problems and limitations of the prior art.

[0008] In an embodiment, a WCD system stores time-
stamped data related to system “Event Markers” during run
time, e.g., documenting the occurrence of a broad variety of
events. The event data can be saved to a local storage device
(e.g., in a database format). The local storage device may
include a volatile memory device (e.g., for buffering), a
non-volatile memory device (such as a removable SD (Se-
cure Digital) card), or combinations thereof, so the events
can be used for diagnostic and analytical purposes. Alter-
natively, the captured data corresponding to the Event Mark-
ers may be communicated via a wired connection (e.g., via
a Universal Serial Bus (USB) cable, Ethernet cable, etc.) or
wireless connection (e.g., via WiFi (Wireless Fidelity) com-
munication, cellular communication, Bluetooth™ commu-
nication, etc.) to a separate computing device, the Internet,
the cloud, etc.

[0009] This allows users to quickly determine the state of
the system at any given time, and provide feedback to
service/rescue personnel, clinicians, and physicians during
patient use or patient consultation session. In one or more
embodiments, the information transmitted and stored may
include patient rhythms, patient activity, patient wear sta-
tistics as well as the current running state and activity of the
system including state changes, alert button activity, and
overall device status as will be further discussed herein.

[0010] These and other features and advantages of the
claimed invention will become more readily apparent in
view of the embodiments described and illustrated in this
specification, namely in this written specification and the
associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram of components of a sample
Wearable Cardioverter Defibrillator (WCD) system, made
according to some embodiments.

[0012] FIG. 2 is a diagram showing sample components of
an external defibrillator, such as the one belonging in the
system of FIG. 1, and which is made according to some
embodiments.

[0013] FIG. 3 is a diagram of sample embodiments of
components of a WCD system.
[0014] FIG. 4 illustrates a block diagram of components

associated with flow of event marker data, according to an
embodiment.

[0015] FIG. 5 illustrates a flow diagram of a method to log
and transmit event marker data, according to an embodi-
ment.
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[0016] FIG. 6 is a diagram of segment based processing
used in a WCD system in accordance with one or more
embodiments.

[0017] FIG. 7 is a diagram of a shock decision method
used in a WCD system in accordance with one or more
embodiments.

[0018] FIG. 8 is a diagram of a WCD system that can
operate with a lower false alarm rate in accordance with one
or more embodiments.

DETAILED DESCRIPTION

[0019] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of various embodiments. However, various
embodiments may be practiced without the specific details.
In other instances, well-known methods, procedures, com-
ponents, and circuits have not been described in detail so as
not to obscure the particular embodiments. Further, various
aspects of embodiments may be performed using various
means, such as integrated semiconductor circuits (“hard-
ware”), computer-readable instructions organized into one
or more programs (“software”), or some combination of
hardware and software. For the purposes of this disclosure
reference to “logic” shall mean either hardware (such as
logic circuitry or more generally circuitry or circuit), soft-
ware, firmware, or some combination thereof.

[0020] Generally, in a closed system (e.g., without a large
display), the device is not capable of providing detailed
status information to users. Devices with limited storage
and/or limited connectivity are not able to share detailed
information with remote caregivers. To this end, some
embodiments provide users (such as patients, physicians,
clinicians, or engineering team members) insight regarding
detailed information related to the state of the system during
run-time or later during a patient evaluation or customer
support session.

[0021] As mentioned above, the present description gen-
erally relates to Wearable Cardioverter Defibrillator (WCD)
systems, devices, storage media that may store programs or
instructions, and methods. Embodiments are now described
in more detail. In one or more embodiments, a WCD system
includes a support structure for wearing by an ambulatory
patient. When worn, the support structure maintains elec-
trodes on the patient’s body (e.g., in electrical contact with
the patient’s body) to detect various conditions/signals as
further discussed herein.

[0022] While some embodiments discussed herein may
indicate that the patient is ambulatory, this is not a require-
ment for all embodiments. Hence, in one or more embodi-
ments, the patient may be stationary or otherwise incapable
of moving/walking around.

[0023] In an embodiment, a WCD system stores time-
stamped data related to system “Event Markers” during run
time, e.g., documenting the occurrence of a broad variety of
events. The event data can be saved to a local storage device
(e.g., in a database format). The local storage device may
include a volatile memory device (e.g., for buffering), a
non-volatile memory device (such as a removable SD (Se-
cure Digital) card), or combinations thereof, so the events
can be used for diagnostic and analytical purposes. Alter-
natively, the captured data corresponding to the Event Mark-
ers may be communicated via a wired connection (e.g., via
a Universal Serial Bus (USB) cable, Ethernet cable, etc.) or
wireless connection (e.g., via WiFi communication, cellular
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communication, Bluetooth™ communication, etc.) to a
separate computing device, the Internet, the cloud, etc.
[0024] In some embodiments, the data corresponding to
the event markers can be stored continuously or periodically
during normal operation/run-time (e.g., on an SD card
and/or communicated via wired or wireless connections to
other storage devices) so that they can be viewed via an
external/remote device (such as a desktop computer, a
laptop, a tablet, a smartphone, etc.) for device analysis or
diagnostic purposes.

[0025] In addition, the events may be uploaded to the
cloud or the Internet, for example via an assistive mobile
device such as a tablet with an application (or app), a mobile
phone, a custom device, an integrated communication
device, etc. Various wireless communication protocols may
be used to communicate the event data between the WCD
system component(s) and another device (such as the mobile
phone, tablet, etc.) including, for example, WiFi (in accor-
dance with IEEE 802.11x protocols including 802.11b,
802.11g. 802.11ac, 802.11ax, etc.), Bluetooth™, cellular
communication protocols, etc. Such uploading may allow
users to view patient and/or device-related information.
[0026] Further, the event data may be uploaded by request,
automatically (e.g., periodically such as every two hours and
the like), or in an emergency. During an emergency, the
event data can be uploaded immediately, which would allow
for timely analysis of issues or problems while the patient is
still wearing the device.

[0027] In an embodiment, customer support can assist
with diagnostics in the field since the information that is
stored/transmitted would provide the current state of the
system as well as the settings for various parameters during
run-time. This allows engineering and support teams to trace
the events back to the root cause of an issue.

[0028] In addition, as more information is learned about
systems in the field, different cloud-base analytics can be
developed using other information associated with the event
markers to detect specific patient or device conditions. In an
embodiment, Al (Artificial Intelligence) may be applied to at
least a portion of the store and/or transmitted event marker
data to determine failure causes/sources, solutions, etc.
[0029] A WCD system according to some embodiments
may protect a patient by electrically restarting their heart if
needed. Such a WCD system may have a number of com-
ponents. These components can be provided separately as
modules that can be interconnected, or can be combined
with other components, and so on.

[0030] FIG. 1 depicts a patient 82. Patient 82 may also be
referred to as a person and/or wearer, since the patient is
wearing components of the WCD system. Patient 82 is
ambulatory, which means that, while wearing the wearable
portion of the WCD system, patient 82 can walk/move
around and is not necessarily bed-ridden. While patient 82
may be considered to be also a “user” of the WCD system,
this is not a requirement. For instance, a user of the wearable
cardioverter defibrillator (WCD) may also be a clinician
such as a doctor, nurse, emergency medical technician
(EMT) or other similarly tasked individual or group of
individuals. In some cases, a user may even be a bystander.
The particular context of these and other related terms
within this description should be interpreted accordingly.
[0031] A WCD system according to some embodiments
can be configured to defibrillate the patient who is wearing
the designated parts of the WCD system. Defibrillating can
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be by the WCD system delivering an electrical charge to the
patient’s body in the form of an electric shock. The electric
shock can be delivered in one or more pulses.

[0032] In particular, FIG. 1 also depicts components of a
WCD system made according to some embodiments. One
such component is a support structure 170 that is wearable
by ambulatory patient 82. Accordingly, support structure
170 is configured to be worn by ambulatory patient 82 for at
least several hours per day, and for at least several days, even
a few months. It will be understood that support structure
170 is shown only generically in FIG. 1, and in fact partly
conceptually. FIG. 1 is provided merely to illustrate con-
cepts about support structure 170, and is not to be construed
as limiting how support structure 170 is implemented, or
how it is worn.

[0033] Support structure 170 can be implemented in many
different ways. For example, it can be implemented in a
single component or a combination of multiple components.
In some embodiments, support structure 170 could include
a vest, a half-vest, a garment, etc. In such embodiments such
items can be worn similarly to analogous articles of clothing.
In some embodiments, support structure 170 could include
a harness, one or more belts or straps, etc. In such embodi-
ments, such items can be worn by the patient around the
torso, hips, over the shoulder, etc. In some embodiments,
support structure 170 can include a container or housing,
which can even be waterproof. In such embodiments, the
support structure can be worn by being attached to the
patient’s body by adhesive material, for example as shown
and described in U.S. Pat. No. 8,024,037. Support structure
170 can even be implemented as described for the support
structure of US Pat. App. No. US2017/0056682, which is
incorporated herein by reference. Of course, in such embodi-
ments, the person skilled in the art will recognize that
additional components of the WCD system can be in the
housing of a support structure instead of being attached
externally to the support structure, for example as described
in the US2017/0056682 document. There can be other
examples.

[0034] FIG. 1 shows a sample external defibrillator 100.
As described in more detail later in this document, some
aspects of external defibrillator 100 include a housing and an
energy storage module within the housing. As such, in the
context of a WCD system, defibrillator 100 is sometimes
called a main electronics module. The energy storage mod-
ule can be configured to store an electrical charge. Other
components can cause at least some of the stored electrical
charge to be discharged via electrodes through the patient, so
as to deliver one or more defibrillation shocks through the
patient.

[0035] FIG. 1 also shows sample defibrillation electrodes
104, 108, which are coupled to external defibrillator 100 via
electrode leads 105. Defibrillation electrodes 104, 108 can
be configured to be worn by patient 82 in a number of ways.
For instance, defibrillator 100 and defibrillation electrodes
104, 108 can be coupled to support structure 170, directly or
indirectly. In other words, support structure 170 can be
configured to be worn by ambulatory patient 82 so as to
maintain at least one of electrodes 104, 108 on the body of
ambulatory patient 82, while patient 82 is moving around,
etc. The electrode can be thus maintained on the body by
being attached to the skin of patient 82, simply pressed
against the skin directly or through garments, etc. In some
embodiments the electrode is not necessarily pressed against
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the skin, but becomes biased that way upon sensing a
condition that could merit intervention by the WCD system.
In addition, many of the components of defibrillator 100 can
be considered coupled to support structure 170 directly, or
indirectly via at least one of defibrillation electrodes 104,
108.

[0036] When defibrillation electrodes 104, 108 make
good/sufficient electrical contact with the body of patient 82,
defibrillator 100 can administer, via electrodes 104, 108, a
brief, strong electric pulse 111 through the body. Pulse 111
is also known as shock, defibrillation shock, therapy, elec-
trotherapy, therapy shock, etc. Pulse 111 is intended to go
through and restart heart 85, in an effort to save the life of
the patient 82. Pulse 111 can further include one or more
pacing pulses (of lesser magnitude than the initial shock/
pulse to restart the heart), e.g., to simply pace heart 85 if
needed, and so on.

[0037] Some defibrillator implementations may decide
whether to defibrillate or not based on an ECG signal of the
patient. However, external defibrillator 100 may initiate
defibrillation, or hold-off defibrillation, based on a variety of
inputs, with the ECG signal merely being one of these
inputs.

[0038] A WCD system according to some embodiments
can obtain data from patient 82. For collecting such data, the
WCD system may optionally include at least an outside
monitoring device 180. Device 180 is called an “outside”
device because it could be provided as a standalone device,
for example not within the housing of the defibrillator 100.
Alternatively, device 180 may be imported within the defi-
brillator 100 or as a single component. Device 180 can be
configured to sense or monitor at least one local parameter.
A local parameter can be a parameter of patient 82, or a
parameter of the WCD system, or a parameter of the
environment, as will be described later in this document.
[0039] For some of these parameters, device 180 may
include one or more sensors or transducers. Each one of such
sensors can be configured to sense a parameter of patient 82,
and to render an input responsive to the sensed parameter. In
some embodiments the input is quantitative, such as values
of a sensed parameter; in other embodiments the input is
qualitative, such as informing whether or not a threshold is
crossed, and so on. Sometimes these inputs about patient 82
are also called physiological inputs and patient inputs. In
some embodiments, a sensor can be construed more broadly,
as encompassing many individual sensors.

[0040] Optionally, device 180 is physically coupled to
support structure 170. In addition, device 180 may be
communicatively coupled with other components that are
coupled to support structure 170 such as a storage device
190 and/or a communication device 195. One or both of the
devices 190/195 may be incorporated in the outside moni-
toring device 180 and/or the external defibrillator 100, or
otherwise communicatively coupled to the outside monitor-
ing device 180 and/or the external defibrillator 100 to
facilitate storage/communication of the data collected
regarding the parameter(s) and/or input(s) discussed herein.
In an embodiment, the storage device 190 may include a
processor (e.g., having one or more processor cores) to
cause/manage storage of data in non-volatile and/or volatile
memory (including non-volatile/volatile memory incorpo-
rated in the storage device 190 or elsewhere).

[0041] In some embodiments, one or more of the compo-
nents of the WCD system may be customized for patient 82.
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This customization may include a number of aspects. For
instance, support structure 170 can be fitted to the body of
patient 82. For another instance, baseline physiological
parameters of patient 82 can be measured, such as the heart
rate of patient 82 while resting, while walking, motion
detector outputs while walking, etc. The measured values of
such baseline physiological parameters can be used to
customize the WCD system, in order to make its diagnoses
more accurate and/or quickly, since patients’ bodies differ
from one another. Of course, such parameter values can be
stored in a memory of the WCD system (e.g., incorporated
in the storage device 190 and/or in another component of
system 82), and so on. Moreover, a programming interface
can be made according to some embodiments, which
receives such measured values of baseline physiological
parameters. Such a programming interface may input auto-
matically in the WCD system these, along with other data.
[0042] In an embodiment, the WCD system stores time-
stamped data related to system “Event Markers” during run
time, e.g., documenting the occurrence of a broad variety of
events in the device/module 190. The event data can be
saved to a local storage device such as device 190 (e.g., in
a database format). The local storage device may include a
volatile memory device (e.g., for buffering), a non-volatile
memory device (such as a removable SD (Secure Digital)
card), or combinations thereof, so the events can be used for
diagnostic and analytical purposes. Alternatively, the cap-
tured data corresponding to the Event Markers may be
communicated via a wired connection (e.g., via a Universal
Serial Bus (USB) cable, Ethernet cable, etc.) or wireless
connection (e.g., via WiFi communication, cellular commu-
nication, Bluetooth™ communication, etc.) provided by the
communication device 195 to a separate computing device,
the Internet, the cloud, etc.

[0043] In some embodiments, the data corresponding to
the event markers can be stored continuously or periodically
during normal operation/run-time (e.g., on an SD card
and/or communicated via wired or wireless connections to
other storage devices) so that they can be viewed via an
external/remote device (such as a desktop computer, a
laptop, a tablet, a smartphone, etc.) for device analysis or
diagnostic purposes.

[0044] In addition, the events may be uploaded to the
cloud or the Internet via the communication device 195, for
example via an assistive mobile device such as a tablet with
an application (or app), a mobile phone, a custom device, an
integrated communication device, etc. Various wireless
communication protocols may be used to communicate the
event data between the WCD system component(s) and
another device (such as the mobile phone, tablet, etc.)
including, for example, WiFi (in accordance with IEEE
802.11x protocols including 802.11b, 802.11g, 802.11ac,
802.11ax, etc.), Bluetooth™, cellular communication pro-
tocols, etc. Such uploading may allow users to view patient
and/or device-related information.

[0045] FIG. 2 is a diagram showing components of an
external defibrillator 200, made according to some embodi-
ments. One or more of these components can be, for
example, included in external defibrillator 100 of FIG. 1.
The components shown in FIG. 2 can be provided in a
housing 201, which may also be referred to as casing 201.
[0046] External defibrillator 200 is intended for a patient
who would be wearing it, such as (e.g., ambulatory) patient
82 of FIG. 1. Defibrillator 200 may further include a user
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interface 280 for utilization by a user 282. User 282 may be
patient 82, also known as wearer 82. Or, user 282 may be a
local rescuer at the scene, such as a bystander who might
offer assistance, or a trained person. Or, user 282 might be
aremotely located trained caregiver in communication with
the WCD system.

[0047] User interface 280 can be made in a number of
ways. User interface 280 may include output devices, which
can be visual, audible or tactile, for communicating to a user
by outputting images, sounds or vibrations. Images, sounds,
vibrations, and anything that can be perceived by user 282
can also be called human-perceptible indications (HPIs).
There are many examples of output devices. For example, an
output device can be a light, or a screen to display what is
sensed, detected and/or measured, and provide visual feed-
back to rescuer 282 for their resuscitation attempts, and so
on. Another output device may be a speaker, which can be
configured to issue voice prompts, beeps, (e.g., loud) alarm
sounds and/or words to warn bystanders, etc.

[0048] User interface 280 may further include input
devices for receiving inputs from users. Such input devices
may include various controls, such as pushbuttons, key-
boards, touchscreens, one or more microphones, and so on.
An input device can be a cancel switch, which is sometimes
called an “I am alive” switch or “live man” switch. In some
embodiments, actuating the cancel switch can prevent the
impending delivery of a shock.

[0049] Defibrillator 200 may include an internal monitor-
ing device 281. Device 281 is called an “internal” device
because it is incorporated within housing 201. Monitoring
device 281 can sense or monitor patient parameters such as
patient physiological parameters, system parameters and/or
environmental parameters, all of which can be called patient
data. In other words, internal monitoring device 281 can be
complementary or an alternative to outside monitoring
device 180 of FIG. 1. Allocating which of the parameters are
to be monitored by which of monitoring devices 180, 281
can be done according to design considerations. Device 281
may include one or more sensors, as also described else-
where in this document.

[0050] Patient parameters may include patient physiologi-
cal parameters. Patient physiological parameters may
include, for example and without limitation, those physi-
ological parameters that can be of any help in detecting (by
the WCD system) of whether or not the patient is in need of
a shock or other intervention or assistance. Patient physi-
ological parameters may also optionally include the patient’s
medical history, event history and so on. Examples of such
parameters include the patient’s ECG, blood oxygen level,
blood flow, blood pressure, blood perfusion, pulsatile
change in light transmission or reflection properties of
perfused tissue, heart sounds, heart wall motion, breathing
sounds, and/or pulse. Accordingly, monitoring devices 180,
281 may include one or more sensors configured to acquire
patient physiological signals. Examples of such sensors or
transducers include one or more electrodes to detect ECG
data, a perfusion sensor, a pulse oximeter, a device for
detecting blood flow (e.g., a Doppler device), a sensor for
detecting blood pressure (e.g., a cuff), an optical sensor,
illumination detectors and sensors perhaps working together
with light sources for detecting color change in tissue, a
motion sensor, a device that can detect heart wall movement,
a sound sensor, a device with a microphone, an SpO, (or
blood oxygen) sensor, and so on. In view of this disclosure,
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it will be appreciated that such sensors can help detect the
patient’s pulse, and can therefore also be called pulse
detection sensors, pulse sensors, and pulse rate sensors
interchangeably. In addition, a person skilled in the art may
implement other ways of performing pulse detection.
[0051] In some embodiments, a “local parameter” gener-
ally refers to a trend that can be detected in a monitored
physiological parameter of patient 282. A trend can be
detected by comparing values of parameters at different
times over short and/or long terms. Parameters whose
detected trends can particularly help a cardiac rehabilitation
program include: a) cardiac function (e.g.. ejection fraction,
stroke volume, cardiac output, etc.); b) heart rate variability
at rest or during exercise; ¢) heart rate profile during exercise
and measurement of activity vigor, such as from the profile
of an accelerometer signal and informed from adaptive rate
pacemaker technology; d) heart rate trending; e) perfusion,
such as from SpO,, CO,. or other parameters such as those
mentioned above; f) respiratory function, respiratory rate,
etc.; g) motion, level of activity; and so on. Once a trend is
detected, it can be stored and/or reported via a communi-
cation link, along perhaps with a warning if warranted. From
the report, a physician monitoring the progress of patient
282 will know about a condition that is either not improving
or deteriorating.

[0052] Patient state parameters include recorded aspects
of patient 282, such as motion, posture, whether they have
spoken recently plus maybe also what they said, and so on,
plus optionally the history of these parameters. Or, one of
these monitoring devices could include a location sensor
such as a Global Positioning System (GPS) location sensor.
Such a sensor can detect the location, plus a speed can be
detected as a rate of change of location over time. Many
motion detectors output a motion signal that is indicative of
the motion of the detector, and thus of the patient’s body.
Patient state parameters can be very helpful in narrowing
down the determination of whether SCA is indeed taking
place.

[0053] A WCD system made according to some embodi-
ments may thus include a motion detector. In some embodi-
ments, a motion detector can be implemented within moni-
toring device 180 or monitoring device 281. Such a motion
detector can be made in many ways as is known in the art,
for example by using an accelerometer. In this example, a
motion detector 287 is implemented within monitoring
device 281. A motion detector of a WCD system according
to some embodiments can be configured to detect a motion
event. A motion event can be defined as is convenient, for
example a change in motion from a baseline motion or rest,
etc. In such cases, a sensed patient parameter is motion.
[0054] System parameters of a WCD system can include
system identification, battery status, system date and time,
reports of self-testing, records of data entered, records of
episodes and intervention, and so on. In response to the
detected motion event, the motion detector may render or
generate, from the detected motion event or motion, a
motion detection input that can be received by a subsequent
device or functionality.

[0055] Environmental parameters can include ambient
temperature and pressure. Moreover, a humidity sensor may
provide information as to whether or not it is likely raining.
Presumed patient location could also be considered an
environmental parameter. The patient location could be
presumed, if monitoring device 180 or 281 includes a GPS
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location sensor as per the above, and if it is presumed that
the patient is wearing the WCD system.

[0056] Defibrillator 200 may include a defibrillation port
210, which can be a socket in housing 201. Defibrillation
port 210 includes electrical nodes 214, 218. Leads of defi-
brillation electrodes 204, 208, such as leads 105 of FIG. 1,
can be plugged into defibrillation port 210, so as to make
electrical contact with nodes 214, 218, respectively. It is also
possible that defibrillation electrodes 204, 208 are coupled
continuously to defibrillation port 210, instead. Either way,
defibrillation port 210 can be used for guiding, via elec-
trodes, to the wearer at least some of the electrical charge
that has been stored in an energy storage module 250 that is
described more fully later in this document. The electric
charge can be used for the shock for defibrillation, pacing,
and so on.

[0057] Defibrillator 200 may optionally also have a sensor
port 219 in housing 201, which is also sometimes known as
an ECG port. Sensor port 219 can be adapted for plugging
in one or more sensing electrode(s) 209, which are also
known as ECG electrodes and ECG leads. It is also possible
that sensing electrodes 209 can be coupled continuously to
sensor port 219, instead. Sensing electrodes 209 may include
any type of transducers that can help sense an ECG signal,
e.g., a 12-lead signal, or a signal from a different number of
leads, especially if they make good/suflicient electrical con-
tact with the body of the patient and in particular with the
skin of the patient. As with defibrillation electrodes 204,
208, the support structure can be configured to be worn by
patient 282 so as to maintain sensing electrodes 209 on a
body of patient 282. For example, sensing electrodes 209
can be attached to the inside of support structure 170 for
making good/sufficient electrical contact with the patient,
similarly with defibrillation electrodes 204, 208.

[0058] Optionally a WCD system according to some
embodiments also includes a fluid that it can deploy auto-
matically between the electrodes and the patient’s skin. The
fluid can be conductive, such as by including an electrolyte,
for establishing a better electrical contact between the elec-
trodes and the skin. Electrically speaking, when the fluid is
deployed, the electrical impedance between each electrode
and the skin is reduced. Mechanically speaking, the fluid
may be in the form of a low-viscosity gel, so that it does not
flow away, after being dispensed, from the location it is
released near the electrode. The fluid can be used for both
defibrillation electrodes 204, 208, and for sensing electrodes
209.

[0059] The fluid may be initially stored in a fluid reservoir,
not shown in FIG. 2. Such a fluid reservoir can be coupled
to the support structure. In addition, a WCD system accord-
ing to some embodiments further includes a fluid deploying
mechanism 274. Fluid deploying mechanism 274 can be
configured to cause at least some of the fluid to be released
from the reservoir, and be deployed near one or both of the
patient locations to which electrodes 204, 208 are configured
to be attached to the patient. In some embodiments, fluid
deploying mechanism 274 is activated prior to the electrical
discharge responsive to receiving activation signal AS from
a processor 230, which is described more fully later in this
document.

[0060] In some embodiments, defibrillator 200 also
includes a measurement circuit 220, as one or more of its
working together with its sensors or transducers. Measure-
ment circuit 220 senses one or more electrical physiological
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signals of the patient from sensor port 219, if provided. Even
if defibrillator 200 lacks sensor port 219, measurement
circuit 220 may optionally obtain physioclogical signals
through nodes 214, 218 instead, when defibrillation elec-
trodes 204, 208 are attached to the patient. In these cases, the
input reflects an ECG measurement. The patient parameter
can be an ECG, which can be sensed as a voltage difference
between electrodes 204, 208. In addition, the patient param-
eter can be an impedance, which can be sensed between
electrodes 204, 208 and/or between the connections of
sensor port 219 considered pairwise. Sensing the impedance
can be useful for detecting, among other things, whether
these electrodes 204, 208 and/or sensing electrodes 209 are
not making good/sufficient electrical contact with the
patient’s body. These patient physiological signals may be
sensed when available. Measurement circuit 220 can then
render or generate information about them as inputs, data,
other signals, etc. As such, measurement circuit 220 can be
configured to render a patient input responsive to a patient
parameter sensed by a sensor. In some embodiments, mea-
surement circuit 220 can be configured to render a patient
input, such as values of an ECG signal, responsive to the
ECG signal sensed by sensing electrodes 209. Moreover, the
information rendered by measurement circuit 220 is output
from it, but this information can be called an input because
it is received as an input by a subsequent device or func-
tionality.

[0061] Defibrillator 200 also includes a processor 230.
Processor 230 may be implemented in a number of ways.
Such ways include, by way of example and not of limitation,
digital and/or analog processors such as microprocessors
and Digital Signal Processors (DSPs), controllers such as
microcontrollers, software running in a machine, program-
mable circuits such as Field Programmable Gate Arrays
(FPGAs), Field-Programmable Analog Arrays (FPAAs),
Programmable Logic Devices (PLDs), Application Specific
Integrated Circuits (ASICs), any combination of one or
more of these, and so on. Further, the processor 230 can
include one or more processor cores, one or more caches
(such as level 1 (L1), level 2 (12), level 3 (L.3) caches, and
SO on).

[0062] Processor 230 may include, or have access to, a
non-transitory computer-readable storage medium, such as
memory 238 that is described more fully later in this
document. Such a memory can have a non-volatile compo-
nent for storage of machine-readable and machine-execut-
able instructions. A set of such instructions can also be called
a program. The instructions, which may also be referred to
as “software,” generally provide functionality by performing
acts, operations and/or methods as may be disclosed herein
or understood by one skilled in the art in view of the
disclosed embodiments. In some embodiments, and as a
matter of convention used herein, instances of the software
may be referred to as a “module” and by other similar terms.
Generally, a module includes a set of the instructions so as
to offer or fulfill a particular functionality. Embodiments of
modules and the functionality delivered are not limited by
the embodiments described in this document. Also, “soft-
ware” may include a software application, operating system,
kernel, or firmware, as well as combinations thereof.

[0063] Processor 230 can be considered to have a number
of modules. One such module can be a detection module
232. Detection module 232 can include a Ventricular Fibril-
lation (VF) detector. The patient’s sensed ECG from mea-
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surement circuit 220, which can be available as inputs, data
that reflect values, or values of other signals, may be used by
the VF detector to determine whether the patient is experi-
encing VF. Detecting VF is useful, because VF results in
SCA. Detection module 232 can also include a Ventricular
Tachycardia (VT) detector, and so on. Also, detection mod-
ule 232 may be implemented outside of the processor 230.
[0064] Another such module in (or coupled to) processor
230 can be an advice module 234, which generates advice
for what to do. The advice can be based on outputs of
detection module 232. There can be many types of advice
according to some embodiments. In some embodiments, the
advice is a shock/no shock determination that processor 230
can make, for example via advice module 234. The shock/no
shock determination can be made by executing a stored
Shock Advisory Algorithm. A Shock Advisory Algorithm
can make a shock/no shock determination from one or more
ECG signals that are captured according to some embodi-
ments, and determine whether or not a shock criterion is met.
The determination can be made from a rhythm analysis of
the captured ECG signal or otherwise.

[0065] In some embodiments, when the determination is
to shock, an electrical charge is delivered to the patient.
Delivering the electrical charge is also known as discharging
and shocking the patient. As mentioned above, such can be
for defibrillation, pacing, and so on.

[0066] In perfect conditions, a very reliable shock/no
shock determination can be made from a segment of the
sensed ECG signal of the patient. In practice, however, the
ECG signal is often corrupted by electrical noise, which
makes it difficult to analyze. Too much noise sometimes
causes an incorrect detection of a heart arrhythmia, resulting
in a false alarm to the patient. Noisy ECG signals may be
handled as described in U.S. patent application Ser. No.
16/037,990, filed on Jul. 17, 2018 and since published as US
20190030351 Al, and also in U.S. patent application Ser.
No. 16/038,007, filed on Jul. 17, 2018 and since published
as US 20190030352 Al, both by the same applicant and
incorporated herein by reference.

[0067] Processor 230 can include additional modules,
such as other module 236, for other functions. In addition,
if internal monitoring device 281 is indeed provided, pro-
cessor 230 may receive its inputs, etc. Further, modules of
the processor 230 may be provided elsewhere, as software,
firmware, or combinations thereof.

[0068] Defibrillator 200 optionally further includes a
memory 238, which can work together with processor 230.
Memory 238 may be implemented in a number of ways.
Such ways include, by way of example and not of limitation,
volatile memories, Nonvolatile Memories (NVM), Read-
Only Memories (ROM), Random Access Memories (RAM),
magnetic disk storage media, optical storage media, smart
cards, flash memory devices, any combination of these, and
so on. Memory 238 is thus a non-transitory computer-
readable storage medium. Memory 238, if provided, can
include programs for processor 230, which processor 230
may be able to read and execute. More particularly, the
programs can include sets of instructions in the form of
code, which processor 230 may be able to execute upon
reading. Executing is performed by physical manipulations
of physical quantities, and may result in functions, opera-
tions, processes, acts, actions and/or methods to be per-
formed, and/or the processor to cause other devices or
components or blocks to perform such functions, operations,
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processes, acts, actions and/or methods. The programs can
be operational for the needs of processor 230, and can also
include protocols and ways that decisions can be made by
detection module 232, advice module 234, and/or other
module 236. In addition, memory 238 can store prompts for
user 282, if this user is a local rescuer. Moreover, memory
238 can store data. This data can include patient data, system
data, and/or environmental data, for example as learned/
detected by internal monitoring device 281 and/or outside
monitoring device 180. The data can be stored in memory
238 before it is transmitted out of defibrillator 200, or be
stored there after it is received by defibrillator 200.

[0069] Defibrillator 200 can optionally include a commu-
nication module 290, for establishing one or more wired or
wireless communication links with other devices of other
entities, such as a remote assistance center, Emergency
Medical Services (EMS), and so on. The communication
links can be used to transfer data and commands. The data
may be patient data, event information, therapy attempted,
CPR performance, system data, environmental data, and so
on. For example, communication module 290 may transmit
wirelessly (e.g., on a periodic basis such as daily, hourly,
etc.) heart rate, respiratory rate, and/or other vital signs data
to a server accessible over the Internet, for instance as
described in US 20140043149. This data can be analyzed
directly by the patient’s physician and can also be analyzed
automatically by algorithms designed to detect a developing
illness/condition and then notify medical personnel via text,
email, phone, etc. Module 290 may also include one or more
other components such as an antenna, portions of a proces-
sor, supporting electronics, outlet for a telephone or a
network cable, etc.

[0070] Defibrillator 200 may also include a power source
240 (which may be outside or inside the casing 201). To
enable portability of defibrillator 200, power source 240
may include a battery. Such a battery is implemented as a
battery pack, which can be rechargeable or not. Sometimes
a combination is used of rechargeable and non-rechargeable
battery packs. Other embodiments of power source 240 can
include an AC (Alternating Current) power override, for
where AC power will be available, an energy-storing capaci-
tor, and so on. Appropriate components may be included to
provide for charging or replacing power source 240. In some
embodiments, power source 240 is controlled and/or moni-
tored by processor 230.

[0071] Defibrillator 200 may additionally include an
energy storage module 250. Energy storage module 250 can
be coupled to the support structure of the WCD system, for
example either directly or via the electrodes and their leads.
Module 250 is where some electrical energy can be stored
temporarily in the form of an electrical charge, when pre-
paring it for discharge to administer a shock. In some
embodiments, module 250 can be charged from power
source 240 to the desired amount of energy, e.g., as con-
trolled by processor 230 or another controller (where the
controller may be embedded with the power source 240 in
an embodiment). In an implementation, module 250
includes a capacitor 252, which can be a single capacitor or
a system of capacitors, and so on. In some embodiments,
energy storage module 250 includes a device that exhibits
high power density, such as an ultra-capacitor. As described
above, capacitor 252 can store energy in the form of an
electrical charge, e.g., for delivering a shock to the patient.
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[0072] A decision to shock can be made responsive to the
shock criterion being met, as per the above-mentioned
determination. When the decision is to shock, processor 230
can be configured to cause at least some or all of the
electrical charge stored in module 250 to be discharged
through patient 82 while the support structure is worn by
patient 82, so as to deliver a shock 111 to patient 82 of FIG.
1.

[0073] For causing the discharge, defibrillator 200 further
includes a discharge circuit 255. When the decision is to
shock, processor 230 can be configured to control discharge
circuit 255 to discharge through the patient at least some of
all of the electrical charge stored in energy storage module
250. Discharging can be to nodes 214, 218, and from there
to defibrillation electrodes 204, 208, so as to cause a shock
to be delivered to the patient. Circuit 255 can include one or
more switches 257. Switches 257 can be made in a number
of ways, such as by an H-bridge, a power transistor, and so
on. Circuit 255 could also be thus controlled via processor
230, and/or user interface 280 or other logic.

[0074] A time waveform of the discharge may be con-
trolled by thus controlling discharge circuit 255. The amount
of energy of the discharge can be controlled by how much
energy storage module has been charged, and also by how
long discharge circuit 255 is controlled to remain open.
[0075] In oneor more embodiments, storage device 190 of
FIG. 1 includes memory 238. Also, communication device
195 may include the communication module 290.

[0076] Defibrillator 200 can optionally include other com-
ponents.
[0077] FIG. 3 is a diagram of sample embodiments of

components of an WCD system. A support structure 370
includes a vest-like wearable garment. Support structure 370
has a back side 371, and a front side 372 that closes in front
of the chest of the patient.

[0078] The WCD system of FIG. 3 also includes an
external defibrillator 300. FIG. 3 does not show any support
for external defibrillator 300, which may be carried in a
purse, on a belt, by a strap over the shoulder, and so on.
Wires 305 connect external defibrillator 300 to electrodes
304, 308, 309, Of those, electrodes 304, 308 are defibrilla-
tion electrodes, and electrodes 309 are ECG sensing elec-
trodes.

[0079] Support structure 370 is configured to be worn by
the (e.g., ambulatory) patient so as to maintain electrodes
304, 308, 309 on a body of the patient. Indeed, back
defibrillation electrodes 308 are maintained in pockets 378.
The inside of pockets 378 can be made with loose netting,
so that electrodes 308 can contact the back of the patient,
especially with the help of the conductive fluid that has been
deployed. In addition, sensing electrodes 309 are maintained
in positions that surround the patient’s torso, for sensing
ECG signals and/or the impedance of the patient.

[0080] ECG signals in a WCD system may include too
much electrical noise to be useful in some situations/envi-
ronments. To ameliorate the problem, multiple ECG sensing
electrodes 309 can be provided, for presenting many options
to processor 230 of FIG. 2.

[0081] FIG. 4 illustrates a block diagram of components
associated with flow of event marker data, according to an
embodiment. As shown, a WCD system support structure
402 may include various components (see, e.g., the discus-
sion with reference to previous figures) including a storage
device to store event marker data. The storage device may be
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provided in a component attached directly to the support
structure 402 (such as a hub) or in a device electrically
coupled to the structure such as an external defibrillator 404.
[0082] The stored data is then transmitted either directly or
via another device (such as a mobile device 406) to a
network (such as the Internet 408, the cloud 410, etc.). The
network can then make the stored data available to a remote
device 412, which as previously mentioned may include any
type of computing device, including a desktop computer, a
laptop, a smartphone, a tablet, etc. for viewing by a user.
[0083] FIG. 5 illustrates a flow diagram of a method 500
to log and transmit event marker data, according to an
embodiment. One or more operations of the method 500
may be performed by logic/components discussed herein
with reference to other figures (including for example stor-
age device 190, communication device 195, processor(s)
(such as processor 230, a processor coupled/embedded with
storage device 190, etc.).

[0084] In an embodiment, occurrence of the event at 502
is performed based at least in part on detection of one or
more parameters by one or more sensors (e.g., GPS, accel-
erometer, temperature, etc. as further discussed below) or a
signal generated by one or more of the sensing electrodes
209. Hence, the one or more sensors are to detect one or
more parameters detected by a GPS sensor, an accelerometer
sensor, a temperature sensor, etc.

[0085] Referring to FIGS. 1-5, upon detection of an event
at 502, the WCD system (e.g., via a processor) starts storing
time-stamped data related to system “Event Markers” in
memory at 506 (e.g., during run time to document the
occurrence of a broad variety of events). Storage of event
marker data may be done by a processor (such as processor
230, a processor coupled/embedded with storage device 190,
etc.). The event data can be saved to a local storage device
such as device 190 (e.g., in a database format). The local
storage device may include a volatile memory device (e.g.,
for buffering), a non-volatile memory device (such as a
removable SD (Secure Digital) card), or combinations
thereof.

[0086] At operation 508, it is determined whether to stop
recording/storing the event marker data. The event marker
data may be stored continuously, periodically, or for a select
period of time after occurrence of the event. Hence, after the
select period of time or expiration of a period (or even in
response to a command from a user), operation 510 causes
the storage of the event marker data to stop. Otherwise, the
event marker storage is continued at operation 512, e.g., if
period recording or select time period has not expired (or no
command to stop has been received).

[0087] While data is being stored per operation 506/512,
or if the storage of data is stopped at 510, operation 514
determines whether to transmit all or a portion of the stored
data to a remote device (such as the Internet, the cloud,
another computing device, etc.). If no transmission is
required, then the method continues with operations 512
and/or 502 (e.g., after operation 510). Otherwise, operation
516 causes transmission of the stored data via a communi-
cation device (e.g., communication module 290, communi-
cation device 195, another computing device such as a
smartphone, laptop, tablet, etc. that facilitates communica-
tion between the storage device 190 (or memory 238) and a
remote device.

[0088] In this fashion, the data stored and/or transmitted
can be analyzed at 518 to detect a patient condition or a
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WCD system/component condition. The analysis could be
done locally by the processors provided or coupled to the
WCD system, or a device in wired or wireless communica-
tion with components of the WCD system such as an app
running on a smartphone, laptop, tablet, etc. Hence, the
event data can be used for diagnostic and analytical purposes
as discussed herein. Alternatively, the captured data corre-
sponding to the Event Markers may be communicated via a
wired connection (e.g., via a Universal Serial Bus (USB)
cable, Ethernet cable, etc.) or wireless connection (e.g., via
WiFi communication, cellular communication, Bluetooth™
communication, etc.) provided by the communication
device 195 to a separate computing device, the Internet, the
cloud, etc.

[0089] In some embodiments, the data corresponding to
the event markers can be stored continuously or periodically
(or even for a select/configurable period of time) during
normal operation/run-time (e.g., on an SD card and/or
communicated via wired or wireless connections to other
storage devices), so that they can be viewed via an external/
remote device (such as a desktop computer, a laptop, a
tablet, a smartphone, etc.) for device analysis or diagnostic
purposes.

[0090] In addition, the events may be uploaded to the
cloud or the Internet at operation 416 via the communication
device 195, for example via an assistive mobile device such
as a tablet with an application (or app), a mobile phone, a
custom device, an integrated communication device, etc.
Various wireless communication protocols may be used to
communicate the event data between the WCD system
component(s) and another device (such as the mobile phone,
tablet, etc.) including, for example, WiFi (in accordance
with IEEE 802.11x protocols including 802.11b, 802.11g,
802.11ac, 802.11ax, etc.), Bluetooth™, cellular communi-
cation protocols, etc. Such uploading may allow users to
view patient and/or device-related information.

[0091] Each event marker can come from a broad range of
events the device encounters and contain detailed informa-
tion about the event including the time the event occurred,
an event ID (Identifier), and/or additional event-specific
information. Some example categories of Event Markers are
listed below; this is not an exhaustive list:

[0092] Patient Information Management

[0093] Programmable Parameter Operations

[0094] Episode Operations

[0095] Arrhythmia Detection and Normal Rhythm
Detections

[0096] Defibrillation Charging Operations

[0097] Shock Delivery Operations

[0098] Power On

[0099] Battery Information

[0100] ECG Electrode Contact Status

[0101] Defibrillator Electrode Contact Status

[0102] Self-Test/Service Needed/Service Required
Conditions

[0103] System Connectivity Changes

[0104] User Interface Changes/Updates/Activity (e.g.,

Vibration and Audio)

[0105] Alarm Issuing

[0106] Alert Button Activity

[0107] Software Update Status

[0108] Processor Speed Scaling Changes
[0109] Operational Mode Changes
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[0110] Different types of analysis/diagnostics could be
performed with the stored Event Marker data. Examples
include but are not limited to:

[0111] Detect an intermittent problem with a specific
ECG electrode if repeated Event Markers are present

[0112] Detect patients who are receiving an excessive
number of equipment alarms

[0113] Track the health of the WCD’s battery by look-
ing at Battery Information over a period of time (e.g.,
days, weeks, etc.)

[0114] Detect changes in Device Programming

[0115] Detect potential security issues if repeated Con-
nectivity attempts are made

[0116] Determine a proper fit over time for a patient
with continuous Excessive Noise events

[0117] Detect when storage capacity is getting low and
alert user or service center

[0118] Detect wear time compliance with the option to
send notification to the patient if it is not met

[0119] Detect patient activity which could be used as a
motivator to continue progress or encourage patients to
meet a goal

[0120] Software validation teams could use the Ul
events to determine that the system display is as
expected at any point in time

[0121] Inoneor more embodiments, the event marker data
is analyzed to determine one or more conditions as follows:

[0122] Use a combination of electrode behavior (not
Just one) to interpret if patient has a good/acceptable or
poor fit. An ML (Machine Learning) or Al (Artificial
Intelligence) algorithm could be used to predict good or
poor fit based on learned data from similar patients
(e.g., have about the same height, size, weight, etc.).

[0123] Discriminate quality of ECG, and detect finer
levels of noise being injected into the signal as a way
of detecting dry skin in contact with electrodes. This
could also potentially leverage ML/AI algorithms to
predict condition.

[0124] Pressure sensors could be fitted to the garment to
enhance detection of objective fit quality. Event mark-
ers could be used to indicate when fit is degrading over
time with wear. Since this typically correlates to wear-
ing the garment, it could be used as a “wash” reminder
to the user/wearer. Washing the garment would then
return the garment to its standard state to address such
degrading.

[0125] Use respiration as a way of confirming quality of
ECG signals—either to confirm leads-off is in synch
with the respiration or if respiration could correlate
with good or poor fit metric.

[0126] Accelerometer data could be used to determine if
it is a cause of the noise being injected into the system
which would affect the fit of the garment.

[0127] ACCL (or accelerometer) could also be used
to identify quiet time for system to measure “noise
floor” for better assessing the fit or skin conditioning
of the patient. As discussed herein, a “noise floor”
generally refers to a signal corresponding to the sum
of all noise sources and unwanted signals within a
system, wherein noise is defined as any signal other
than the signal being desirable/measured.

[0128] ACCL could also be used for detecting if the
system is being abused or used inappropriately. An
example would be if the ACCL is reading wild

Oct. 31,2019

swings in X, Y, Z values when being violently swung
around or knocked against something for an
extended period of time.

[0129] Temperature sensors coupled to the WCD sys-
tem could be used to detect (e.g., as in ACCL above)
abuse or inappropriate use of the system.

[0130] Significant changes in temperature (for a
monitor-based temp sensor) can be used as a way of
detecting when the patient moves to different envi-
ronments. Events marking this behavior could be
analyzed for patterns using an ML/AI algorithm.

[0131] Detect when the device (monitor, or WCD
component) is exposed to extreme temperatures.
[0132] Alarm or send emergency notification if

healthy ECG is being observed in extreme tem-
peratures.

[0133] Movement could also be correlated with WCD
detected temperature sensor to track activity level (e.g,,
along with heart rate) to indicate significant exertion, or
physical activity. Again, this could be indicated via an
event marker.

[0134] In one or more embodiments, device diagnostics
related to hardware or system failures include:

[0135] Assessing the range of the ambient light sensor
over time to detect when the light tube may be degraded
or failing. This could be implemented using a Machine
Learning and/or Artificial Intelligence algorithm or
straight deductive algorithm for checking the failure.
For example, software/logic could calibrate the ambi-
ent light sensor against the light tube on initial use to
determine the normal or expected behavior. Over time
through various measurements and learned expected
behavior through monitoring, the software/logic could
detect abnormalities which could then be used to deter-
mine degradation over time. Those failures could be
saved to the system Event Log (as an event marker)
which would be used to notify a service depot of a
potential hardware issue.

[0136] Similar and related diagnostic issues may include:
[0137] Battery communication problems.
[0138] Changes in capacitor charging times.
[0139] TTesting if there is electrical continuity in the

cable for the alert button.
[0140] Could also be implemented by testing the
presence of a haptic drive motor.

[0141] Statistics could be gathered on any number of
events stored to determine if there are trends or changes in
the events that are gathered by a device. For example, for
internal failures that are trending up—see battery failure
example above. Frequency of non-critical self-test failures
would potentially indicate a more serious problem may be
about to occur.
[0142] The ML/Al/Data Mining algorithms could be used
to define a “good working” device from known event
patterns, and when a device falls outside of this pattern or
state, then it would be flagged as a potential problem worthy
of at least a follow up call to the patient—being more
proactive than reactive.
[0143] Also, a GPS sensor could detect when the device is
above a 30,000 foot elevation. Excessive duration of a
device above this altitude is at risk of experiencing an Flash
memory failure.
[0144] In some embodiments, the data is stored to an SD
card to be retrieved after data is collected. In other embodi-
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ments, the data could be transferred to a smart device such
as a phone, tablet, PC, smartwatch, etc. I assume then that
the WCD would include additional circuits to connect with
those devices such as Bluetooth™, Zighee™, WiFi, etc.
Then the smart device would in turn upload the data to the
cloud via WiF1i or a cellular connection. Once in the cloud
the data can be retrieved by the manufacturer for diagnos-
tics, or by the medical provider to analyze the medical data,
perhaps even in real time. A cell transceiver could be
included in the WCD to achieve the same data transfer path
which would remove the need for a smart device.

[0145] Referring now to FIG. 6, a diagram of segment
based processing used in a WCD system in accordance with
one or more embodiments will be discussed. The segment-
based processing analysis 600 shown in FIG. 6 is utilized by
WCD system of FIG. 1 to make shock/no-shock decisions
based at least in part on successive segments of ECG data.
The segments can be 4.8 seconds in duration, although the
scope of the disclosed subject matter is not limited in this
respect.

[0146] The WCD system monitors and analyzes ECG data
610 to make a shock/no-shock decision. A gatekeeper func-
tion 612 may be used to provide an early indication that an
arrhythmia may be present in the patient. An example
embodiment of this gatekeeper functionality is disclosed in
U.S. application Ser. No. 15/715,500 filed Sep. 26, 2017,
published as US20180093102 A1 on Apr. 5, 2018, which is
incorporated herein by reference in its entirety for all pur-
poses. In some embodiments, if an arrhythmia is suspected
with the gatekeeper function 612, then the main rhythm
analysis algorithm 614 is triggered to start analyzing suc-
cessive segments 618 of ECG data, and a shock/no-shock
decision is made for each of the individual segments 618. If
a string of the segments 618, for example six segments,
provide a shock decision, then an episode is opened (Open
Episode) 620 in a state machine 616. In some embodiments,
this starts an internal storage of ECG information in a
memory of the WCD system for later review. After the Open
Episode 620, if the shockable rhythm persists for a confir-
mation period, for example for two or more segments for
ventricular fibrillation (VF) or nineteen or more segments
for ventricular tachycardia (VT) in some embodiments, then
the patient alert sequence (Alert Patient) 624 is initiated. If
the patient does not respond within a specified amount of
time after initiation of the patient alert sequence, for
example after 20 seconds, then a shock (Shock) 626 is
delivered to the patient.

[0147] Referring now to FIG. 7, a diagram of a shock
decision method used in a WCD system in accordance with
one or more embodiments will be discussed. In one or more
embodiments, the WCD system can utilize a rhythm analysis
algorithm (RAA) to make shock/no-shock decisions based
on the patient’s heart rate and QRS width according to graph
700. QRS 710 width is shown on the vertical axis, and heart
rate 712 is shown on the horizontal axis. As discussed
herein, “QRS” complex generally refers to the combination
of three of graphical deflections on an electrocardiogram, or
the most visually prominent spike on an ECG line. As shown
in FIG. 7, all rhythms with a heartrate below the ventricular
tachycardia (VT) threshold 714, for example 170 beats per
minute (BPM), are considered non-shockable. All rhythms
below the QRS width cutoff 716, for example 80 millisec-
onds (ms), are considered non-shockable as well. Above the
VT threshold 714, narrow rhythms are classified as super
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ventricular tachycardia (SVT) 718. Fast, wide rhythms are
classified either as ventricular tachycardia (VT) 720 or
ventricular fibrillation (VF) 722, depending on the heart rate.
For example, in some embodiments heart rate above a VF
threshold 724 of 200 BPM with a QRS width above the QRS
width cutoff threshold 716 would be classified as VF 722.
Both VT 720 and VF 722 are considered shockable condi-
tions.

[0148] Referring now to FIG. 8, a diagram of a WCD
system that can operate with a lower false alarm rate in
accordance with one or more embodiments will be dis-
cussed. The WCD system shown in FIG. 8 incorporates one
or more of the features discussed herein to enhance ECG and
QRS complex signal data detection along with heart rate
data detection in order to achieve a lower false alarm rate.
The ECG electrodes, ECG1 122, ECG2 124, ECG3 126, and
ECG4 128, can comprise silver or silver plated copper
electrodes that “dry” attach to the skin of the patient. The
ECG electrodes provide ECG/QRS data to preamplifier 132.
The preamplifier 132 may have a wide dynamic range at its
input, for example +/-1.1 V which is much larger than the
amplitude of the ECG signals which are about 1 mV. The
preamplifier includes analog-to-digital converters (ADCs)
144 to convert the ECG signals into a digital format. A
right-leg drive (RLD) electrode 130 is used to provide a
common mode signal so that the ECG signal from the ECG
electrodes may be provided to preamplifier 132 as differen-
tial signals. The digital ECG signals are provided from the
preamplifier 132 eventually to the main processor 138 of
monitor 86 via an isolation barrier 134 which operates to
electrically isolate the preamplifier 132 and the ECG signals
from the rest of the circuitry of WCD system.

[0149] The processor 138 processes the digital ECG/QRS
data received from the preamplifier 132 with one or more
digital filters 812. Since the preamplifier 132 has a wide
dynamic range that is much wider than the amplitude range
of the ECG signals, digital filters 812 may be utilized to
process the ECG/QRS data without concern for clipping the
incoming signals. One of the digital filters 812 may include
a matched filter to facilitate identification of QRS pulses in
the incoming data stream. The wide dynamic range of the
preamplifier 132 allows at least most of the ECG filtering to
happen in software without the signal being clipped. Digital
filters 812 can be very effective at removing artifacts from
the ECG/QRS data and may contribute to the enhanced false
positive performance, that is a lower false positive rate, of
the WCD system according to embodiments as described
herein.

[0150] The processor 138 can apply the rhythm analysis
algorithm (RAA) 814 using QRS width information and
heart rate data extracted from the digital ECG data using the
segment-based processing analysis 600 of FIG. 6 and the
QRS width versus heart rate graph 700 of FIG. 7 to make a
shock or no-shock determination. The RAA 814 receives the
digitized ECG signal and calculates the heart rate and QRS
width for each segment. The digitized ECG signal is passed
over the isolation barrier 134, and the heart rate is derived
from the digitized ECG signal. The heart rate and QRS width
are used for making a shock/no-shock decision for each
segment, which then can lead to an alarm and a shock. In the
event a shockable event is identified, the processor 138 will
open a tachycardia episode to start the shock process accord-
ing to method 900 of FIG. 9A and FIG. 9B. Unless the
patient provides a patient response using the stop button 120
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or user interface 140 to send a stop shock signal to the
processor 138 to intervene before the shock is applied, the
processor 138 can send a shock signal to the high voltage
subsystem 133 which will apply a defibrillation voltage
across the defibrillator (DEFIB) front electrode 104 and the
defibrillator (DEFIB) back electrode 108 to apply one or
more therapeutic shocks until there is no longer any shock-
able event (VT or VF) or until the energy in the battery 142
is depleted.

[0151] In one or more embodiments of the WCD system,
the digital filters 812 coupled with the wide dynamic range
of the preamplifier 132 of the ECG front end circuitry 400
may allow analysis of signals that otherwise would be
clipped in systems with a more limited dynamic range. In
addition, the matched filter of the digital filters 812 prefer-
entially highlights complexes similar to the patient’s normal
rhythm. As a result, artifacts that otherwise may be difficult
to discriminate using other methods may be significantly
attenuated by the matched filter to result in a lower false
alarm rate of the WCD system.

[0152] The following examples pertain to further embodi-
ments. Example 1 includes a Wearable Cardioverter Defi-
brillator (WCD) system for a patient comprising: electrodes;
a support structure configured to be worn by the patient so
as to maintain at least some of the electrodes capable of
contact with a body of the patient; a processor coupled to the
electrodes, the processor to store data corresponding to one
or more event markers in memory in response o occurrence
of an event; one or more sensors to detect one or more
parameters, wherein occurrence of the event is to be detected
based at least in part on detection of the one or more
parameters by the one or more sensors or a signal to be
generated by one or more of the electrodes; and a commu-
nication device, coupled to the memory, to transmit at least
a portion of the stored data to a remote device, wherein a
patient condition or a WCD system condition is to be
detected based at least in part on analysis of the stored data
and/or the transmitted portion of the stored data. Example 2
includes the WCD system of example 1, wherein the pro-
cessor is to store the event marker data continuously, peri-
odically, or for a select period of time after occurrence of the
event. Example 3 includes the WCD system of example 1,
wherein machine learning and/or artificial intelligence is to
be applied to the portion of the stored data and/or the
transmitted portion of the stored data to determine the
patient condition or the WCD system condition. Example 4
includes the WCD system of example 1, wherein the remote
device is to be accessible by a service personnel, a design
personnel, a rescue personnel, a clinician, or a physician.
Example 5 includes the WCD system of example 1, wherein
the communication device is to receive one or more com-
mands from the remote device to cause a change to an
operation of the processor. Example 6 includes the WCD
system of example 1, wherein the event marker data is to be
analyzed to determine one or more of: whether the patient
has a good or poor fit with respect to the WCD system based
on combination of electrode behavior, existence of dry skin
of the patient based on consideration of a finer level of noise
presence, quality of ECG signals or fit of the WCD system
based on patient respiration, cause of noise being injected
into signals based on accelerometer data, noise floor based
on the accelerometer data, system abuse or inappropriate use
based on the accelerometer data, activity level based on
temperature data, trends or changes in events based on
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gathered statistics, and hardware or system failure based on
device diagnostics data. Example 7 includes the WCD
system of example 1, wherein the one or more sensors
comprise one or more pressure sensors to detect fit quality
of the WCD system. Example 8 includes the WCD system
of example 1, wherein the one or more sensors comprise one
or more temperature sensors to detect abuse or inappropriate
use of the WCD system. Example 9 includes the WCD
system of example 1, wherein the event marker data com-
prises: a time stamp associated with an occurrence time of
each of the one or more event markers, an event identifier,
patient heart rhythm, patient activity, patient wear statistics,
current running state, current running activity, state changes,
alert button activity, or overall device status. Example 10
includes the WCD system of example 1, wherein the event
marker data comprises event specific information including
information relating to one or more of: patient information
management, programmable parameter operations, episode
operations, arrhythmia detection and normal rhythm detec-
tions, defibrillation charging operations, shock delivery
operations, system power on, battery information, ECG
electrode contact status, defibrillator electrode contact sta-
tus, self-test/service needed/service required conditions, sys-
tem connectivity changes, user interface changes/updates/
activity including vibration and audio, alarm issuing, alert
button activity, software update status, processor speed
scaling changes, and operational mode changes. Example 11
includes the WCD system of example 1, wherein the
memory comprises a volatile storage device, a non-volatile
storage device, or combinations thereof. Example 12
includes the WCD system of example 1, wherein the
memory comprises a Secure Digital (SD) memory card.
BExample 13 includes the WCD system of example 1,
wherein the communication device is to communicate with
the remote device via wired and/or wireless communication.
Example 14 includes the WCD system of example 1,
wherein a smartphone is to couple the communication
device to a communication network. Example 15 includes
the WCD system of example 1, wherein a smartphone is to
communicate with the communication device via a Blu-
etooth™ connection, a Zighee™ connection, a cellular con-
nection, and/or a WiFi (Wireless Fidelity) connection.
Example 16 includes the WCD system of example 1,
wherein the communication device is to communicate with
the remote device via a smartphone or a different mobile
device. Example 17 includes the WCD system of example 1,
wherein the remote device comprises one or more of: a smart
phone, a tablet, a laptop, a computing device, and a cloud.
Example 18 includes the WCD system of example 1, further
comprising at least one battery to provide electrical energy
to operate the processor, the one or more sensors, the
communication device, and the memory while the patient is
ambulatory. Example 19 includes the WCD system of
example 1, further comprising an energy storage module
configured to store an electrical charge to allow for delivery
of an electric shock toward a heart of the patient via
defibrillator electrodes. Example 20 includes the WCD
system of example 1, wherein the processor comprises one
OF More Processor cores.

[0153] Example 21 includes one or more non-transitory
computer-readable media comprising one or more instruc-
tions that when executed on a processor of a wearable
cardioverter defibrillator (“WCD”) system configure the
processor to perform one or more operations to: store data
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corresponding to one or more event markers in memory in
response to occurrence of an event; detect one or more
parameters at one or more sensors, wherein occurrence of
the event is to be detected based at least in part on detection
of the one or more parameters by the one or more sensors or
a signal to be generated by one or more of electrodes
coupled to a support structure configured to be worn by a
patient so as to maintain at least some of the electrodes
capable of contact with a body of the patient; and transmit,
at a communication device, at least a portion of the stored
data to a remote device, wherein a patient condition or a
WCD system condition is to be detected based at least in part
on analysis of the stored data and/or the transmitted portion
of the stored data. Example 22 includes the one or more
computer-readable media of example 21, further comprising
one or more instructions that when executed on the at least
one processor configure the at least one processor to perform
one or more operations to cause storage of the event marker
data continuously, periodically, or for a select period of time
after occurrence of the event. Example 23 includes the one
or more computer-readable media of example 21, further
comprising one or more instructions that when executed on
the at least one processor configure the at least one processor
to perform one or more operations to cause application of
machine learning and/or artificial intelligence to the portion
of the stored data and/or the transmitted portion of the stored
data to determine the patient condition or the WCD system
condition. Example 24 includes the one or more computer-
readable media of example 21, further comprising one or
more instructions that when executed on the at least one
processor configure the at least one processor to perform one
or more operations to cause receipt of one or more com-
mands from the remote device at the communication device
to cause a change to an operation of the processor. Example
25 includes the one or more computer-readable media of
example 21, wherein the remote device is accessible by a
service personnel, a design personnel, a rescue personnel, a
clinician, or a physician.

[0154] Example 26 includes a method to provide a wear-
able cardioverter defibrillator (“WCD”) system, the method
comprising: storing, at a processor, data corresponding to
one or more event markers in memory in response to
occurrence of an event; detecting one or more parameters at
one or more sensors, wherein occurrence of the event is
detected based at least in part on detection of the one or more
parameters by the one or more sensors or a signal to be
generated by one or more of electrodes coupled to a support
structure configured worn by a patient so as to maintain at
least some of the electrodes capable of contact with a body
of the patient; and transmitting, at a communication device,
at least a portion of the stored data to a remote device,
wherein a patient condition or a WCD system condition is
detected based at least in part on analysis of the stored data
and/or the transmitted portion of the stored data. Example 27
includes the method of example 26, further comprising
storing the event marker data continuously, periodically, or
for a select period of time after occurrence of the event.
Example 28 includes the method of example 26, further
comprising applying machine learning and/or artificial intel-
ligence to the portion of the stored data and/or the trans-
mitted portion of the stored data to determine the patient
condition or the WCD system condition. Example 29
includes the method of example 26, further comprising
receiving one or more commands from the remote device at

Oct. 31,2019

the communication device to cause a change to an operation
of the processor. Example 30 includes the method of
example 26, further comprising wherein the remote device
is accessible by a service personnel, a design personnel, a
rescue personnel, a clinician, or a physician.

[0155] Example 31 includes an apparatus comprising
means to perform a method as set forth in any preceding
example. Example 32 includes machine-readable storage
including machine-readable instructions, when executed, to
implement a method or realize an apparatus as set forth in
any preceding example.

[0156] Inthe methods described above, each operation can
be performed as an affirmative act or operation of doing, or
causing to happen, what is written that can take place. Such
doing or causing to happen can be by the whole system or
device, or just one or more components of it. It will be
recognized that the methods and the operations may be
implemented in a number of ways, including using systems,
devices and implementations described above. In addition,
the order of operations is not constrained to what is shown,
and different orders may be possible according to different
embodiments. Examples of such alternate orderings may
include overlapping, interleaved, interrupted, reordered,
incremental, preparatory, supplemental, simultaneous,
reverse, or other variant orderings, unless context dictates
otherwise. Moreover, in certain some embodiments, new
operations may be added, or individual operations may be
modified or deleted. The added operations can be, for
example, from what is mentioned while primarily describing
a different system, apparatus, device or method.

[0157] A person skilled in the art will be able to practice
the present invention in view of this description, which is to
be taken as a whole. Details have been included to provide
a thorough understanding. In other instances, well-known
aspects have not been described, in order to not obscure
unnecessarily this description.

[0158] Some technologies or techniques described in this
document may be known. Even then, however, it does not
necessarily follow that it is known to apply such technolo-
gies or techniques as described in this document, or for the
purposes described in this document.

[0159] This description includes one or more examples,
but this fact does not limit how the invention may be
practiced. Indeed, examples, instances, versions or embodi-
ments of the invention may be practiced according to what
is described, or yet differently, and also in conjunction with
other present or future technologies. Other such embodi-
ments include combinations and sub-combinations of fea-
tures described herein, including for example, embodiments
that are equivalent to the following: providing or applying a
feature in a different order than in a described embodiment;
extracting an individual feature from one embodiment and
inserting such feature into another embodiment; removing
one or more features from an embodiment; or both removing
a feature from an embodiment and adding a feature extracted
from another embodiment, while providing the features
incorporated in such combinations and sub-combinations.

[0160] In general, the present disclosure reflects preferred
embodiments of the invention. The attentive reader will
note, however, that some aspects of the disclosed embodi-
ments extend beyond the scope of the claims. To the respect
that the disclosed embodiments indeed extend beyond the
scope of the claims, the disclosed embodiments are to be
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considered supplementary background information and do
not constitute definitions of the claimed invention.

[0161] In this document, the phrases “constructed to”,
“adapted to” and/or “configured to” denote one or more
actual states of construction, adaptation and/or configuration
that is fundamentally tied to physical characteristics of the
element or feature preceding these phrases and, as such,
reach well beyond merely describing an intended use. Any
such elements or features can be implemented in a number
of ways, as will be apparent to a person skilled in the art after
reviewing the present disclosure, beyond any examples
shown in this document.

[0162] Incorporation by reference: References and cita-
tions to other documents, such as patents, patent applica-
tions, patent publications, journals, books, papers, web
contents, have been made throughout this disclosure. All
such documents are hereby incorporated herein by reference
in their entirety for all purposes.

[0163] Parent patent applications: Any and all parent,
grandparent, great-grandparent, etc. patent applications,
whether mentioned in this document or in an Application
Data Sheet (“ADS”) of this patent application, are hereby
incorporated by reference herein as originally disclosed,
including any priority claims made in those applications and
any material incorporated by reference, to the extent such
subject matter is not inconsistent herewith.

[0164] Reference numerals: In this description a single
reference numeral may be used consistently to denote a
single item, aspect, component, or process. Moreover, a
further effort may have been made in the preparation of this
description to use similar though not identical reference
numerals to denote other versions or embodiments of an
item, aspect, component or process that are identical or at
least similar or related. Where made, such a further effort
was not required, but was nevertheless made gratuitously so
as to accelerate comprehension by the reader. Even where
made in this document, such a further effort might not have
been made completely consistently for all of the versions or
embodiments that are made possible by this description.
Accordingly, the description controls in defining an item,
aspect, component or process, rather than its reference
numeral. Any similarity in reference numerals may be used
to infer a similarity in the text, but not to confuse aspects
where the text or other context indicates otherwise.

[0165] The claims of this document define certain com-
binations and sub-combinations of elements, features and
acts or operations, which are regarded as novel and non-
obvious. The claims also include elements, features and acts
or operations that are equivalent to what is explicitly men-
tioned. Additional claims for other such combinations and
sub-combinations may be presented in this or a related
document. These claims are intended to encompass within
their scope all changes and modifications that are within the
true spirit and scope of the subject matter described herein.
The terms used herein, including in the claims, are generally
intended as “open” terms. For example, the term “including”
should be interpreted as “including but not limited to,” the
term “having” should be interpreted as “having at least,” etc.
If a specific number is ascribed to a claim recitation, this
number is a minimum but not a maxinum unless stated
otherwise. For example, where a claim recites “a” compo-
nent or “an” item, it means that the claim can have one or
more of this component or this item.
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[0166] In construing the claims of this document, the
inventor(s) invoke 35 U.S.C. § 112(f) only when the words
“means for” or “steps for” are expressly used in the claims.
Accordingly, if these words are not used in a claim, then that
claim is not intended to be construed by the inventor(s) in
accordance with 35 U.S.C. § 112(f).

[0167] In various embodiments, the operations discussed
herein, e.g., with reference to FIGS. 1 et seq., may be
implemented as hardware (e.g., logic circuitry or more
generally circuitry or circuit), software, firmware, or com-
binations thereof, which may be provided as a computer
program product, e.g., including a tangible (e.g., non-tran-
sitory) machine-readable or computer-readable medium
having stored thereon instructions (or software procedures)
used to program a computer to perform a process discussed
herein. The machine-readable medium may include a stor-
age device such as those discussed with respect to FIGS. 1
et seq.

[0168] Additionally, such computer-readable media may
be downloaded as a computer program product, wherein the
program may be transferred from a remote computer (e.g.,
a server) to a requesting computer (e.g., a client) by way of
data signals provided in a carrier wave or other propagation
medium via a communication link (e.g., a bus, a modem, or
a network connection).

[0169] Reference in the specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, and/or characteristic described in connection with
the embodiment may be included in at least an implemen-
tation. The appearances of the phrase “in one embodiment™
in various places in the specification may or may not be all
referring to the same embodiment.

[0170] Also, in the description and claims, the terms
“coupled” and “connected,” along with their derivatives,
may be used. In some embodiments, “connected” may be
used to indicate that two or more elements are in direct
physical or electrical contact with each other. “Coupled”
may mean that two or more elements are in direct physical
or electrical contact. However, “coupled” may also mean
that two or more elements may not be in direct contact with
each other, but may still cooperate or interact with each
other.

[0171] Thus, although embodiments have been described
in language specific to structural features and/or method-
ological acts, it is to be understood that claimed subject
matter may not be limited to the specific features or acts
described. Rather, the specific features and acts are disclosed
as sample forms of implementing the claimed subject matter.

1. A Wearable Cardioverter Defibrillator (WCD) system
for a patient comprising:
electrodes;

a support structure configured to be worn by the patient so
as to maintain at least some of the electrodes capable of
contact with a body of the patient;

a processor coupled to the electrodes, the processor to
store data corresponding to one or more event markers
in memory in response to occurrence of an event;

one or more sensors to detect one or more parameters,
wherein occurrence of the event is to be detected based
at least in part on detection of the one or more param-
eters by the one or more sensors or a signal to be
generated by one or more of the electrodes; and
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a communication device, coupled to the memory, to
transmit at least a portion of the stored data to a remote
device,

wherein a patient condition or a WCD system condition is
to be detected based at least in part on analysis of the
stored data and/or the transmitted portion of the stored
data.

2. The WCD system of claim 1, wherein the processor is
to store the event marker data continuously, periodically, or
for a select period of time after occurrence of the event.

3. The WCD system of claim 1, wherein machine learning
and/or artificial intelligence is to be applied to the portion of
the stored data and/or the transmitted portion of the stored
data to determine the patient condition or the WCD system
condition.

4. The WCD system of claim 1, wherein the remote
device is to be accessible by a service personnel, a design
personnel, a rescue personnel, a clinician, or a physician.

5. The WCD system of claim 1, wherein the communi-
cation device is to receive one or more commands from the
remote device to cause a change to an operation of the
processor.

6. The WCD system of claim 1, wherein the event marker
data is to be analyzed to determine one or more of: whether
the patient has a good or poor fit with respect to the WCD
system based on combination of electrode behavior, exis-
tence of dry skin of the patient based on consideration of a
finer level of noise presence, quality of ECG signals or fit of
the WCD system based on patient respiration, cause of noise
being injected into signals based on accelerometer data,
noise floor based on the accelerometer data, system abuse or
inappropriate use based on the accelerometer data, activity
level based on temperature data, trends or changes in events
based on gathered statistics, and hardware or system failure
based on device diagnostics data.

7. The WCD system of claim 1, wherein the one or more
sensors comprise one or more pressure sensors to detect fit
quality of the WCD system.

8. The WCD system of claim 1, wherein the one or more
sensors comprise one or more temperature sensors to detect
abuse or inappropriate use of the WCD system.

9. The WCD system of claim 1, wherein the event marker
data comprises: a time stamp associated with an occurrence
time of each of the one or more event markers, an event
identifier, patient heart rhythm, patient activity, patient wear
statistics, current running state, current running activity,
state changes, alert button activity, or overall device status.

10. The WCD system of claim 1, wherein the event
marker data comprises event specific information including
information relating to one or more of: patient information
management, programmable parameter operations, episode
operations, arrhythmia detection and normal rhythm detec-
tions, defibrillation charging operations, shock delivery
operations, system power on, battery information, ECG
electrode contact status, defibrillator electrode contact sta-
tus, self-test/service needed/service required conditions, sys-
tem connectivity changes, user interface changes/updates/
activity including vibration and audio, alarm issuing, alert
button activity, software update status, processor speed
scaling changes, and operational mode changes.

11. The WCD system of claim 1. wherein the memory
comprises a volatile storage device, a non-volatile storage
device, or combinations thereof.
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12. The WCD system of claim 1, wherein the memory
comprises a Secure Digital (SD) memory card.

13. The WCD system of claim 1, wherein the communi-
cation device is to communicate with the remote device via
wired and/or wireless communication.

14. The WCD system of claim 1, wherein a smartphone
is to couple the communication device to a communication
network.

15. The WCD system of claim 1, wherein a smartphone
is to communicate with the communication device via a
Bluetooth™ connection, a Zighee™ connection, a cellular
connection, and/or a WiFi (Wireless Fidelity) connection.

16. The WCD system of claim 1, wherein the communi-
cation device is to communicate with the remote device via
a smartphone or a different mobile device.

17. One or more non-transitory computer-readable media
comprising one or more instructions that when executed on
a processor of a wearable cardioverter defibrillator (“WCD”)
system configure the processor to perform one or more
operations to:

store data corresponding to one or more event markers in

memory in response to occurrence of an event;

detect one or more parameters at one or more sensors,

wherein occurrence of the event is to be detected based
at least in part on detection of the one or more param-
eters by the one or more sensors or a signal to be
generated by one or more of electrodes coupled to a
support structure configured to be worn by a patient so
as to maintain at least some of the electrodes capable of
contact with a body of the patient; and

transmit, at a communication device, at least a portion of

the stored data to a remote device,

wherein a patient condition or a WCD system condition is

to be detected based at least in part on analysis of the
stored data and/or the transmitted portion of the stored
data.

18. The one or more computer-readable media of claim
17, further comprising one or more instructions that when
executed on the at least one processor configure the at least
one processor to perform one or more operations to cause
storage of the event marker data continuously, periodically,
or for a select period of time after occurrence of the event.

19. A method to provide a wearable cardioverter defibril-
lator (“WCD”) system, the method comprising:

storing, at a processor, data corresponding to one or more

event markets in memory in response to occurrence of
an even;

detecting one or more parameters at one or more sensors,

wherein occurrence of the event is detected based at
least in part on detection of the one or more parameters
by the one or more sensors or a signal to be generated
by one or more of electrodes coupled to a support
structure configured worn by a patient so as to maintain
at least some of the electrodes capable of contact with
a body of the patient; and

transmitting, at a communication device, at least a portion

of the stored data to a remote device,

wherein a patient condition or a WCD system condition is

detected based at least in part on analysis of the stored
data and/or the transmitted portion of the stored data.

20. The method of claim 19, further comprising storing
the event marker data continuously, periodically, or for a
select period of time after occurrence of the event.
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