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(57) A Wearable Cardiac Defibrillator (WCD) system
is configured to be worn by an ambulatory patient. The
WCD system includes a main user interface (Ul) output
device (380) that can output an image, sound or vibration
as a main message about a condition of the patient or

the WCD system. The patient may further carry a periph-

eral device (340) that can also output an image, sound
orvibration as a peripheral message about the condition.
The peripheral message may mirror the main message
at least in part, amplify it, and so on. The availability of

the peripheral message provides the patient with the op-

portunity to better perceive the main message, and the

flexibility to receive and react to it discreetly, learn more

about the condition, and so on. Furthermore, a storage
media and a method are suggested.
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Description

CROSS REFERENCE TO RELATED PATENT APPLI-
CATIONS

[0001] This patent application claims priority from US
Patent Application Serial No. 16/283,342, filed on Feb-
ruary 22,2019. This patent application also claims priority
from US Provisional Patent Application Serial No.
62/637,296, filed on March 1, 2018.

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 treat-
ed in the interim. Some observers have thought that SCA
is the same as a heart attack, which it is not.

[0003] Some people have an increased risk of SCA.
Such people include patients who have had a heart at-
tack, ora prior SCA episode. A frequent recommendation
for these people is to receive an Implantable Cardioverter
Defibrillator (ICD). The ICD is surgically implanted in the
chest, and continuously monitors the patient’s electro-
cardiogram (ECG). If certain types of heart arrhythmias
are detected, then the ICD delivers an electric shock
through the heart.

[0004] As a further precaution, people who have been
identified to have an increased risk of an SCA are some-
times 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 car-
diac defibrillator systems. A WCD system typically in-
cludes a harness, vest, belt, or other garment that the
patientis to wear. The WCD system further includes elec-
troniccomponents, 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 shock-
able 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 their
life.

[0005] All subject matter discussed in the above Back-
ground section of this document is not necessarily prior
art, and may not be presumed to be prior art simply be-
cause 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 problems in the prior
art discussed in this Background section or associated
with such subject matter should not be treated as prior
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art, unless expressly stated to be prior art. Rather, the
discussion of any subject matter in this Background sec-
tion should be treated as part of the approach taken to-
wards the particular problem by the inventors. This ap-
proach in and of itself may also be inventive.

BRIEF SUMMARY

[0006] The present description gives instances of
wearable cardioverter defibrillator (WCD) systems, com-
ponents of such systems, storage media that may store
programs, and methods, the use of which may help over-
come problems and limitations of the prior art.

[0007] In embodiments, a Wearable Cardiac Defibril-
lator (WCD) system is configured to be worn by an am-
bulatory patient. The WCD system includes a main user
interface (Ul) output device that can output an image,
sound or vibration as a main message about a condition
of the patient or the WCD system. The patient may further
carry a peripheral device that can also output an image,
sound or vibration as a peripheral message about the
condition. The peripheral message may mirror the main
message at least in part, amplify it, and so on. The avail-
ability of the peripheral message provides the patient with
the opportunity to better perceive the main message, and
the flexibility to receive and react to it discreetly, learn
more about the condition, and so on.

[0008] In more detail, the present invention provides a
wearable cardioverter defibrillator system, defining a
combination of, a) main components of a wearable car-
dioverter defibrillator (WCD) system configured to be
worn by an ambulatory patient and b) a peripheral device
thatis configured to be carried by the ambulatory patient,
in which:

the main components comprise:

an electrode;

a support structure configured to be worn by the am-
bulatory patient so as to maintain the electrode on a
body of the ambulatory patient;

an energy storage module configured to store an
electrical charge, and to discharge at least some of
the stored electrical charge via the electrode through
the ambulatory patient;

a main housing;

a main user interface (Ul) output device located at
least partly within the main housing;

a main communication module; and
a main processor configured to:

receive an input about a condition, the condition be-
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ing about one of the ambulatory patient and one of
the main components of the WCD system,

cause, responsive to the received input, the main Ul
output device to output a main human-perceptible
indication (HPI), the main HPI being about the con-
dition, and

cause, responsive to the received input, the main
communication module to transmit an amplification
signal, the amplification signal encoding a message
about the condition, and

in which the peripheral device comprises:
a peripheral housing distinct from the main housing;

a peripheral communication module (PCM) located
at least partly within the peripheral housing, the PCM
configured to receive the transmitted amplification
signal with the encoded message; and

a peripheral Ul output device configured, responsive
to the PCM receiving the amplification signal with
the encoded message, to output a peripheral HPI,
the peripheral HPI being about the condition.

[0009] The presentinvention also provides a non-tran-
sitory computer-readable storage media storing pro-
grams which, when executed by atleasta main processor
and a peripheral processor of a combination of a) main
components of a wearable cardioverter defibrillator
(WCD) system configured to be worn by an ambulatory
patient and b) a peripheral device that is configured to
be carried by the ambulatory patient, the WCD system
including an electrode, a support structure configured to
be worn by the ambulatory patient so as to maintain the
electrode on a body of the ambulatory patient, an energy
storage module configured to store an electrical charge,
and to discharge at least some of the stored electrical
charge via the electrode through the ambulatory patient,
a main housing, a main user interface (Ul) output device
located at least partly within the main housing, a main
communication module, the main processor, the periph-
eral device including a peripheral housing distinct from
the main housing, a peripheral communication module
(PCM) located at least partly within the peripheral hous-
ing, the peripheral processor, and a peripheral Ul output
device, these programs result in operations comprising:

receiving, by the main processor, an input about a
condition, the condition being about one of the am-
bulatory patient and a component of the WCD sys-
tem;

causing, responsive to the received input, the main
Ul output device to output a main human-perceptible
indication (HPI), the main HPI being about the con-
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dition;

causing, responsive to the received input, the main
communication module to transmit an amplification
signal, the amplification signal encoding a message
about the condition;

receiving, by the PCM, the transmitted amplification
signal with the encoded message; and

outputting, by the peripheral Ul output device, a pe-
ripheral HPI responsive to the PCM receiving the
amplification signal with the encoded message, the
peripheral HPI being about the condition.

[0010] The presentinvention finally provides a method
for a combination of a) main components of a wearable
cardioverter defibrillator (WCD) system configured to be
worn by an ambulatory patient and b) a peripheral device
thatis configured to be carried by the ambulatory patient,
the WCD system including an electrode, a support struc-
ture configured to be worn by the ambulatory patient so
as to maintain the electrode on a body of the ambulatory
patient, an energy storage module configured to store an
electrical charge, and to discharge at least some of the
stored electrical charge via the electrode through the am-
bulatory patient, a main housing, a main user interface
(Ul) output device located at least partly within the main
housing, a main communication module, a main proces-
sor, the peripheral device including a peripheral housing
distinct from the main housing, a peripheral communica-
tion module (PCM) located at least partly within the pe-
ripheral housing, and a peripheral Ul output device, the
method comprising:

receiving, by the main processor, an input about a
condition, the condition being about one of the am-
bulatory patient and a component of the WCD sys-
tem;

causing, responsive to the received input, the main
Ul output device to output a main human-perceptible
indication (HPI), the main HPI being about the con-
dition;

causing, responsive to the received input, the main
communication module to transmit an amplification
signal, the amplification signal encoding a message
about the condition;

receiving, by the PCM, the transmitted amplification
signal with the encoded message; and

outputting, by the peripheral Ul output device, a pe-
ripheral HPI responsive to the PCM receiving the
amplification signal with the encoded message, the
peripheral HPI being about the condition.
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[0011] Inthe following, optional, additional features for
the WCD, the storage media and the method are pre-
sented which can be used in addition to the WCD, the
storage media and the method according to the present
invention as defined before by using single features or
eligible combinations thereof.

[0012] Theenergy storage module canbe located with-
in the main housing.

[0013] The PCM may include an antenna, and the am-
plification signal may be transmitted wirelessly.

[0014] The peripheral device can also be a component
of the WCD system.

[0015] The peripheral device can be a general purpose
machine running a software application.

[0016] The peripheral device may further comprise a
peripheral processor configured, responsive to the PCM
receiving the amplification signal, to decode the encoded
message and drive the peripheral Ul output device to
output the peripheral HPI.

[0017] The peripheral HPI may be output concurrently
with the main HPI.

[0018] The main components may further comprise a
battery, and a charge monitor configured to monitor a
state of charge of the battery. Fuerther, the condition may
include a value for the state of charge.

[0019] The main components may further comprise a
wear monitor configured to determine whether or not the
support structure is worn by the ambulatory patient in a
certainway, and configured to output a wear confirmation
responsive to determining that the support structure is
worn by the ambulatory patient in the certain way. The
condition may include an indication of the wear confir-
mation.

[0020] The main HPI may include a sound, and the
main Ul output device may include a main speaker con-
figured to emit the sound, wherein the peripheral HPI can
include an image, and the peripheral Ul output device
may include a peripheral screen configured to display
the image.

[0021] The main HPI may include a vibration, wherein
the main Ul output device can include a main vibration
device configured to emit the vibration, the peripheral
HPI can includes an image, and the peripheral Ul output
device may include a peripheral screen configured to dis-
play the image.

[0022] The peripheral HPI may include a sound, and
the peripheral Ul output device may include a peripheral
speaker configured to emit the sound.

[0023] The peripheral HPI may include a vibration, and
the peripheral Ul output device can include a peripheral
vibration device configured to generate the vibration.
[0024] The main HPI may include a main image, the
main Ul output device can include a main screen config-
ured to display the main image, the peripheral HPI can
include a peripheral image, and the peripheral Ul output
device may include a peripheral screen configured to dis-
play the peripheral image.

[0025] The peripheralimage may include a second im-
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age that is not included in the main image.

[0026] The peripheral image may include an aspect of
the main image, and the aspect of the main image as
displayed on the peripheral screen can have atleast 24%
larger area than as displayed on the main screen.
[0027] The peripheral image may include text that is
not included in the main image.

[0028] The peripheral image can have a first portion
and a second portion, and the peripheral Ul output device
may include a screen configured to initially display the
first portion but notthe second portion, and then to display
the second portion.

[0029] The peripheral Ul output device may include a
touchscreen, the touchscreen can be configured to dis-
play the second portion responsive to the touchscreen
being touched.

[0030] The first portion may include a link, and the pe-
ripheral Ul output device can include a touchscreen, the
touchscreen can be configured to display the second por-
tion responsive to the touchscreen being touched at the
link.

[0031] 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
[0032]

FIG. 1is adiagram of components of a sample wear-
able cardioverter defibrillator (WCD) system, made
according to embodiments.

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

FIG. 3 is a diagram of sample embodiments of com-
ponents of a WCD system.

FIG. 4 is a composite diagram that includes block
diagrams of a sample main device and a sample
peripheral device made and operating according to
embodiments.

FIG.5is adiagram of sample components according
to embodiments, where the main Ul output device
includes a main screen that displays a main image
about a condition to be conveyed to a patient, and
the peripheral Ul output device includes a peripheral
screen that displays a peripheral image about the
condition.

FIG. 6 is a diagram of a sample main image, and a
corresponding sample peripheralimage that repeats
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the entire main image, according to embodiments.

FIG. 7 is a diagram of a sample main image, and a
corresponding sample peripheral image that repeats
an aspect of the main image plus provides text, ac-
cording to embodiments.

FIG. 8 is a diagram of a sample main image, and a
corresponding sample peripheralimage having mul-
tiple portions that can be viewed in succession by
links, according to embodiments.

FIG. 9 is a diagram of a sample main image, and a
corresponding sample peripheral image that is dis-
played in a peripheral device of a larger size such
as a tablet, according to embodiments.

FIG. 10 shows flowchart portions for illustrating sam-
ple methods according to embodiments, the flow-
chart further annotated with icons of elements that
can be related to individual operations of the flow-
chart portions.

DETAILED DESCRIPTION

[0033] Ashasbeen mentioned, the presentdescription
is about wearable cardioverter defibrillator (WCD) sys-
tems, components of such systems, storage media that
may store programs, and methods. Embodiments are
now described in more detail.

[0034] A wearable cardioverter defibrillator (WCD)
system according to embodiments may protect an am-
bulatory patient by electrically restarting their heart if
needed. Such a WCD system may have a number of
components. These components can be provided sepa-
rately as modules that can be interconnected, or can be
combined with other components, and so on.

[0035] 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 wear-
able portion of the WCD system, patient 82 can walk
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.

[0036] A WCD system according to embodiments can
be configured to defibrillate the patient who is wearing
the designated parts the WCD system. Defibrillating can
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.
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[0037] Inparticular, FIG. 1 also depicts components of
a WCD system made according to embodiments. One
such component is a support structure 170 that is wear-
able by ambulatory patient 82. Accordingly, support
structure 170 is configured to be worn by ambulatory pa-
tient 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 toillustrate concepts about support structure 170,
and is not to be construed as limiting how support struc-
ture 170 is implemented, or how it is worn.

[0038] 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 com-
ponents. In embodiments, support structure 170 could
include a vest, a half-vest, a garment, etc. In such em-
bodiments such items can be worn similarly to analogous
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.
Inembodiments, support structure 170 caninclude acon-
tainer 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 US Patent No.
8,024,037. Support structure 170 can even be imple-
mented as described for the support structure of US Pat.
App. No. US2017/0056682, which is incorporated herein
by reference. Of course, in such embodiments, the per-
son skilled in the art will recognize that additional com-
ponents 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 exam-
ples.

[0039] 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 hous-
ing 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 module 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.

[0040] FIG. 1 also shows sample defibrillation elec-
trodes 104, 108, which are coupled to external defibril-
lator 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 de-
fibrillation electrodes 104, 108 can be coupled to support
structure 170, directly or indirectly. In other words, sup-
port structure 170 can be configured to be worn by am-
bulatory patient 82 so as to maintain at least one of elec-
trodes 104, 108 on the body of ambulatory patient 82,
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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
orthrough garments, etc. In some embodiments the elec-
trode is not necessarily pressed against the skin, but be-
comes biased that way upon sensing a condition that
could meritintervention by the WCD system. In addition,
many of the components of defibrillator 100 can be con-
sidered coupled to support structure 170 directly, or in-
directly via at least one of defibrillation electrodes 104,
108.

[0041] When defibrillation electrodes 104, 108 make
good electrical contact with the body of patient 82, defi-
brillator 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,
electrotherapy, therapy shock, etc. Pulse 111 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 of lesser magnitude to simply pace
heart 85 if needed, and so on.

[0042] A prior artdefibrillator typically decides whether
to defibrillate or notbased on an ECG signal of the patient.
However, external defibrillator 100 may initiate defibril-
lation, or hold-off defibrillation, based on a variety of in-
puts, with the ECG signal merely being one of these in-
puts.

[0043] A WCD system according to 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 de-
vice, 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 sys-
tem, or a parameter of the environment, as will be de-
scribed later in this document.

[0044] 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 in-
forming 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 embodiments,
a sensor can be construed more broadly, as encompass-
ing many individual sensors.

[0045] Optionally, device 180 is physically coupled to
support structure 170. In addition, device 180 may be
communicatively coupled with other components thatare
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.

[0046] In embodiments, one or more of the compo-
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nents of the shown WCD system may be customized for
patient 82. This customization may include a number of
aspects. Forinstance, 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 param-
eters can be used to customize the WCD system, in order
to make its diagnoses more accurate, since patients’ bod-
ies differ from one another. Of course, such parameter
values can be stored in a memory of the WCD system,
and so on. Moreover, a programming interface can be
made according to embodiments, which receives such
measured values of baseline physiological parameters.
Such a programming interface may input automatically
in the WCD system these, along with other data.

[0047] The components of the WCD system of FIG. 1
also include a communication unit 160. Communication
unit 160 can be a device for patient 82 to exchange in-
formation with the WCD system. In particular, communi-
cation unit 160 may have a user interface that is config-
ured to enable patient 82 to read messages of the WCD
system, and maybe enter user inputs.

[0048] Insome embodiments, communication unit 160
is integrated with defibrillator 100. As such, they can have
the same housing, the same processors, and so on. If
communication unit 160 is provided as a separate unit
from defibrillator 100, it can be configured to be coupled
to support structure 170, and electrically coupled with
defibrillator 100 via a cable, which can be a permanent
cable or a USB or Firewire connection.

[0049] For use, patient 82 may reach into their clothes
to access communication unit 160. In embodiments
where a cable is used, patient 82 may bring communi-
cation unit 160 to a comfortable position for reading the
system messages. A problem with this arrangement,
however, is that other people who see communication
unit 160 might become curious, or even apprehensive.
According to embodiments, some of the WCD system
messages are also conveyed via a peripheral device 140,
redundantly with unit 160 or not. Peripheral device 140
can be configured to be carried by ambulatory patient
82, for example by being implemented as a mobile com-
munication device, e.g. a cellphone, a computer tablet,
etc.

[0050] Inembodiments,then, patient82 carries periph-
eral device 140 on their person for typically much of the
day. Patient 82 may carry device 140 in a pocket, in a
special holder, or even wear it on their wrist. Patient 82
may use device 140 to communicate with the WCD sys-
tem, which is why patient 82 may also be referred to as
user 82. Peripheral device 140 has a peripheral Ul output
device, which can be implemented in number of ways.
For example, the peripheral Ul output device caninclude
a peripheral speaker configured to emit a sound, a pe-
ripheral vibration device configured to generate a vibra-
tion, a peripheral screen configured to display an image,
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and so on. The peripheral screen can be a touchscreen.
As such, a certain type of Ul output device will output a
corresponding human-perceptible indication (HPI), such
as an image, a light lighting, a sound, a vibration, etc.
Peripheral device 140 can be configured to further enable
patient 82 to enter inputs that in this document are often
called wireless inputs. Wireless communication links
may be established and used in embodiments, for ex-
changing data, voice, etc.

[0051] A peripheral device such as device 140 can be
a custom-made device that is part of the WCD system.
If made to look substantially like a common, commercially
available mobile communication device, it might help pre-
serve the privacy of patient 82 as to the fact that he or
she is wearing a medical device, and thus also help pre-
serve their dignity. In making such a custom-made device
140 appear like acommercially available mobile commu-
nication device, care should be taken to not use others’
intellectual property rights without their permission.
[0052] Alternately, peripheral device 140 can be awire-
less telephone, a smartphone, a Personal Digital Assist-
ant (PDA), a personal electronic device, a pager, a laptop
computer, a tablet, an e-reader, and so on. It can store
and run a software application, also known as app, made
according to embodiments, so as to perform various func-
tions as described. In such embodiments, peripheral de-
vice 140 can communicate with a wireless service pro-
vider network (not shown) via a remote comlink (not
shown). For purposes of this document, "comlink" means
a communication link, and a "remote comlink" means a
wireless comlink established between devices that are
at least 500 feet (150 m) away from each other, and typ-
ically farther, such as a cellular communication link. In
such instances, the remote comlink can be used for a
number of other functions, such as dialing an emergency
number (e.g. 911 in the US), which may also be acces-
sible via the mobile communication device directly. In
addition, the location of the patient may be determined
by GPS. If the WCD system and the communication de-
vice have been paired and one of them knows that it is
physically close to the other, GPS information may thus
become known and communicated to EMS services. The
communication device may provide a redundantcommu-
nication path for the data of the WCD system. This re-
dundant communication path might be used as a sec-
ondary communication path for remote monitoring data
if a primary, in-house internet path is not available for the
WCD system to report. The remote comlink can also be
used by a remote caregiver to provide patient 82 with
troubleshooting assistance, motivational feedback, etc.
[0053] Peripheral device 140 can thus be configured
to establish a local comlink 171 with the communication
module of the WCD system, which may be inside the
same module as defibrillator 100. If peripheral device 140
isindeed a wireless telephone or otherindependent stan-
dalone communication device, a local comlink may be
established first pursuant to some authentication. Local
comlink 171 may be established by the initiative of pe-
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ripheral device 140, the communication module, or both.
For purposes of this document, a "local comlink" means
a wireless communication link established between de-
vices that are at most 50 feet (15 m) away from each
other, and typically closer, such as when patient 82 is
holding device 140. Local comlink 171 can be a wireless
link. Data may be exchanged via local comlink 171, in
either direction, or in both directions. In embodiments,
local comlink 171 uses radio transmission technology
that can be broadband and/or shortwave. Local comlink
171 may use Bluetooth technology, Wi-Fi technology,
Zigbee or other suitable short-range wireless technology.
[0054] FIG. 2 is a diagram showing components of an
external defibrillator 200, made according to embodi-
ments. 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.

[0055] External defibrillator 200 is intended for a pa-
tient who would be wearing it, such as ambulatory patient
82 of FIG. 1. Defibrillator 200 may further include a user
interface (Ul) 280, or such a Ul 280 can be part of com-
munication unit 160. Ul 280 may be for a user 282.
[0056] User282canbe patient82, alsoknown as wear-
er 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 sys-
tem.

[0057] User interface 280, which can be implemented
by communication unit 160, 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. Im-
ages, sounds, vibrations, and anything that can be per-
ceived 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 feedback to rescuer 282
fortheir resuscitation attempts, and so on. Another output
device can be a speaker, which can be configured to
issue voice prompts, beeps, loud alarm sounds and/or
words to warn bystanders, etc.

[0058] Userinterface 280 may furtherinclude input de-
vices 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 "l am alive" switch or "live man"
switch. In some embodiments, actuating the cancel
switch can prevent the impending delivery of a shock.
[0059] Defibrillator 200 may include an internal moni-
toring device 281. Device 281 is called an "internal" de-
vice because it is incorporated within housing 201. Mon-
itoring device 281 can sense or monitor patient param-
eters such as patient physiological parameters, system
parameters and/or environmental parameters, all of
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which can be called patient data. In other words, internal
monitoring device 281 can be complementary or an al-
ternative to outside monitoring device 180 of FIG. 1. Al-
locating which of the parameters are to be monitored by
which of monitoring devices 180, 281 can be done ac-
cording to design considerations. Device 281 may in-
clude one or more sensors, as also described elsewhere
in this document.

[0060] Patient parameters may include patient physi-
ological parameters. Patient physiological parameters
may include, for example and without limitation, those
physiological parameters that can be of any help in de-
tecting by the WCD system whether or not the patient is
in need of a shock or other intervention or assistance.
Patient physiological parameters may also optionally in-
clude 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 pulse. Accord-
ingly, monitoring devices 180, 281 may include one or
more sensors configured to acquire patient physiological
signals. Examples of such sensors or transducers in-
clude one or more electrodes to detect ECG data, a per-
fusion 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, illumina-
tion detectors and sensors perhaps working together with
light sources for detecting color change in tissue, a mo-
tion sensor, a device that can detect heart wall move-
ment, 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 sen-
sors. Inaddition, aperson skilled in the art may implement
other ways of performing pulse detection.

[0061] 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 over
short and long terms. Parameters whose detected trends
can particularly help a cardiac rehabilitation program in-
clude: a) cardiac function (e.g. ejection fraction, stroke
volume, cardiac output, etc.); b) heart rate variability at
rest or during exercise; c) heart rate profile during exer-
cise and measurement of activity vigor, such as from the
profile of an accelerometer signal and informed from
adaptive rate pacemaker technology; d) heart rate trend-
ing; e) perfusion, such as from SpO,, CO,, or other pa-
rameters 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 communication 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.
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[0062] Patient state parameters include recorded as-
pects 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 pa-
rameters. Or, one of these monitoring devices could in-
clude alocation sensor such as a Global Positioning Sys-
tem (GPS) location sensor. Such a sensor can detect the
location, plus a speed can be detected as arate of change
of location over time. Many motion detectors output a
motion signal that is indicative of the motion of the de-
tector, and thus of the patient’s body. Patient state pa-
rameters can be very helpful in narrowing down the de-
termination of whether SCA is indeed taking place.
[0063] A WCD system made according to embodi-
ments may thus include a motion detector. In embodi-
ments, 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. A motion detector of a WCD sys-
tem according to embodiments can be configured to de-
tect a motion event. A motion event can be defined as is
convenient, for example a change in motion from a base-
line motion or rest, etc. In such cases, a sensed patient
parameter is motion.

[0064] System parameters of a WCD system can in-
clude 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 re-
sponse 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.

[0065] Environmental parameters caninclude 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 consid-
ered an environmental parameter. The patient location
could be presumed, if monitoring device 180 or 281 in-
cludes a GPS location sensor as per the above, and if it
is presumed that the patient is wearing the WCD system.
[0066] Defibrillator 200 typically includes a defibrilla-
tion port 210, which can be a socket in housing 201. De-
fibrillation port 210 includes electrical nodes 214, 218.
Leads of defibrillation 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 elec-
trodes 204, 208 are connected continuously to defibril-
lation port 210, instead. Either way, defibrillation port 210
can be used for guiding, via electrodes, 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 will be
the shock for defibrillation, pacing, and so on.

[0067] Defibrillator 200 may optionally also have a sen-
sor port 219 in housing 201, which is also sometimes
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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 pos-
sible that sensing electrodes 209 can be connected con-
tinuously to sensor port 219, instead. Sensing electrodes
209 are types 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 electrical
contact 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 elec-
trodes 209 can be attached to the inside of support struc-
ture 170 for making good electrical contact with the pa-
tient, similarly with defibrillation electrodes 204, 208.
[0068] Optionally a WCD system according to embod-
iments also includes a fluid that it can deploy automati-
cally between the electrodes and the patient’s skin. The
fluid can be conductive, such as by including an electro-
lyte, for establishing a better electrical contact between
the electrodes 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 deployed,
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.

[0069] The fluid may be initially stored in a fluid reser-
voir, not shown in FIG. 2. Such a fluid reservoir can be
coupled to the support structure. In addition, a WCD sys-
tem according to 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.
[0070] In some embodiments, defibrillator 200 also in-
cludes a measurement circuit 220, as one or more of its
modules working together with its sensors or transduc-
ers. Measurement circuit 220 senses one or more elec-
trical 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 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 parameter
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 imped-
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ance can be useful for detecting, among other things,
whether these electrodes 204, 208 and/or sensing elec-
trodes 209 are not making good 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, measurement 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. More strictly speaking, the infor-
mation rendered by measurement circuit 220 is output
from it, but this information can be called an input be-
cause it is received as an input by a subsequent device
or functionality.

[0071] 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 limita-
tion, digital and/or analog processors such as microproc-
essors and Digital Signal Processors (DSPs), controllers
such as microcontrollers, software running in a machine,
programmable circuits such as Field Programmable
Gate Arrays (FPGASs), Field-Programmable Analog Ar-
rays (FPAAs), Programmable Logic Devices (PLDs), Ap-
plication Specific Integrated Circuits (ASICs), any com-
bination of one or more of these, and so on.

[0072] 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
amemory can have a non-volatile component for storage
of machine-readable and machine-executable instruc-
tions. A set of such instructions can also be called a pro-
gram. 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 doc-
ument.

[0073] 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 Ven-
tricular Fibrillation (VF) detector. The patient’'s sensed
ECG from measurement circuit 220, which can be avail-
able as inputs, data that reflect values, or values of 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 for detecting VT, and so on.

[0074] Another such module in processor 230 can be
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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 accord-
ing to 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 accord-
ing to embodiments, 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. For example, there can be shock decisions
for VF, VT, etc.

[0075] 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 dis-
charging and shocking the patient. As mentioned above,
such can be for defibrillation, pacing, and so on.

[0076] 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 some-
times causes an incorrect detection of a heart arrhythmia,
resultingin a false alarmto the patient. Noisy ECG signals
may be handled as described in US patent application
Ser. No. 16/037,990, filed on July 17, 2018 and since
published as US 2019/0030351 A1, and alsoin US patent
application Ser. No. 16/038,007, filed on July 17, 2018
and since published as US 2019/0030352 A1, both by
the same applicantand incorporated herein by reference.
[0077] Processor 230 can include additional modules,
such as other module 236, for other functions. In addition,
ifinternal monitoring device 281 is indeed provided, proc-
essor 230 may receive its inputs, etc.

[0078] 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,
caninclude 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 ma-
nipulations of physical quantities, and may result in func-
tions, operations, processes, acts, actions and/or meth-
ods to be performed, and/or the processor to cause other
devices or components or blocks to perform such func-
tions, operations, processes, acts, actions and/or meth-
ods. The programs can be operational for the inherent
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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 be
stored there after it is received by defibrillator 200.
[0079] Defibrillator 200 can optionally include a com-
munication module 290. In some embodiments, commu-
nication module 290 is implemented in separate commu-
nication unit 160. Communication module 290 may be
configured to establish 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 daily basis, heart rate, res-
piratory rate, and other vital signs data to a server ac-
cessible 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 auto-
matically by algorithms designed to detect a developing
illness and then notify medical personnel via text, email,
phone, etc. Module 290 may also include such intercon-
nected subcomponents 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.

[0080] Defibrillator 200 may also include a power
source 240. To enable portability of defibrillator 200, pow-
er 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 capacitor, and so on. Appropriate com-
ponents may be included to provide for charging or re-
placing power source 240. In some embodiments, power
source 240 is controlled and/or monitored by processor
230.

[0081] Defibrillator 200 may additionally include an en-
ergy storage module 250. Energy storage module 250
can be coupled to the support structure of the WCD sys-
tem, 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 preparing it for discharge to administer a
shock. Inembodiments, 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 capacitor 252, which can be a
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single capacitor or a system of capacitors, and so on. In
some embodiments, energy storage module 250 in-
cludes 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.

[0082] A decision to shock can be made responsive to
the shock criterion being met, as per the above-men-
tioned 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.

[0083] For causing the discharge, defibrillator 200
moreover includes a discharge circuit 255. When the de-
cision 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 elec-
trodes 204, 208, so as to cause a shock to be delivered
to the patient. Circuit 255 can include one or more switch-
es 257. Switches 257 can be made in a number of ways,
such as by an H-bridge, and so on. Circuit 255 could also
be thus controlled via processor 230, and/or user inter-
face 280.

[0084] Defibrillator 200 can optionally include other
components.
[0085] 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.

[0086] The WCD system of FIG. 3 also includes an
external defibrillator 300. In this example, there is no sep-
arate communication unit 160, and the communication
function is integrated within defibrillator 300. FIG. 3 does
not show any support for external defibrillator 300, which
may be carried by patientin a purse, on a belt, by a strap
over the shoulder, and so on. Defibrillator 300 includes
a user interface which, in this example, includes a screen
380. Screen 380 may be small because defibrillator 300
is made as small and lightweight as possible.

[0087] Wires 305 connect external defibrillator 300 to
electrodes 304, 308, 309. Of those, electrodes 304, 308
are defibrillation electrodes, and electrodes 309 are ECG
sensing electrodes.

[0088] Support structure 370 is configured to be worn
by the 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. Of course, 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 con-
ductive 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
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impedance of the patient.

[0089] In the example of FIG. 3, a peripheral device
340 is also provided. In this example, peripheral device
340 is tethered with defibrillator 300 via a cable 371. In
this example, a peripheral Ul output device of peripheral
device 340 is peripheral screen 346.

[0090] FIG. 4 is a composite diagram that includes
block diagrams of a sample main device 400 and a sam-
ple peripheral device 440 made and operating according
to embodiments. Main device 400 is part of a WCD sys-
tem made according to embodiments, and includes a
main housing 401. In some embodiments, main device
400 is part of the external defibrillator which, for instance
is the case if energy storage module 250 is located within
main housing 401. In other embodiments, main device
400 could be analogous to communication unit 160 of
FIG.1, and be provided separately from the housing of
the defibrillator unit.

[0091] In the example of FIG. 4, main device 400 in-
cludes a main processor 430, and a main memory 438
that stores data 433 and one or more programs 432.
Moreover, main device 400 includes a main communi-
cations module 490, and a main user interface (Ul) output
device 480. Device 480 can be located at least partly
within main housing 401, and include a driver 487 that
can be a device driver.

[0092] In some embodiments, a main processor such
as processor 430 is configured to receive an input about
a condition. The condition can be about one of ambula-
tory patient 82, and of a component of the WCD system,
of which examples are given later in this document. The
intent is to communicate that condition to patient 82. The
input about the condition may be received by any one of
the sensors described in this document, or may be gen-
erated internally by a separate process of one of the proc-
essors of a WCD system, and so on.

[0093] In such embodiments, a main processor such
as processor 430 can be configured to cause, responsive
to the received input, a main Ul output device such as
device 480 to outputa main human-perceptible indication
(HP1) such as main HPI 481. The main HPI can be about
the condition, as per examples are described later. Main
Ul output device 480 can be implemented in number of
ways, for the appropriate main HPI. For example, the
device 480 caninclude a main speaker configured to emit
a sound, a main vibration device configured to generate
avibration, amain screen configured to display an image,
and so on. The main screen can be a touchscreen.
[0094] In the particular example of FIG. 4, main proc-
essor 430 is configured to transmit, responsive to the
received input, a main driving signal 461 to main Ul output
device 480 according to arrow 411. And, main Ul output
device 480 is configured to output main HP1 481 respon-
sive to receiving main driving signal 461.

[0095] In such embodiments, a main processor such
as processor 430 can be further configured to cause,
responsive to the received input, a main communication
module such as main communication module 490 to
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transmit an amplification signal. The amplification signal
may encode a message about the condition.

[0096] In the particular example of FIG. 4, main proc-
essor 430 is configured to transmit, responsive to the
received input, a main notification signal 462 to main
communication module 490 according to arrow 412. And,
main communication module 490 is configured to trans-
mit amplification signal 463 responsive to receiving main
notification signal 462.

[0097] In some embodiments of FIG. 4, peripheral de-
vice 440 is part of the WCD system of main device 400.
In other embodiments, peripheral device 440 is a com-
mercially available device that does not start as being
part of the WCD system. In such embodiments, by load-
ing an appropriate software application to peripheral de-
vice 440, main device 400 enables peripheral device 440
to amplify the message output by main device 400, as
seen later in this document. And, in either type of em-
bodiment, main device 400 can be considered in a com-
bination 499 with peripheral device 440, with which it co-
operates.

[0098] Peripheral device 440 includes a peripheral
housing 406. Peripheral housing 406 is distinct from main
housing 401. Peripheral device 440 also includes a pe-
ripheral communication module (PCM) 443. PCM 443 is
located at least partly within peripheral housing 406.
[0099] In embodiments, a PCM such as PCM 443 is
configured to receive the amplification signal with the en-
coded message, which is transmitted by a main commu-
nication module such as module 490. In the example of
FIG. 4, communication module 490 transmits amplifica-
tion signal 463 according to arrow 413 over comlink 471.
Comlink 471 can be implemented in number of ways. For
one example, comlink 471 can be as described for cable
371. For another example, comlink 471 can be wireless,
such as was described for comlink 171. In such instanc-
es, the main Ul output device includes an antenna, the
PCM includes an antenna, and the amplification signal
is transmitted and received wirelessly.

[0100] Insome embodiments, the peripheral device al-
so includes a peripheral Ul output device, such as was
described above for peripheral device 140. In the partic-
ular example of FIG. 4, peripheral device 440 also in-
cludes a peripheral Ul output device 446. The peripheral
Ul output device can be configured, responsive to the
PCM receiving the amplification signal with the encoded
message, to output a peripheral HPI. The peripheral HPI
can be about the condition, intended as a message to
the user. In the particular example of FIG. 4, peripheral
Ul output device 446 cam output peripheral HPI 442.
[0101] In some embodiments, as also in the particular
example of FIG. 4, peripheral device 440 further includes
a peripheral processor 444, and also a peripheral mem-
ory 448 that stores data 453 and one or more programs
452. Processor 444 can be configured, responsive to
PCM 443 receiving amplification signal 463, to decode
the message about the condition that is encoded in the
amplification signal, and drive peripheral Ul output device
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446 to output peripheral HPI 442.

[0102] In the particular example of FIG. 4, peripheral
Ul outputdevice 446 has adriver 447 that can be a device
driver. PCM 443 is further configured to transmit, respon-
sive to receiving amplification signal 463, a peripheral
notification signal 464 to peripheral processor 444 ac-
cording to arrow 414. And, peripheral processor 444 can
be further configured to transmit, responsive to receiving
peripheral notification signal 464, a peripheral driving sig-
nal 465 to peripheral Ul output device 446, according to
arrow 415. Then, peripheral Ul output device 446 is con-
figured to output peripheral HPI 442 responsive to re-
ceiving peripheral driving signal 415.

[0103] InFIG. 4, a patient 482 is shown, who can be
the same a patient 82 and wearer 282. Patient 482 has
a first option 461 to experience main HPI 481 about the
condition. In addition, thanks to embodiments, patient
482 has a second option 462 to experience peripheral
HPI1442 about the condition. As mentioned elsewhere in
this document, peripheral HP1442 may be amplified com-
pared to main HPI 481, and therefore easier to experi-
ence, understand, and even explore.

[0104] It will be understood, of course, that peripheral
HPI 442 can be output concurrently with main HPI 481,
or not. In fact, peripheral HPl 442 may depend on pe-
ripheral device 440 being procured, accessed, and so on.
[0105] There are a number of conditions for each of
which main HP1 481 and peripheral HP1 442 may be out-
put according to embodiments. Examples are now de-
scribed.

[0106] Insomeembodiments, the WCD system further
includes a sensor. A number of sensors have already
been described. In such embodiments, the sensor can
be configured to monitor a patient parameter of ambula-
tory patient 82, and the condition includes a value of the
patient parameter. In other embodiments, the sensor can
be configured to monitor an operational parameter of the
WCD system, and the condition includes a value of the
operational parameter, or that such a value is beyond a
threshold. In some embodiments, the WCD system in-
cludes abattery, and a charge monitor configured to mon-
itor a state of charge of the battery. In such embodiments,
the condition includes a value for the state of charge.
[0107] Insome embodiments, the WCD system further
includes a wear monitor. The wear monitor can be con-
figured to determine whether or not the support structure
is worn by the ambulatory patient in a certain way, and
to output a wear confirmation responsive to determining
that the support structure is indeed worn by the ambula-
tory patient in the certain way. In such embodiments, the
condition can include an indication of the wear confirma-
tion. Examples of wear monitors are given in commonly
owned US Patent No. 9,757,576, titled "RELIABLE
READINESS INDICATION FOR A WEARABLE DEFI-
BRILLATOR".

[0108] Still referring to FIG. 4, main HPI 481 about a
condition may be of different types, e.g. visual such as
an image, auditory such as a sound, or tactile such as a
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vibration. Similarly, the peripheral HP1 442 about the con-
dition may be of different types, e.g. visual such as an
image, auditory such as a sound, or tactile such as a
vibration. For notifying patient 482 about a single condi-
tion, peripheral HPI 442 may or may not be of the same
type as main HP1481. Of course, both main HP1481 and
peripheral HPI 442 may be images. Examples are now
described.

[0109] FIG. 5 is a diagram of sample components ac-
cording to embodiments. A main Ul output device in-
cludes a main screen 580. Screen 580 displays a main
image 581 about a condition, for a patient 582 to reach
a mental recognition 555. In addition, a peripheral Ul out-
put device includes a peripheral screen 546. Screen 546
displays a peripheral image 542 about the condition. Pe-
ripheral image 542 may repeat, amplify or augment main
image 581, to further facilitate patient 582 reach mental
recognition 555. Patient 582 has the option to look in
direction 561 towards mainimage 581, orin direction 562
towards peripheral image 542. In some embodiments,
wearer 585 need to look only in direction 562, at a single
location, to glean the required information from all com-
municating components of the WCD system.

[0110] Examples of such images are now described.
[0111] FIG. 6 is a diagram of a sample main image
681, and a corresponding sample peripheral image 642.
Main image 681 shows a checkmark 685. Peripheral im-
age 642 includes the entire main image, by showing a
checkmark 645. It will be recognized that checkmark 645,
as would be displayed on the peripheral screen, has at
least 24% larger area than checkmark 685 as displayed
on the main screen, for easier viewing.

[0112] In addition, peripheral image 642 includes a
second image 646 thatis notincluded in the main image.
In this particular case, second image 646 is of the vest
370, which enhances mental recognition 555 that check-
marks 685, 645 inform that vest 370 is worn in the ap-
propriate way.

[0113] FIG. 7 is a diagram of a sample main image
781, and a corresponding sample peripheral image 742.
Main image 781 shows a checkmark 785 and an icon
784 for the battery charge status. Peripheral image 742
includes a checkmark 745, which is only an aspect of
main image 781, but does not repeat the entire main im-
age - for icon 784 is not repeated.

[0114] In addition, peripheral image 742 includes text
747 that is not included in main image 781. In this par-
ticular case, text 747 enhances mental recognition 555
that the whole WCD system is OK.

[0115] It will be recognized that peripheralimages 642,
742 can easily be displayed in a device that is the size
of amobile phone. As such, they may be larger than main
screen 580, convey more information, be easier to read,
and so on.

[0116] In some embodiments, even more information
is presented by the peripheral image. In such embodi-
ments, the peripheral image can have multiple portions,
such as a first portion and a second portion, and so on.
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In such embodiments, the peripheral Ul output device
includes a screen configured to initially display the first
portion but not the second portion, and then to display
the second portion without the first portion, and so on.
Displaying the successive portions can be performed in
a number of ways. One such way is by a short video.
Another such way is for the peripheral Ul output device
to include a touchscreen. The touchscreen can be con-
figured to display the second portion responsive to the
touchscreen being touched, for example by swiping. An-
other example is now described.

[0117] FIG. 8 is a diagram of a sample main image
881, and a corresponding sample peripheral image 842.
Peripheral image 842 has multiple portions 842A,
842B, ... 842C. Image portions 842A, 842B, include links
847, 848, which point to the previous or the next image
portion. The touchscreen can be configured to display
the next portion responsive to the touchscreen being
touched at the appropriate link.

[0118] In some embodiments, even more information
is presented by the peripheral image, when peripheral
screen 546 is of a larger device, such as a tablet com-
puter. An example is now described.

[0119] FIG. 9 is a diagram of a sample main image
981, and a corresponding sample peripheral image 942.
It will be recognized that, in this example, main image
981 is identical to main image 781 of FIG. 7 In addition,
peripheralimage 942 is displayed in a tablet and includes
much more information, all in a single image portion.
[0120] Itwillbe appreciated thatembodiments give pa-
tient 82, 482, 582 the option to receive messages by the
WCD system via peripheral device 140, 440, as opposed
to via communication unit 160 or main device 400. Using
device 140 will attract less attention in public places
where others may be watching, than using communica-
tion unit 160. In addition, using device 140 will be less
distracting to people familiar with patient 82, and the fact
that this patient needs to be attending to their WCD sys-
tem. As such, patient 82 will have one less deterrent from
exhibiting good compliance in actually wearing their
WCD system daily.

[0121] A further advantage of embodiments is that
messages to patient 82, 482, 582 from peripheral device
140 may be amplified, compared to those from commu-
nication unit 160. By amplified, it is meant that they can
be larger in area for viewing, contain more explanation,
and so on.

[0122] Embodiments may overcome problems where
users have difficulty correctly interpreting and/or perceiv-
ing the main Ul output device the WCD system, for ex-
ample in cases where: a) the main Ul output device has
a small screen so it is difficult for users to see the content
of the screen, b) the main Ul output device is not loud
enough for users, or c) the main Ul output device does
not output enough vibratory feedback for users. In em-
bodiments peripheral HPIs 442, 1042 can be larger, loud-
er, and vibrate stronger.

[0123] Embodiments may further solve the problem
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where the user cannot understand an icon presented on
the display of a medical device. In embodiments periph-
eral HPIs 442, 1042 contain more information, such as
additional descriptive information about the state of the
device, tips about the device’s current condition, and/or
directions for the next step in addressing the medical
device’s current condition.

[0124] Embodiments may further overcome problems
where the main Ul output device of the WCD system is
too obtrusive, for example it is too loud. In embodiments
peripheral HPIs 442, 1042 can permit the user to put the
medical device in a silent mode and respond to a periph-
eral HPI that allows for more concealed and discreet use.
Indeed, a peripheral device allows a patient to keep the
primary device "hidden" out of sight while remaining in-
formed of the primary device’s condition.

[0125] Embodiments may additionally solve the prob-
lem where the user is not near the medical device to
correctly interpret and/or perceive the main HPI. For ex-
ample, a bed-bound patient needs to view the display of
a device, perhaps a stationary device, but the device
could be too far away to correctly interpret the display
contents. It is easier, however, for them to handle the
peripheral device.

[0126] Embodiments may furthermore improves the
setup process of a medical device by allowing a person
that is setting up the primary device to see what the pa-
tient sees, without obstructing the patient’s view of the
primary device or interfering with the patient’s use of the
primary device.

[0127] The devices and/or systems mentioned in this
document may perform functions, processes, acts, op-
erations, actions and/or methods. These functions, proc-
esses, acts, operations, actions and/or methods may be
implemented by one or more devices that include logic
circuitry. A single such 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 and/or can perform one or more
additional functions. The logic circuitry may include a
processor and non-transitory computer-readable stor-
age media, such as memories, of the type described else-
where in this document. Often, for the sake of conven-
ience only, it is preferred to implement and describe a
program as various interconnected distinct software
modules or features. These, along with data are individ-
ually and also collectively known as software. In some
instances, software is combined with hardware, in a mix
called firmware.

[0128] Moreover, methods and algorithms are de-
scribed below. These methods and algorithms are not
necessarily inherently associated with any particular log-
ic device or other apparatus. Rather, they are advanta-
geously implemented by programs for use by a comput-
ing machine, such as a general-purpose computer, a
special purpose computer, a microprocessor, a proces-
sor such as described elsewhere in this document, and
so on.
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[0129] This detailed description may include flow-
charts, display images, algorithms, and symbolic repre-
sentations of program operations within atleast one com-
puter readable medium. An economy may be achieved
in that a single set of flowcharts can be used to describe
both programs, and also methods. So, while flowcharts
describe methods in terms of boxes, they may also con-
currently describe programs.

[0130] Methods are now described.

[0131] FIG. 10 shows flowchart portions 1000, 1040
for describing methods according to embodiments. The
methods of flowchart portion 1000 may be performed by
a device of a WCD system such as main device 400. The
methods of flowchart portion 1040 may be performed by
a peripheral device such as peripheral device 440. Flow-
chart portions 1000, 1040 include operations that are
linked by arrows. Icons of elements are further added for
purposes of illustration. Arrow 1018 may or may not form
part of a flowchart that combines portions 1000, 1040
into a single flowchart, for example depending on wheth-
er or not a peripheral device is part of a WCD system.
[0132] According to an operation 1002, an input about
a condition may be received by a main processor.
[0133] According to another operation 1005, a main Ul
output device can be caused to output a main human-
perceptible indication (HPI) 1081. Main HPI1 1081 can be
about the condition, similarly with main HPI 481. Opera-
tion 1005 may be performed responsive to the input re-
ceived at operation 1002.

[0134] According to another operation 1008, a main
communication module can be caused to transmitan am-
plification signal 1063. Amplification signal 1063 may en-
code a message about the condition, similarly with am-
plification signal 463.

[0135] According to another operation 1041, amplifi-
cation signal 1063 with the encoded message that was
transmitted at operation 1008 may be received by a pe-
ripheral communication module (PCM).

[0136] According to another operation 1047, a periph-
eral Ul output device may output a peripheral HP1 1042,
responsive to the PCM receiving amplification signal
1063 with the encoded message at operation 1041. Pe-
ripheral HPI 1042 may be about the condition, similarly
with peripheral HPI 442.

[0137] In some embodiments, according to another,
optional operation 1043, a peripheral notification signal
is transmitted by the PCM to a peripheral processor re-
sponsive to receiving the amplification signal with the en-
coded message. Then, according to another, optional
operation 1045, a peripheral driving signal is transmitted
by the peripheral processor to the peripheral Ul output
device, responsive to the peripheral processor receiving
the peripheral notification signal with the encoded mes-
sage. In these embodiments, operation 1047 is per-
formed by the peripheral Ul output device responsive to
the peripheral driving signal.

[0138] In the methods described above, each opera-
tion can be performed as an affirmative act or operation
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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 compo-
nents 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. Ex-
amples of such alternate orderings may include overlap-
ping, interleaved, interrupted, reordered, incremental,
preparatory, supplemental, simultaneous, reverse, or
other variant orderings, unless context dictates other-
wise. 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 dif-
ferent system, apparatus, device or method.

[0139] This description includes one or more exam-
ples, but this fact does not limit how the invention may
be practiced. Indeed, examples, instances, versions or
embodiments of the invention may be practiced accord-
ing to what is described, or yet differently, and also in
conjunction with other present or future technologies.
Other such embodiments include combinations and sub-
combinations of features described herein, including for
example, embodiments that are equivalent to the follow-
ing: 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
embodimentand adding afeature extracted from another
embodiment, while providing the features incorporated
in such combinations and sub-combinations.

[0140] In general, the present disclosure reflects pre-
ferred embodiments of the invention. The attentive read-
er will note, however, that some aspects of the disclosed
embodiments extend beyond the scope of the claims. To
the respect that the disclosed embodiments indeed ex-
tend beyond the scope of the claims, the disclosed em-
bodiments are to be considered supplementary back-
ground information and do not constitute definitions of
the claimed invention.

[0141] 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 ref-
erence numerals to denote other versions or embodi-
ments 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 con-
sistently for all of the versions or embodiments that are
made possible by this description. Accordingly, the de-

10

15

20

25

30

35

40

45

50

55

15

scription controls in defining an item, aspect, component
or process, rather than its reference numeral. Any simi-
larity in reference numerals may be used to infer a sim-
ilarity in the text, but not to confuse aspects where the
text or other context indicates otherwise.

Claims

1. Wearable cardioverter defibrillator system, defining
a combination of, a) main components of a wearable
cardioverter defibrillator (WCD) system configured
to be worn by an ambulatory patient (82, 282, 482,
582) and b) a peripheral device (140, 340, 440) that
is configured to be carried by the ambulatory patient,
in which:
the main components comprise:

an electrode (104, 108, 204, 208, 304, 308);

a support structure (170, 370) configured to be
worn by the ambulatory patient so as to maintain
the electrode on a body of the ambulatory pa-
tient;

an energy storage module (250) configured to
store an electrical charge, and to discharge at
least some of the stored electrical charge via the
electrode through the ambulatory patient;

a main housing (201, 401);

a main user interface (Ul) output device (380,
480, 580) located at least partly within the main
housing;

a main communication module (290, 490); and
a main processor (230, 430) configured to:

receive (1002) an input about a condition,
the condition being about one of the ambu-
latory patient and one of the main compo-
nents of the WCD system,

cause (1005), responsive to the received in-
put, the main Ul output device to output a
main human-perceptible indication (HPI)
(481, 581, 681, 781, 881, 981, 1081), the
main HPI being about the condition, and
cause (1008), responsive to the received in-
put, the main communication module to
transmit an amplification signal (463, 1063),
the amplification signal encoding a mes-
sage about the condition, and

in which the peripheral device comprises:

a peripheral housing (406) distinct from the
main housing;

a peripheral communication module (PCM)
(443) located at least partly within the pe-
ripheral housing, the PCM configured to re-
ceive (1041) the transmitted amplification
signal with the encoded message; and
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a peripheral Ul output device (446) config-
ured, responsive to the PCM receiving the
amplification signal with the encoded mes-
sage, to output (1047) a peripheral HPI
(442, 542, 642, 742, 842, 942, 1042), the
peripheral HPI being about the condition.

The system of claim 1, in which

the PCM includes an antenna, and
the amplification signal is transmitted wirelessly.

The system of claim 1 or 2, in which
the peripheral device is also a component of the
WCD system.

The system of any of the preceding claims, in which

the peripheral device further comprises:

a peripheral processor (444) configured, re-
sponsive to the PCM receiving the amplification
signal, to decode the encoded message and
drive the peripheral Ul output device to output
the peripheral HPI.

The system of any of the preceding claims, in which

the main components further comprise a wear
monitor configured to determine whether or not
the support structure is worn by the ambulatory
patient in a certain way, and to output a wear
confirmation responsive to determining that the
support structure is worn by the ambulatory pa-
tient in the certain way, and

the condition includes an indication of the wear
confirmation.

6. The system of any of the preceding claims, in which

the main HPI includes a sound,

the main Ul output device includes a main
speaker configured to emit the sound,

the peripheral HPI includes an image, and

the peripheral Ul output device includes a pe-
ripheral screen configured to display the image.

7. The system of any of the preceding claims, in which

the main HPI includes a vibration,

the main Ul output device includes a main vibra-
tion device configured to emit the vibration,

the peripheral HPI includes an image, and

the peripheral Ul output device includes a pe-
ripheral screen configured to display the image.

8. The system of any of the preceding claims, in which

the peripheral HPI includes a sound, and
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9.

10.

1.

12.

13.

14.

30

the peripheral Ul output device includes a pe-
ripheral speaker configured to emit the sound.

The system of any of the preceding claims, in which

the peripheral HPI includes a vibration, and
the peripheral Ul output device includes a pe-
ripheral vibration device configured to generate
the vibration.

The system of any of the preceding claims, in which

the main HPI includes a main image (581, 681,
781, 881, 981),

the main Ul output device includes a main
screen (580) configured to display the main im-
age,

the peripheral HPI includes a peripheral image
(542,642,742, 842,942), and the peripheral Ul
output device includes a peripheral screen (546)
configured to display the peripheral image.

The system of any of the preceding claims, in which
the peripheral image includes a second image (646)
that is not included in the main image.

The system of any of the preceding claims, in which
the peripheral image includes text (747) that is not
included in the main image.

The system of any of the preceding claims, in which
the peripheral image has a first portion (842A) and
a second portion (842B), and the peripheral Ul output
device includes a screen configured to initially dis-
play the first portion but not the second portion, and
then to display the second portion.

Non-transitory computer-readable storage media
storing programs which, when executed by at least
a main processor and a peripheral processor of a
combination of a) main components of a wearable
cardioverter defibrillator (WCD) system configured
to be worn by an ambulatory patient and b) a periph-
eral device that is configured to be carried by the
ambulatory patient, the WCD system including an
electrode, a support structure configured to be worn
by the ambulatory patient so as to maintain the elec-
trode on a body of the ambulatory patient, an energy
storage module configured to store an electrical
charge, and to discharge at least some of the stored
electrical charge via the electrode through the am-
bulatory patient, a main housing, a main user inter-
face (Ul) output device located at least partly within
the main housing, a main communication module,
the main processor, the peripheral device including
a peripheral housing distinct from the main housing,
a peripheral communication module (PCM) located
at least partly within the peripheral housing, the pe-
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ripheral processor, and a peripheral Ul output de-
vice, these programs result in operations compris-

ing:

receiving, by the main processor, an input about
a condition, the condition being about one of the
ambulatory patient and a component of the
WCD system;

causing, responsive to the received input, the
main Ul output device to output a main human-
perceptible indication (HPI), the main HPI being
about the condition;

causing, responsive to the received input, the
main communication module to transmit an am-
plification signal, the amplification signal encod-
ing a message about the condition;

receiving, by the PCM, the transmitted amplifi-
cation signal with the encoded message; and
outputting, by the peripheral Ul output device, a
peripheral HPI responsive to the PCM receiving
the amplification signal with the encoded mes-
sage, the peripheral HPI being about the condi-
tion.

15. A method for a combination of a) main components

of a wearable cardioverter defibrillator (WCD) sys-
tem configured to be worn by an ambulatory patient
and b) a peripheral device that is configured to be
carried by the ambulatory patient, the WCD system
including an electrode, a support structure config-
ured to be worn by the ambulatory patient so as to
maintain the electrode on a body of the ambulatory
patient, an energy storage module configured to
store an electrical charge, and to discharge at least
some of the stored electrical charge via the electrode
through the ambulatory patient, a main housing, a
main user interface (Ul) output device located atleast
partly within the main housing, a main communica-
tion module, a main processor, the peripheral device
including a peripheral housing distinct from the main
housing, a peripheral communication module (PCM)
located at least partly within the peripheral housing,
and a peripheral Ul output device, the method com-
prising:

receiving, by the main processor, an input about
a condition, the condition being about one of the
ambulatory patient and a component of the
WCD system;

causing, responsive to the received input, the
main Ul output device to output a main human-
perceptible indication (HPI), the main HPI being
about the condition;

causing, responsive to the received input, the
main communication module to transmit an am-
plification signal, the amplification signal encod-
ing a message about the condition;

receiving, by the PCM, the transmitted amplifi-
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cation signal with the encoded message; and
outputting, by the peripheral Ul output device, a
peripheral HPI responsive to the PCM receiving
the amplification signal with the encoded mes-
sage, the peripheral HPI being about the condi-
tion.
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