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Description
BACKGROUND

[0001] 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.

[0002] Some people have an increased risk of SCA.
People at a higher risk include individuals who have had
a heart attack, or a prior SCA episode. A frequent rec-
ommendation is for these people to receive an Implant-
able Cardioverter Defibrillator ("ICD"). The ICD is surgi-
cally implanted in the chest, and continuously monitors
the person’s electrocardiogram ("ECG"). If certain types
of heart arrhythmias are detected, then the ICD delivers
an electric shock through the heart.

[0003] After being identified as having an increased
riskofan SCA, and before receiving an ICD, these people
are sometimes given a wearable cardioverter defibrillator
("WCD") system. AWCD system typically includes a har-
ness, vest, or other garment for wearing by the patient.
The system includes a defibrillator and external elec-
trodes, which are attached on the inside of the harness,
vest, or other garment. When a patient wears a WCD
system, the external electrodes may then make good
electrical contact with the patient’s skin, and therefore
can help monitor the patient's ECG. If a shockable heart
arrhythmia is detected, then the defibrillator of the WCD
system delivers the appropriate electric shock through
the patient’s body, and thus through the heart.

[0004] Document WO 2016/154425 A1 describes a
medical monitoring and treatment device that includes a
therapy delivery interface, a plurality of therapy elec-
trodes coupled to the therapy delivery interface, a plural-
ity of electrocardiogram sensing electrodes to sense
electrocardiogram signals of a patient, a sensor interface
to receive the electrocardiogram signals and digitize the
electrocardiogram signals. Moreover, the device in-
cludes a processor coupled to the sensor interface and
the therapy delivery interface to analyse the digitized
electrocardiogram signals to detect a cardiac arrhythmia.
The processor may control the therapy delivery interface
to apply electrical therapy to a patient based upon the
detected cardiac arrhythmia.

BRIEF SUMMARY

[0005] In accordance with aspects of this disclosure,
a WCD system is configured to detect when a therapy
administered to a patient by the WCD system is unsuc-
cessful, and in response determine whether to send no-
tifications to remote or non-witness responders. In some
embodiments, the WCD system is configured to make a
determination to send such notifications after the WCD
system determines it has administered a predetermined
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number of unsuccessful shocks to the patient. In some
embodiments, the predetermined number of unsuccess-
ful shocks is the maximum number of shocks the WCD
system willadminister to a patient. In other embodiments,
the predetermined number of unsuccessful shocks is
every Xth shock (for example, every 2"d or 3rd shock). In
some embodiments, the WCD system can be configured
to periodically resend the notification.

[0006] In some embodiments, the WCD system trans-
mits the notifications as SMS message to cell phone or
smartphones of the responders. In other embodiments,
the WCD system may make telephone calls to the re-
sponders in which the notifications may be in the form of
recorded or synthesized voice messages. In yet other
embodiments, the WCD system may send information
toa WCD system server, which in turn sends SMS and/or
voice messages to the responders, or emails or applica-
tion notifications that the responders receive via email or
notification apps running on their computers, smart-
phones, laptops or other "connected" devices. In still oth-
er embodiments, the WCD system may send information
to a computer-aided dispatch (CAD)-coupled server (for
example, a PulsePoint server) which then sends notifi-
cations to any of its users that are near the patient’s lo-
cation.

[0007] The invention is defined in claim 1. Further as-
pects and preferred embodiments are defined in the de-
pendent claims. Aspects, embodiments and examples
ofthe present disclosure which do not fall under the scope
of the appended claims do not form part of the invention
and are merely provided for illustrative purposes. Fur-
thermore, the methods presented in the present descrip-
tion are provided for illustrative purposes only and do not
form part of the present invention.

[0008] The foregoing brief summary is illustrative only
and is not intended to be in any way limiting. In addition
to the illustrative aspects, embodiments, and features
described above, which need not all be present in all
embodiments disclosed herein, further aspects, embod-
iments, and features are set forth in the drawings and
the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

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
in the WCD system of FIG. 1, and which is made
according to embodiments.

FIG. 3 is a diagram showing a collection of sample
components of WCD systems for notifying remote
responders, made according to embodiments.
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FIG. 4 is a diagram showing a general communica-
tion arrangement for a WCD system for notifying re-
mote responders, made according to embodiments.

FIG. 5 is a diagram showing a communication ar-
rangement for a WCD system having a mobile com-
munication device for notifying remote responders,
made according to embodiments.

FIG. 6 is a diagram showing a communication ar-
rangement fora WCD system havinga WCD system
server for notifying remote responders, made ac-
cording to embodiments.

FIG. 7 is a diagram showing a communication ar-
rangement for a WCD system for notifying remote
responders having devices configured with a notifi-
cation app, made according to embodiments.

FIG. 8 is a diagram showing a communication ar-
rangement fora WCD system havinga WCD system
server communicating with a CAD-coupled server
for notifying remote responders, made according to
embodiments

FIG.9Ais aflow diagramiillustrating sample methods
foruse ina WCD system to notify remote responders,
according to embodiments.

FIG.9Bis aflowdiagramillustrating sample methods
foruse ina WCD system to notify remote responders,
according to other embodiments.

FIG. 10 a flow diagram illustrating sample methods
for use ina WCD system for transmitting notifications
to remote responders, according to embodiments.

FIG. 11 is a flowchart illustrating sample methods
for use in a WCD system for obtaining contact infor-
mation of and transmitting notifications to remote re-
sponders, according to embodiments.

FIG. 12 is a flowchart illustrating sample methods
for use in a WCD system, which includes a mobile
communication device, for obtaining contact infor-
mation of and transmitting notifications to remote re-
sponders, according to embodiments.

FIG. 13 is a flowchart illustrating sample methods
for use in a WCD system, which includes a WCD
system server, for transmitting notifications to re-
mote responders, according to embodiments.

FIG. 14 is a flowchart illustrating sample methods
for use in a WCD system, which includes a WCD
system server, for transmitting notifications to re-
mote responders via a device configured with a no-
tification app, according to embodiments.
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FIG. 15 is a flowchart illustrating sample methods
for use in a WCD system, which includes a WCD
system server, for transmitting notifications to re-
mote responders via a CAD-coupled server, accord-
ing to embodiments.

FIG. 16 is a diagram illustrating a sample WCD sys-
tem configured to assist a respondent in performing
CPR after notification, according to embodiments.

DETAILED DESCRIPTION

[0010] A wearable cardioverter defibrillator (WCD)
system made according to embodiments has several
components. These components can be provided sepa-
rately as modules that can be interconnected, or can be
combined with other components, etc.

[0011] FIG. 1 depicts a patient 82. A caption for FIG.
1 could be: sample components of wearable cardioverter
defibrillator (WCD) system. Patient 82 may also be re-
ferred to as a person and/or wearer, since that patient
wears components of the WCD system. FIG. 1 shows an
outer garment 99.

[0012] FIG. 1 also depicts components of a WCD sys-
tem made according to embodiments. One such compo-
nentis 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 con-
ceptually. 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.

[0013] Support structure 170 can be implemented in
many different ways in different embodiments. For ex-
ample, in one embodiment implemented in a single com-
ponent or a combination of multiple components. In em-
bodiments, 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 em-
bodiments, 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 waterproof. In such embodiments,
the support structure can be worn by being attached to
the patient by adhesive material, for example as shown
in US Patent No. 8,024,037. Support structure 170 can
even be implemented as described for the support struc-
ture of US Pat. App. No. US 2017/0056682 A1. After
review of this disclosure, 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 attached externally to the
support structure, for example as described in the
2017/0056682 document. There can be other examples.
[0014] A WCD system according to embodiments is
configured to defibrillate a patient who is wearing it, by
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delivering 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 defibrillation electrodes 104, 108, which are cou-
pled 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, defibrillator 100 can administer,
via electrodes 104, 108, a brief, strong electric pulse 111
through the body. Pulse 111, also known as shock, de-
fibrillation 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.

[0015] A priorartdefibrillator typically decides whether
to defibrillate or notbased on an ECG signal of the patient.
However, some embodiments of external defibrillator
100 can initiate defibrillation (or hold-off defibrillation)
based on a variety of inputs, with ECG merely being one
of them.

[0016] Accordingly, in some embodiments of external
defibrillator 100, signals such as physiological signals
containing physiological data are obtained from patient
82. While the patient may be considered also a "user" of
the WCD system, in some embodiments, for example, a
user of the WCD may be 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.
[0017] TheWCD 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 stan-
dalone device, for example not within the housing of de-
fibrillator 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 in-
clude one or more transducers or sensors that are con-
figured to render one or more physiological inputs from
one or more patient parameters that it senses.

[0018] Optionally, device 180 is physically coupled to
support structure 170. In addition, device 180 can be
communicatively coupled with other components, which
are coupled to support structure 170. Such communica-
tion can be implemented by a communication module,
as will be deemed applicable by a person skilled in the
art in view of this description.

[0019] 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. A caption for FIG.
2 could be: Sample components of external defibrillator.
The components shown in FIG. 2 can be provided in a
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housing 201, which may also be referred to as casing
201.

[0020] External defibrillator 200 is intended for a pa-
tient who would be wearing it, such as patient 82 of FIG.
1. Defibrillator 200 may further include a user interface
280 for a user 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 as-
sistance, or a trained person. Or, user 282 might be a
remotely located trained caregiver in communication with
the WCD system.

[0021] Userinterface 280 can be made in many ways
according to various embodiments. User interface 280
may include output devices, which can be visual, audible
or tactile, for communicating to a user by outputting im-
ages, 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 de-
vice 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 configured to issue voice prompts, beeps, loud alarm
sounds to warn bystanders, etc.

[0022] Userinterface 280 may furtherinclude input de-
vices for receiving inputs from users. Such input devices
may additionally include various controls, such as push-
buttons, keyboards, touchscreens, one or more micro-
phones, 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.

[0023] 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
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 monitoring device 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.

[0024] 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 wearable defibrillation system whether the
patientis in need of a shock, plus optionally their medical
history and/or event history. Examples of such parame-
ters include the patient’s ECG, blood oxygen level, blood
flow, blood pressure, blood perfusion, pulsatile change
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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 trans-
ducers include electrodes to detect ECG data, a per-
fusion sensor, a pulse oximeter, a Doppler device for
detecting blood flow, a cuff for detecting blood pressure,
an optical sensor, illumination detectors and perhaps
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 SpO2 sen-
sor, and so on. 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 detection is also taught at
least in Physio-Control's US Patent No. 8,135,462. In
addition, a person skilled in the art may implement other
ways of performing pulse detection. In such cases, the
transducer includes an appropriate sensor, and the phys-
iological 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.
[0025] 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. Pa-
rameters whose detected trends can particularly help a
cardiac rehabilitation program include: a) cardiac func-
tion (e.g. ejection fraction, stroke volume, cardiac output,
etc.); b) 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 tech-
nology; d) heart rate trending; e) perfusion, such as from
Sp02 or CO2; 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 com-
munication 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.

[0026] 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.
[0027] A WCD system made according to embodi-
ments may include a motion detector. In embodiments,
a motion detector can be implemented within monitoring
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device 180 or monitoring device 281. Such a motion de-
tector can be configured to detect a motion event. In re-
sponse, the motion detector may render or generate from
the detected motion event a motion detection input that
can be received by a subsequent device or functionality.
A motion event can be defined as is convenient, for ex-
ample a change in motion from a baseline motion or rest,
etc. Such a motion detector can be made in many ways
as is known in the art, for example by using an acceler-
ometer. In such cases, the patient parameter is a motion,
one of the transducers may include a motion detector,
and the physiological input is a motion measurement.
[0028] 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.

[0029] Environmental parameters can include ambient
temperature and pressure. Moreover, a humidity sensor
may provide information as to whether it is likely raining.
Presumed patient location could also be considered an
environmental parameter. The patient location could be
presumed if monitoring device 180 or 281 includes a GPS
location sensor as per the above.

[0030] Defibrillator 200 typically includes a defibrilla-
tion port 210, such as a socket in housing 201. Defibril-
lation 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, re-
spectively. Itis also possible that defibrillation electrodes
204, 208 are connected continuously to defibrillation port
210, instead. Either way, defibrillation port 210 can be
used for guiding, via electrodes, to the wearer the elec-
trical charge that has been stored in an energy storage
module 250 that is described more fully later in this doc-
ument. The electric charge will be the shock for defibril-
lation, pacing, and so on.

[0031] Defibrillator 200 may optionally also have an
ECG port 219 in housing 201, for plugging in sensing
electrodes 209, which are also known as ECG electrodes
and ECGleads. ltis also possible that sensing electrodes
209 can be connected continuously to ECG 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. Sensing electrodes 209 can be attached to the
inside of support structure 170 for making good electrical
contact with the patient, similarly as defibrillation elec-
trodes 204, 208.

[0032] 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 making 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 speak-
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ing, the fluid may be in the form of a low-viscosity gel, so
that it does not flow away, after it has been deployed.
The fluid can be used for both defibrillation electrodes
204, 208, and sensing electrodes 209.

[0033] The fluid may be initially stored in a fluid reser-
voir, not shown in FIG. 2, which can be coupled to the
support structure. In addition, a WCD system according
to embodiments further includes a fluid deploying mech-
anism 274. Fluid deploying mechanism 274 can be con-
figured 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 config-
ured 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 processor 230 that is described more fully
later in this document.

[0034] In some embodiments, defibrillator 200 also in-
cludes 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 ECG port 219, if provided. Even if defibrillator 200
lacks ECG port 219, measurement circuit 220 can obtain
physiological signals through nodes 214, 218 instead,
when defibrillation electrodes 204, 208 are attached to
the patient. In these cases, the physiological input re-
flects an ECG measurement. The parameter can be an
ECG, which can be sensed as a voltage difference be-
tween electrodes 204, 208. In addition the parameter can
be an impedance, which can be sensed between elec-
trodes 204, 208 and/or the connections of ECG 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 elec-
trical contact with the patient’s body. These patient phys-
iological signals can be sensed, when available. Meas-
urement circuit 220 can then render or generate informa-
tion about them as physiological inputs, data, other sig-
nals, etc. More strictly speaking, the information rendered
by measurement circuit 220 is output from it, but this in-
formation can be called an input because it is received
by a subsequent device or functionality as an input.
[0035] 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 (FPGAs), 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.

[0036] The processor230 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
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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 perform-
ing methods as may be disclosed herein or understood
by one skilled in the art in view of the disclosed embod-
iments. In some embodiments, and as a matter of con-
vention used herein, instances of the software may be
referred to as a"module" and by other similar terms. Gen-
erally, a module implemented using software includes a
set of the instructions so as to offer or fulfill a particular
functionality. Embodiments of modules and the function-
ality delivered are not limited by the embodiments de-
scribed in this document.

[0037] Processor 230 can be considered to have one
or more 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 physiological inputs, data, or other signals, may
be used by the VF detector to determine whether the
patient is experiencing VF. Detecting VF is useful, be-
cause VF results in SCA. Detection module 232 can also
include a Ventricular Tachycardia (VT) detector, and so
on.

[0038] 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 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 determining whether a shock
criterion is met. The determination can be made from a
rhythm analysis of the captured ECG signal or otherwise.
[0039] Insome 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. Shocking can be for defibrillation, pacing, and
SO on.

[0040] Various embodiments of processor 230 can in-
clude 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.

[0041] Embodiments of defibrillator 200 optionally fur-
ther 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 ex-
ample and not of limitation, volatile memories, Nonvola-
tile Memories (NVM), Read-Only Memories (ROM), Ran-
dom 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
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238, if provided, can include programs for processor 230,
which processor 230 may be able to read and execute.
More particularly, the programs can include sets of in-
structions 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
resultin 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 meth-
ods. The programs 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.
[0042] 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 storage capacitor, and so on. In some embod-
iments, power source 240 is controlled by processor 230.
Appropriate components may be included to provide for
charging or replacing power source 240.

[0043] 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
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.

[0044] 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 dis-
charge 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 electrodes 204, 208, so as to cause a shock
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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.
[0045] Defibrillator 200 can optionally include a com-
munication 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. Module
290 may also include such sub-components as may be
deemed necessary by a person skilled in the art, for ex-
ample 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.
The data can include patient data, event information,
therapy attempted, CPR performance, system data, en-
vironmental data, and so on. Defibrillator 200 in some
embodiments can optionally include other components.
[0046] 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 struc-
ture 170 can be fitted to the body of patient 82. For an-
other instance, baseline physiological parameters of pa-
tient 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 parame-
ters 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 param-
eters can be stored in a memory of the WCD system,
and so on.

[0047] A programming interface can be made accord-
ing to embodiments, which receives such measured
baseline physiological parameters. Such a programming
interface may input automatically in the WCD system the
baseline physiological parameters, along with other data.
[0048] FIG. 3 is a diagram showing sample compo-
nents of an external defibrillator 301 same or similar to
those of external defibrillator 200 of FIG.2, in which some
components are shown in more detail and some in less
detail, according to embodiments. A caption for FIG. 3
could be: sample components of a WCD system with
non-witness communication. External defibrillator 301
canimplemented ina WCD to deliver appropriate therapy
(e.g., defibrillation shocks, cardioversion shocks, pacing,
etc.) to a patient with an arrhythmia.

[0049] In embodiments, external defibrillator 301 in-
cludes a processor 330 coupled to a memory 338, a mo-
tion detector 384, a location module 386, and a commu-
nication module 390. Processor 330, memory 338, and
communication module 390 are implemented in some
embodiments as described above in conjunction with
FIG. 2 for processor 230, memory 238, and communica-
tion module 290. Memory 338 can also be configured
with patient ID information intended for inclusion in noti-
fications that are described further below. External defi-
brillator 301, in embodiments, also includes other mod-
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ules and components as shown in FIG. 2, but are omitted
in FIG. 3 as they have already been described in detail
in conjunction with FIG. 2.

[0050] In some embodiments, the components of ex-
ternal defibrillator 301 shown in FIG. 3 are disposed in a
single housing or unit that is coupled to the support struc-
ture such as support structure 170 (FIG. 1). In other em-
bodiments, one or more of these components are distrib-
uted over other parts of the WCD system. For example,
in some embodiments processor 330, location module
386 and communication module areimplemented atleast
in part using a mobile personal communication device
such as a smartphone-like device as described below in
conjunction with FIG. 5.

[0051] Motion detector 384, in some embodiments, is
configured to detect motion of the patient, including pa-
tient motion due to having CPR performed on the patient.
In embodiments, motion detector 384 is implemented us-
ing one or more of an accelerometer, force sensor, po-
sition sensor, transthoracic impedance sensors, etc.
Some examples of positions sensors include UWB posi-
tion sensors, and magnetic field position sensors such
as used in TrueCPR™ devices available from Physio-
Control, Inc., Redmond, WA).

[0052] Location module 386, in some embodiments, is
configured to determine the location of the patient. In
some embodiments location module 386 determines the
location of external defibrillator 301, or other component
of the WCD system to indicate the location of the patient.
Location module 386 in some embodiments uses one or
more of GPS, cellular tower location, Wi-Fi access point
locations, inertial navigation, etc. to determine the loca-
tion of the patient. In embodiments of the WCD system
having a mobile communication device (e.g., smart-
phone-like device), the location module includes an API
to interface with a location service such as Google Lo-
cation Services.

[0053] In addition, in some embodiments processor
330 includes a shock success module 370, assistance
request module 374, and a notification module 278. In
some embodiments Shock success module 370, assist-
ance module 374, and notification module 278 are im-
plemented at least in part using software or programming
stored in memory 338.

[0054] Shock success module 370 is configured to de-
tect whether a shock provided to the patient was suc-
cessful in removal of the patient’s arrhythmia condition
(e.g., VF or VT). In some embodiments, shock success
module 370 is coupled to detection module 232 and ad-
vice module 234 to obtain information used to determine
if a shock applied to the patient was successful. Respon-
sive to shock success module 370 detecting that the
shock was unsuccessful, in some embodiments external
defibrillator 301 may be configured to deliver another
shock to the patient. In some such embodiments, exter-
nal defibrillator 301 may be configured so that it will stop
delivering shocks after a preset or preconfigured number
of consecutive unsuccessful shocks even if external de-
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fibrillator 301 determines another shock is indicated.
[0055] Assistance request module 374 is configured
to determine whether one or more other people or parties
(also referred to as responders in this context) should be
notified when shock success module 370 detects that a
shock delivered to the patient was unsuccessful. Insome
embodiments, assistance request module 374 can be
configured with a threshold number of consecutive de-
livered unsuccessful shocks at which the other respond-
ers should be notified. Forexample, in some embodiment
the threshold number can be set or configured by a cli-
nician when fitting the patient with the WCD, in the fac-
tory, or set dynamically by processor 330 using logic or
algorithm(s). Further, in some embodiments assistance
request module 374 is configured to determine whether
one or more other people or parties should be notified
that the patient requires cardio pulmonary resuscitation
(CPR). Stated another way, in some embodiments shock
success module 370 and assistance request module 374
are configured to detect the occurrence of N (N being an
integer greater than or equal to 1) unsuccessful shocks
administered to the patient, and in response thereto de-
termine that one or more responders should be notified
that the patient requires further assistance that at least
includes CPR. In some embodiments, N is the maximum
number of unsuccessful shocks that the WCD system
will administer to a patient.

[0056] Inafurtherrefinement, aftera notificationis sent
in response to the maximum number of unsuccessful
shocks, assistance request module 374 may be config-
ured to cause the notification to be periodically resent
(e.g., every 60 seconds). In some embodiments, the re-
sending of notifications may be terminated in response
to one or more responders sending a message to the
WCD system that the responder(s) are in the process of
responding to the notification.

[0057] In other embodiments, shock success module
370 and assistance request module 374 are configured
to detect the occurrence of the Xth shock (X being an
integer greater than or equal to 1) unsuccessful shocks
administered to the patient, and in response thereto de-
termine that one or more responders should be notified
that the patient requires further assistance that at least
includes CPR. For example, in some embodiments X is
set to 2 so that a notification is sent every other unsuc-
cessful shock. In another example embodiment, X is set
to 3 so that a notification is sent every third unsuccessful
shock.

[0058] In some embodiments, WCD system 301 in-
cludes a proximity detector (not shown) such as, for ex-
ample, disclosed in U.S. Patent 9,339,663 issued May
17, 2016 and entitled "WEARABLE CARDIAC DEFI-
BRILLATOR SYSTEM EMITTING CPR PROMPTS".
The proximity detector can be used to detect when there
are bystanders near the patient. Responsive to the prox-
imity detector detecting such a bystander, in some em-
bodiments, assistance request module 374 is configured
to make a determination that a notification is not needed
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to be sent to potential non-witness responders. Con-
versely, responsive to the proximity detector detecting
that there are no nearby bystanders, in some embodi-
ments assistance request module 374 will make a deter-
mination that a notification should be sent to non-witness
responders.

[0059] In still other embodiments, when the aforemen-
tioned proximity detector detects nearby bystanders, as-
sistance request module 374 is configured to make a
determination that a notification should not be sent to
non-witness responders (as described above). However,
in addition, if after a preset period of time (e.g., 30 sec-
onds) the WCD system does not detect CPR has been
started on the patient, assistance request module 374 is
further configured to change the determination so that it
makes a determination that a notification should be sent
to the non-witness responders. In some embodiments,
the WCD system may detect CPR by detecting changes
in the patient’s transthoracic impedance.

[0060] Notification module 378, in some embodiments,
is configured to obtain emergency eventinformation, pa-
tient identification information, patient location informa-
tion, and responder contact information in response to a
determination by assistance requestmodule 374 thatone
or more non-witness responders should be notified. In
some embodiments, the emergency event information
(for example, Shock Delivered, VF Detected, VT Detect-
ed, Bradycardia Detected and/or Asystole Detected) and
the patient identification information is obtained from
memory 338 and/or one or more modules of processor
330 such as, for example, modules 232, 234, and 236
(previously described in conjunction with FIG. 2). Notifi-
cation module 378 in some embodiments is configured
to obtain patient location information from location mod-
ule 386 (described further below). In some embodiments,
the responder contact information can be entered by the
user or clinician when the patient is fitted with the WCD
system and updated as desired. The responders can be
people who might be expected to be near patient 182 for
significant periods of time such as, for example, spouse,
relatives, neighbors, co-workers, assistants, etc. so that
assistance can be quickly provided to patient 182. In FIG.
3, box 391 could be: external sensor(s) (e.g., 209, 204,
208). In FIG. 3, box 392 could be: other modules and
circuits (e.g., 240, 250, 257, 280).

[0061] Communication module 390, in some embodi-
ments, is configured to transmit at least some of the in-
formation obtained by the notification module to one or
more respondents using the responder contact informa-
tion. In some embodiments, communication module 390
is implemented using a wireless transceiver such as, for
example, cellular voice, cellular data, SMS, "Wi-Fi", "Wi-
Fi Direct", "Bluetooth”, "ZigBee", etc. In some embodi-
ments, these wireless connections may be used to com-
municate via a server that is configured to initiate com-
munications to the one or more responders using SMS,
email, voice (cellular and POTS), client application noti-
fications (e.g., client apps configured on respondents’
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computing devices such as smartphones), etc. to the one
or more responders. Various embodiments of these com-
munications are described below in conjunction with
FIGs. 4-8. In FIG. 3, box 393 could be the acts of: trans-
mit/receive voice and/or data for notifying remote recip-
ient(s).

[0062] Some of the above-described embodiments of
a WCD system can be advantageously used to provide
notifications to one or more responders who did not wit-
ness the patient experiencing an emergency arrhythmia
event so that these responders can provide assistance.
For example, if the patient experienced an arrhythmia
that required a shock to correct, and one or more shocks
were administered but were unsuccessful, a WCD sys-
tem that included embodiments of external defibrillator
301 (FIG. 3) could notify a non-witnessing responder to
provide additional assistance such as CPR, and/or drug
treatment (e.g., epinephrine, atropine) if the responder
is a trained medical responder such as a paramedic. The
notification can include information indicating the pa-
tient’s location so that the responder(s) can go as quickly
as possible to the patient and provide additional assist-
ance such as CPR. In cases where the patient was alone
when the arrhythmia event occurred, there may be no
bystanders to provide such additional assistance and po-
tential responders would not otherwise know of the event.
Another scenario where embodiments can be advanta-
geously can occur when the patient and friends/rela-
tives/caregivers are in different rooms in their home or
workplace, or perhaps the patient is outside of his/her
home while the caregiver is inside the house (or vice
versa). While WCDs typically use audible alerts to alert
both the patient and caregiver, something as simple as
a television being on could obscure the caregiver’s hear-
ing the alert. Such notifications provided by external de-
fibrillator 301 can improve patient outcomes by decreas-
ing the amount of time before the patients start receiving
assistance such as CPR, compared to systems that do
not provide such notifications. In some embodiments, the
WCD system can determine potential responders that
are near the patient’s location and notify only those re-
sponders. These advantages can also be realized in
some of the embodiments described below.

[0063] FIG. 4 is a diagram showing a general commu-
nication arrangement for a WCD system for notifying re-
mote responders, made according to embodiments. A
caption for FIG. 4 could be: general communication ar-
rangement. FIG. 4 illustrates the general flow of a notifi-
cation of unsuccessful shock(s) from the WCD system
(e.g., from patient worn external defibrillator 100 de-
scribed in conjunction with FIG. 1), over a communication
link or connection 470, and onto remote or non-witness
responders via a communication network 480 their re-
ceiving devices 490. Communication network 480 is im-
plemented according to various embodiments using a
combination of wireless and/or wired sub links that can
include the Bluetooth connections, WLAN networks, In-
ternet, POTS, cellular voice networks, cellular data net-
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works, and/or other communication networks. The re-
spondents’ devices 490 can include, according to em-
bodiments, computers connected to the Internet, landline
telephones, cellular telephones, pagers, PDAs, and/or
smartphones or connected tablets configured with noti-
fication applications, etc.

[0064] FIG. 5 is a diagram showing an embodiment of
particular communication arrangementimplementing the
general arrangement shown in FIG. 4. A caption for FIG.
5 could be: example direct communication arrangement.
The arrangement of FIG. 5, in this embodiment, includes
a mobile communication device 510 configured to com-
municate with external defibrillator 100 through a local
commlink 571. In some embodiments, mobile communi-
cation device 510 and local commlink 571 are implement-
ed as described in US Patent Application No. 13/959,894
filed Aug. 6, 2013 and entitled "MOBILE COMMUNICA-
TION DEVICE & APP FOR WEARABLE DEFIBRILLA-
TORSYSTEM". In embodiments, mobile communication
device 510 can be a wireless telephone, a smartphone,
a Personal Digital Assistant (PDA), a personal electronic
device, a pager, a laptop computer, a tablet, an e-reader,
and so on. Such mobile communication devices are in-
creasingly becoming more than just wireless voice com-
munication devices. In addition to handling voice data,
some mobile communication devices are essentially
portable computing devices that can support a variety of
applications such as email, web browsing, text process-
ing applications, contact applications, scheduling appli-
cations, games, and so on.

[0065] In many cases, mobile communication device
510 acts as a proxy for also the presence of patient 182.
Patient 182 may carry device 510 in a pocket, in a special
holder, or even wear it on their wrist. In other words, the
location of patient 182 can sometimes be presumed to
be the same as the location of mobile communication
device 510. In embodiments, mobile communication de-
vice 510 includes a module that has location determining
circuitry and/or software for determining the location of
the mobile communication device using GPS, cell tower
locations, Wi-Fi access point locations, inertial naviga-
tion, etc., as is currently available in modern smart-
phones.

[0066] The arrangement of FIG. 5 uses wireless com-
munication links. A wireless communication link is also
sometimes referred to herein as a "comlink". For purpos-
esofthisdocument, a "remote comlink" means awireless
communication link established between devices thatare
typically at least 500 feet (150 m) away from each other,
and often farther, such as a cellular communication link.
A'"local comlink" as used in this contextmeans a wireless
communication link established between devices thatare
atmost50 feet (15 m)away from each other, and typically
closer.

[0067] Inembodiments, mobile communication device
510 can communicate with a wireless service provider
network 580 via a remote comlink 572. Remote comlink
572 can be direct, or can be established between device
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510 and network 580 via intermediary points, such as a
Wireless Access Point, Wi-Fi, and so on; even in those
cases, however, a remote comlink includes at least one
leg of a wireless communication link that is at least 500
feet (150 m) long. On or more of the legs between inter-
mediary points may include a network land line. Network
580 can be coupled with a communications network 480,
which can be the Internet or one of the networks of the
Internet, POTS, etc. Receiving devices 590 (of the po-
tential non-witness responders) can be part of network
480, and in effect be cloud-based. Receiving devices
590, in embodiments, may be any one of a landline tel-
ephone, a cellular telephone, adesktop computer, a serv-
er, a mainframe computer, and so on. Accordingly, mo-
bile communication device 510 can communicate and
exchanging data with receiving devices 590 of potential
remote or non-witness responders, at least according to
the arrangement of FIG. 5.

[0068] In some embodiments, mobile communication
device 510 and/or receiving devices 190 includes an ap-
plication, also known as an "app" that facilitate the users
of these devices in sending and receiving communica-
tions, including notifications.

[0069] Inmanyembodiments, external defibrillator 100
and mobile communication device 510 are capable of
establishing local comlink 571, and therefore can ex-
change data between them via the local comlink. Data
canbe exchanged in either direction, orin both directions.
In some embodiments, local comlink 571 uses radio
transmission technology that can be broadband and/or
shortwave. Local comlink 571 may use Bluetooth tech-
nology, Wi-Fi technology, or equivalent. Local comlink
571, coupled with the abilities of mobile communication
device 510, enables external defibrillator 100 to commu-
nicate better with its environment, as will be seenin more
detail later in this document.

[0070] In other embodiments, instead of comlink 571,
defibrillator 100 and mobile communication device 510
are capable of establishing a local link that is wired, and
therefore can exchange data between them via the wired
local link. The wired link can be by any suitable wired
connection, for example via a USB or Lightning connec-
tion. Communication would be established by the con-
necting, whereupon the two devices would recognize
each other, and so on.

[0071] In operation to provide a notification of unsuc-
cessful shock(s) (as described in conjunction with FIG.
3), in some embodiments, after detection of the unsuc-
cessful shock(s) and a determination that notifications
should be sent to non-witness responder(s), external de-
fibrillator 100 uses local comlink 571 to provide emer-
gency eventinformation to mobile communication device
510. Insome embodiments, external defibrillator 100 also
provides patient location information and/or patient ID
information to mobile communication device 510. In
some embodiments, external defibrillator 100 may be
configured to send the emergency event information to
mobile communication device 510 before or concurrently
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with the determination that notifications should be sent
to non-witness responder(s).

[0072] Mobile communication device 510 then uses re-
mote link 572 to provide information related to the emer-
gency event, patient ID, and location to wireless service
provider network 580. Box 573 could be labeled emer-
gency event patient ID + location. Mobile communication
device 510 typically uses responder contact information
stored in its memory to direct information to the devices
590 of non-witness respondents. In other embodiments,
mobile communication device 510 obtains the contact
information form external defibrillator 100. In some em-
bodiments, mobile communication device 510 is config-
ured with the patient ID information, and can obtain the
location information using its own location determination
functionality (as opposed to obtaining it from external de-
fibrillator 100). In some embodiments, the notification
transmitted by the mobile communication network in-
cludes information processed and/or revised from the
event information obtained from external defibrillator 100
to comply with patient privacy regulations and to provide
only what is needed by the potential non-witness re-
sponders to be able to quickly travel to the patient and
provided assistance such as, for example, CPR.

[0073] Wireless service provider network 580, in some
embodiments, then uses communication network 480 to
provide the notification to the device(s) 590 of the poten-
tial non-witness responders. Box 583 could be labeled
emergency event patient ID + location.

[0074] FIG. 6 is a diagram showing an embodiment of
particular communication arrangementimplementing the
general arrangement shown in FIG. 4. A caption for FIG.
6 could be: example server-based arrangement. The ar-
rangement of FIG. 6, in this embodiment, is similar to the
arrangement of FIG. 5 but also includes a WCD server
685 configured to communicate with receiving device(s)
490 through a wireless service provider network 680 via
a remote comlink 682 and/or a wired commlink 687, e.g.
internet. These additional elements may be considered
a part of communication network 480 but are "broken
out" in FIG. 6 to facilitate this description. Box 683 could
be labeled VOICE/SMS NOTIFICATION. Box 688 could
be labeled VOICE/EMAIL NOTIFICATION.

[0075] In some embodiments of the arrangement of
FIG. 6, mobile communication device 510 receives infor-
mation from external defibrillator 100 via local commlink
571, sends notification information to wireless service
provider network 580, which then sends notification in-
formation to communication network 480, all as de-
scribed above in conjunction with FIG. 5.

[0076] Forsuchembodiments,the notificationinforma-
tion sent by mobile communication 510 also includes in-
formation addressing the notification to WCD server 685,
which can also be called WCD system server 685. In
some embodiments, the recipient contact information is
stored in WCD server and the WCD server is configured
to access the recipient contact information based on the
emergency event and/or patient ID information.
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[0077] WCD server 685 then processes the notification
information received via communication 480 to generate
one or more notification messages. Forexample, insome
embodiments, WCD server 685 is configured with profile
and preference information for each responder and gen-
erates the appropriate notification message for that re-
sponder (and/or the responder’s device 490). For receiv-
ing devices 490 that wireless (e.g., cell phones, smart-
phones, connected tablets, connected laptops, pagers,
etc.), WCD system server 685 in some embodiments
generates one or more SMS messages, recorded/syn-
thesized voice messages and/or emails to be sent to
those devices via a wireless service provider network
680 and a remote comlink 682. Similarly, for receiving
devices 490 that are wired or potentially wired (e.g., a
landline telephone, a desktop computer, etc.), WCD sys-
tem server 685 in some embodiments generates one or
more email messages, recorded or synthesized voice
messages to be sent to those devices via a wired comlink
687 such as the Internet, POTS, etc. The particular type
of notification message for each receiving device 490
may be selected by WCD system server 685 based on
contact information, emergency event and/or stored pro-
file/preference information.

[0078] Further, in some embodiments, in response to
received notifications, a responder can use his/her re-
ceiving device 490 to send a message to WCD server
system 685 indicating that the responder is going to re-
spond to provide the additional assistance, or cannot re-
spond, etc. Still further, in some such embodiments, the
WCD system server can then send notifications to other
responders indicating the responder(s) who have indi-
cated that they were are responding to provide the addi-
tional assistance. For example, the WCD system service
can send these notifications to other responders via SMS
message, or in direct application communication (de-
scribed below).

[0079] FIG. 7 is a diagram showing an embodiment of
particular communication arrangementimplementing the
general arrangement shown in FIG. 4. A caption for FIG.
7 could be: example recipient device with app arrange-
ment. The arrangement of FIG. 7, in this embodiment, is
similar to the arrangement of FIG. 6 but also includes
receiving devices 790 of non-witness or remote respond-
ers having a notification app installed for receiving noti-
fications from a WCD system server 785. WCD system
server 785, in some embodiments has the same func-
tionality as WCD system server 685 (FIG. 6) but in addi-
tion is configured to send notifications to the receiving
devices 790. In some embodiments, WCD system server
785 and the apps installed on receiving devices 790 im-
plement an event subscription architecture. Forexample,
in some embodiments when WCD server 785 receives
a notification of an emergency event experienced by pa-
tient 183 via communication 480, this generates an event
in the WCD system server 785. In response, WCD sys-
tem server 785 publishes the event to subscribed clients
(i.e.,the appsinstalled onreceiving devices 790) via wire-
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less service provider network 680 and remote commlink
772.Box 773 could be laebeled: app notification. In other
embodiments, other messaging mechanisms can be
used instead of or in combination with an event subscrip-
tion architecture, such as for example SMS text, Apple
iMessage, or other network messaging systems. In re-
sponse to receiving the published event, the apps on
receiving devices 790 then provide an alarm or alert via
the user interface of the receiving devices. In some em-
bodiments, the app is configured to provide the alert using
audio, visual and/or vibration outputs of the receiving de-
vice.

[0080] FIG. 8 is a diagram showing an embodiment of
particular communication arrangementimplementing the
general arrangement shown in FIG. 4. A caption for FIG.
8 could be: example cad-coupled server arrangement
(e.g. PulsePoint). The arrangement of FIG. 8, in this em-
bodiment, is similar to the arrangements of FIG. 6 and
7. Box 874 could be labeled EMERGENCY EVENT PA-
TIENT ID. This arrangement also includes a WCD sys-
tem server 885 and a computer-aided dispatch
(CAD)-coupled server 887 and receiving devices 890
having apps for use with CAD-coupled server 887.In one
embodiment, CAD-coupled server 887 is implemented
using a PulsePoint server, available from the PulsePoint
Foundation, Pleasanton, CA. (www.PulsePoint.org). Box
886 could be labeled EMERGENCY EVENT + LOCA-
TION.

[0081] CAD-coupled server 887 is typically coupled to
the CAD system (e.g., the emergency response or 911
system, not shown in FIG. 8) for a locality, and also to a
plurality of subscribers’ receiving devices 890 via a re-
mote comlink 872. Box 873 could be labeled CPR noti-
fication. In a typical operation, CAD-coupled server 887
would receive notification of certain types of emergency
events (e.g., cardiac arrest and the patient’s reported lo-
cation) from the CAD system and, in response, send an
alert (e.g., "CPR needed") to subscribers’ devices that
are near the patient’s reported location via remote com-
link 872.

[0082] Inaccordance with embodiments, WCD system
server 885 provides emergency event and location infor-
mation to CAD-coupled server 887 (i.e., instead of or in
addition to the notification from the CAD system). In re-
sponse to this emergency event and location information,
CAD-coupled server 887 is configured to provide an as-
sistance-needed notification (e.g., a CPR needed notifi-
cation in some embodiments) to the devices 990 of near-
by responders who have the app installed for receiving
notifications from CAD-coupled system server 887.
These responders may not people who do not know pa-
tient 182, but may be "good Samaritans" who have sub-
scribed or registered with the CAD-coupled server (e.g.,
PulsePointusers). WCD system server 885, in some em-
bodiments has the same functionality as WCD system
server 685 (FIG. 6) or WCD system server 785 (FIG. 7),
but in addition is configured to send notifications to CAD-
coupled server 887. In some embodiments, WCD system
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server 885 also sends notifications to non-witness re-
sponders to devices 790 (FIG. 7) as described above for
WCD system server 785, and/or device 490 (FIG. 6) as
described above for WCD system server 685.

[0083] The various embodiments of the devices and/or
systems disclosed in this document perform functions,
processes and/or methods as described above. These
functions, processes and/or methods may be implement-
ed 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. In some embodi-
ments, the computer is a specialized computer adapted
to and optimally configured for a specific purpose such
as for example, providing therapy shocks in emergency
situations. The logic circuitry may include a processor
and non-transitory computer-readable storage media,
such as memories, of the type described in this docu-
ment. Often, for the sake of convenience, it is preferred
to implement and describe a program as various inter-
connected distinct software modules or features. These,
along with data are individually and also collectively re-
ferred to herein as software. In some instances, software
is combined with hardware, in a mix called firmware.
[0084] Various embodiments of methods and algo-
rithms are described below. These methods and algo-
rithms are not necessarily inherently associated with any
particular logic device or other apparatus. Rather, they
can be advantageously implemented by programs for
use by a computing machine, such as a general-purpose
computer, a special purpose computer, a microproces-
sor, a microcontroller, a processor and/or a combination
of these devices such as described elsewhere in this doc-
ument, and so on.

[0085] This detailed description includes flowcharts,
display images, algorithms, and symbolic representa-
tions of program operations within at least one computer
readable medium. An economy is achieved in that a sin-
gle set of flowcharts is used to describe both programs,
and also methods. So, while flowcharts describe meth-
ods in terms of boxes, they also concurrently describe
programs.

[0086] FIG. 9A is a flow diagram illustrating a notifica-
tion process 900A for use in a WCD system (such as
described above in conjunction with FIGs. 2-8) to notify
remote or non-witness responders that the patient re-
quires additional assistance, according to embodiments.
Notification process 900A, in some embodiments, can
start after the WCD system provides a therapy (e.g., a
defibrillation shock) to the patient (e.g., patient 182 in
FIGs. 2-8) as previously described in conjunction with
FIG. 2. While not strictly part of a notification process,
the therapy operation is shown as an operation 920 in
dashed lines in FIG. 9A to facilitate the description em-
bodiments of notification process 900A. Box 920 could
include the words: PROVIDE THERAPY TO WCD
WEARER.
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[0087] In an operation 930 the patient is monitored to
determine whether the therapy was successful. Box 930
could include the words: THERAPY SUCESSFUL? In
some embodiments, a processor of the WCD system in-
cludes a process or module such as for example, shock
success module 370 (FIG.3) configured to determine
whether the therapy was successful (e.g., causing the
patient’s heart to return to a perfusing rhythm). In some
embodiments, the therapy is a defibrillation shock and is
determined to be successful if the shock caused the pa-
tient to no longer experience VF/VT.

[0088] Ifthe therapy is successful, notification process
900A ends without sending out a notice that the patient
needs additional assistance (e.g., CPR). However, if the
therapy is not successful, notification process 900A flows
to an operation 940. Box 940 could include the words:
MAX ATTEMPTS?

[0089] In operation 940, it is determined whether the
maximum number of unsuccessful therapy attempts has
been made. For example, in some embodiments the
number of unsuccessful therapy administrations is com-
pared to a maximum number. In some embodiments, the
processor of the WCD system includes a process or mod-
ule such as for example, assistance request module 374
(FI1G.3) configured to determine whether the maximum
number of unsuccessful therapy administrations (e.g.,
defibrillation shocks) has been made. According to em-
bodiments, the maximum number is an integer greater
than or equal to 1 and is accessible by the processor of
the WDC system. For example, in some embodiments
the maximum number of unsuccessful therapy adminis-
trations is stored in a memory such as memory 338 (FIG.
3) by a user (e.g., patient, physician, clinician or techni-
cian, etc.) when the WCD is configured for the patient or
at the factory when the WCD system is assembled.
[0090] If the number of unsuccessful therapy adminis-
trations was not reached, process 900A returns to oper-
ation 920 to provide another round of therapy (e.g., an-
other defibrillation shock). In some embodiments, the
processor of the WCD system tracks the number of un-
successful therapy applications. However, if the maxi-
mum number was reached, process 900A flows to an
operation 950. Box 950 could include the words: TRANS-
MIT ALERT(S) TO POTENTIAL RESPONDER(S).
[0091] In operation 950, a notification or alert is sent
or transmitted to potential responders who may be re-
mote from the patient and/or did not witness the patient
experiencing the emergency event. In some embodi-
ments, for example, the processor of the WCD system
has a process or module the same or similar to notifica-
tion module 378 (FIG. 3) configured to send or transmit
one or more notifications that the patient requires addi-
tional assistance. In some embodiments, the WCD sys-
tem has been configured with the contact information of
the potential responders and the notification(s) include
information indicating the patient’s location and that the
patient requires CPR. In some embodiments, a single
notification is sent to each of the responders, while in
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other embodiments the notification is periodically resent.
Box 955 could include the word: END. Embodiments of
operation 950 are described in more detail below in con-
junction with FIGs 10-15.

[0092] FIG. 9B is a flow diagram illustrating a notifica-
tion process 900B for use in a WCD system (such as
described above in conjunction with FIGs. 2-8) to notify
remote or non-witness responders that the patient re-
quires additional assistance, according to embodiments.
Operations 920, 930, 940, and 950 shown in FIG. 9B are
already described above in conjunction with FIG. 9A (in
a different order) so will not be described again in detail
for notification process 900B.

[0093] In operation 920, therapy is provided to the pa-
tient and in operation 930 it is determined whether the
therapy was successful as previously described accord-
ing to embodiments. If the therapy was successful, noti-
fication process ends without sending out a notice that
the patient needs additional assistance (e.g., CPR). How-
ever, if the therapy is not successful, in some embodi-
ments notification process 900B flows to an operation
960. Box 960 could include the words: Xth ATTEMPT?
[0094] In operation 960, it is determined whether an
"Xth" number of unsuccessful therapy attempts have
been made. For example, in some embodiments the
number of unsuccessful therapy administrations is divid-
ed by X, where X is a positive integer, and if there is no
remainder it is determined that the therapy attempt was
an "Xth" attempt. In some embodiments, the processor
of the WCD system includes a process or module such
as for example, assistance request module 374 (FIG.3)
configured to determine whether the unsuccessful ther-
apy administration (e.g., defibrillation shocks) was an Xth
attempt. For example, operation 960 can implemented
to detect every other (i.e., X = 2) unsuccessful attempt
or every 3 (i.e., X=3) unsuccessful attempt. For exam-
ple, in some embodiments the Xth number of unsuccess-
ful therapy administrations is stored in a memory such
as memory 338 (FIG. 3) by a user (e.g., patient, physi-
cian, clinician or technician, etc.) when the WCD is con-
figured for the patient or at the factory when the WCD
system is assembled.

[0095] Ifoperation 960 determines thatthe unsuccess-
ful therapy was not an Xth attempt, notification process
900B returns to operation 920. However, if the unsuc-
cessful therapy administration was an Xth attempt, noti-
fication process 900B flows to operation 950 and then
onto operation 940 (described above in conjunction with
FIG. 9A).

[0096] In some embodiments of notification process
900A (FIG. 9A) and notification process 900B in which
the WCD system includes a proximity detector as in
aforementioned U.S. Patent 9,339,663, operation 950
may be preceded by an operation to detect whether there
are bystanders nearby. Responsive to bystanders being
detected, the process may in some embodiments pro-
ceed to performing a local notification directed to the by-
standers instead of performing operation 950. Converse-
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ly, responsive to no bystanders being detected, then op-
eration 950 is performed.

[0097] FIG. 10 aflow diagramillustrating animplemen-
tation by a WCD system (e.g., as described above in
conjunction with FIG. 4) of operation 950 (FIGs. 9 and
9B), according to embodiments. In an operation 1010,
the WCD system obtains information related to: the emer-
gency event data (e.g., information related to the unsuc-
cessful therapy); the identification of the patient; and the
location of the patient. In some embodiments, the WCD
system includes modules and components the same or
similar to processor 330, memory 338 and location mod-
ule 386 (described in conjunction with FIG. 3) configured
to obtain this information. Box 1010 could include the
words: OBTAIN EMERGENCY EVENT, PATIENT ID
AND PATIENT LOCATION INFORMATION.

[0098] In an operation 1020, the WCD system trans-
mits information including atleast some of the emergency
event, patient ID and patient location information ob-
tained in operation 1010 to potential responders, using
the contact information also obtained in operation 1010.
Box 1020 could include the words: TRANSMIT EMER-
GENCY EVENT, PATIENT ID AND PATIENT LOCA-
TION INFORMATION DIRECTLY TO DESIGNATED
POTENTIAL RESPONDERS USING A WIRELESS
NETWORK. These responders may be remote from the
patient and may not have witnessed the emergency
event. In some embodiments, the WCD system includes
a communication module or component such as commu-
nication module 390 (FIG. 3) to transmit the information.
In some embodiments, the communication module, the
location module, the processor and the memory are part
of an external defibrillator of the WCD system, such as
external defibrillator 100 (FIG. 4). In some embodiments,
the information is transmitted directly from the WCD sys-
tem to mobile phone number(s) of the responder(s) via
SMS messages. In otherembodiments, the WCD system
may make a wireless phone call to the responder(s) in
which the information is in the form of a recorded or syn-
thesized voice message.

[0099] FIG. 11 is a flowchart illustrating an implemen-
tation by a WCD system (e.g., as described above in
conjunction with FIG. 4) of operation 950 (FIGs. 9 and
9B), according to embodiments. In an operation 1110,
the WCD system obtains information related to the emer-
gency event data (e.g., information related to the unsuc-
cessful therapy), the location of the patient, and the iden-
tification of the patient. Box 1110 could include the words:
OBTAIN EMERGENCY EVENT, PATIENT ID AND PA-
TIENT LOCATION INFORMATION. In some embodi-
ments, the WCD system includes modules and compo-
nents the same or similar to processor 330, location mod-
ule 386 and memory 338 (described in conjunction with
FIG. 3) that are configured to obtain this information. In
some embodiments, the location module, processor and
memory are disposed in an external defibrillator unit of
the WCD system such as external defibrillator 100 (FIG.
5).

10

15

20

25

30

35

40

45

50

55

14

[0100] In an operation 1115, the WCD system obtains
the contact information of the potential responders. Box
1115 could include the words: OBTAIN CONTACT IN-
FORMATION OF POTENTIAL RESPONDERS. In some
embodiments, this contact information may be obtained
from the memory of an external defibrillator as described
above for operation 1110 by a separate mobile commu-
nication device such as for example mobile communica-
tion device 510 (FIG. 5). In other embodiments, the con-
tact information may be stored in a memory of the mobile
communication device itself, or in the WCD server (ac-
cessed, for example, by patient ID).

[0101] In an operation 1120, the WCD system trans-
mits information including atleast some of the information
obtained in operation 1110 to potential responders using
the contact information obtained in operation 1115. Box
1120 could include the words: TRANSMIT EMERGEN-
CY EVENT AND PATIENT LOCATION INFORMATION
DIRECTLY TO OBTAINED POTENTIAL RESPOND-
ERS USING AWIRELESS NETWORK. This transmitted
information includes enough information for the respond-
er to know the emergency and the patient’s location. In
some embodiments, the information is transmitted direct-
ly from the mobile communication device (described
above for operation 1115) to mobile phone number(s) of
the responder(s) via SMS messages. In other embodi-
ments, the WCD system may make a wireless phone call
to the responder(s) in which the information is included
in a recorded or synthesized voice message.

[0102] FIG. 12is a flowchart illustrating an implemen-
tation by a WCD system (e.g., as described above in
conjunction with FIG. 4) of operation 950 (FIGs. 9 and
9B), according to embodiments. In an operation 1210,
the WCD system obtains information related to the emer-
gency event data (e.g., information related to the unsuc-
cessful therapy) and the identification of the patient. Box
1210 could include the words: OBTAIN EMERGENCY
EVENT, PATIENT ID INFORMATION. In some embod-
iments, the WCD system includes modules and compo-
nents the same or similar to processor 330 and memory
338 (described in conjunction with FIG. 3) that are con-
figured to obtain this information. In some embodiments,
the processor and memory are disposed in an external
defibrillator unit of the WCD system, such as external
defibrillator 100 (FIG. 5).

[0103] Inanoperation 1212, the WCD system provides
at least some of the information obtained in operation
1110 to a mobile communication device such as mobile
communication device 510 (FIG. 5). Box 1212 could in-
clude the words: PROVIDE EMERGENCY EVENT, PA-
TIENT ID INFORMATION TO MOBILE COMMUNICA-
TION DEVICE. In some embodiments, the external de-
fibrillator described for operation 1210 provides this in-
formation to the mobile communication device.

[0104] In an operation 1215, the WCD system obtains
the contact information of the potential responders and
the location information of the patient. Box 1215 could
include the words: OBTAIN CONTACT INFORMATION
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OF POTENTIAL RESPONDERS AND PATIENT LOCA-
TION INFORMATION. In some embodiments, this con-
tact and patient location information may be obtained
from the memory of the external defibrillator described
above for operation 1210 by the mobile communication
device. In other embodiments, the contact information
may be stored in a memory of the mobile communication
device itself, or in the WCD server (accessed, for exam-
ple, by patient ID). Still further, the location information
may be obtained by the mobile communication device
using a location module (similar to location module 386
of FIG. 3) that is disposed or implemented in the mobile
communication device itself.

[0105] In an operation 1220, the WCD system trans-
mits information including atleast some of the information
obtained in operations 1210 and 1215 to potential re-
sponders using the contact information obtained in op-
eration 1215. Box 1220 could include the words: TRANS-
MIT AT LEAST EMERGENCY EVENT AND PATIENT
LOCATION INFORMATION DIRECTLY TO POTEN-
TIAL RESPONDERS USING A WIRELESS NETWORK
AND OBTAINED CONTACT INFORMATION. In some
embodiments, the information is transmitted directly from
the mobile communication device to mobile phone
number(s) of the responder(s) via SMS messages. In
some embodiments, the information is transmitted via a
wireless comlink, wireless service provider network, and
communication network such as, for example, remote
comlink 572 (FIG. 5), wireless service provider network
580 (FIG. 5) and communication network 480 (FIG. 5).
In other embodiments, the WCD system may make a
wireless phone call to the responder(s) in which the in-
formation is in a recorded or synthesized voice message
instead of or in addition to an SMS message.

[0106] FIG. 13 is a flowchart illustrating an implemen-
tation by a WCD system (e.g., as described above in
conjunction with FIG. 4) of operation 950 (FIGs. 9 and
9B), according to embodiments. The flowchart of FIG. 13
includes operations 1210, 1212, and 1215 as described
above in conjunction with FIG. 12. However, after oper-
ation 1215 is performed, instead of flowing to operation
1220, in the flowchart of FIG. 13 an operation 1320 is
performed.

[0107] In operation 1320, the WCD system transmits
information including at least some of the information ob-
tained in operations 1210 and 1215 to a WCD system
server via a wireless comlink, wireless service provider
network, and communication network such as, for exam-
ple, WCD system server 685 (FIG. 6), remote comlink
572 (FIG. 6), wireless service provider network 580 (FIG.
6) and communication network 480 (FIG. 6). Box 1320
could include the words: TRANSMIT OBTAINED EMER-
GENCY EVENT, PATIENT ID, PATIENT LOCATION IN-
FORMATIONAND CONTACT INFORMATIONTOWCD
SYSTEM SERVER.

[0108] In an operation 1330 at least some of the infor-
mation received by the WCD system server in operation
1320 is transmitted by the WCD system server to the
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responders using the contact information obtained in op-
eration 1320. Box 1330 could include the words: TRANS-
MIT EMERGENCY EVENT, PATIENT ID, AND PA-
TIENT LOCATION INFORMATION TO POTENTIAL RE-
SPONDERS USING OBTAINED CONTACT INFORMA-
TION VIA SMS/EMAIL/VOICE MESSAGE(S). This
transmitted information includes enough information for
the responder to know the emergency and the patient’s
location. In some embodiments, the WCD system server
sends this information to mobile phone number(s) of the
responder(s) via SMS messages and/or recorded/syn-
thesized voice messages. In some embodiments, the in-
formation is transmitted via a wireless service provider
network, a remote comlink and/or a wired comlink such
as, for example, remote comlink 682 (FIG. 6), wireless
service provider network 680 (FIG. 6) and wired comlink
687 (FIG. 6).

[0109] FIG. 14 is a flowchart illustrating an implemen-
tation by a WCD system (e.g., as described above in
conjunction with FIG. 4) of operation 950 (FIGs. 9 and
9B), according to embodiments. The flowchart of FIG. 14
includes operations 1210 and 1212 as described above
in conjunction with FIG. 12. However, after operation
1212 is performed, instead of flowing to operation 1215,
in the flowchart of FIG. 14 an operation 1415 is per-
formed.

[0110] Inoperation 1415, the WCD system obtains the
contact information of the potential responders and the
location information of the patient. Box 1415 could in-
clude the words: OBTAIN CONTACT INFORMATION
OF POTENTIAL RESPONDERS HAVING APP AND PA-
TIENT LOCATION INFORMATION. In some embodi-
ments, this contact and patient location information may
be obtained by the mobile communication device from
the memory of the external defibrillator (e.g., external de-
fibrillator 100 of FIG. 7) of the WCD system. In other
embodiments, the contact information may be stored in
a memory of the mobile communication device itself. Still
further, the location information may be obtained by the
mobile communication device using a location module
(similar to location module 386 of FIG. 3) that is disposed
or implemented in the mobile communication device it-
self.

[0111] Insome embodiments accordingto FIG. 14, the
contact information for the potential responders is the
contactinformation of responders who have a notification
app installed on their receiving devices. For example,
these potential responders may have receiving devices
such as receiving devices 790 (FIG. 7) in which they have
installed a notification app.

[0112] In operation 1420, the WCD system transmits
information including atleast some of the information ob-
tained in operations 1210 and 1415 to a WCD system
server via a wireless comlink, wireless service provider
network, and communication network such as, for exam-
ple, WCD system server 685 (FIG. 7), remote comlink
572 (FIG.7), wireless service provider network 580 (FIG.
7) and communication network 480 (FIG. 7). Box 1420
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could include the words: TRANSMIT EMERGENCY
EVENT, PATIENT ID, PATIENT LOCATION INFORMA-
TION ANDOBTAINED CONTACT INFORMATION TO
WCD SYSTEM SERVER.

[0113] In an operation 1430 at least some of the infor-
mation received by the WCD system server in operation
1420 is transmitted by the WCD system server to the
notification app on the responders’ receiving devices, us-
ing the contact information obtained in operation 1420.
Box 1430 could include the words: TRANSMIT EMER-
GENCY EVENT, PATIENT ID, AND PATIENT LOCA-
TION INFORMATION TO POTENTIAL RESPONDERS
USING OBTAINED CONTACT INFORMATION VIAAPP
NOTIFICATION OR ALERT. This transmitted informa-
tion includes enough information for the responder to
know the emergency and the patient’s location. In some
embodiments, the WCD system server sends this infor-
mation to via a wireless service provider network and a
remote comlink such as, for example, wireless service
provider network 680 and remote comlink 772 as de-
scribed above in conjunction with FIG. 7.

[0114] FIG. 15 is a flowchart illustrating an implemen-
tation by a WCD system (e.g., as described above in
conjunction with FIG. 4) of operation 950 (FIGs. 9 and
9B), according to embodiments. The flowchart of FIG. 15
includes operations 1210 and 1212 as described above
in conjunction with FIG. 12. However, after operation
1212 is performed, instead of flowing to operation 1215,
in the flowchart of FIG. 15 an operation 1520 is per-
formed. Box 1520 could include the words: TRANSMIT
EMERGENCY EVENT, PATIENT ID, PATIENT LOCA-
TION INFORMATION TO WCD SYSTEM SERVER.
[0115] In operation 1520, the WCD system transmits
information including at least some of the information ob-
tained in operations 1210 to a WCD system server via a
wireless comlink, wireless service provider network, and
communication network such as, for example, WCD sys-
tem server 685 (FIG. 8), remote comlink 572 (FIG. 8),
wireless service provider network 580 (FIG. 8) and com-
munication network 480 (FIG. 8).

[0116] In an operation 1530 at least some of the infor-
mation received by the WCD system server in operation
1520 is transmitted by the WCD system server to a CAD-
coupled server such as, forexample, CAD-coupled serv-
er 885 as described above in conjunction with FIG. 8.
Box 1530 could include the words: TRANSMIT EMER-
GENCY EVENT AND PATIENT LOCATION INFORMA-
TION TO CAD-COUPLED SERVER (E.G., PULSE-
POINT). In some embodiments, the CAD-coupled server
is a PulsePoint server (enhanced to receive/process in-
formation from the WCD system server), and the infor-
mation transmitted to the CAD-coupled server does not
include any contact information for potential responders
as the PulsePoint server has this information.

[0117] In an operation 1540, the CAD-coupled server
transmits information to the notification app on the re-
sponders’ receiving devices. Box 1540 could include the
words: TRANSMIT EMERGENCY EVENT AND PA-
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TIENT LOCATION INFORMATION TO POTENTIAL RE-
SPONDERS VIA APP NOTIFICATION OR ALERT. This
transmitted information includes enough information for
the responder to know the emergency and the patient’s
location. In some embodiments, the information also in-
cludes map information to facilitate the responder in lo-
cating the patient, and may include information indicating
thatan AED is not needed (since the WCD has provided
one or more unsuccessful shocks) and omit AED location
information which can be included in the CAD-coupled
server notifications. In some embodiments, the CAD-
coupled server sends this information to via a wireless
service provider network and a remote comlink such as,
for example, remote comlink 872 as described above in
conjunction with FIG. 8. In some embodiments, remote
comlink is implemented using a wireless service provider
network similar to wireless service network provider 680
(FIG. 6).

[0118] FIG. 16 is a diagram of an example scene,
where a patient 1682 has fallen on ground 1603, in an
emergency. Patient 1682 is wearing an outer garment
1699. Patient 1682 is also wearing a WCD system 1602,
of which only a small portion is shown, and in dashed
lines, as itis obscured by outer garment 1699. A bystand-
er or responder 1683 has been engaged, and is perform-
ing CPR chestcompressions on patient 1682. This scene
may occur when the WCD system 1602 has delivered
the maximum number of shocks to the patient, sent no-
tifications or alerts to remote or non-witness responders,
and bystander 1683 is one of the responders who re-
ceived the notification.

[0119] WCD system 1602 may include processor 230
(FIG. 2), support structure 170 (FIG. 1), energy storage
module 250 (FIG. 2), and discharge circuit 255 (FIG. 2).
It may also have speaker system (not shown) as part of
user interface 280 (FIG. 2), which has been configured
to output a transmitted sound 1672. In this example,
transmitted sound 1672 has substantially periodic con-
tents 1673. Contents 1673 may be designed to assist
bystander 1683 to perform CPR chest compressions to
patient 1682. For example, contents 1673 may be se-
quences of tones, to which bystander 1683 can synchro-
nize their sequences of compressions - in other words a
metronome-type sound. Transmitted sound 1672 may
further communicate arequest to not remove the support
structure from the patient. In addition, transmitted sound
1672 can further communicate reminders to perform
CPR ventilations as part of the overall CPR. Related
transmitted sounds, or images, can assure bystander
1683 that no shock is impending, that there will be ample
notification well before a shock is prepared, and that
shock will not happen before bystander 1683 is ready.
[0120] In a number of embodiments of WCD system
1602, CPR chest compressions that are performed on
patient 1682 are detected. Detection may be in a number
of ways. In some embodiments, WCD system 1602 in-
cludes one or more motion detectors 384 (FIG. 3), which
can be coupled to the support structure. This way, the
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performed CPR chest compressions can be detected by
the one or more motion detectors 384. Moreover, at least
one of motion detectors 384 can be coupled to the sup-
port structure at such a point as to be near the sternum
of patient 1682, and at least one of motion detectors 384
can be coupled to the support structure at such a point
as to be near the back of patient 1682. Alternately or in
addition, WCD system 1602 can have an impedance
sensing module, for example from measurement circuit
220 (FIG. 2); in such cases, the performed CPR chest
compressions can be detected by the impedance sens-
ing module, as the CPR chest compressions affect the
patient impedance.

[0121] In embodiments of WCD system 1602 where
performed CPR chest compressions are detected, feed-
back may be additionally communicated to the user. The
feedback may refer at least to a depth or to a rate of the
detected CPR chest compressions. The feedback can
be communicated in a number of ways. For example, in
some embodiments the feedback is communicated by
transmitted sound 1672. In other embodiments, the feed-
back is communicated by visual representations on
screen 375 on WCD system 1602.

[0122] Insome embodiments, the detected CPR chest
compressions are recorded, along with other events. The
detected CPR chest compressions may be analyzed,
Figures of Merit may be computed, and so on. It should
be remembered that, unless more is known, bystander
1683 is likely not a trained first responder, but a well-
meaning "Good Samaritan" who may have even learned
First Aid and CPR, but many years prior and may have
forgotten some of it.

[0123] In some embodiments, WCD system 1602
makes further provisions for shocking the patient after
CPR is received. Accordingly, transmitted sound 1672
may further communicate a request for bystander 1683
to no longer touch patient 1682. This request may be
communicated after at least two minutes of detecting
chest compressions, in which case it may be judged that
patient 1682 has received some benefit from the CPR.
In some embodiments, the request to no longer touch
the patient can be communicated less than two minutes
after detecting the chest compressions, for example in
cases where it is judged that the CPR is poor, and not
improving despite any prompts or feedback.

[0124] The request to not touch the patient may be
communicated anyway as a safety feature, even if by-
stander 1983 has not yet touched patient 1682. It could
be that no bystander gave CPR, but someone was pre-
paring to do so.

[0125] In some embodiments, additional provisions for
shocking the patient after CPR can include that transmit-
ted sound 1672 further communicates a request to say
one or more preset affirmative words, such as "CLEAR",
"YES", or "ALL CLEAR". It may be possible to be able to
detect reliably every time whether bystander 1683 is no
longer touching patient 1682, but engaging bystander
1683 this way may also help. In some of these embodi-
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ments, WCD system 1602 further includes microphone
(notshown) as part of user interface 280 (FIG. 2) coupled
to the support structure. This microphone can be config-
ured to sense an ambient sound, and the electrical
charge can be discharged through the patient responsive
to the sensed ambient sound including one or more of
the preset affirmative words.

[0126] In the methods described above, each opera-
tion 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 entire
system or device, or just one or more components of it.
In addition, the order of operations is not constrained to
what is shown, and different orders may be possible ac-
cording to different embodiments. Moreover, in certain
embodiments, new operations may be added, or individ-
ual 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.

[0127] 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 the present invention. 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 this prior art forms parts of the
common general knowledge in any country.

[0128] This description includes one or more exam-
ples, but that does not limit how the invention may be
practiced. Indeed, examples or embodiments of the in-
vention may be practiced according to what is described,
or yet differently, and also in conjunction with other
present or future technologies. Other embodiments in-
clude combinations and sub-combinations of features
described herein, including for example, embodiments
that are equivalent to: providing or applying a feature in
a different order than in a described embodiment; ex-
tracting an individual feature from one embodiment and
inserting such feature into another embodiment; remov-
ing one or more features from an embodiment; or both
removing a feature from an embodiment and adding a
feature extracted from another embodiment, while pro-
viding the features incorporated in such combinations
and sub-combinations.

[0129] In this document, a phrase in the form of "A
and/or B" is used to indicate "A or B or both A and B".
Further, 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 preceding these
phrases and, as such, reach well beyond merely describ-
ing an intended use. Any such elements or features can
be implemented in any number of ways, as will be ap-
parent to a person skilled in the art after reviewing the
present disclosure, beyond any examples shown in this
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document.

[0130] The following claims define certain combina-
tions and subcombinations of elements, features and
steps or operations, which are regarded as novel and
non-obvious. Additional claims for other such combina-
tions and subcombinations may be presented in this or
a related document.

Claims

1. A wearable cardioverter defibrillator (WCD) system,
comprising:

a support structure configured to be worn by a
patient;

a plurality of electrodes coupled to or integrated
in the support structure;

an energy storage module configured to store
an electrical charge;

a discharge circuit configured to be coupled to
the energy storage module and configured to
deliver one or more shocks to the patient while
the support structure is worn by the patient using
the plurality of electrodes and electrical charge
stored in the energy storage module;

a location module configured to determine a lo-
cation of the patient;

a shock success module configured to deter-
mine whether a shock administered to the pa-
tient was successful;

an assistance request module coupled to the
shock success module, wherein:

responsive to a determination by the shock
success module that N shocks adminis-
tered to the patient were unsuccessful, N
being an integer greater than 1, the assist-
ance request module is configured to deter-
mine that one or more responders should
be notified that the patient requires further
assistance, wherein N is the maximum
number of unsuccessful shocks that the
WCD system will administer to a patient;
and

responsive to a determination by the shock
success module that shock was successful,
the assistance request module is config-
ured to determine that the one or more re-
sponders should not be notified;

a notification module, coupled to the assist-
ance request module, configured to obtain
information comprising emergency event
information, patient identification informa-
tion, patient location information, and re-
sponder contact information in response to
a determination that one or more respond-
ers should be notified that the patient re-
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quires further assistance; and

a communication module, coupled to the
notification module, configured to transmit
atleast some of the information obtained by
the notification module.

The WCD system of claim 1, further comprising a
processor configured to be coupled to the support
structure and to implement at least a part of the lo-
cation module and/or the communication module.

The WCD system of claim 2, further comprising a
mobile communication device, separate from the
processor, configured to be coupled to the processor
and to implement atleast another part of the location
module and/or the communication module, in partic-
ular wherein the processor is configured to transmit
emergency event information and patient identifica-
tion information to the mobile communication device.

The WCD system according to any of the preceding
claims, in which the communication module is con-
figured to transmit the at least some information ob-
tained from the notification module in a voice mes-
sage or a SMS message or both a voice message
and a SMS message to one or more responders us-
ing contact information stored in the WCD system.

The WCD system according to any of the preceding
claims, in which the communication module is con-
figured to transmit the at least some information ob-
tained from the notification module to a WCD system
server configured to communicate the at least some
information to one or more responders using contact
information stored in the WCD system.

The WCD system of claim 5, in which the WCD sys-
tem server is configured to communicate the at least
some information obtained from the notification mod-
ule to the one or more responders using one or more
notification applications configured on one or more
devices of the one or more responders.

The WCD system according to any of the preceding
claims, in which the communication module is con-
figured to transmit the at least some information ob-
tained from the notification module to a WCD system
server configured to communicate the at least some
information to a CAD-coupled server, the CAD-cou-
pled server being configured to communicate atleast
a portion of the transmitted information from the
WCD server to one or more responders.

The WCD system of claim 7, in which the CAD-cou-
pled server is configured to communicate the at least
a portion of the transmitted information to the one or
more responders using one or more notification ap-
plications configured on one or more devices of the
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one or more responders.

The WCD system of any of the preceding claims
comprising a WCD system server, wherein recipient
contact information is stored in the WCD system
server and the WCD system server is configured to
access the recipient contact information based on
the emergency event and/or patient ID information.

The WCD system of claim 9, wherein the WCD sys-
tem server is configured with profile and preference
information for each responder and generates the
appropriate notification message for that responder
and/or the responder’s device.

The WCD system of any of the preceding claims,
wherein the notification module is configured such
that the responder contact information can be en-
tered by the user or clinician when the patient is fitted
with the WCD system and can be updated as de-
sired.

Patentanspriiche

1.

Tragbares Cardioverter-Defibrillator-System (WCD-
System), mit:

einer Haltestruktur, die dazu eingerichtetist, von
einem Patienten getragen zu werden;
mehreren Elektroden, die mit der Haltestruktur
verbunden oder in diese integriert sind;

einem Energiespeichermodul, das dazu einge-
richtet ist, eine elektrische Ladung zu speichern;
einer Entladeschaltung, die dazu eingerichtet
ist, mit dem Energiespeichermodul verbunden
zu werden, und dazu eingerichtet ist, unter Ver-
wendung der mehreren Elektroden und der in
dem Energiespeichermodul gespeicherten
elektrischen Ladung einen oder mehrere
Schocks an den Patienten abzugeben, wéhrend
die Haltestruktur vom Patienten getragen wird;
einem Ortungsmodul, das dazu eingerichtet ist,
einen Ort des Patienten zu bestimmen;

einem Schockerfolgsmodul, das dazu einge-
richtet ist zu bestimmen, ob ein dem Patienten
verabreichter Schock erfolgreich war;

einem Hilfeanforderungsmodul, das mit dem
Schockerfolgsmodul verbunden ist, wobei:

als Reaktion auf eine Bestimmung durch
das Schockerfolgsmodul, dass N dem Pa-
tienten verabreichte Schocks erfolglos wa-
ren, wobei N eine ganze Zahl grofer als 1
ist, das Hilfeanforderungsmodul so einge-
richtet ist, dass es bestimmt, dass ein oder
mehrere Helfer davon benachrichtigt wer-
den sollten, dass der Patient weitere Hilfe
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bendtigt, wobei N die maximale Anzahl er-
folgloser Schocks ist, die das WCD-System
einem Patienten verabreicht; und

als Reaktion auf eine Bestimmung durch
das Schockerfolgsmodul, dass der Schock
erfolgreich war, das Hilfeanforderungsmo-
dul so eingerichtet ist, dass es bestimmt,
dass der eine oder die mehreren Helfer
nicht benachrichtigt werden sollten;

einem Benachrichtigungsmodul, das mit
dem Hilfeanforderungsmodul verbunden
und so eingerichtetist, dass es als Reaktion
auf eine Bestimmung, dass ein oder meh-
rere Helfer davon benachrichtigt werden
sollten, dass der Patient weitere Hilfe beno-
tigt, Informationen erlangt, die Notfallereig-
nisinformationen, Patientenidentifikations-
informationen, Patientenortsinformationen
und Helferkontaktinformationen umfassen;
und

einem Kommunikationsmodul, das mitdem
Benachrichtigungsmodul verbunden und
so eingerichtet ist, dass es wenigstens ei-
nige der vom Benachrichtigungsmodul er-
langten Informationen Ubertragt.

WCD-System nach Anspruch 1, ferner mit einem
Prozessor, der so eingerichtet ist, dass er mit der
Haltestruktur verbunden ist und wenigstens einen
Teil des Ortungsmoduls und/oder des Kommunika-
tionsmoduls implementiert.

WCD-System nach Anspruch 2, ferner miteiner vom
Prozessor getrennten Mobilkommunikationsvorrich-
tung, die so eingerichtet ist, dass sie mit dem Pro-
zessor verbunden ist und wenigstens einen anderen
Teil des Ortungsmoduls und/oder des Kommunika-
tionsmoduls implementiert, insbesondere wobei der
Prozessor so eingerichtet ist, dass er Notfallereigni-
sinformationen und Patientenidentifikationsinforma-
tionen an die Mobilkommunikationsvorrichtung
Ubertragt.

WCD-System nach einem der vorhergehenden An-
spriiche, bei dem das Kommunikationsmodul so ein-
gerichtet ist, dass es die wenigstens einigen vom
Benachrichtigungsmodul erlangten Informationen in
einer Sprachnachricht oder einer SMS-Nachricht
oder sowohl in einer Sprachnachricht als auch einer
SMS-Nachricht unter Verwendung von im WCD-
System gespeicherten Kontaktinformationen an ei-
nen oder mehrere Helfer tbertragt.

WCD-System nach einem der vorhergehenden An-
spriiche, bei dem das Kommunikationsmodul so ein-
gerichtet ist, dass es die wenigstens einigen vom
Benachrichtigungsmodul erlangten Informationen
an einen WCD-System-Server Ubertragt, der so ein-
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gerichtet ist, dass er die wenigstens einigen Infor-
mationen unter Verwendung von im WCD-System
gespeicherten Kontaktinformationen an einen oder
mehrere Helfer Gbermittelt.

WCD-System nach Anspruch 5, bei dem der WCD-
System-Server so eingerichtet ist, dass er die we-
nigstens einigen vom Benachrichtigungsmodul er-
langten Informationen unter Verwendung einer oder
mehrerer Benachrichtigungsanwendungen, die auf
einer oder mehreren Vorrichtungen des einen oder
der mehreren Helfer eingerichtet sind, an den einen
oder die mehreren Helfer tbermittelt.

WCD-System nach einem der vorhergehenden An-
spriiche, bei dem das Kommunikationsmodul so ein-
gerichtet ist, dass es die wenigstens einigen vom
Benachrichtigungsmodul erlangten Informationen
an einen WCD-System-Server Ubertragt, der so ein-
gerichtet ist, dass er die wenigstens einigen Infor-
mationen an einen CAD-gekoppelten Server iber-
mittelt, wobei der CAD-gekoppelte Server so einge-
richtet ist, dass er wenigstens einen Teil der Uber-
tragenen Informationen vom WCD-Server an einen
oder mehrere Helfer Gbermittelt.

WCD-System nach Anspruch 7, bei dem der CAD-
gekoppelte Server so eingerichtet ist, dass er den
wenigstens einen Teil der Ubertragenen Informatio-
nen unter Verwendung einer oder mehrerer Benach-
richtigungsanwendungen, die auf einer oder mehre-
ren Vorrichtungen des einen oder der mehreren Hel-
fer eingerichtet sind, an den einen oder die mehreren
Helfer Gbermittelt.

WCD-System nach einem der vorhergehenden An-
spriiche, mit einem WCD-System-Server, wobei in
dem WCD-System-Server Empfangerkontaktinfor-
mationen gespeichert sind und der WCD-System-
Server so eingerichtet ist, dass er anhand der Not-
fallereignis- und/oder Patienten-ID-Informationen
auf die Empfangerkontaktinformationen zugreift.

WCD-System nach Anspruch 9, bei dem der WCD-
System-Server mit Profil- und Praferenzinformatio-
nen fiir jeden Helfer ausgebildet ist und die entspre-
chende Benachrichtigungsnachricht fir diesen Hel-
fer und/oder die Vorrichtung des Helfers erzeugt.

WCD-System nach einem der vorhergehenden An-
spriiche, bei dem das Benachrichtigungsmodul so
eingerichtet ist, dass die Helferkontaktinformationen
vom Benutzer oder vom Kliniker eingegeben werden
kénnen, wenn der Patient mit dem WCD-System
ausgestattet ist, und nach Belieben aktualisiert wer-
den kénnen.
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Revendications

Systéme  défibrillateur cardioverteur

(WCD), comprenant :

portable

une structure de support réalisée de maniére a
étre portée par un patient ;

une pluralité d’électrodes couplées ou intégrées
a la structure de support ;

un module de stockage d’énergie réalisé de ma-
niére a stocker une charge électrique ;

un circuit de décharge configuré pour étre cou-
plé au module de stockage d’énergie et confi-
guré pour délivrer un ou plusieurs chocs au pa-
tient lorsque la structure de support est portée
par le patient en utilisant |a pluralité d’électrodes
et la charge électrique stockée dans le module
de stockage d’énergie ;

un module de localisation configuré pour déter-
miner la position du patient ;

un module de réussite de choc configuré pour
déterminer si un choc administré au patient a
réussi ;

un module de demande d’assistance couplé au
module de réussite de choc, dans lequel :

en réponse a une détermination par le mo-
dule de réussite de choc que N chocs ad-
ministrés au patient ont échoué, N étant un
nombre entier supérieur a 1, le module de
demande d’assistance est configuré pour
déterminer qu’un ou plusieurs répondeurs
doivent étre informés que le patient néces-
site une assistance supplémentaire, N étant
le nombre maximal de chocs sans succes
que le systeme WCD va administrer a un
patient ; et

en réponse a une détermination par le mo-
dule de réussite de choc que le choc a réus-
si, le module de demande d’assistance est
configuré pour déterminer que ledit un ou
lesdits plusieurs répondeurs ne doivent pas
étre informés ;

un module de notification qui est couplé au
module de demande d’assistance et qui est
configuré pour obtenir des informations
comprenant des informations d’événement
d’'urgence, des information d’identification
du patient, des informations de position du
patient et des informations de contact du
répondeur en réponse a une détermination
qu’un ou plusieurs répondeurs devraient
étre informés que le patient nécessite une
assistance supplémentaire ; et

un module de communication qui est couplé
au module de notification et qui est configu-
ré pour transmettre au moins certaines des
informations obtenues par le module de no-
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tification.

Systeme WCD selon la revendication 1, comprenant
en outre un processeur qui est configuré pour étre
couplé alastructure de support eta mettre en oeuvre
au moins une partie du module de localisation et/ou
du module de communication.

Systeme WCD selon la revendication 2, comprenant
en outre un dispositif de communication mobile sé-
paré du processeur, qui est configuré pour étre cou-
plé au processeur et a mettre en oeuvre au moins
une autre partie du module de localisation et/ou du
module de communication, le processeur étant en
particulier configuré pour transmettre au dispositif
de communication mobile des informations d’événe-
ment d’urgence et des informations d’identification
du patient.

Systeme WCD selon 'une des revendications pré-
cédentes, dans lequel le module de communication
est configuré pour transmettre lesdites au moins cer-
taines informations obtenues du module de notifica-
tion dans un message vocal ou un message SMS
ou a la fois dans un message vocal et un message
SMS a un ou plusieurs répondeurs en utilisant des
informations de contact stockées dans le systeme
WCD.

Systeme WCD selon 'une des revendications pré-
cédentes, dans lequel le module de communication
est configuré pour transmettre lesdites au moins cer-
taines informations obtenues du module de notifica-
tion a un serveur de systéme WCD configuré pour
communiquer lesdites au moins certaines informa-
tions a un ou plusieurs répondeurs en utilisant des
informations de contact stockées dans le systeme
WCD.

Systeme WCD selon la revendication 5, dans lequel
le serveur de systeme WCD est configuré pour com-
muniquer lesdites au moins certaines informations
obtenues du module de notification audit un ou
auxdits plusieurs répondeurs en utilisant une ou plu-
sieurs applications de notification configurées sur un
ou plusieurs dispositifs dudit un ou desdits plusieurs
répondeurs.

Systeme WCD selon 'une des revendications pré-
cédentes, dans lequel le module de communication
est configuré pour transmettre lesdites au moins cer-
taines informations obtenues du module de notifica-
tion a un serveur de systeme WCD qui est configuré
pour communiquer lesdites au moins certaines in-
formations a un serveur couplé a CAD, le serveur
couplé a CAD étant configuré pour communiquer au
moins une partie des informations transmises du ser-
veur WCD a un ou plusieurs répondeurs.
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Systéme WCD selon la revendication 7, dans lequel
le serveur couplé a CAD est configuré pour commu-
niquer ladite au moins une partie des informations
transmises audit un répondeur ou auxdits plusieurs
répondeurs en utilisant une ou plusieurs applications
de notification configurées sur un ou plusieurs dis-
positifs dudit un ou desdits plusieurs répondeurs.

Systéme WCD l'une des revendications précéden-
tes, comprenant un serveur de systéeme WCD, dans
lequel des informations de contact du destinataire
sont stockées dans le serveur de systeme WCD et
le serveur de systeme WCD est configuré pour ac-
céder aux informations de contact du destinataire
sur la base des informations d’événementd’urgence
et/ou d’identification du patient.

Systéme WCD selon la revendication 9, dans lequel
le serveur de systeme WCD est configuré avec des
informations de profil et de préférence pour chaque
répondeur et génere le message de notification ap-
proprié pour ce répondeur et/ou le dispositif du ré-
pondeur.

Systéme WCD selon I'une des revendications pré-
cédentes, dans lequel le module de notification est
configuré de telle sorte que des informations de con-
tact du répondeur peuvent étre entrées par I'utilisa-
teur ou le clinicien lorsque le patient est équipé du
systeme WCD, et peuvent étre mises a jour comme
souhaité.
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