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SUBSTANTIALLY-MEDIAN-BASED
DETERMINATION OF LONG-TERM HEART
RATES FROM ECG DATA OF WEARABLE
CARDIOVERTER DEFIBRILLATOR (WCD)
SYSTEM

CROSS REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This patent application claims priority from U.S.
provisional patent application Ser. No. 62/662,128, filed on
Apr. 24, 2018.

BACKGROUND

[0002] When people suffer from some types of heart
arrhythmias, the result may be that blood flow to various
parts of the body is reduced. Some arrhythmias may even
result in a Sudden Cardiac Arrest (SCA). SCA can lead to
death very quickly, e.g. within 10 minutes, unless treated in
the interim. Some observers have thought that SCA is the
same as a heart attack, which it is not.

[0003] Some people have an increased risk of SCA. Such
people include patients who have had a heart attack, or a
prior SCA episode. A frequent recommendation for these
people is to receive an Implantable Cardioverter Defibrilla-
tor (ICD). The ICD is surgically implanted in the chest, and
continuously monitors the patient’s electrocardiogram
(ECQG). If certain types of heart arrhythmias are detected,
then the ICD delivers an electric shock through the heart.
[0004] As a further precaution, people who have been
identified to have an increased risk of an SCA are sometimes
given a Wearable Cardioverter Defibrillator (WCD) system,
to wear until the time that their ICD is implanted. Early
versions of such systems were called wearable cardiac
defibrillator systems. A WCD system typically includes a
harness, vest, belt, or other garment that the patient is to
wear. The WCD system further includes electronic compo-
nents, such as a defibrillator and electrodes, coupled to the
harness, vest, or other garment. When the patient wears the
WCD system, the electrodes may make good electrical
contact with the patient’s skin, and therefore can help sense
the patient’s ECG. If a shockable heart arrhythmia is
detected from the ECG, then the defibrillator delivers an
appropriate electric shock through the patient’s body, and
thus through the heart. This may restart the patient’s heart
and thus save their life.

[0005] All subject matter discussed in this Background
section of this document is not necessarily prior art, and may
not be presumed to be prior art simply because it is presented
in this Background section. Plus, any reference to any prior
art in this description is not, and should not be taken as, an
acknowledgement or any form of suggestion that such prior
art forms parts of the common general knowledge in any art
in any country. Along these lines, any recognition of prob-
lems in the prior art discussed in this Background section or
associated with such subject matter should not be treated as
prior art, unless expressly stated to be prior art. Rather, the
discussion of any subject matter in this Background section
should be treated as part of the approach taken towards the
particular problem by the inventors. This approach in and of
itself may also be inventive.

BRIEF SUMMARY

[0006] The present description gives instances of com-
puter systems, storage media that may store programs, and
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methods for determining a long-term heart rate of a patient,
the use of which may help overcome problems and limita-
tions of the prior art.

[0007] A wearable medical monitoring (WMM) system
may be worn for a long time. Some embodiments of WMM
systems are wearable cardioverter defibrillator (WCD) sys-
tems. In such systems, ECG electrodes sense an ECG signal
of the patient, and store it over the long-term. The stored
ECG signal can be analyzed for helping long-term heart rate
monitoring of the patient. The heart rate monitoring can be
assisted a) by special filtering techniques that remove short-
term variations inherent in patients’ short-term heart rate
determinations, and b) by indication techniques that indicate
when conditions hampered sensing of the ECG signal too
much for a reliable heart rate determination.

[0008] These and other features and advantages of the
claimed invention will become more readily apparent in
view of the embodiments described and illustrated in this
specification, namely in this written specification and the
associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a diagram of components of a sample
wearable cardioverter defibrillator (WCD) system made
according to embodiments, and which is worn over many
hours.

[0010] FIG. 2 is a diagram showing sample components of
an external defibrillator, such as the one belonging in the
system of FIG. 1, and which is made according to embodi-
ments.

[0011] FIG. 3 is a diagram of sample embodiments of
components of a WCD system, where further WCD stored
data is downloaded to a computer system made according to
embodiments.

[0012] FIG. 4 is a conceptual diagram for illustrating an
example how multiple ECG electrodes may be used for
sensing ECG signals along different vectors in a WCD
system according to embodiments.

[0013] FIG. 5 shows time diagrams to illustrate the time
evolution over a long term of a number of aspects according
to embodiments.

[0014] FIG. 6 is a flowchart for illustrating sample meth-
ods according to embodiments for WCD systems.

[0015] FIGS. 7A and 7B show sample sets of HR values
plotted against HR axes in ways that result in ranking the HR
values according to embodiments.

[0016] FIGS. 8A-8B-8C show successive snapshots of
adjusting or filtering HR values according to embodiments.
[0017] FIG. 9 is a flowchart for illustrating sample meth-
ods according to embodiments for WCD systems.

[0018] FIG. 10 shows time diagrams to illustrate the time
evolution of a number of aspects over a long term where, for
one of computed raw HR values an error condition is
determined to be met according to embodiments.

[0019] FIG. 11 is a flowchart for illustrating sample meth-
ods according to embodiments for WCD systems.

[0020] FIG. 12 is a diagram of a sample displayed long-
term heart rate of a patient, according to embodiments.
[0021] FIG. 13 is a diagram of a sample displayed long-
term heart rate of a patient, according to other embodiments.
[0022] FIG. 14 is a diagram of sample embodiments of
components of a WMM system, where further WMM stored
data is downloaded to a computer system made according to
embodiments.
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[0023] FIG. 15 is a flowchart for illustrating sample meth-
ods according to embodiments for WMM systems.

[0024] FIG. 16 is a diagram of a sample displayed long-
term heart rate of a patient, according to yet other embodi-
ments.

DETAILED DESCRIPTION

[0025] As has been mentioned, the present description is
about facilitating long-term heart rate monitoring of a
patient who is wearing a wearable cardioverter defibrillator
(WCD) system. Embodiments are now described in more
detail.

[0026] A wearable cardioverter defibrillator (WCD) sys-
tem according to embodiments may protect an ambulatory
patient by electrically restarting their heart if needed. Such
a WCD system may have a number of components. These
components can be provided separately as modules that can
be interconnected, or can be combined with other compo-
nents, and so on.

[0027] FIG. 1 depicts a patient 82. Patient 82 may also be
referred to as a person and/or wearer, since the patient is
wearing components of the WCD system. Patient 82 is
ambulatory, which means that, while wearing the wearable
portion of the WCD system, patient 82 can walk around and
is not necessarily bed-ridden. While patient 82 may be
considered to be also a “user” of the WCD system, this is not
a requirement. For instance, a user of the wearable cardio-
verter defibrillator (WCD) may also be a clinician such as a
doctor, nurse, emergency medical technician (EMT) or other
similarly tasked individual or group of individuals. In some
cases, a user may even be a bystander. The particular context
of these and other related terms within this description
should be interpreted accordingly.

[0028] A WCD system according to embodiments can be
configured to defibrillate the patient who is wearing the
designated parts the WCD system. Defibrillating can be by
the WCD system delivering an electrical charge to the
patient’s body in the form of an electric shock. The electric
shock can be delivered in one or more pulses.

[0029] In particular, FIG. 1 also depicts components of a
WCD system made according to embodiments. One such
component is a support structure 170 that is wearable by
ambulatory patient 82. Accordingly, support structure 170 is
configured to be worn by ambulatory patient 82 for at least
several hours per day, and for at least several days, even a
few months. It will be understood that support structure 170
is shown only generically in FIG. 1, and in fact partly
conceptually. FIG. 1 is provided merely to illustrate con-
cepts about support structure 170, and is not to be construed
as limiting how support structure 170 is implemented, or
how it is worn.

[0030] In addition, FIG. 1 depicts patient 82 wearing the
WCD system components over a long time duration 177. In
this example, duration 177 is shown as starting at a time
indication 171 of 9 o’clock, and ending at a time indication
172 of 5 o’clock, which can be the working hours of
ambulatory patient 8§2.

[0031] Support structure 170 can be implemented in many
different ways. For example, it can be implemented in a
single component or a combination of multiple components.
In embodiments, support structure 170 could include a vest,
a half-vest, a garment, etc. In such embodiments such items
can be worn similarly to analogous articles of clothing. In
embodiments, support structure 170 could include a harness,
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one or more belts or straps, etc. In such embodiments, such
items can be worn by the patient around the torso, hips, over
the shoulder, etc. In embodiments, support structure 170 can
include a container or housing, which can even be watet-
proof. In such embodiments, the support structure can be
worn by being attached to the patient’s body by adhesive
material, for example as shown and described in U.S. Pat.
No. 8,024,037. Support structure 170 can even be imple-
mented as described for the support structure of US Pat.
App. No. US2017/0056682, which is incorporated herein by
reference. Of course, in such embodiments, the person
skilled in the art will recognize that additional components
of the WCD system can be in the housing of a support
structure instead of being attached externally to the support
structure, for example as described in the US2017/0056682
document. There can be other examples.

[0032] FIG. 1 shows a sample external defibrillator 100.
As described in more detail later in this document, some
aspects of external defibrillator 100 include a housing and an
energy storage module within the housing. As such, in the
context of a WCD system, defibrillator 100 is sometimes
called a main electronics module. The energy storage mod-
ule can be configured to store an electrical charge. Other
components can cause at least some of the stored electrical
charge to be discharged via electrodes through the patient, so
as to deliver one or more defibrillation shocks through the
patient.

[0033] FIG. 1 also shows sample defibrillation electrodes
104, 108, which are coupled to external defibrillator 100 via
electrode leads 105. Defibrillation electrodes 104, 108 can
be configured to be worn by patient 82 in a number of ways.
For instance, defibrillator 100 and defibrillation electrodes
104, 108 can be coupled to support structure 170, directly or
indirectly. In other words, support structure 170 can be
configured to be worn by ambulatory patient 82 so as to
maintain at least one of electrodes 104, 108 on the body of
ambulatory patient 82, while patient 82 is moving around,
etc. The electrode can be thus maintained on the body by
being attached to the skin of patient 82, simply pressed
against the skin directly or through garments, etc. In some
embodiments the electrode is not necessarily pressed against
the skin, but becomes biased that way upon sensing a
condition that could merit intervention by the WCD system.
In addition, many of the components of defibrillator 100 can
be considered coupled to support structure 170 directly, or
indirectly via at least one of defibrillation electrodes 104,
108.

[0034] 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 is also known
as shock, defibrillation shock, therapy, electrotherapy,
therapy shock, etc. Pulse 111 is intended to go through and
restart heart 85, in an effort to save the life of patient 82.
Pulse 111 can further include one or more pacing pulses of
lesser magnitude to simply pace heart 85 if needed, and so
on.

[0035] A prior art defibrillator typically decides whether to
defibrillate or not based on an ECG signal of the patient.
However, external defibrillator 100 may initiate defibrilla-
tion, or hold-off defibrillation, based on a variety of inputs,
with the ECG signal merely being one of these inputs.
[0036] A WCD system according to embodiments can
obtain data from patient 82. For collecting such data, the
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WCD system may optionally include at least an outside
monitoring device 180. Device 180 is called an “outside”
device because it could be provided as a standalone device,
for example not within the housing of defibrillator 100.
Device 180 can be configured to sense or monitor at least
one local parameter. A local parameter can be a parameter of
patient 82, or a parameter of the WCD system, or a param-
eter of the environment, as will be described later in this
document.

[0037] For some of these parameters, device 180 may
include one or more sensors or transducers. Each one of such
sensors can be configured to sense a parameter of patient 82,
and to render an input responsive to the sensed parameter. In
some embodiments the input is quantitative, such as values
of a sensed parameter; in other embodiments the input is
qualitative, such as informing whether or not a threshold is
crossed, and so on. Sometimes these inputs about patient 82
are also called physiological inputs and patient inputs. In
embodiments, a sensor can be construed more broadly, as
encompassing many individual sensors.

[0038] Optionally, device 180 is physically coupled to
support structure 170. In addition, device 180 may be
communicatively coupled with other components that are
coupled to support structure 170. Such communication can
be implemented by a communication module, as will be
deemed applicable by a person skilled in the art in view of
this description.

[0039] Inembodiments, one or more of the components of
the shown WCD system may be customized for patient 82.
This customization may include a number of aspects. For
instance, support structure 170 can be fitted to the body of
patient 82. For another instance, baseline physiological
parameters of patient 82 can be measured, such as the heart
rate of patient 82 while resting, while walking, motion
detector outputs while walking, etc. The measured values of
such baseline physiological parameters can be used to
customize the WCD system, in order to make its diagnoses
more accurate, since patients’ bodies differ from one
another. Of course, such parameter values can be stored in
a memory of the WCD system, and so on. Moreover, a
programming interface can be made according to embodi-
ments, which receives such measured values of baseline
physiological parameters. Such a programming interface
may input automatically in the WCD system these, along
with other data.

[0040] FIG. 2 is a diagram showing components of an
external defibrillator 200, made according to embodiments.
These components can be, for example, included in external
defibrillator 100 of FIG. 1. The components shown in FIG.
2 can be provided in a housing 201, which may also be
referred to as casing 201.

[0041] External defibrillator 200 is intended for a patient
who would be wearing it, such as ambulatory 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 assistance, or a trained
person. Or, user 282 might be a remotely located trained
caregiver in communication with the WCD system.

[0042] User interface 280 can be made in a number of
ways. User interface 280 may include output devices, which
can be visual, audible or tactile, for communicating to a user
by outputting images, sounds or vibrations. Images, sounds,
vibrations, and anything that can be perceived by user 282
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can also be called human-perceptible indications (HPIs).
There are many examples of output devices. For example, an
output device can be a light, or a screen to display what is
sensed, detected and/or measured, and provide visual feed-
back to rescuer 282 for their resuscitation attempts, and so
on. Another output device can be a speaker, which can be
configured to issue voice prompts, beeps, loud alarm sounds
and/or words to warn bystanders, etc.

[0043] User interface 280 may further include input
devices for receiving inputs from users. Such input devices
may include various controls, such as pushbuttons, key-
boards, touchscreens, one or more microphones, and so on.
An input device can be a cancel switch, which is sometimes
called an “I am alive” switch or “live man” switch. In some
embodiments, actuating the cancel switch can prevent the
impending delivery of a shock.

[0044] Defibrillator 200 may include an internal monitor-
ing device 281. Device 281 is called an “internal” device
because it is incorporated within housing 201. Monitoring
device 281 can sense or monitor patient parameters such as
patient physiological parameters, system parameters and/or
environmental parameters, all of which can be called patient
data. In other words, internal monitoring device 281 can be
complementary or an alternative to outside monitoring
device 180 of FIG. 1. Allocating which of the parameters are
to be monitored by which of monitoring devices 180, 281
can be done according to design considerations. Device 281
may include one or more sensors, as also described else-
where in this document.

[0045] Patient parameters may include patient physiologi-
cal parameters. Patient physiological parameters may
include, for example and without limitation, those physi-
ological parameters that can be of any help in detecting by
the WCD system whether or not the patient is in need of a
shock or other intervention or assistance. Patient physiologi-
cal parameters may also optionally include the patient’s
medical history, event history and so on. Examples of such
parameters include the patient’s ECG, blood oxygen level,
blood flow, blood pressure, blood perfusion, pulsatile
change in light transmission or reflection properties of
perfused tissue, heart sounds, heart wall motion, breathing
sounds and pulse. Accordingly, monitoring devices 180, 281
may include one or more sensors configured to acquire
patient physiological signals. Examples of such sensors or
transducers include one or more electrodes to detect ECG
data, a perfusion sensor, a pulse oximeter, a device for
detecting blood flow (e.g. a Doppler device), a sensor for
detecting blood pressure (e.g. a cuff), an optical sensor,
illumination detectors and sensors perhaps working together
with light sources for detecting color change in tissue, a
motion sensor, a device that can detect heart wall movement,
a sound sensor, a device with a microphone, an SpO, sensor,
and so on. In view of this disclosure, it will be appreciated
that such sensors can help detect the patient’s pulse, and can
therefore also be called pulse detection sensors, pulse sen-
sors, and pulse rate sensors. In addition, a person skilled in
the art may implement other ways of performing pulse
detection.

[0046] In some embodiments, the local parameter is a
trend that can be detected in a monitored physiological
parameter of patient 282. A trend can be detected by
comparing values of parameters at different times over short
and long terms. Parameters whose detected trends can
particularly help a cardiac rehabilitation program include: a)
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cardiac function (e.g. ejection fraction, stroke volume, car-
diac output, etc.); b) heart rate variability at rest or during
exercise; ¢) heart rate profile during exercise and measure-
ment of activity vigor, such as from the profile of an
accelerometer signal and informed from adaptive rate pace-
maker technology; d) heart rate trending; e) perfusion, such
as from SpQO,, CO,, or other parameters such as those
mentioned above, ) respiratory function, respiratory rate,
etc.; g) motion, level of activity; and so on. Once a trend is
detected, it can be stored and/or reported via a communi-
cation link, along perhaps with a warning if warranted. From
the report, a physician monitoring the progress of patient
282 will know about a condition that is either not improving
or deteriorating.

[0047] Patient state parameters include recorded aspects
of patient 282, such as motion, posture, whether they have
spoken recently plus maybe also what they said, and so on,
plus optionally the history of these parameters. Or, one of
these monitoring devices could include a location sensor
such as a Global Positioning System (GPS) location sensor.
Such a sensor can detect the location, plus a speed can be
detected as a rate of change of location over time. Many
motion detectors output a motion signal that is indicative of
the motion of the detector, and thus of the patient’s body.
Patient state parameters can be very helpful in narrowing
down the determination of whether SCA is indeed taking
place.

[0048] A WCD system made according to embodiments
may thus include a motion detector. In embodiments, a
motion detector can be implemented within monitoring
device 180 or monitoring device 281. Such a motion detec-
tor can be made in many ways as is known in the art, for
example by using an accelerometer. In this example, a
motion detector 287 is implemented within monitoring
device 281. A motion detector of a WCD system according
to embodiments can be configured to detect a motion event.
A motion event can be defined as is convenient, for example
a change in motion from a baseline motion or rest, etc. In
such cases, a sensed patient parameter is motion.

[0049] System parameters of a WCD system can include
system identification, battery status, system date and time,
reports of self-testing, records of data entered, records of
episodes and intervention, and so on. In response to the
detected motion event, the motion detector may render or
generate, from the detected motion event or motion, a
motion detection input that can be received by a subsequent
device or functionality.

[0050] Environmental parameters can include ambient
temperature and pressure. Moreover, a humidity sensor may
provide information as to whether or not it is likely raining.
Presumed patient location could also be considered an
environmental parameter. The patient location could be
presumed, if monitoring device 180 or 281 includes a GPS
location sensor as per the above, and if it is presumed that
the patient is wearing the WCD system.

[0051] Defibrillator 200 typically includes a defibrillation
port 210, which can be 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, respectively. It is 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 elec-
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trodes, to the wearer at least some of the electrical charge
that has been stored in an energy storage module 250 that is
described more fully later in this document. The electric
charge will be the shock for defibrillation, pacing, and so on.
[0052] Defibrillator 200 may optionally also have a sensor
port 219 in housing 201, which is also sometimes known as
an ECG port. Sensor port 219 can be adapted for plugging
in sensing electrodes 209, which are also known as ECG
electrodes and ECG leads. It is also possible that sensing
electrodes 209 can be connected continuously to sensor port
219, instead. Sensing electrodes 209 are types of transducers
that can help sense an ECG signal, e.g. a 12-lead signal, or
a signal from a different number of leads, especially if they
make good electrical contact with the body of the patient and
in particular with the skin of the patient. As with defibril-
lation electrodes 204, 208, the support structure can be
configured to be worn by patient 282 so as to maintain
sensing electrodes 209 on a body of patient 282. For
example, sensing electrodes 209 can be attached to the
inside of support structure 170 for making good electrical
contact with the patient, similarly with defibrillation elec-
trodes 204, 208.

[0053] Optionally a WCD system according to embodi-
ments also includes a fluid that it can deploy automatically
between the electrodes and the patient’s skin. The fluid can
be conductive, such as by including an electrolyte, for
establishing a better electrical contact between the elec-
trodes and the skin. Electrically speaking, when the fluid is
deployed, the electrical impedance between each electrode
and the skin is reduced. Mechanically speaking, the fluid
may be in the form of a low-viscosity gel, so that it does not
flow away, after being deployed, from the location it is
released near the electrode. The fluid can be used for both
defibrillation electrodes 204, 208, and for sensing electrodes
209.

[0054] The fluid may be initially stored in a fluid reservoir,
not shown in FIG. 2. Such a fluid reservoir can be coupled
to the support structure. In addition, a WCD system accord-
ing to embodiments further includes a fluid deploying
mechanism 274. Fluid deploying mechanism 274 can be
configured to cause at least some of the fluid to be released
from the reservoir, and be deployed near one or both of the
patient locations to which electrodes 204, 208 are configured
to be attached to the patient. In some embodiments, fluid
deploying mechanism 274 is activated prior to the electrical
discharge responsive to receiving activation signal AS from
a processor 230, which is described more fully later in this
document.

[0055] In some embodiments, defibrillator 200 also
includes a measurement circuit 220, as one or more of its
modules working together with its sensors or transducers.
Measurement circuit 220 senses one or more electrical
physiological signals of the patient from sensor port 219, if
provided. Even if defibrillator 200 lacks sensor port 219,
measurement circuit 220 may optionally obtain physiologi-
cal signals through nodes 214, 218 instead, when defibril-
lation electrodes 204, 208 are attached to the patient. In these
cases, the input reflects an ECG measurement. The patient
parameter can be an ECG, which can be sensed as a voltage
difference between electrodes 204, 208. In addition, the
patient parameter can be an impedance, which can be sensed
between electrodes 204, 208 and/or between the connections
of sensor port 219 considered pairwise. Sensing the imped-
ance can be useful for detecting, among other things,
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whether these electrodes 204, 208 and/or sensing electrodes
209 are not making good electrical contact with the patient’s
body. These patient physiological signals may be sensed
when available. Measurement circuit 220 can then render or
generate information about them as inputs, data, other
signals, etc. As such, measurement circuit 220 can be
configured to render a patient input responsive to a patient
parameter sensed by a sensor. In some embodiments, mea-
surement circuit 220 can be configured to render a patient
input, such as values of an ECG signal, responsive to the
ECG signal sensed by sensing electrodes 209. More strictly
speaking, the information rendered by measurement circuit
220 is output from it, but this information can be called an
input because it is received as an input by a subsequent
device or functionality.

[0056] Defibrillator 200 also includes a processor 230,
which is also called a WCD processor so as to distinguish
from other processors in this description. Processor 230 may
be implemented in a number of ways. Such ways include, by
way of example and not of limitation, digital and/or analog
processors such as microprocessors and Digital Signal Pro-
cessors (DSPs), controllers such as microcontrollers, soft-
ware running in a machine, programmable circuits such as
Field Programmable Gate Arrays (FPGAs), Field-Program-
mable Analog Arrays (FPAAs), Programmable Logic
Devices (PLDs), Application Specific Integrated Circuits
(ASICs), any combination of one or more of these, and so
on.

[0057] Processor 230 may include, or have access to, a
non-transitory storage medium, such as memory 238 that is
described more fully later in this document. Such a memory
can have a non-volatile component for storage of machine-
readable and machine-executable instructions. A set of such
instructions can also be called a program. The instructions,
which may also be referred to as “software,” generally
provide functionality by performing acts, operations and/or
methods as may be disclosed herein or understood by one
skilled in the art in view of the disclosed embodiments. In
some embodiments, and as a matter of convention used
herein, instances of the software may be referred to as a
“module” and by other similar terms. Generally, a module
includes a set of the instructions so as to offer or fulfill a
particular functionality. Embodiments of modules and the
functionality delivered are not limited by the embodiments
described in this document.

[0058] Processor 230 can be considered to have a number
of modules. One such module can be a detection module
232. Detection module 232 can include a Ventricular Fibril-
lation (VF) detector. The patient’s sensed ECG from mea-
surement circuit 220, which can be available as inputs, data
that reflect values, or values of other signals, may be used by
the VF detector to determine whether the patient is experi-
encing VF. Detecting VF is useful, because VF typically
results in SCA. Detection module 232 can also include a
Ventricular Tachycardia (VT) detector for detecting VT, and
SO on.

[0059] Another such module in processor 230 can be an
advice module 234, which generates advice for what to do.
The advice can be based on outputs of detection module 232.
There can be many types of advice according to embodi-
ments. In some embodiments, the advice is a shock/no shock
determination that processor 230 can make, for example via
advice module 234. The shock/no shock determination can
be made by executing a stored Shock Advisory Algorithm.
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A Shock Advisory Algorithm can make a shock/no shock
determination from one or more ECG signals that are
captured according to embodiments, and determine whether
or not a shock criterion is met. The determination can be
made from a rhythm analysis of the captured ECG signal or
otherwise. For example, there can be shock decisions for VFE,
VT, etc.

[0060] In some embodiments, when the determination is
to shock, an electrical charge is delivered to the patient.
Delivering the electrical charge is also known as discharging
and shocking the patient. As mentioned above, such can be
for defibrillation, pacing, and so on.

[0061] In perfect conditions, a very reliable shock/no
shock determination can be made from a segment of the
sensed ECG signal of the patient. In practice, however, the
ECG signal is often corrupted by electrical noise, which
makes it difficult to analyze. Too much noise sometimes
causes an incorrect detection of a heart arrhythmia, resulting
in a false alarm to the patient. Noisy ECG signals may be
handled as described in U.S. patent application Ser. No.
16/037,990, filed on Jul. 17, 2018 and since published as US
2019/0030351 A1, and also in U.S. patent application Ser.
No. 16/038,007, filed on Jul. 17, 2018 and since published
as US 2019/0030352 A1, both by the same applicant and
incorporated herein by reference.

[0062] Processor 230 can include additional modules,
such as other module 236, for other functions. In addition,
if internal monitoring device 281 is indeed provided, pro-
cessor 230 may receive its inputs, etc.

[0063] Defibrillator 200 optionally further includes a
memory 238, which can work together with processor 230.
Memory 238 may be implemented in a number of ways.
Such ways include, by way of example and not of limitation,
volatile memories, Nonvolatile Memories (NVM), Read-
Only Memories (ROM), Random Access Memories (RAM),
magnetic disk storage media, optical storage media, smart
cards, flash memory devices, any combination of these, and
so on. Memory 238 is thus a non-transitory storage medium.
Memory 238, if provided, can include programs for proces-
sor 230, which processor 230 may be able to read and
execute. More particularly, the programs can include sets of
instructions in the form of code, which processor 230 may
be able to execute upon reading. Executing is performed by
physical manipulations of physical quantities, and may
result in functions, operations, processes, acts, 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, acts, 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 trans-
mitted out of defibrillator 200, or be stored there after it is
received by defibrillator 200.

[0064] In embodiments, processor 230 may analyze short
segments of the sensed ECG signal, and memory 238 may
store WCD system data about the sensed ECG signal. Types
of such WCD data are described later in this document. The
stored WCD system data may be from at least one hour of
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the sensed ECG signal, for example the multiple hours of
duration 177. It will be understood that gaps in data may
exist in the sensed ECG signal or subsequently computed
aspects, over that one hour or multiple hours of duration 177.
[0065] Defibrillator 200 can optionally include a commu-
nication module 290, for establishing one or more wired or
wireless communication links with other devices of other
entities, such as a remote assistance center, Emergency
Medical Services (EMS), and so on. The communication
links can be used to transfer data and commands. The data
may be patient data, event information, therapy attempted,
CPR performance, system data, environmental data, and so
on. For example, communication module 290 may transmit
wirelessly, e.g. on a daily basis, heart rate, respiratory rate,
and other vital signs data to a server accessible over the
internet, for instance as described in US 20140043149. This
data can be analyzed directly by the patient’s physician and
can also be analyzed automatically by algorithms designed
to detect a developing illness and then notify medical
personnel via text, email, phone, etc. Module 290 may also
include such interconnected sub-components as may be
deemed necessary by a person skilled in the art, for example
an antenna, portions of a processor, supporting electronics,
outlet for a telephone or a network cable, etc.

[0066] Defibrillator 200 may also include a power source
240. To enable portability of defibrillator 200, power source
240 typically includes a battery. Such a battery is typically
implemented as a battery pack, which can be rechargeable or
not. Sometimes a combination is used of rechargeable and
non-rechargeable battery packs. Other embodiments of
power source 240 can include an AC power override, for
where AC power will be available, an energy-storing capaci-
tor, and so on. Appropriate components may be included to
provide for charging or replacing power source 240. In some
embodiments, power source 240 is controlled and/or moni-
tored by processor 230.

[0067] Defibrillator 200 may additionally include an
energy storage module 250. Energy storage module 250 can
be coupled to the support structure of the WCD system, for
example either directly or via the electrodes and their leads.
Module 250 is where some electrical energy can be stored
temporarily in the form of an electrical charge, when pre-
paring it for discharge to administer a shock. In embodi-
ments, module 250 can be charged from power source 240
to the desired amount of energy. as controlled by processor
230. In typical implementations, module 250 includes a
capacitor 252, which can be a single capacitor or a system
of capacitors, and so on. In some embodiments, energy
storage module 250 includes a device that exhibits high
power density, such as an ultracapacitor. As described above,
capacitor 252 can store the energy in the form of an electrical
charge, for delivering to the patient.

[0068] A decision to shock can be made responsive to the
shock criterion being met, as per the above-mentioned
determination. When the decision is to shock, processor 230
can be configured to cause at least some or all of the
electrical charge stored in module 250 to be discharged
through patient 82 while the support structure is worn by
patient 82, so as to deliver a shock 111 to patient 82.
[0069] For causing the discharge, defibrillator 200 more-
over includes a discharge circuit 255. When the decision is
to shock, processor 230 can be configured to control dis-
charge circuit 255 to discharge through the patient at least
some of all of the electrical charge stored in energy storage
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module 250. Discharging can be to nodes 214, 218, and from
there to defibrillation electrodes 204, 208, so as to cause a
shock to be delivered to the patient. Circuit 255 can include
one or more switches 257. Switches 257 can be made in a
number of ways, such as by an H-bridge, and so on. Circuit
255 could also be thus controlled via processor 230, and/or
user interface 280.

[0070] A time waveform of the discharge may be con-
trolled by thus controlling discharge circuit 255. The amount
of energy of the discharge can be controlled by how much
energy storage module has been charged, and also by how
long discharge circuit 255 is controlled to remain open.

[0071] Defibrillator 200 can optionally include other com-
ponents.
[0072] FIG. 3 is a diagram of sample embodiments of

components of an WCD system, along with a block diagram
of a computer system 340 made according to embodiments.
Computer system 340 includes a processor 342, which is
also called a computer processor so as to distinguish from
other processors in this description. Computer system 340
also includes a memory 343, which can be a non-transitory
computer-readable storage medium. Memory 343 may store
a sample program 345, or more than one such programs.
When such one or more programs are executed by processor
342, they result in operations according to embodiments that
are described later in this document. In addition, computer
system 340 may have a screen 348, where data 346 is
displayed, and so on. A person looking at screen 348 is
therefore helped with monitoring the patient, and especially
with monitoring the patient’s long-term heart rate.

[0073] In FIG. 3, a support structure 370 includes a
vest-like wearable garment. Support structure 370 has a back
side 371, and a front side 372 that closes in front of the chest
of the patient.

[0074] The WCD system of FIG. 3 also includes an
external defibrillator 300. FIG. 3 does not show any support
for external defibrillator 300, which may be carried in a
purse, on a belt, by a strap over the shoulder, and so on.
Wires 305 connect external defibrillator 300 to electrodes
304, 308, 309. Of those, electrodes 304, 308 are defibrilla-
tion electrodes, and electrodes 309 are ECG sensing elec-
trodes.

[0075] Support structure 370 is configured to be worn by
the ambulatory patient so as to maintain electrodes 304, 308,
309 on a body of the patient. Indeed, back defibrillation
electrodes 308 are maintained in pockets 378. Of course, the
inside of pockets 378 can be made with loose netting, so that
electrodes 308 can contact the back of the patient, especially
with the help of the conductive fluid that has been deployed.
In addition, sensing electrodes 309 are maintained in posi-
tions that surround the patient’s torso, for sensing ECG
signals and/or the impedance of the patient. Sensing elec-
trodes 309 are also called ECG electrodes.

[0076] Defibrillator 300 may have a processor like pro-
cessor 230, and a memory like memory 238. As such,
defibrillator 300 could also be storing WCD system data that
is generated from at least one hour of the sensed ECG signal.
This stored WCD system data can be about patient 82,
according to embodiments. This stored WCD system data
may be downloaded as data 346 into memory 343 of
computer system 340. As such, computer system 340 may
receive the stored WCD system data, process it, and even
display it, as will be described in more detail later in this
document.



US 2019/0321648 Al

[0077] ECG signals in a WCD system may include too
much electrical noise to be useful. For a more robust
operation, multiple ECG sensing electrodes 309 are pro-
vided, for presenting many options to processor 230. These
options are different vectors for sensing the ECG signal, as
described now in more detail.

[0078] FIG. 4 is a conceptual diagram for illustrating how
multiple electrodes of a WCD system may be used for
sensing ECG signals along different vectors according to
embodiments. A section of a patient 482 having a heart 485
is shown. In FIG. 4, patient 482 is viewed from the top,
patient 482 is facing downwards, and the plane of FIG. 4
intersects patient 482 at the torso of the patient.

[0079] Four ECG sensing electrodes 491, 492, 493, 494
are maintained on the torso of patient 482, and have respec-
tive wire leads 461, 462, 463, 464. It will be recognized that
electrodes 491, 492, 493, 494 surround the torso, similarly
with sensing electrodes 309 in the example of FIG. 3.
[0080] Any pair of these four ECG sensing electrodes 491,
492, 493, 494 defines a vector, along which an ECG signal
may be sensed and/or measured. As such, electrodes 491,
492, 493, 494 define six vectors 471, 472, 473, 474, 475,
476. F1G. 4 thus illustrates a multi-vector embodiment.
[0081] These vectors 471, 472, 473, 474, 475, 476 define
channels A, B, C, D, E, F respectively. In FIG. 4 it will be
understood that electrodes 491, 492, 493, 494 are drawn as
being on the same plane for simplicity and as is preferred,
while that is not necessarily the case. Accordingly, vectors
471, 472, 473, 474, 475, 476 are not necessarily on the same
plane, either.

[0082] Concurrent ECG signals 401, 402, 403. 404, 405,
406 may thus be sensed and/or measured from channels A,
B, C, D, E, F, respectively, and in particular from the
appropriate pairings of wire leads 461, 462, 463, 464 for
each channel. It will be recognized that these ECG signals
401, 402, 403, 404, 405, 406 are concurrent versions of the
ECG signal of patient 82 from the respective channels A, B,
C, D, E, F. Short segments of these may be extracted and
analyzed as also described elsewhere in this document.
[0083] In embodiments, in order to make the shock/no-
shock determination as correctly as possible, a WCD may
assess which of ECG signals 401, 402, 403, 404, 405, 406
is best for rhythm analysis and interpretation. For example,
ECG signals that have the most noise may be ignored,
discarded, not considered, while leaving the remaining ECG
signals as candidates for making the shock/no shock deter-
mination,

[0084] FIG. 5 shows time diagrams to illustrate the time
evolution of a number of aspects over a long-term duration
577. Duration 577 may be the same as duration 177.
[0085] InFIG. 5, a sample ECG signal 510 is shown. ECG
signal 510 may have been sensed from patient 82 for over
one hour, more hours, and so on.

[0086] As mentioned previously, ECG signal 510 may be
analyzed in short segments. This is shown in waveform 520,
where ECG signal 510 is shown divided in short segments.
The short segments may have a suitable duration. A good
value for that duration is approximately 4.8 sec.

[0087] Additional aspects of FIG. 5 will be also described
with reference to methods.

[0088] The devices and/or systems mentioned in this
document may perform functions, processes, acts, opera-
tions, actions and/or methods. These functions, processes,
acts, operations, actions and/or methods may be imple-
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mented by one or more devices that include logic circuitry.
A single such device can be alternately called a computer,
and so on. It may be a standalone device or computer, such
as a general-purpose computer, or part of a device that has
and/or can perform one or more additional functions. The
logic circuitry may include a processor and non-transitory
computer-readable storage media, such as memories, of the
type described elsewhere in this document. Often, for the
sake of convenience only, it is preferred to implement and
describe a program as various interconnected distinct soft-
ware modules or features. These, along with data are indi-
vidually and also collectively known as software. In some
instances, software is combined with hardware, in a mix
called firmware.

[0089] Moreover, methods and algorithms are described
below. These methods and algorithms are not necessarily
inherently associated with any particular logic device or
other apparatus. Rather, they are advantageously imple-
mented by programs for use by a computing machine, such
as a general-purpose computer, a special purpose computer,
amicroprocessor, a processor such as described elsewhere in
this document, and so on.

[0090] This detailed description may include flowcharts,
display images, algorithms, and symbolic representations of
program operations within at least one computer readable
medium. An economy may be achieved in that a single set
of flowcharts can be used to describe both programs, and
also methods. So, while flowcharts describe methods in
terms of boxes, they may also concurrently describe pro-
grams.

[0091] Methods are now described.

[0092] FIG. 6 shows a flowchart 600 for describing meth-
ods according to embodiments. According to an operation
625, stored WCD system data may be received, for example
as seen in FIG. 3.

[0093] According to another, optional operation 630, com-
puted raw heart rate (HR) values may be inputted for
respective ones of the short ECG signal segments 520. The
raw heart rate is also called short-term heart rate. Sample
such raw HR values 530 are shown in FIG. 5. The compu-
tation may happen by different processors, as will be seen
shortly. Operation 630 may be performed in a number of
ways.

[0094] First, in some embodiments the stored WCD sys-
tem data encodes amplitude values of the sensed ECG
signal, such as ECG signal 510. In such embodiments, the
method may further comprise the operation of computing,
from the amplitude values, the raw HR values 530 that are
subsequently inputted at operation 630. These raw HR
values 530 may be thus computed by processor 342 of
computer system 340. These raw HR values 530 can be
computed from ECG peaks of the short ECG signal seg-
ments 520.

[0095] Second, in other embodiments, processor 230 fur-
ther computes the raw HR values 530 of the short ECG
signal segments 520. In such embodiments, the stored WCD
system data includes the raw HR values that are subse-
quently inputted at operation 630.

[0096] In some of these embodiments, as seen in FIG. 3
and FIG. 4, there may be more than one ECG channels. In
particular, the WCD system may further include a plurality
of ECG electrodes 309, three or more channels A, B, C, D,
E, F may be defined by the ECG electrodes, and three or
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more versions 401, 402, 403, 404, 405, 406 of the patient’s
ECG signal can be sensed from the three or more channels.
[0097] In such embodiments, processor 230 of the WCD
system may analyze short segments of the three or more
versions of the patient’s ECG signal. In addition, a certain
one of the inputted HR values for a certain short segment
may be computed by: a) computing three or more respective
tentative HR values from the three or more short segments
of the three or more versions of the patient’s ECG signal,
and b) deriving the certain inputted HR value from at least
one of the three or more respective tentative HR values.
Such a derivation can be implemented in a number of ways.
In some embodiments, the derivation is from a middlemost-
ranked one of the three or more respective tentative HR
values. The concept of a middlemost-ranked HR value is
now explained, for odd-numbered sets and even-numbered
sets of values.

[0098] FIG.7A shows an HR values axis 710. A sample set
of HR values 711, 712,713, 714, 715 are plotted against axis
710. This sample set has five HR values, which is an odd
number. Such an odd number might occur if one of the six
channels had too much noise for an HR value to be com-
puted, or resulted in an HR value that is so suspect that it is
not even considered. This example also assumes that, even
though there is noise in one of the channels, there is no
disqualification of the entire short segment due to noise. This
assumption is not always true, according to embodiments.
[0099] The plotting on axis 710 results in the HR values
being arranged according to their values. The arranging
results in the following ranking of these HR values, from
largest to smallest: 715, 711, 714, 713, 712. According to a
comment 719, HR value 714 is the middle-most ranked,
being the third among the five.

[0100] FIG.7B shows an HR values axis 720. A sample set
of HR values 721, 722, 723, 724, 725, 726 are plotted
against axis 720. This sample set has six HR values, which
is an even number. The plotting on axis 720 results in the HR
values being arranged according to their values. The arrang-
ing results in the following ranking of these HR values, from
largest to smallest: 721, 724, 726, 722, 725, 723. According
to a comment 729, HR values 722 and 726 are the middle-
most rarked, being the third and fourth among the six. Here
there are two middle-most ranked HR values, because the set
has an even number.

[0101] As such, the derivation of the certain inputted HR
value from a middlemost-ranked one of the three or more
respective tentative HR values can be implemented in a
number of ways. In some embodiments, the certain inputted
HR value is the middlemost-ranked tentative HR values. In
other embodiments, the certain inputted HR value is derived
from one the middlemost-ranked tentative HR values, for
example by using a statistic such as an average.

[0102] Regarding the notion of a median, for FIG. 7A with
an odd number of HR values, middle-most ranked HR value
714 is also the median. On the other hand, for FIG. 7B with
an even number of HR values, neither one of the two
middle-most ranked HR values 722 and 726 is the median,
strictly speaking. Rather, the median in this case would be
a numerical average of middlemost-ranked HR values 722
and 726, because this is an even-numbered set. Regardless,
for purposes of embodiments where one of the middle-most
ranked HR values is used for determining long-term heart
rates, the approach can be called substantially-median-based
determination.

Oct. 24, 2019

[0103] Returning to FIGS. 5 and 6, according to another
operation 640, groups of raw HR values 530 may be
aggregated into respective first time bins 540. First time bins
540 can be arranged in a time sequence, for example
according to the timing of ECG signal 510 along duration
577. It will be understood, then, that each first time bin
includes a number of raw HR values 530, according to the
duration of the short segments. First time bins 540 can be
defined to have a suitable time duration. An example such
time duration is approximately one minute, in which case
each one-minute time bin will have about 24 raw HR values
530.

[0104] According to another operation 650, first HR val-
ues 550 may be derived for respective ones of first time bins
540. In some embodiments, the first HR value of a certain
one of the first time bins is derived from a middlemost-
ranked one of at least some of the raw HR values aggregated
into the certain first time bin. As before, the first HR value
of the certain first time bin can be one of the middlemost-
ranked raw HR values aggregated into the certain first time
bin. Or, that first HR value can be derived from it, for
example by using a statistic such as an average. In some
embodiments, the first HR values 550 of all first time bins
540 are derived from such a middlemost-ranked one of the
raw HR values, and so on. In some embodiments, raw HR
values that meet error conditions are first removed from a
first time bin, and then first HR values 550 are derived from
the values remaining in the bin. Sample error conditions are
described elsewhere in this document.

[0105] In some embodiments, first time bins 540 may be
cleaned up from seemingly errant computed raw HR values
530 before first HR values 550 are derived. For example,
from a certain first time bin a certain computed raw heart
rate (HR) value may be discarded if it meets an error
condition. In such embodiments, then, the first HR values
are derived from at least some of the raw HR values
aggregated and remaining into the certain first time bin after
the discarding. In other words, the middlemost-ranked raw
HR value may be derived from the raw HR values aggre-
gated and remaining into the certain first time bin after the
discarding, and so on.

[0106] A number of error conditions are possible. For
instance, the certain computed raw HR value may meet the
error condition when it differs from another raw HR value
aggregated into the certain first time bin by at least an error
HR threshold, while no two other raw HR values aggregated
into the certain first time bin differ from each other by as
much as the error HR threshold, only less. This error
condition may succeed in discarding outlier raw HR values,
before first HR values 550 are derived. Other possible error
conditions are described later in this document.

[0107] Another, optional operation 660 may take place
using a filter 555, to result in filtered or adjusted first HR
values 560. This filtering is also called adjusting. According
to operation 660, a certain one or more of the first HR values
550 of a certain one or more of first time bins 540 is adjusted
or filtered. Adjusting can be performed in a number ways,
which are described later in this document.

[0108] According to another, optional operation 670,
groups of first time bins 570 are aggregated into respective
second time bins 570. Second time bins 570 can be larger
than first time bins 570, and in fact include a fixed number
of them. Second time bins 570 have a suitable time duration.
An example such time duration is approximately three
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minutes, for each to fit three first time bins. The example of
FIG. 5 shows only two first time bins for each second time
bin, but that is only due to space limitations in the drawing.
[0109] According to another operation 680, second HR
values 580 may be derived for the respective second time
bins 580. In some embodiments, the second HR value of a
certain one of the second time bins is derived from a
middlemost-ranked one of at least some of the first HR
values of the first time bins that are aggregated into the
certain second time bin. As before, the second HR value of
the certain second time bin can be one of the middlemost-
ranked first HR values of the first time bins that are aggre-
gated into the certain second time bin. Or, that second HR
value can be derived from it, for example by using a statistic
such as an average. In some embodiments, second HR
values 580 of all second time bins 570 are derived from such
amiddlemost-ranked one of first HR values 550, or adjusted/
filtered first HR values 560.

[0110] According to another operation 690, second HR
values 580 are then stored, for example in memory 238 or
memory 343. As such, the stored second HR values that have
been thus derived from the stored WCD system data may be
from at least one hour of the sensed ECG signal, and
hopefully the entire durations 577, 177.

[0111] According to another, optional operation 695, the
stored second HR values are displayed, for example at
screen 348, as is described in more detail later in this
document.

[0112] Embodiments of filtering operation 660 are now
described in more detail. In this filtering, HR values can
adjusted in view of HR values that are nearby in the time
sequence, namely their near neighbors. These can be their
immediate, adjacent neighbors, or maybe more removed
neighbors when filtering spans a range of broader than three
time bins. This filtering is also called median filtering, at
least where an odd numbered set of HR values are used, and
the median of the defined range is chosen to plainly replace
the certain HR value in question.

[0113] In general, before aggregating groups of first time
bins 540 into second time bins 550, a certain one of the first
HR values of a certain one of the first time bins may be
adjusted or filtered. Such adjusting or filtering can be
performed in a number of ways. One such way is in view of
a first HR value of a first time bin that is within a filter range
of the certain first time bin in the time sequence. Of course,
in such cases, at least one of the first HR values of first time
bins 540 that are aggregated into a certain second time bin
570 at operation 670 is the adjusted certain first HR value
560, instead of the first HR value 550 prior to the adjustment
or filtering,

[0114] In embodiments, the adjusting is in view of adja-
cent first time bins in both directions, namely preceding and
succeeding the certain first time bin in the time sequence. In
such embodiments, a certain range is chosen centered on the
certain time bin. First HR values are considered for the
certain range, and adjusting includes replacing the certain
first HR value by a middlemost-ranked one of the range.
[0115] In embodiments, the adjusting includes outright
replacing the certain first HR value by an adjusted value, in
which the adjustment value a) is derived from the first HR
value of the first time bin that is adjacent to the certain first
time bin in the time sequence, but b) is not derived from the
certain first HR value. In other words, the certain first HR
value does not contribute to the adjusted value with which
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it is replaced. And, in some of these embodiments, the
adjusted value is plainly that first HR value of the first time
bin that is immediately adjacent to the certain first time bin
in the time sequence.

[0116] An example is now described, where all the first
HR values are thus filtered by being potentially replaced by
an adjusted value that is plainly an adjacent first HR value.
The filtering range is three, which means that along with the
certain value, there is only one preceding and only one
succeeding neighbor considered. Since three is an odd
number, the middlemost-ranked HR value of the range is
also the median.

[0117] Referring to FIG. 8A, in the upper portion of the
drawing, sample first time bins 842, 843, 844, 845, 846 are
shown in a time sequence, along a time duration 877. Time
duration 877 can be, for example, time duration 577 and/or
time duration 177.

[0118] For these first time bins 842, 843, 844, 845, 846,
first HR values 852, 853, 854, 855, 856, have been derived,
for example as described above. In addition, an axis 850 is
shown, similar to axes 710, 720. First HR values 852, 853,
854, 855, 856 are shown a) within their respective first time
bins 842, 843, 844, 845, 846, and concurrently also b)
having a height that corresponds to their value against axis
810. It will be observed that first HR value 854 has the
highest value along axis 850, while the values of the others
are more clustered.

[0119] A filter 888 is shown, which can also be filter 555.
Filter 888 has a range 889, which spans three of the first time
bins at a time. In FIG. 8A, filter 888 is centered on first time
bin 843, which is thus the certain first time bin for FIG. 8A.
Filter 888 has gotten to this position by moving to the right
along the time sequence, as shown by an arrow 882. Given
this position, for certain first time bin 843, filter 888 con-
siders the first time bins within its range 889, namely first
time bin 843, immediately preceding first time bin 842, and
immediately succeeding first time bin 844.

[0120] In the lower portion of FIG. 8A, sample first time
bins 842, 843, 844, 845, 846 are repeated. A vertical axis 870
shows HR values. Within first time bins 842, 843 are shown
filtered values 872, 873, resulting from first HR values 8§52,
853. In this example, filtered values 872, 873, are identical
to first HR values 852, 853. Also, within first time bins 844,
845, 846 are shown - dotted only for comparison - original
first HR values 854, 855, 856, but filtering has not yet taken
place for them.

[0121] FIG. 8B shows the arrangement of FIG. 8A, except
that filter 888 has moved by one, and is now centered on the
next first time bin 844. In addition, new filtered value 874
has replaced former first HR values 854, by operation of
filter 888. It will be observed that new filtered HR value 874
equals HR value 855, which is the median of values 852,
853, 854 of first time bins 843, 844, 845 that are in the
current range 889 of filter 888. Filtered HR value 874 is thus
the adjusted HR value that HR value 855 has been plainly
replaced by. And it will be observed that filtered HR value
874 appears closer to its neighbors in the lower portion of
the diagram, than first HR value 854 appears with respect to
its own neighbors.

[0122] FIG. 8C shows the arrangement of FIG. 8B, except
that filter 888 has further moved by another one, and is now
centered on the next first time bin 845. In addition, new
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filtered value 875 is the same as first HR value 855, by
operation of filter 888. In this instance, there was no replac-
ing.

[0123] FIG. 9 shows a flowchart 900 for describing meth-
ods according to embodiments. Operations 925, 930, 940
may be performed as operations 625, 630, 640 respectively.
Operation 950 may be performed as operation 650, or in
different ways.

[0124] At another operation 960, at least one, and maybe
some of the first HR values may be replaced by adjusted first
HR values. An example was seen in FIG. 8B, where first HR
value 854 was adjusted, filtered by being replaced with by
an adjusted first HR value. In that case, the adjusted first HR
value was an HR value derived from HR value 854 that was
within filter range 889 of filter 888, and in fact it was plainly
HR value 854 itself.

[0125] Additional operations may be further performed,
for example to derive second HR values from the first HR
values. Such additional operations may be performed in a
number of ways, for example as described with reference to
FIG. 6.

[0126] At another operation 990, at least some of the first
HR values and the adjusted first HR values are stored, for
example in memory 238 or in memory 343. Of course, if
second HR values have been derived, they can be stored in
lieu of the first HR values. In embodiments, the HR values
thus stored at operation 990 have been thus derived from the
stored WCD system data. In addition, that stored WCD
system data may have been generated from at least one hour
of the sensed ECG signal, and hopefully the entire durations
577, 177. And, at operation 995, the stored HR values may
be displayed.

[0127] Insome embodiments, provisions are made for HR
values that are suspected of being in error. In such embodi-
ments, raw HR values may be marked as error-prone. In
addition, time bins may be marked as error-prone if they
have included such error-prone raw HR values. Moreover,
derived HR values for such time bin values may be marked
as error-prone. Displaying may be affected also, according to
embodiments. Examples are now described.

[0128] Referring now to FIG. 10, the time evolution of a
number of aspects is shown. It will be appreciated that FIG.
10 has a number of aspects similar to those of FIG. 5, and
some of the description is similar. In FIG. 10 the time
evolution is over a long-term duration 1077 which may be
the same as durations 877, 577 or 177.

[0129] A sample ECG signal 1010 is shown, generally
similar to ECG signal 510. As mentioned previously, ECG
signal 1010 may be analyzed in short segments, as shown in
waveform 1020. Resulting respective computed raw HR
values 1030 are also shown. Furthermore, groups of raw HR
values 1030 are aggregated into respective first time bins
1040, and first HR values 1050 are derived for respective
first time bins 1040. These first HR values 1050 may be
derived from at least some of raw HR values 1030 aggre-
gated into each first time bin.

[0130] In this example, an error condition is determined to
be met for a certain one of the first HR values, namely first
HR value 1052. This determination may be made by pro-
cessor 230 of the WCD system, or processor 342.

[0131] As such, in this example, first HR value 1052 is
marked as error-prone, with a marking 1054. Optionally,
earlier aspects in this progression may be also marked as
error-prone, depending on the embodiment. For example,
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first time bin 1042 for which first HR value 1052 was
derived may also be marked as error-prone, with a marking
1044. In some embodiments, computed raw HR value 1032,
which was aggregated into first time bin 1042, is also be
marked as error-prone with a marking 1034. In some
embodiments, ECG short segment 1022, which was consid-
ered and/or used and/or contributed to what was aggregated
into first time bin 1042, is also be marked as error-prone with
a marking 1024. In some embodiments, of course, the error
may be so large as to prevent the computation of an raw HR
value, or it may permit the computation but result in an raw
HR value that has a simply unrealistic value that can be
safely disregarded.

[0132] A number of error conditions are possible.
Examples are now described.

[0133] Insome embodiments, the error condition is related
to disparity of raw HR values 1030 that are being aggregated
into a single first time bin 1042. In such embodiments, the
error condition may include that the certain first HR value
1052 is derived from a certain one of the first time bins, in
which the certain first time bin 1042 aggregates a group of
the raw HR values of which one is larger than another one
by at least an error HR threshold. A useful value for the error
HR threshold is about 10%.

[0134] In some embodiments that have multiple ECG
electrodes, the error condition can include that one of the
ECG electrodes is detected to be off, meaning detached from
the patient’s body. This can be detected in a number of ways,
such as by the lack of two or more versions of the patient’s
ECG signal.

[0135] In some embodiments that have multiple ECG
electrodes, the error condition can include that, in at least
one of the versions, a detected noise exceeds a noise
threshold. There are a number of ways of defining a channel
as noisy according to embodiments: 1) pctAmp—percentage
of QRS complexes that are too large in amplitude, 2)
pctBS—percent baseline shift, or the percentage of a seg-
ment that has too large of a shift from zero amplitude, 3)
dPW—peak width, which is classified as noisy if there are
too narrow of peaks, and 4) dZC—zero crossings, which is
defined as noisy if the signal crosses 0 too many times in a
given timeframe. Any one of these variables can signal a
noisy channel, by itself or in combination with others.
[0136] FIG. 11 shows a flowchart 1100 for describing
methods according to embodiments. Operations 1125, 1130,
1140, 1150 may be performed as operations 925, 930, 940,
950 respectively.

[0137] At another operation 1165, at least one, and maybe
some of the first HR values may be marked as error-prone.
An example was seen in FIG. 10, where first HR value 1052
was marked by a marking 1054.

[0138] At another operation 1190, at least some of the first
HR values are stored, for example in memory 238 or
memory 343. In embodiments, the thus stored HR values
have been thus derived from the stored WCD system data
which, in turn may be generated from at least one hour of the
sensed ECG signal, and hopefully the entire duration 1077.
[0139] And, at operation 1195, the stored first HR values
may be displayed. The stored first HR values for which the
error condition was not determined to be met can be dis-
played in a first manner. On the other hand, the stored first
HR values for which the error condition was determined to
be met can be displayed in a second manner that is different
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from the first manner the certain first HR value, for example
to indicate a due lack of confidence in the result.

[0140] Insome embodiments, the second manner includes
displaying error indicia in relation to the certain first HR
values for which the error condition was determined to be
met. An example is now described.

[0141] Referring now to FIG. 12, a vertical axis 1210
indicates final heart rate values, which can be the first heart
rate values, second heart rate values, and so on. A time
duration 1277 is parallel to a horizontal axis that is demar-
cated in hours.

[0142] A diagram of a sample displayed long-term heart
rate of a patient is indicated by a line 1250. In this example,
additionally a maximum 1255 and a minimum 1257 lines are
also shown. This display between hours 0-15 and 18-23 is
regarded as a first manner of displaying. At least some the
stored HR values are thus displayed concurrently.

[0143] In this example, first HR values between hours
15-18 have been marked as error-prone, and are not dis-
played at all. Instead, error indicia 1258 is displayed near
where these first HR values would be displayed.

[0144] In other embodiments, the second manner includes
not displaying at all the certain first HR values for which the
error condition was determined to be met. An example is
now described.

[0145] Referring now to FIG. 13, a vertical axis 1310
indicates final heart rate values, which can be the first heart
rate values, second heart rate values, and so on. A time
duration 1377 is parallel to a horizontal axis that is demar-
cated in hours.

[0146] A diagram of a sample displayed long-term heart
rate of a patient is indicated by a line 1350. In this example,
additionally a maximum 1355 and a minimum 1357 lines are
also shown. This display between hours 0-15 and 18-23 is
regarded as a first manner of displaying. At least some the
stored HR values are thus displayed concurrently. In this
example, first HR values between hours 15-18 are not
displayed at all, leaving a gap 1359.

[0147] In other instances, a gap such as gap 1359 is left
from a time that the patient is not wearing the WCD system.
[0148] Insome embodiments, a wearable medical monitor
(WMM) system has aspects similar to those of a WCD
system, except it does not include the defibrillator and the
defibrillator electrodes. For example, FIG. 14 is a diagram of
sample embodiments of components of an WMM system,
along with a block diagram of a computer system 1440 made
according to embodiments. Accordingly, embodiments pro-
vide long-term heart rate trend from multi-channel ECG data
of wearable medical monitor. Of course, a WCD system
according to embodiments is also a type of a wearable
medical monitor system. And all embodiments may discard
error data.

[0149] Computer system 1440 can be similar in many
ways to computer system 340 of FIG. 3. Computer system
1440 includes a processor 1442, which is also called a
computer processor, and a memory 1443, which can be a
non-transitory computer-readable storage medium. Memory
1443 may store a sample program 1445, or more than one
such programs. When such one or more programs are
executed by processor 1442, they result in operations
according to embodiments that are described later in this
document. In addition, computer system 1440 may have a
screen 1448, where data 1446 is displayed, and so on. A
person looking at screen 1448 is therefore helped with
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monitoring the patient, and especially with monitoring the
patient’s long-term heart rate.

[0150] In FIG. 14, a support structure 1470 includes a
vest-like wearable garment. Support structure 1470 has a
back side 1471, and a front side 1472 that closes in front of
the chest of the patient.

[0151] The WMM system of FIG. 14 also includes a
device 1400. FIG. 14 does not show any support for device
1400, which may be carried in a purse, on a belt, by a strap
over the shoulder, and so on. Wires 1405 connect device
1400 to ECG electrodes 1409.

[0152] Support structure 1470 is configured to be worn by
the ambulatory patient so as to maintain electrodes 1409 on
a body of the patient. In addition, sensing electrodes 1409
are maintained in positions that surround the patient’s torso.
The ECG electrodes thus define two or more channels and
are configured to sense two or more versions of an ECG
signal of the patient across the two or more channels.
[0153] Device 1400 may have a WMM processor and a
memory such as was described for processor 230 and
memory 238. As such, device 1400 could also be storing
WMM system data that is generated from at least one hour
of the sensed ECG signal. This stored WMM system data
can be about patient 82, according to embodiments.

[0154] Device 1400 may also have a screen 1499. In some
embodiments, all the processing is done by the WMM
processor, and the results and graphs are displayed in screen
1499, without using computer system 1440 at all.

[0155] In some embodiments, this stored WMM system
data may be downloaded as data 1446 into memory 1443 of
computer system 1440. As such, computer system 1440 may
receive the stored WMM system data, process it, and even
display it, as will now be described.

[0156] FIG. 15 shows a flowchart 1500 for describing
methods according to embodiments for WMM systems.
Many concepts in this are similar to what is previously
described.

[0157] An operation 1525 may be performed for a WMM
system as operation 1125 for a WCD system. Operations
1530, 1540 may be performed as operations 1130, 1140
respectively.

[0158] According to another operation 1545, computed
raw heart rate (HR) values that meet an error condition may
be discarded from their respective bins. A number of error
conditions are possible, some of which were described
above.

[0159] According to another operation 1550 first HR val-
ues may be derived for respective ones of the first time bins.
The discarded HR values are preferably not used here. The
first HR value of a certain one of the first time bins can be
derived from raw HR values aggregated and remaining into
the certain first time bin after the discarding of operation
1545.

[0160] According to another, optional operation 1565, at
least some first HR values are marking as error-prone, if
these first HR values were derived for first time bins from
which raw HR values were discarded. The more values
discarded, the more error prone they may be. An example
was seen in FIG. 10, where first HR value 1052 was marked
by a marking 1054.

[0161] At another operation 1590, at least some of the first
HR values are stored, for example in the memory of device
1400, or in memory 1443. In embodiments, the thus stored
HR values have been thus derived from the stored WCD
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system data which, in turn may be generated from at least
one hour of the sensed ECG signal, and hopefully the entire
duration 1077.

[0162] And, at another operation 1595, the stored first HR
values may be displayed. Further, error indicia may also be
displayed in relation to the displayed first HR values that are
marked as error-prone.

[0163] Of course, additional embodiments are possible as
a long-term rate is ultimately constructed from short seg-
ments. For example, in embodiments, it is further possible to
aggregating groups of the first time bins 540, 1040 into
respective second time bins 570. It is also possible to derive
second HR values 580 for respective ones of the second time
bins, from at least some of the first HR values of the first
time bins that are aggregated into the certain second time
bin. This can be by the middlemost-ranked values, by
averaging, etc. In such cases, the second HR values can be
stored instead of the first HR values, and so on. And again,
errors such as outliers within the second time bins may be
discarded, for example by techniques similar to what was
described above.

[0164] Moreover, at least some of the second HR values
can be marked as error-prone, if derived for second time bins
that include aggregated first time bins from which raw HR
values were discarded. Then the stored second HR values
can be displayed, along with error indicia in relation to the
displayed second HR values that are marked as error-prone.
[0165] Insome embodiments, if there are too many errors,
nothing is displayed, for example as seen in FIG. 13. This is
because, in embodiments it is preferable to omit data than to
show data for which there is little confidence. Below is a
discussion as to what constitutes too many errors, for
purposes of the invention.

[0166] Indeed, at the recommended values, there are 24
raw HR values every minute. Of those, up to 23 noisy ones
can be discarded and one would still have a meaningful
value for that minute, for purposes of the invention. If some,
or most, of the raw HR values for one minute are discarded,
there isn’t really much consequence to the user who is
looking for a long-term trend. One probably does not need
to do anything special to show that many data has been
discarded at the minute level.

[0167] On a larger scale, there are 60 minutes in an hour.
Of those, up to 59 bad ones can be discarded, and would still
leave a data point to plot for that hour, but that becomes
incrementally less meaningful for purposes of the invention.
And, the fewer the data points, the less meaningful the
maximum and the minimum values become, even though,
technically speaking, they would not be incorrect.

[0168] Referring now to FIG. 16, a vertical axis 1610
indicates final heart rate values, which can be the first heart
rate values, second heart rate values, and so on. A time
duration 1677 is parallel to a horizontal axis that is demar-
cated in hours.

[0169] A diagram of a sample displayed long-term heart
rate of a patient is indicated by a line 1650. In this example,
additionally a maximum 1655 and a minimum 1657 lines are
also shown.

[0170] In this embodiment, error indicia 1658 are also
displayed. In this example, error indicia 1658 are displayed
as question marks associated with the hour involved, by
being arrayed first along the hour involved. In addition, their
height starts from the horizontal time axis and small HR
values where it would be unobtrusive to the reading, and
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from there it goes up commensurately with the amount of
doubt that should accompany their readings of that hour.
And, where a threshold of error values is exceeded, the error
indicia 1658 overtakes the ordinary and expected values of
a HR trend, such as between hours 15-18. Indeed, for those
3 hours, no HR trend is indicated because the readings are
too error-prone. In this example, this overtaking is shown as
a continuum, but other examples are also possible.

[0171] Inthe methods described above, each operation can
be performed as an affirmative act or operation of doing, or
causing to happen, what is written that can take place. Such
doing or causing to happen can be by the whole system or
device, or just one or more components of it. It will be
recognized that the methods and the operations may be
implemented in a number of ways, including using systems,
devices and implementations described above. In addition,
the order of operations is not constrained to what is shown,
and different orders may be possible according to different
embodiments. Examples of such alternate orderings may
include overlapping, interleaved, interrupted, reordered,
incremental, preparatory, supplemental, simultaneous,
reverse, or other variant orderings, unless context dictates
otherwise. Moreover, in certain embodiments, new opera-
tions may be added, or individual operations may be modi-
fied or deleted. The added operations can be, for example,
from what is mentioned while primarily describing a differ-
ent system, apparatus, device or method.

[0172] A person skilled in the art will be able to practice
the present invention in view of this description, which is to
be taken as a whole. Details have been included to provide
a thorough understanding. In other instances, well-known
aspects have not been described, in order to not obscure
unnecessarily this description.

[0173] Some technologies or techniques described in this
document may be known. Even then, however, it does not
necessarily follow that it is known to apply such technolo-
gies or techniques as described in this document, or for the
purposes described in this document.

[0174] This description includes one or more examples,
but this fact does not limit how the invention may be
practiced. Indeed, examples, instances, versions or embodi-
ments of the invention may be practiced according to what
is described, or yet differently, and also in conjunction with
other present or future technologies. Other such embodi-
ments include combinations and sub-combinations of fea-
tures described herein, including for example, embodiments
that are equivalent to the following: providing or applying a
feature in a different order than in a described embodiment;
extracting an individual feature from one embodiment and
inserting such feature into another embodiment; removing
one or more features from an embodiment; or both removing
a feature from an embodiment and adding a feature extracted
from another embodiment, while providing the features
incorporated in such combinations and sub-combinations.
[0175] In general, the present disclosure reflects preferred
embodiments of the invention. The attentive reader will
note, however, that some aspects of the disclosed embodi-
ments extend beyond the scope of the claims. To the respect
that the disclosed embodiments indeed extend beyond the
scope of the claims, the disclosed embodiments are to be
considered supplementary background information and do
not constitute definitions of the claimed invention.

[0176] In this document, the phrases “constructed to”,
“adapted to” and/or “configured to” denote one or more
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actual states of construction, adaptation and/or configuration
that is fundamentally tied to physical characteristics of the
element or feature preceding these phrases and, as such,
reach well beyond merely describing an intended use. Any
such elements or features can be implemented in a number
of ways, as will be apparent to a person skilled in the art after
reviewing the present disclosure, beyond any examples
shown in this document.

[0177] Incorporation by reference: References and cita-
tions to other documents, such as patents, patent applica-
tions, patent publications, journals, books, papers, web
contents, have been made throughout this disclosure. All
such documents are hereby incorporated herein by reference
in their entirety for all purposes.

[0178] Parent patent applications: Any and all parent,
grandparent, great-grandparent, etc. patent applications,
whether mentioned in this document or in an Application
Data Sheet (“ADS”) of this patent application, are hereby
incorporated by reference herein as originally disclosed,
including any priority claims made in those applications and
any material incorporated by reference, to the extent such
subject matter is not inconsistent herewith.

[0179] Reference numerals: In this description a single
reference numeral may be used consistently to denote a
single item, aspect, component, or process. Moreover, a
further effort may have been made in the preparation of this
description to use similar though not identical reference
numerals to denote other versions or embodiments of an
item, aspect, component or process that are identical or at
least similar or related. Where made, such a further effort
was not required, but was nevertheless made gratuitously so
as to accelerate comprehension by the reader. Even where
made in this document, such a further effort might not have
been made completely consistently for all of the versions or
embodiments that are made possible by this description.
Accordingly, the description controls in defining an item,
aspect, component or process, rather than its reference
numeral. Any similarity in reference numerals may be used
to infer a similarity in the text, but not to confuse aspects
where the text or other context indicates otherwise.

[0180] The claims of this document define certain com-
binations and subcombinations of elements, features and
acts or operations, which are regarded as novel and non-
obvious. The claims also include elements, features and acts
or operations that are equivalent to what is explicitly men-
tioned. Additional claims for other such combinations and
subcombinations may be presented in this or a related
document. These claims are intended to encompass within
their scope all changes and modifications that are within the
true spirit and scope of the subject matter described herein.
The terms used herein, including in the claims, are generally
intended as “open” terms. For example, the term “including”
should be interpreted as “including but not limited to,” the
term “having” should be interpreted as “having at least,” etc.
If a specific number is ascribed to a claim recitation, this
number is a minimum but not a maxinum unless stated
otherwise. For example, where a claim recites “a” compo-
nent or “an” item, it means that the claim can have one or
more of this component or this item.

[0181] In construing the claims of this document, the
inventor(s) invoke 35 U.S.C. § 112(f) only when the words
“means for” or “steps for” are expressly used in the claims.
Accordingly, if these words are not used in a claim, then that
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claim is not intended to be construed by the inventor(s) in
accordance with 35 U.S.C. § 112(f).

1. A computer system for helping monitor a patient, the
patient having worn a wearable cardioverter defibrillator
(WCD) system for at least one hour during which the WCD
system included a defibrillation electrode, a support struc-
ture worn by the patient so as to maintain the defibrillation
electrode on a body of the patient, an energy storage module
storing an electrical charge configured to be discharged via
the defibrillation electrode through the patient so as to
deliver a shock to the patient, an Electrocardiogram (ECG)
electrode sensing an ECG signal of the patient, a WCD
processor analyzing short segments of the sensed ECG
signal, and a memory storing WCD system data about the
sensed ECG signal, the stored WCD system data being
generated from at least one hour of the sensed ECG signal,
the computer system comprising:

one or more computer processors distinct from the WCD

processor; and

a non-transitory computer-readable storage medium stor-

ing one or more programs which, when executed by the
one or more computer processors, result in operations
comprising:
receiving the stored WCD system data,
inputting computed raw heart rate (HR) values for respec-
tive ones of the short ECG signal segments,

aggregating groups of the raw HR values into respective
first time bins that are arranged in a time sequence,

deriving first HR values for respective ones of the first
time bins, the first HR value of a certain one of the first
time bins being derived from a middlemost-ranked one
of at least some of the raw HR values aggregated into
the certain first time bin,

aggregating groups of the first time bins into respective

second time bins;

deriving second HR values for respective ones of the

second time bins, the second HR value of a certain one
of the second time bins being derived from a middle-
most-ranked one of at least some of the first HR values
of the first time bins that are aggregated into the certain
second time bin, and

then storing the second HR values, the stored second HR

values having been thus derived from the stored WCD
system data that is generated from at least one hour of
the sensed ECG signal.

2. The computer system of claim 1, in which

the short segments of the sensed ECG signal have a

duration of approximately 4.8 sec.

3. The computer system of claim 1, in which

the stored WCD system data encodes amplitude values of

the sensed ECG signal, and

when the one or more programs are executed by the one

or more computer processors, the resulting operations
further comprise:

computing, from the amplitude values, the raw HR values

that are subsequently inputted.

4. The computer system of claim 1, in which

the WCD processor further computes the raw HR values,

and

the stored WCD system data includes the raw HR values

that are subsequently inputted.

5. The computer system of claim 4, in which

the WCD system further includes a plurality of ECG

electrodes,
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three or more channels are defined by the plurality of ECG

electrodes,

three or more versions of the patient’s ECG signal are

sensed from the three or more channels,

the WCD processor analyzes short segments of the three

or more versions of the patient’s ECG signal, and

a certain one of the inputted HR values is computed by:

computing three or more respective tentative HR values
from the three or more short segments of the three or
more versions of the patient’s ECG signal, and

deriving the certain inputted HR value from a middle-
most-ranked one of the three or more respective
tentative HR values.

6. The computer system of claim 1, in which

one of the first time bins has a time duration of approxi-

mately one minute.

7. The computer system of claim 1, in which

the first HR value of the certain first time bin is derived

from the middlemost-ranked one of all of the raw HR
values aggregated into the certain first time bin.

8. The computer system of claim 1, in which

the first HR value of the certain first time bin is one of the

middlemost-ranked raw HR values aggregated into the
certain first time bin.

9. The computer system of claim 1, in which

when the one or more programs are executed by the one

or more computer processors, the resulting operations
further comprise:

discarding, from the certain first time bin, a certain

computed raw HR value that meets an error condition,
and in which

the first HR value of the certain first time bin derived from

at least some of the raw HR values aggregated and
remaining into the certain first time bin after the
discarding,.

10. The computer system of claim 9, in which

the certain computed raw HR value meets the error

condition when it differs from another raw HR value
aggregated into the certain first time bin by at least an
error HR threshold, but

no two other raw HR values aggregated into the certain

first time bin differ from each other by as much as the
error HR threshold.

11. The computer system of claim 1, in which

the second HR value of the certain second time bin is

derived from a middlemost-ranked one of all of the first
HR values of the first time bins that are aggregated into
the certain second time bin.

12. The computer system of claim 1, in which

the second HR value of the certain second time bin is one

of the middlemost-ranked first HR value of the first
time bins that are aggregated into the certain second
time bin.

13. The computer system of claim 1, in which when the
one or more programs are executed by the one or more
computer processors, the resulting operations further com-
prise:

adjusting, before aggregating groups of the first time bins

into second time bins, a certain one of the first HR
values of a certain one of the first time bins in view of
a first HR value of a first time bin that is within a filter
range of the certain first time bin in the time sequence,
and
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in which one of the first HR values of the first time bins
aggregated into the certain second time bin is the
adjusted certain first HR value instead of the certain
first HR value.

14. The computer system of claim 13, in which

adjusting includes replacing the certain first HR value by

an adjusted first HR value that is derived from the first
HR value of the first time bin that is within the filter
range of the certain first time bin in the time sequence,
but is not derived from the certain first HR value.

15. The computer system of claim 14, in which

the adjusted first HR value is the first HR value of the first

time bin that is within the filter range of the certain first
time bin in the time sequence.

16. The computer system of any one of claims 1-15,
further comprising:

a screen, and

in which when the one or more programs are executed by

the one or more computer processors, the resulting
operations further comprise:

displaying on the screen at least some the stored second

HR values concurrently.

17. A method for helping monitor a patient, the patient
having worn a wearable cardioverter defibrillator (WCD)
system for at least one hour during which the WCD system
included a defibrillation electrode, a support structure worn
by the patient so as to maintain the defibrillation electrode on
a body of the patient, an energy storage module storing an
electrical charge configured to be discharged via the defi-
brillation electrode through the patient so as to deliver a
shock to the patient, an Electrocardiogram (ECG) electrode
sensing an ECG signal of the patient, a processor analyzing
short segments of the sensed ECG signal, and a memory
storing WCD system data about the sensed ECG signal, the
stored WCD system data being generated from at least one
hour of the sensed ECG signal, the method comprising:

receiving the stored WCD system data;
inputting computed raw heart rate (HR) values for respec-
tive ones of the short ECG signal segments;

aggregating groups of the raw HR values into respective
first time bins that are arranged in a time sequence;

deriving first HR values for respective ones of the first
time bins, the first HR value of a certain one of the first
time bins being derived from a middlemost-ranked one
of at least some of the raw HR values aggregated into
the certain first time bin;

aggregating groups of the first time bins into respective

second time bins;

deriving second HR values for respective ones of the

second time bins, the second HR value of a certain one
of the second time bins being derived from a middle-
most-ranked one of at least some of the first HR values
of the first time bins that are aggregated into the certain
second time bin; and

then storing the second HR values, the stored second HR

values having been thus derived from the stored WCD
system data that is generated from at least one hour of
the sensed ECG signal.

18-22. (canceled)

23. The method of claim 17, in which

the first HR value of the certain first time bin is derived

from the middlemost-ranked one of all of the raw HR
values aggregated into the certain first time bin.

24. (canceled)
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25. The method of claim 17, further comprising;

discarding, from the certain first time bin, a certain
computed raw HR value that meets an error condition,
and in which

the first HR value of the certain first time bin derived from
at least some of the raw HR values aggregated and
remaining into the certain first time bin after the
discarding.

26-31. (canceled)

32. The method of any one of claims 17, 23 and 25,

further comprising:
displaying on a screen the stored second HR values.
33-108. (canceled)

® 0% % % %

Oct. 24, 2019



R (TR AGE)
HAT R E(ZFRR)AGE)

FRI& B A

EHA

L 54X
S\EReERE

BEG®)

ZENETHE (WMM ) REARESKNEZE, WMMRSH —L3K
HEfBI 2 T R EA OB S ZBREISS (WCD ) RE, EXHENRSF , ECG
BN EENECGES , HEEFME, UUSMEHMNECGES ,
DA Bh R HR M BE M OR, LRGN ATLUBE AT HEBEIMHE - a)
BEEHHRNTERREREEEHORBEFEENERENL , HUKkDb)
B REARRIE RN RS T HECGESHRA , AT OEN

Eo

patsnap
AZEE O ESEREIZE (WCD ) REMECGHER TR BN K LERNE

US20190321648A1 NI (»&E)B 2019-10-24

US16/380037 RiEH 2019-04-10

WEST HOLDINGS AFFUM CORP.

WEST HOLDINGS AFFUM CORP.

SULLIVAN JOSEPH
KAVOUNAS GREGORY T

POSTLEWAIT, STEVEN
SULLIVAN, JOSEPH
KAVOUNAS, GREGORY T.

A61N1/39 A61N1/04 A61B5/0432 A61B5/0408 A61B5/0245 A61B5/0456 A61B5/04 A61B5/00

A61B5/7221 A61N1/3925 A61B5/6805 A61B5/04012 A61B5/0432 A61N1/3904 A61B5/742 AG1B5
/0245 A61N1/0484 A61N1/046 A61B5/0456 A61B5/04085

62/662128 2018-04-24 US

Espacenet  USPTO

340
COMPUTER
SYSTEM

342
COMPUTER
PROCESSOR

348
SCREEN

COMPONENTS OF
SAMPLE WCD SYSTEM.
AND DOWNLOAD OF DATA FOR
PROCESSING AND DISPLAY



https://share-analytics.zhihuiya.com/view/be1c7495-49c0-4545-a2f9-b291739f1434
https://worldwide.espacenet.com/patent/search/family/068237306/publication/US2019321648A1?q=US2019321648A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190321648%22.PGNR.&OS=DN/20190321648&RS=DN/20190321648

