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7) ABSTRACT

A wearable cardioverter defibrillator (“WCD”) system may
include an impedance detector configured to render an
impedance signal of the patient. The WCD system may
determine, from the impedance signal, a characteristic of
breathing by the patient that can be used as a vital sign. The
WCD system may determine, from at least the breathing
characteristic, whether or not a shock criterion is met. If the
shock criterion is met, the WCD system may control a
discharge circuit to discharge a stored electrical charge
through the patient. An advantage can be that the breathing
characteristic may be used to determine whether or not a
patient is experiencing a condition that requires defibrilla-
tion therapy, such as sudden cardiac arrest. Even more
advantages can be had in discerning the state of the patient
when the breathing characteristic is combined with other
data, such as from a motion detector.
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WEARABLE CARDIOVERTER
DEFIBRILLATOR (WCD) SYSTEM
MEASURING PATIENT’S RESPIRATION

CROSS REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This patent application claims priority from U.S.
Provisional patent application Ser. No. 62/417,147, filed on
Nov. 3, 2016, the disclosure of which, as initially made, is
hereby incorporated by reference.

BACKGROUND

[0002] 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 arrhythmias 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.

[0003] Some people have an increased risk of SCA.
People at a higher risk include patients who have had a heart
attack, or a prior SCA episode. A frequent recommendation
is for these people to receive an Implantable Cardioverter
Defibrillator (ICD). The ICD is surgically implanted in the
chest, and continuously monitors the patient’s electrocar-
diogram (ECG) signal, which is sometimes simply called
ECG. If certain types of heart arrhythmias are detected, then
the ICD delivers an electric shock through the heart.
[0004] After being identified as having an increased risk of
an SCA, and before receiving an ICD, these people are
sometimes given a Wearable Cardioverter Defibrillator
(WCD) system. (Early versions of such systems were called
wearable cardiac defibrillator systems.) A WCD system
typically includes a harness, vest, or other garment that the
patient is to wear. The WCD system further includes elec-
tronic components, such as a defibrillator and electrodes,
coupled to the harness, vest, or other garment. When the
patient wears the WCD system, the external electrodes may
then make good electrical contact with the patient’s skin,
and therefore can help determine the patient’s ECG. If a
shockable heart arrhythmia is detected, then the defibrillator
delivers the appropriate electric shock through the patient’s
body, and thus through the heart.

[0005] One of the challenges in developing a WCD system
is to determine accurately what patient is experiencing, and
therefore to determine whether or not they require defibril-
lation therapy. With ambulatory patients, there are many
sources of noise that can make this difficult by analyzing the
ECG waveform alone.

[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 country or any art. Along these lines, any
recognition of problems 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 inven-
tors. This approach in and of itself may also be inventive.
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BRIEF SUMMARY

[0007] The present description gives instances of Wear-
able Cardioverter Defibrillator (WCD) systems, storage
media that store programs, and methods, the use of which
may help overcome problems and limitations of the prior art.
[0008] In embodiments, a wearable cardioverter defibril-
lator (“WCD”) system includes an impedance detector con-
figured to render an impedance signal of the patient. The
WCD system may determine, from the impedance signal, a
characteristic of breathing by the patient that can be used as
a vital sign. The WCD system may determine, from at least
the breathing characteristic, whether or not a shock criterion
is met. If the shock criterion is met, the WCD system may
control a discharge circuit to discharge a stored electrical
charge through the patient.

[0009] An advantage can be that the breathing character-
istic may be used to determine whether or not a patient is
experiencing a condition that requires defibrillation therapy,
such as sudden cardiac arrest. Even more advantages can be
had in discerning the state of the patient when the breathing
characteristic is combined with other data, such as from a
motion detector.

[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 the
present disclosure, namely from the present written speci-
fication and the 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 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 embodi-
ments.

[0013] FIG. 3 shows a flowchart for illustrating methods
according to embodiments, the flowchart annotated with
icons of elements that can be related to individual operations
of the flowchart.

[0014] FIG. 4A is a time diagram of a sample rendered
ECG signal, further annotated to indicate a shifting baseline
that may be identified and used in filtering operations
according to embodiments.

[0015] FIG. 4B is a time diagram of a sample rendered
motion detection signal or input, further annotated to indi-
cate an identified motionless time period, during which a
baseline value of a breathing characteristic may be deter-
mined according to embodiments.

[0016] FIG. 5 is a time diagram of a sample impedance
signal, annotated to illustrate how a breathing characteristic
is determined according to embodiments.

[0017] FIG. 6 is a time diagram of a sample impedance
signal, annotated to illustrate how another breathing char-
acteristic is determined according to embodiments.

[0018] FIG. 7 is a time diagram of a sample impedance
signal, annotated to illustrate how one more breathing char-
acteristic is determined according to embodiments.

[0019] FIG. 8 illustrates how a sample value of a deter-
mined breathing characteristic may be used for performing
operations according to embodiments.
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[0020] FIG. 9 illustrates how changes in a sample value of
a determined breathing characteristic may be used for pet-
forming operations according to embodiments.

DETAILED DESCRIPTION

[0021] As has been mentioned, the present description is
about Wearable Cardioverter Defibrillator (WCD) systems,
storage media that store programs, and methods. Embodi-
ments are now described in more detail.

[0022] A wearable cardioverter defibrillator (WCD) sys-
tem made according to embodiments has a number of
components. These components can be provided separately
as modules that can be interconnected, or can be combined
with other components, etc.

[0023] FIG. 1 depicts a patient 82. Patient 82 may also be
referred to as a person and/or wearer, since that patient wears
components of the WCD system. Patient 82 is ambulatory,
which means patient 82 can walk around, and is not neces-
sarily bed-ridden.

[0024] FIG. 1 also depicts components of a WCD system
made according to embodiments. One such component is a
support structure 170 that is wearable by patient 82. 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 concepts about support
structure 170, and is not to be construed as limiting how
support structure 170 is implemented, or how it is worn.
[0025] 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 embodiments, support structure 170 could include a vest,
a half-vest, a garment, etc. In such embodiments such items
can be worn similarly to parallel articles of clothing. In
embodiments, support structure 170 could include a harness,
one or more belts or straps, etc. In such embodiments, such
items can be worn by the patient around the torso, hips, over
the shoulder, etc. In embodiments, support structure 170 can
include a container or housing, which can even be water-
proof. In such embodiments, the support structure can be
worn by being attached to the patient by adhesive material,
for example as shown in U.S. Pat. No. 8,024,037. Support
structure 170 can even be implemented as described for the
support structure of U.S. Pat. App. No. US 2017/0056682
A1, which is incorporated herein by reference. Of course, in
such embodiments, the person skilled in the art will recog-
nize 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 2017/0056682 document. There can be
other examples.

[0026] A WCD system according to embodiments is con-
figured to defibrillate a patient who is wearing it, by deliv-
ering an electrical charge to the patient’s body in the form
of an electric shock delivered in one or more pulses. FIG. 1
shows a sample external defibrillator 100, and sample defi-
brillation electrodes 104, 108, which are coupled to external
defibrillator 100 via electrode leads 105. Defibrillator 100
and defibrillation electrodes 104, 108 can be coupled to
support structure 170. As such, many of the components of
defibrillator 100 could be therefore coupled to support
structure 170. When defibrillation electrodes 104, 108 make
good electrical contact with the body of patient 82, defibril-
lator 100 can administer, via electrodes 104, 108, a brief,
strong electric pulse 111 through the body. Pulse 111, also
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known as shock, defibrillation shock, therapy or therapy
shock, is intended to go through and restart heart 85, in an
effort to save the life of patient 82. Pulse 111 can further
include one or more pacing pulses, and so on.

[0027] A prior art defibrillator typically decides whether to
defibrillate or not based on an ECG signal of the patient.
However, external defibrillator 100 may initiate defibrilla-
tion (or hold-off defibrillation) based on a variety of inputs,
with ECG merely being one of them.

[0028] Accordingly, it will be appreciated that signals
such as physiological signals containing physiological data
can be obtained from patient 82. While the patient may be
considered also a “user” of the WCD system, this is not a
requirement. That is, for example, a user of the wearable
cardioverter defibrillator (WCD) may include a clinician
such as a doctor, nurse, emergency medical technician
(EMT) or other similarly situated individual (or group of
individuals). The particular context of these and other
related terms within this description should be interpreted
accordingly.

[0029] The WCD system may optionally include an out-
side monitoring device 180. Device 180 is called an “out-
side” device because it could be provided as a standalone
device, for example not within the housing of defibrillator
100. 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. Device 180 may include one or more
transducers or sensors that are configured to render one or
more physiological inputs or signals from one or more
patient parameters that they sense.

[0030] Optionally, device 180 is physically coupled to
support structure 170. In addition, device 180 can be com-
municatively coupled with other components, which are
coupled to support structure 170. Such communication can
be implemented by a communication module, as will be
deemed applicable by a person skilled in the art in view of
this description.

[0031] FIG. 2 is a diagram showing components of an
external defibrillator 200, made according to embodiments.
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.

[0032] External defibrillator 200 is intended for a patient
who would be wearing it, such as patient 82 of FIG. 1.
Defibrillator 200 may further include a user interface 280 for
auser 282. User 282 can be patient 82, also known as wearer
82. Or, user 282 can be a local rescuer at the scene, such as
a bystander who might offer assistance, or a trained person.
Or, user 282 might be a remotely located trained caregiver
in communication with the WCD system.

[0033] 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. 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 feedback to
rescuer 282 for their resuscitation attempts, and so on.
Another output device can be a speaker, which can be
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configured to issue voice prompts, beeps, loud alarm sounds
and/or words to warn bystanders, etc.

[0034] User interface 280 may further include input
devices for receiving inputs from users. Such input devices
may additionally include various controls, such as pushbut-
tons, keyboards, 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.

[0035] 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 F1G. 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 transducers or sensors that are
configured to render one or more physiological inputs from
one or more patient parameters that it senses.

[0036] 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 wearable defibrillation system whether the patient is in
need of a shock, plus optionally their medical history and/or
event history. Examples of such parameters include the
patient’s ECG, blood oxygen level, blood flow, blood pres-
sure, blood perfusion, pulsatile change in light transmission
or reflection properties of perfused tissue, heart sounds,
heart wall motion, breathing sounds and 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 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 cufl), 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, sensor, and so on. In view of this disclosure, 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. Pulse detec-
tion is also taught at least in Physio-Control’s U.S. Pat. No.
8,135,462, which is hereby incorporated by reference in its
entirety. In addition, a person skilled in the art may imple-
ment other ways of performing pulse detection. In such
cases, the transducer includes an appropriate sensor, and the
physiological input is a measurement by the sensor of that
patient parameter. For example, the appropriate sensor for a
heart sound may include a microphone, etc.

[0037] In some embodiments, the local parameter is 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. Param-
eters whose detected trends can particularly help a cardiac
rehabilitation program include: a) cardiac function (e.g.
ejection fraction, stroke volume, cardiac output, etc.); b)
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heart rate variability at rest or during exercise; c¢) 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, or CO,; f)
respiratory function, respiration rate, etc.; g) motion, level of
activity; and so on. Once a trend is detected, it can be stored
and/or reported via a communication link, along perhaps
with a warning. From the report, a physician monitoring the
progress of patient 282 will know about a condition that is
either not improving or deteriorating.

[0038] 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.

[0039] A WCD system made according to embodiments
may include a motion detector. In embodiments, a motion
detector can be implemented within monitoring 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.

[0040] A motion detector of a WCD system according to
embodiments can be configured to detect a motion event, or
motion in general. In response, the motion detector may
render or generate, from the detected motion event or
motion, a motion detection input or signal that can be
received by a subsequent device or functionality. 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,
the patient parameter is a motion.

[0041] 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.

[0042] Environmental parameters can include ambient
temperature and pressure. Moreover, a humidity sensor may
provide information as to whether it is likely raining. Pre-
sumed patient location could also be considered an envi-
ronmental parameter. The patient location could be pre-
sumed, if monitoring device 180 or 281 includes a GPS
location sensor as per the above, and if it is presumed that
the patient is wearing the WCD system.

[0043] Defibrillator 200 typically includes a defibrillation
port 210, such as a socket in housing 201. Defibrillation port
210 includes electrical nodes 214, 218. Leads of defibrilla-
tion 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 connected con-
tinuously to defibrillation port 210, instead. Either way,
defibrillation port 210 can be used for guiding, via elec-
trodes, to the wearer the electrical charge that has been
stored in an energy storage module 250 that is described
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more fully later in this document. The electric charge will be
the shock for defibrillation, pacing, and so on.

[0044] 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 sensing electrodes 209, which are also known as ECG
electrodes and ECG leads. It is also possible that sensing
electrodes 209 can be connected continuously to sensor port
219, instead. Sensing electrodes 209 are types of transducers
that can help sense an ECG signal or an impedance signal.
The ECG signal may be, for example, a 12-lead signal, or a
signal from a different number of leads, especially if they
make good electrical contact with the body of the patient.
Sensing electrodes 209 can be attached to the inside of
support structure 170 for making good electrical contact
with the patient, similarly with defibrillation electrodes 204,
208.

[0045] Optionally a WCD system according to embodi-
ments also includes a fluid that it can deploy automatically
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 electrode
and the skin. Electrically speaking, when the fluid is
deployed, the electrical impedance between the 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 from the electrode, after it has been deployed.
The fluid can be used for both defibrillation electrodes 204,
208, and for sensing electrodes 209.

[0046] The fluid may be initially stored in a fluid reservoir,
not shown in FIG. 2, which can be coupled to the support
structure. In addition, a WCD system according to embodi-
ments 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 the electrodes 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.
[0047] In some embodiments, defibrillator 200 also
includes a measurement circuit 220, as one or more of its
sensors or transducers. Measurement circuit 220 senses one
or more electrical physiological signals of the patient from
sensor port 219, if provided. Even if defibrillator 200 lacks
sensor port 219, measurement circuit 220 may optionally
obtain physiological signals through nodes 214, 218 instead,
when defibrillation electrodes 204, 208 are attached to the
patient. In these cases, the physiological input may reflect an
ECG measurement. The patient parameter can be an ECG,
which can be sensed as a voltage difference between elec-
trodes 204, 208.

[0048] Measurement circuit 220 may also include an
impedance detector 222. As such, the patient parameter can
be an impedance, which can be sensed between electrodes
204, 208 and/or the connections of sensor port 219. 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 electrical contact with
the patient’s body. In embodiments, impedance detector 222
is configured to render an impedance signal 223 of the
patient. The impedance signal can be rendered as a modu-
lation to a carrier signal, as a stream of values, and so on.
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[0049] These patient physiological signals can be sensed,
when available. Measurement circuit 220 can then render or
generate information about them as physiological inputs,
data, other signals, etc. More strictly speaking, the informa-
tion rendered by measurement circuit 220 is output from it,
but this information can be called an input because it is
received by a subsequent device or functionality as an input.
[0050] In some embodiments, defibrillator 200 also
includes a stand-alone filter 228. Filter 228 can be config-
ured to receive signals rendered by measurement circuit 220,
such as the ECG signal, impedance signal 223, and so on.
Filter 228 can be configured to derive a filtered impedance
signal from the rendered impedance signal. The filtered
impedance signal may correspond to the rendered imped-
ance signal, with at least a portion of the rendered imped-
ance signal changed. Alternately, filtering signals may be
accomplished by processing numbers within a processor,
such as is described below.

[0051] 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.

[0052] Processor 230 may include, or have access to, a
non-transitory storage medium, such as memory 238 that is
described more fully later in this document. Such a memory
can have a non-volatile component for storage of machine-
readable and machine-executable instructions. A set of such
instructions can also be called a program. The instructions,
which may also referred to as “software,” generally provide
functionality by performing 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.

[0053] 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-
surement circuit 220, which can be available as physiologi-
cal inputs, data, or other signals, may be used by the VF
detector to determine whether the patient is experiencing
VF. Detecting VF is useful, because VF typically results in
SCA. Detection module 232 can also include a Ventricular
Tachycardia (VT) detector, and so on.

[0054] Another such module in 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 embodi-
ments. 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
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determination from one or more ECG signals that are
captured according to embodiments, and determining
whether a shock criterion is met. The determination can be
made from a rhythm analysis of the captured ECG signal or
otherwise.

[0055] 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 discharg-
ing. Shocking can be for defibrillation, pacing, and so on.
[0056] Processor 230 can include additional modules,
such as other module 236, for other functions. In addition,
if internal monitoring device 281 is indeed provided, it may
be operated in part by processor 230, etc.

[0057] 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 storage medium.
Memory 238, if provided, can include programs for proces-
sor 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, operations, processes, actions and/or
methods to be performed, and/or the processor to cause other
devices or components or blocks to perform such functions,
operations, processes, actions and/or methods. The pro-
grams can be operational for the inherent needs of processor
230, and can also include protocols and ways that decisions
can be made by advice module 234. 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 environmental data, for
example as learned by internal monitoring device 281 and
outside monitoring device 180. The data can be stored in
memory 238 before it is transmitted out of defibrillator 200,
or stored there after it is received by defibrillator 200.
[0058] Defibrillator 200 may also include a power source
240. To enable portability of defibrillator 200, power source
240 typically includes a battery. Such a battery is typically
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 power override, for
where AC power will be available, an energy-storing capaci-
tor, and so on. In some embodiments, power source 240 is
controlled by processor 230. Appropriate components may
be included to provide for charging or replacing power
source 240.

[0059] 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 embodi-
ments, module 250 can be charged from power source 240
to the desired amount of energy, as controlled by processor
230. In typical implementations, module 250 includes a
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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 ultracapacitor. As described above,
capacitor 252 can store the energy in the form of an electrical
charge, for delivering to the patient.

[0060] Defibrillator 200 moreover 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 the electrical charge stored in energy
storage module 250. When so controlled, circuit 255 can
permit the energy stored in module 250 to be discharged to
nodes 214, 218, and from there also to defibrillation elec-
trodes 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, and so on. Circuit 255 can also be controlled
via user interface 280.

[0061] 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 data can include
patient data, event information, therapy attempted, CPR
performance, system data, environmental data, and so on.
For example, communication module 290 may transmit
wirelessly, on a daily basis, heart rate, respiratory rate, and
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 and then notify medical personnel via
text, email, phone, etc. In addition, communication module
290 may also have the capability to contact emergency
services when an episode of sudden cardiac death is detected
or other critical illnesses are detected. Module 290 may also
include such interconnected sub-components as may be
deemed necessary by a person skilled in the art, for example
an antenna, portions of a processor, supporting electronics,
outlet for a telephone or a network cable, etc. This way, data,
commands, etc. can be communicated.

[0062] Defibrillator 200 can optionally include other com-
ponents.
[0063] Returning to FIG. 1, in embodiments, one or more

of the components of the shown WCD system have been
customized for patient 82. 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.
Such baseline physiological parameters can be used to
customize the WCD system, in order to make its diagnoses
more accurate, since the patients’ bodies differ from one
another. Of course, such parameters can be stored in a
memory of the WCD system, and so on.

[0064] A programming interface can be made according to
embodiments, which receives such measured baseline physi-
ological parameters. Such a programming interface may
input automatically in the WCD system the baseline physi-
ological parameters, along with other data.

[0065] The devices and/or systems mentioned in this
document perform functions, processes and/or methods.
These functions, processes and/or methods may be imple-
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mented by one or more devices that include logic circuitry.
Such a device can be alternately called a computer, and so
on. It may be a standalone device or computer, such as a
general purpose computer, or part of a device that has one or
more additional functions. The logic circuitry may include a
processor and non-transitory computer-readable storage
media, such as memories, of the type described elsewhere in
this document. Often, for the sake of convenience only, it is
preferred to implement and describe a program as various
interconnected distinct software modules or features. These,
along with data are individually and also collectively known
as software. In some instances, software is combined with
hardware, in a mix called firmware.

[0066] Moreover, methods and algorithms are described
below. These methods and algorithms are not necessarily
inherently associated with any particular logic device or
other apparatus. Rather, they are advantageously imple-
mented by programs for use by a computing machine, such
as a general-purpose computer, a special purpose computer,
amicroprocessor, a processor such as described elsewhere in
this document, and so on.

[0067] This detailed description includes flowcharts, dis-
play images, algorithms, and symbolic representations of
program operations within at least one computer readable
medium. An economy is achieved in that a single set of
flowcharts is used to describe both programs, and also
methods. So, while flowcharts described methods in terms of
boxes, they also concurrently describe programs.

[0068] Methods are now described.

[0069] FIG. 3 shows a flowchart 300 for illustrating meth-
ods according to embodiments. Flowchart 300 includes
operations that are linked by arrows. A vertical line 302 is at
the right side of flowchart 300. Further to the right of vertical
line 302 are shown icons of elements that can be related to
individual operations of flowchart 300. These icons are
indicated as linked with their respective operations by using
wider arrows that cross line 302. These wider arrows,
however, do not form part of flowchart 300.

[0070] FIG. 3 starts with an optional operation 310,
according to which a rendered impedance signal 323 may be
filtered, to derive a filtered impedance signal 315. Rendered
impedance signal 323 may be the impedance signal rendered
by an impedance detector, such as impedance signal 223.
[0071] The filtering of operation 310 may be performed in
a number of ways. For example, filtered impedance signal
315 may be derived by removing from rendered impedance
signal 323 variations that have a frequency greater than a
threshold frequency, such as 10 Hz. Or, filtered impedance
signal 315 may be derived by removing from rendered
impedance 323 signal variations that repeat over a period of
at least 30 seconds.

[0072] In some embodiments, filtering is informed by
another, concurrent signal from another transducer. Two
examples are developed in this document, although more are
possible.

[0073] First, referring tentatively to FIG. 4A, a WCD
system may further include a transducer configured to render
an electrocardiogram (ECG) signal 406 of the patient, such
as sensing electrodes 209 in combination with measurement
circuit 220, etc. In signal 406, QRS complexes 411 maybe
identified. In addition, variations in a baseline of ECG signal
406 may be identified. For example, a line segment 422
shows an instance where the baseline of signal 406 is
shifting. In this instance, line segment 422 is largely defined
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between the two identified QRS complexes 411, but that is
coincidental; in fact, such line segments may be defined at
other times of signal 406. The filtered impedance signal,
then, may be derived by removing from the rendered imped-
ance signal variations that are concurrent with the identified
variations of ECG signal 406, variations such as indicated by
line segment 422. In other words, the slope of line segment
422 may inform a filtering operation 410, which may be
performed as operation 310.

[0074] For a second example, a WCD system may further
include a motion detector, such as was described above.
Variations may be identified in the motion detection signal.
The filtered impedance signal may be derived by removing
from the rendered impedance signal variations that are
concurrent with the identified variations in the motion
detection signal.

[0075] Returning to FIG. 3, after optional operation 310,
according to another operation 320, an impedance signal of
the patient may be input. The impedance signal input at
operation 320 may be rendered impedance signal 323, if
optional operation 310 is not performed. Alternately, the
impedance signal input at operation 320 may be filtered
impedance signal 315, instead of rendered impedance signal
323.

[0076] According to another operation 330, a characteris-
tic of breathing 335 by the patient may be determined from
the impedance signal input at operation 320. If operation 310
has been performed, characteristic 335 is determined from
filtered impedance signal 315, instead of from rendered
impedance signal 323.

[0077] According to another, optional operation 340, it
may be determined whether or not breathing characteristic
335 meets an alarm condition. If the answer at operation 340
is YES then, according to another, optional operation 345, a
follow-up action may be caused to be executed. In other
words, the follow-up action may be caused to be executed
responsive to determining that the alarm condition is thus
met at operation 340. Examples are given later in this
document.

[0078] After operation 345, or if the answer at operation
340 is NO then, according to another, optional operation
360, a value of breathing characteristic 335 may be stored in
a memory, such as memory 238. Note that this operation 360
may store values as a matter of record. In some instances,
some of these stored values may be used to form a baseline
for comparison.

[0079] According to another operation 380, it may be
determined whether or not a shock criterion is met. If at
operation 380 the answer is NO, then execution may return
to a previous operation, such as operation 310. Else, if at
operation 380 the answer is YES, then according to another
operation 390, a discharge circuit such as discharge circuit
255 may be controlled to discharge stored electrical charge
through the patient, while the support structure is worn by
the patient. This would deliver electrical therapy.

[0080] The determination of operation 380 may be further
performed in a number of ways. Examples are now
described.

[0081] Insome embodiments, the determination of opera-
tion 380 is performed from at least breathing characteristic
335. For instance, a baseline value for breathing character-
istic 335 may be stored in a memory, such as memory 238.
Then a difference may be computed of a current value of the
breathing characteristic and the stored baseline value. Then
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it may be determined at least in part that the shock criterion
is met, responsive to the computed difference being larger
than a threshold.

[0082] A baseline value for breathing characteristic 335
may be a set value, or a value customized to the patient by
training the WCD system or by separately evaluating the
patient. For example, referring now to FIG. 4B, a time
diagram is shown of a sample rendered motion detection
signal 405, which is also called motion detection input 405.
Three time domains 441, 442, 443 are identified. A motion
event is detected in time domain 442. Signal 405 could
indicate that the patient rose from a chair, walked four steps
to another chair, and then sat down again. Motionlessness is
detected in time domains 441 & 443. In such embodiments,
a baseline value for breathing characteristic 335 may be
determined from a portion of an impedance signal, to be
discussed later, in view of a portion of motion detection
signal 405 relative to the portion of the impedance signal.
For example, time domain 443 of motionlessness may be
used to inform when a storing operation 460 may be
performed for purposes of developing a baseline. Otherwise,
operation 460 may be performed as described for operation
360. As such, the above-mentioned portion of the impedance
signal may be concurrent with a portion of motion detection
signal 405 that is motionless, such as during time periods
441 & 443, or presumed walking, such as during time period
442, and so on. Different baseline values may be stored for
different activities.

[0083] In some embodiments, the determination of opera-
tion 380 is performed from also another input 379. Input 379
may be derived from a transducer configured to render an
input from a sensed parameter of the patient, the input being
distinct from the impedance signal. The processor may be
able to determine from at least input 379 and breathing
characteristic 335 whether or not the shock criterion is met.
Two particular examples are now described, although more
are possible.

[0084] As a first example, input 379 can be an input of the
motion detector mentioned above. The processor can be
configured to determine from at least the motion detection
signal and breathing characteristic 335 whether or not the
shock criterion is met. For instance, a motion detection input
379 that includes a sudden motion of large amplitude during
the day or while walking, followed by lack of any motion
thereafter, may indicate SCA, where the patient dropped and
has remained motionless. In such an instance, motion detec-
tion input 379 may also be used for performing operation
380.

[0085] The combination of motion detection signal 405
may resolve ambiguities, especially given that the ECG
signal is often hampered by electrical noise. For example,
motion detection signal 405 may be used to qualify an
abnormally high detected heart rate, to determine if it is
being caused by strenuous physical exercise or an emerging
illness. Variations of the raw impedance signal can be
analyzed to look for correlated variation on the ECG signal
to indicate noise caused by electrode movement. Moreover,
the raw, rendered impedance signal used to determine the
respiration rate can be used by the processor’s algorithm to
help determine if a fast rate detected on the ECG signal is an
actual cardiac signal, or noise that is being caused by
movement of the electrodes. Movement of the electrodes
may also cause variations in impedance, and if the imped-
ance variation can be correlated to the fast rate seen on the
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BCG then that is an indicator the fast rate is actually noise
caused by motion and not a VT or VF rhythm. An abnormal
respiration rate can be used by the defibrillation therapy
algorithm to trigger more processor intensive analysis of the
ECG waveforms and other sensor data that would not
normally be used in order to conserve battery power.

[0086] As a second example, input 379 can be an ECG
signal of the patient, which is the input used to determine
whether or not the shock criterion is met. For example, a
rhythm analysis of the ECG signal may be performed to
determine whether or not the shock criterion is met. The
rhythm analysis can be performed in a first manner if it is
determined that breathing characteristic 335 meets an alert
criterion, while the rhythm analysis can be performed in a
second manner different than the first manner otherwise. The
alert criterion may be that breathing characteristic 335 has a
value that is within a safe range, exceeds a threshold, etc.
Moreover, the first manner can be different from the second
manner in a number of ways. For example, the first manner
may include a first set of analyses of the ECG signal, while
the second manner may include the first set of analyses plus
at least one more analysis that is not included in the first set
of analyses.

[0087] Examples of different breathing characteristics are
now described.
[0088] For one example, the breathing characteristic can

be a relative tidal volume. For instance, FIG. 5 is a time
diagram 503 of a sample impedance signal 505. Impedance
signal 505 may be as rendered from impedance detector 222,
with or without the aforementioned filtering.

[0089] In diagram 503, signal 505 is annotated to illustrate
how a breathing characteristic 535 may be determined. In
particular, a relative amplitude of impedance signal 505 can
be detected, such as the difference between impedance
values IMP1 and IMP2. Then the relative tidal volume can
be determined from the detected relative amplitude.

[0090] Further variations are possible, for computing a
more accurate value of relative tidal volume 535. For
example, a plurality of relative amplitudes of the impedance
signal may be detected for a predetermined period of time,
or for predetermined number of cycles. Then an average
relative tidal volume may be determined from the plurality
of detected relative amplitudes, and so on.

[0091] For another example, the breathing characteristic
can be a respiration interval or a respiration rate (RR). For
instance, FIG. 6 is a time diagram 603 of a sample imped-
ance signal 605. Impedance signal 605 may be as rendered
from impedance detector 222, with or without the afore-
mentioned filtering.

[0092] In diagram 603, signal 605 is annotated to illustrate
how a breathing characteristic 635 may be determined. In
particular, a period of impedance signal 605 can be detected,
such as the difference between time values T1 and T2. Then
the detected period can be treated as the respiration interval
635. Or, a respiration rate 636 may be determined from the
detected period, or from respiration interval 635.

[0093] Further variations are possible, for computing a
more accurate value for respiration rate 636. For example, a
plurality of periods may be detected, an average may be
taken, and so on as above. In some versions, it may not be
possible to detect the respiration rate. Processor 230 may be
further configured to determine whether or not the respira-
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tion rate is detectable, and determine that the shock criterion
of operation 380 is met responsive to the respiration rate not
being detectable.

[0094] The respiration rate (RR) may be used in combi-
nation with other sensors such as an accelerometer in the
WCD system. For example, in combination with activity
monitoring from an accelerometer, minimum RR variability
may be considered a surrogate of ventilation at rest and
maximum RR variability may be considered a measure of
exercise ventilation. Orthopnea or orthopnoea is shortness of
breath (dyspnea) that occurs when lying flat, causing the
person to have to sleep propped up in bed or sitting in a
chair. Orthopnea or paroxysmal nocturnal dyspnea (PND)
may also be assessed from respiration rate assessment in
combination with night time elevation angle as determined
by an accelerometer.

[0095] For one more example, the breathing characteristic
can be a ventilation that the patient is receiving. For
instance, FIG. 7 is a time diagram 703 of a sample imped-
ance signal 705. Impedance signal 705 may be as rendered
from impedance detector 222, with or without the afore-
mentioned filtering.

[0096] In diagram 703, signal 705 is annotated to illustrate
how a ventilation 735 may be determined. In particular, a
relative amplitude of impedance signal 705 can be detected,
such as the difference between impedance values IMP3 and
IMP4. Moreover, a period of impedance signal 705 can be
detected, such as the difference between time values T3 and
T4. Then ventilation 735 can be determined from the
detected relative amplitude and from the detected period.
[0097] It will be further recognized, also thanks to further
annotations in FIG. 7, that ventilation 735 can alternately
become known from relative tidal volume 535, respiration
interval 635 and respiration rate 636. Moreover, all written
above for improvements in computing these breathing char-
acteristics may be applied similarly for computing ventila-
tion 735.

[0098] Additional statistics may be computed for breath-
ing characteristic 335, with or without the added information
about motion events that can be contributed by motion
detection signal 405. For example, the processor may be
further configured to determine a range of acceptable res-
piration rates of the patient, a minimum respiration rate, a
maximum respiration, a median respiration rate, and so on.
Trends of these can also be detected and stored. For
example, when these are tracked over a day, week or even
longer, they may be used as an indicator of important
physiologic changes such as dyspnea (a clinical manifesta-
tion of heart failure), or as a predictor for worsening heart
failure decompensation.

[0099] Alveolar ventilation (a product of respiratory rate
and tidal volume) is normally carefully controlled by the
actions of central and peripheral chemoreceptors and lung
receptors. Ventilation is driven by both the arterial partial
pressure of oxygen (Pa0,) and the arterial partial pressure of
carbon dioxide (PaCO,), with PaCO, being the more impor-
tant driver of the two. The body attempts to correct hypox-
aemia and hypercarbia by increasing both tidal volume and
respiratory rate. Thus, these conditions can be detected by
measuring the respiratory rate.

[0100] Any condition that causes metabolic acidosis, such
as abdominal pathology or sepsis, will also precipitate an
increase in tidal volume and respiratory rate through an
increased concentration of hydrogen ions, which leads to

May 3, 2018

increased CO, production. In addition, other conditions that
could cause hypercarbia or hypoxia may also increase
alveolar ventilation. In effect, the respiratory rate can be an
important indicator of a severe derangement in many body
systems, not just the respiratory system, and can therefore be
a key predictor of adverse events.

[0101] Of course, not all causes of hypoxia and hypercar-
bia necessarily result in an increase in tidal volume and
respiratory rate. Medications such as opiates, which are
commonly used in hospitals, depress the respiratory drive
and the respiratory response to hypoxia and hypercarbia. In
these circumstances the respiratory rate can still be a useful
tool to monitor for an adverse event, as the respiratory rate
may be lowered, often in association with a reduced level of
consciousness.

[0102] Returning briefly to FIG. 3. as already mentioned
above, at operation 340 it is optionally determined whether
or not breathing characteristic 335 meets an alarm condition.
Furthermore, at operation 380 it is determined whether or
not a shock criterion is met. For either one or both operations
340, 380, in a number of embodiments or versions it can be
determined whether or not breathing characteristic 335
meets an alarm condition, and the determination of opera-
tions 340, 380 can be performed based at least in part
responsive to breathing characteristic 335 meeting the alarm
condition.

[0103] Inanumber of embodiments or versions, breathing
characteristic 335 has a value, and it can be determined that
the breathing characteristic meets the alarm condition if that
value meets a numerical condition. Examples are now
described.

[0104] FIG. 8 shows how operations 840, 880 may be
performed in terms of a diagram 803. Otherwise, operations
840, 880 may be performed as operations 340, 380 of FIG.
3 respectively.

[0105] Diagram 803 shows a single vertical axis with two
sample thresholds, TH1 and TH2. The breathing character-
istic has a value 835 that can be plotted at an appropriate
location on the vertical axis, relative to thresholds TH1 and
TH2. In other words, the determination of operations 840,
880 may be performed by answering the question-mark of
dot 835. Accordingly, possible numerical conditions that can
be used as a criterion for operations 840, 880 may include
that a) value 835 is above threshold THI, b) value 835 is
within a range defined by thresholds TH1 and TH2, ¢) value
835 has a value that is below a threshold TH2, d) etc. For
example, for respiration rate measurement, such thresholds
THI1, TH2 etc. may be set in isolation or in combination with
other sensors as also described elsewhere in this document.
[0106] Returning briefly to FIG. 3, if at operation 340 the
answer is YES then, according to operation 345, a follow-up
action may be caused to be executed. Examples include that
executing the follow-up action includes a) that a record of
the alarm condition being met is stored in a memory such as
memory 238, b) a user interface such as user interface 280
outputs a communication to prompt the patient to react as
instructed, ¢) a communication module such as communi-
cation module 290 transmits an alarm message wirelessly to
alert medical personnel or other caregivers, and so on.
Indeed, an abnormal respiratory rate has been shown to be
an important predictor of serious events such as cardiac
arrest.

[0107] In some embodiments, operations 340, 380 are
performed responsive to a change in the value of breathing
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characteristic 335, or in a rate of change in the value of
breathing characteristic 335. Examples are now described.
[0108] FIG. 9 shows how operations 940, 980 may be
performed in terms of a diagram 903. Otherwise, operations
940, 980 may be performed as operations 340, 380 of FIG.
3 respectively.

[0109] Diagram 903 shows a graph 935 that indicates a
sample evolution of a value of the breathing characteristic.
At times T11, T12, T13, the breathing characteristic has
values V11, V12, V13 respectively.

[0110] In some embodiments, the processor can be con-
figured to determine whether or not a change in a value of
the breathing characteristic meets a change condition, i.e.
whether V12-V11 or V13-V12 meets the change condition,
for example by being larger than a threshold difference. If
the change condition is met, the processor may cause a
follow-up action to be executed (operation 940)—the fol-
low-up action can be as above. And/or, if the change
condition is met, the determination of whether or not the
shock criterion is met (operation 980) can be performed
based at least in part responsive to the change condition
being thus met.

[0111] In some embodiments, the processor can be con-
figured to determine whether or not a rate of change in a
value of the breathing characteristic meets a rate-of-change
condition. In other words, assuming that T12-T11=T13-T12,
it can be determined whether or not the contrast of V13-V12
and V12-V11 meets a rate-of-change condition. An example
of meeting such a condition is if V13-V12 is larger than
V12-V11 by a threshold. If the rate-of-change condition is
met, the processor may cause a follow-up action to be
executed (operation 940)—the follow-up action can be as
above. And/or, if the rate-of-change condition is met, the
determination of whether or not the shock criterion is met
(operation 980) can be performed based at least in part
responsive to the rate-of-change condition being thus met.
[0112] In the methods described above, each operation can
be performed as an affirmative step 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 overlap-
ping, interleaved, interrupted, reordered, incremental, pre-
paratory, supplemental, simultaneous, reverse, or other vari-
ant orderings, unless context dictates otherwise. Moreover,
in certain 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.

[0113] 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.

[0114] 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-
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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.
[0115] 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
considered supplementary background information and do
not constitute definitions of the claimed invention.

[0116] In this document, the phrases “constructed to”
and/or “configured to” denote one or more actual states of
construction and/or configuration that is fundamentally tied
to physical characteristics of the element or feature preced-
ing 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.
[0117] 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 refer-
ence, to the extent such subject matter is not inconsistent
herewith.

[0118] In this description a single reference numeral may
be used consistently to denote a single item, aspect, com-
ponent, or process. Moreover, a further effort may have been
made in the drafting 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.

[0119] The claims of this document define certain combi-
nations and subcombinations of elements, features and steps
or operations, which are regarded as novel and non-obvious.
Additional claims for other such combinations and subcom-
binations 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
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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 maximum unless stated otherwise.
For example, where a claim recites “a” component or “an”
item, it means that it can have one or more of this component
or item.

1. A wearable cardioverter defibrillator (WCD) system,

comprising:

a support structure configured to be worn by a patient;

a power source;

an energy storage module configured to receive an elec-
trical charge from the power source, and to store the
received electrical charge;

a discharge circuit coupled to the energy storage module;

an impedance detector configured to render an impedance
signal of the patient; and

a processor configured to:
input the impedance signal,
determine, from the input impedance signal, a charac-

teristic of breathing by the patient,
determine, from at least the breathing characteristic,
whether or not a shock criterion is met, and
control, responsive to the shock criterion being met, the
discharge circuit to discharge the stored electrical
charge through the patient while the support struc-
ture is worn by the patient.

2. The WCD system of claim 1, further comprising:

a filter configured to derive a filtered impedance signal
from the rendered impedance signal, the filtered imped-
ance signal corresponding to the rendered impedance
signal with at least a portion of the rendered impedance
signal changed, and

in which the processor is further configured to:
input the filtered impedance signal instead of the ren-

dered impedance signal.

3. The WCD system of claim 2, in which

the filtered impedance signal is derived by removing from
the rendered impedance signal variations that have a
frequency greater than a threshold.

4. The WCD system of claim 2, in which

the filtered impedance signal is derived by removing from
the rendered impedance signal variations that repeat
over a period of at least 30 seconds.

5. The WCD system of claim 2, further comprising:

a transducer configured to render an electrocardiogram
(ECG) signal of the patient, and

in which variations in a baseline of the ECG signal are
identified, and

the filtered impedance signal is derived by removing from
the rendered impedance signal variations that are con-
current with the identified variations of the ECG signal.

6. The WCD system of claim 2, further comprising:

a motion detector configured to detect motion and to
render a motion detection signal responsive thereto,
and

in which variations are identified in the motion detection
signal, and

the filtered impedance signal is derived by removing from
the rendered impedance signal variations that are con-
current with the identified variations in the motion
detection signal.
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7. The WCD system of claim 1, further comprising:

a memory operatively coupled to the processor, and

in which the processor is further configured to:
store a value of the breathing characteristic in the

memory.

8. The WCD system of claim 1, further comprising:

a memory operatively coupled to the processor, and

in which the processor is further configured to:
store a baseline value for the breathing characteristic in

the memory,
compute a difference of a current value of the breathing
characteristic and the stored baseline value, and
determine at least in part that the shock criterion is met
responsive to the computed difference being larger
than a threshold.

9. The WCD system of claim 8, further comprising:

a motion detector configured to detect motion and to
render a motion detection signal responsive thereto,
and in which

the baseline value is determined from a portion of the
impedance signal in view of a portion of the motion
detection signal relative to the portion of the impedance
signal.

10. The WCD system of claim 1, further comprising:

a motion detector configured to detect motion and to
render a motion detection signal responsive thereto,
and

in which the processor is further configured to:
determine from at least the motion detection signal and

the breathing characteristic whether or not the shock
criterion is met.

11. The WCD system of claim 1, further comprising;

a transducer configured to render an input from a sensed
patient parameter, the input being distinct from the
impedance signal; and

in which the processor is further configured to:
determine from at least the input and the breathing

characteristic whether or not the shock criterion is
met.

12. The WCD system of claim 11, in which

the physiological input is an electrocardiogram (ECG)
signal of the patient.

13. The WCD system of claim 12, in which

a rhythm analysis of the ECG signal is performed to
determine whether or not the shock criterion is met, and

the rhythm analysis is performed in a first manner if it is
determined that the breathing characteristic meets an
alert criterion, while

the rhythm analysis is performed in a second marner
different than the first manner otherwise.

14. The WCD system of claim 1, in which

the breathing characteristic is a relative tidal volume, and

the processor is further configured to:
detect a relative amplitude of the impedance signal, and
determine the relative tidal volume from the detected

relative amplitude.

15. The WCD system of claim 1, in which

the breathing characteristic is a respiration interval, and

the processor is further configured to:
detect a period of the impedance signal, and
treat the detected period as the respiration interval.
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16. The WCD system of claim 1, in which
the breathing characteristic is a respiration rate, and
the processor is further configured to:
detect a period of the impedance signal, and
determine the respiration rate from the detected period.
17. The WCD system of claim 16, in which
the processor is further configured to:
determine whether or not the respiration rate is detect-
able, and
determine that the shock criterion is met responsive to
the respiration rate not being detectable.
18. The WCD system of claim 1, in which
the breathing characteristic is a ventilation, and
the processor is further configured to:
detect a relative amplitude of the impedance signal,
detect a period of the impedance signal; and
determine the ventilation from the detected relative
amplitude and from the detected period.
19. The WCD system of claim 1, in which
the processor is further configured to:

determine whether or not the breathing characteristic
meets an alarm condition, and
cause a follow-up action to be executed responsive to
determining that the alarm condition is thus met.
20. The WCD system of claim 19, in which
the breathing characteristic meets the alarm condition if
the breathing characteristic has a value that meets a
numerical condition.

21. The WCD system of claim 19, further comprising:

a memory, and

in which executing the follow-up action includes that a
record of the alarm condition being met is stored in the
memory.

22. The WCD system of claim 19, further comprising:

a user interface, and

in which executing the follow-up action includes that the
user interface outputs a communication.

23. The WCD system of claim 19, further comprising:

a communication module, and

in which executing the follow-up action includes that the
communication module transmits an alarm message.
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24. The WCD system of claim 1, in which
the processor is further configured to:
determine whether or not the breathing characteristic
meets an alarm condition, and
in which the determination of whether or not the shock
criterion is met is performed based at least in part
responsive to the breathing characteristic meeting the
alarm condition.
25. The WCD system of claim 24, in which
the breathing characteristic meets the alarm condition if
the breathing characteristic has a value that meets a
numerical condition.
26. The WCD system of claim 1, in which
the processor is further configured to:
determine whether or not a change in a value of the
breathing characteristic meets
a change condition, and
cause a follow-up action to be executed responsive to
determining that the change condition is thus met.
27. The WCD system of claim 1, in which
the processor is further configured to:
determine whether or not a rate of change in a value of
the breathing characteristic meets a rate-of-change
condition, and
cause a follow-up action to be executed responsive to
determining that the rate-of-change condition is thus
met.
28. The WCD system of claim 1, in which
the processor is further configured to:
determine whether or not a change in a value of the
breathing characteristic meets a change condition,
and
in which the determination of whether or not the shock
criterion is met is performed based at least in part
responsive to the change condition being thus met.
29. The WCD system of claim 1, in which
the processor is further configured to:
determine whether or not a rate of change in a value of
the breathing characteristic meets a rate-of-change
condition, and
in which the determination of whether or not the shock
criterion is met is performed based at least in part
responsive to the rate-of-change condition being thus
met.
30-87. (canceled)
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