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Description
FIELD

[0001] This invention generally relates to the field of
medical devices such as defibrillators.

BACKGROUND

[0002] In humans, the heart beats to sustain life. In
normal operation, it pumps blood through the various
parts of the body. More particularly, the various chamber
of the heart contract and expand in a periodic and coor-
dinated fashion, which causes the blood to be pumped
regularly.

[0003] More specifically, the right atrium sends deox-
ygenated blood into the right ventricle. The right ventricle
pumps the blood to the lungs, where it becomes oxygen-
ated, and from where it returns to the left atrium. The left
atrium pumps the oxygenated blood to the left ventricle.
The left ventricle, then, expels the blood, forcing it to cir-
culate to the various parts of the body.

[0004] The heart chambers pump because of the
heart’s electrical control system. More particularly, the
sinoatrial (SA) node generates an electrical impulse,
which generates further electrical signals.

[0005] These further signals cause the above-de-
scribed contractions of the various chambers in the heart,
in the correct sequence. The electrical pattern created
by the sinoatrial (SA) node is called a sinus rhythm.
[0006] Sometimes, however, the electrical control sys-
tem of the heart malfunctions, which can cause the heart
to beat irregularly, or not at all. The cardiac rhythm is
then generally called an arrhythmia.

[0007] Arrhythmias may be caused by electrical activ-
ity from locations in the heart other than the SA node.
Some types of arrhythmia may resultin inadequate blood
flow, thus reducing the amount of blood pumped to the
various parts of the body. Some arrhythmias may even
result in a Sudden Cardiac Arrest (SCA). In a SCA, the
heart fails to pump blood effectively, and, if not treated,
death can occur. In fact, it is estimated that SCA results
in more than 250,000 deaths peryear in the United States
alone. Further, a SCA may result from a condition other
than an arrhythmia.

[0008] One type of arrhythmia associated with SCA is
known as Ventricular Fibrillation (VF). VF is a type of
malfunction where the ventricles make rapid, uncoordi-
nated movements, instead of the normal contractions.
When that happens, the heart does not pump enough
blood to deliver enough oxygen to the vital organs. The
person’s condition will deteriorate rapidly and, if not re-
versed in time, they will die soon, e.g. within ten minutes.
[0009] VentricularFibrillation can often bereversed us-
ing a life-saving device called a defibrillator. A defibrilla-
tor, if applied properly, can administer an electrical shock
to the heart. The shock may terminate the VF, thus giving
the heart the opportunity to resume pumping blood. If VF
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is not terminated, the shock may be repeated, often at
escalating energies.

[0010] A challenge with defibrillation is that the electri-
cal shock must be administered very soon after the onset
of VF. There is not much time: the survival rate of persons
suffering from VF decreases by about 10% for each
minute the administration of a defibrillation shock is de-
layed. After about 10 minutes the rate of survival for SCA
victims averages less than 2%.

[0011] The challenge of defibrillating early after the on-
set of VF is being met in a number of ways. First, for
some people who are considered to be at a higher risk
of VF or other heart arrythmias, an Implantable Cardio-
verter Defibrillator (ICD) can be implanted surgically. An
ICD can monitor the person’s heart, and administer an
electrical shock as needed. As such, an ICD reduces the
need to have the higher-risk person be monitored con-
stantly by medical personnel.

[0012] Regardless, VF can occur unpredictably, even
to a person who is not considered at risk. As such, VF
can be experienced by many people who lack the benefit
of ICD therapy. When VF occurs to a person who does
not have an ICD, they collapse, because blood flow has
stopped. They should receive therapy quickly.

[0013] For a VF victim without an ICD, a different type
of defibrillator can be used, which is called an external
defibrillator. External defibrillators have been made port-
able, sothey can be brought to a potential VF victim quick-
ly enough to revive them.

[0014] During VF, the person’s condition deteriorates,
because the blood is not flowing to the brain, heart, lungs,
and other organs. Blood flow must be restored, if resus-
citation attempts are to be successful.

[0015] Cardiopulmonary Resuscitation (CPR) is one
method of forcing blood flow in a person experiencing
cardiac arrest. In addition, CPR is the primary recom-
mended treatment for some patients with some kinds of
non-VF cardiac arrest, such as asystole and pulseless
electrical activity (PEA). CPR is a combination of tech-
niques that include chest compressions to force blood
circulation, and rescue breathing to force respiration.
[0016] Properly administered CPR provides oxygenat-
ed blood to critical organs of a person in cardiac arrest,
thereby minimizing the deterioration that would otherwise
occur. As such, CPR can be beneficial for persons ex-
periencing VF, because it slows the deterioration that
would otherwise occur while a defibrillator is being re-
trieved. Indeed, for patients with an extended down-time,
survival rates are higher if CPR is administered prior to
defibrillation.

[0017] US 2004/127774 A1 discloses techniques for
wireless communication of medical eventinformation be-
tween medical devices that treat a particular patient. In
general, medical event information describes the condi-
tion and treatment of a patient. A medical device may
detect another medical device via a wireless communi-
cations medium, and establish a local wireless commu-
nication session the other device in order to receive med-



3 EP 2709 516 B1 4

ical event information stored by the other device for a
patient. The wireless communications medium may be
a radio frequency communications medium, and the
medical devices may establish a local wireless commu-
nication session according to any of a number of local
wireless data communication standards.; The medical
eventinformation received from the other medical device
may be used to select a therapy, or to generate a report
or patient chart detailing the condition and treatment of
the patient.

[0018] US 2006/161214 A1 discloses a remote medi-
cal device programming system and method for monitor-
ing a communication signal during a remote program-
ming procedure and generating a communication status
signal for presentation on a display. The communication
signal monitoring may include monitoring a communica-
tion link bandwidth on a communication network linking
aremote programmer to a central programmer. The com-
munication signal monitoring may also include monitor-
ing a telemetry signal strength between the remote pro-
grammer and the medical device being programmed.
The system and method further provide a fail-safe re-
sponse to a communication status signal that does not
meet predetermined safety criteria.

[0019] WO 2008/060197 A1 discloses methods and
medical systems for determining a link quality and a link
quality margin of a communication link between a pro-
grammer device and an implantable medical device of
such a medical system. A link quality monitoring circuit
of the programmer or the medical device may be adapted
to determine a present link quality and/or link quality mar-
gin at reduced signal power using at least one link quality
parameter.

[0020] Advanced medical devices can actually coach
a rescuer who performs CPR. For example, a medical
device can issue instructions, and even prompts, for the
rescuer to perform CPR more effectively.

BRIEF SUMMARY

[0021] The present invention provides an external de-
fibrillator according to claim 1 and a method for such an
external defibrillator according to claim 17. Preferred em-
bodiments are defined in the dependent claims. Aspects,
examples and embodiments disclosed herein but not fall-
ing under the scope of claims 1 or 17 do not form part of
the invention. The step of defibrillating or otherwise de-
livering therapy is not part of the method of the invention.
An advantage over the prior art is that a data signal en-
coding resuscitation event data, for example, may be
transferred wirelessly without interruption to an external
defibrillator from a transmitting device. Indeed, should a
condition occur that is potentially adverse to the wireless
communication, the user will have been alerted and can
hopefully abate the condition.

[0022] These and other features and advantages of
this description will become more readily apparent from
the following Detailed Description, which proceeds with
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reference to the drawings, in which:
BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG. 1 is a diagram of a scene where an external
defibrillator is used to save the life of a person ac-
cording to embodiments.

FIG. 2is a table listing two main types of the external
defibrillator shown in FIG. 1, and who they might be
used by.

FIG. 3 is a functional block diagram showing com-
ponents of an external defibrillator, such as the one
shownin FIG. 1, which is made according to embod-
iments.

FIG. 4 is a diagram showing a communication link
established between an external defibrillator and a
transmitting device according to embodiments.
FIG. 5A is a diagram showing regular transmission
of data over a communication link between an ex-
ternal defibrillator and a transmitting device accord-
ing to embodiments.

FIG. 5B is a diagram showing a break in the com-
munication link between the external defibrillator and
the transmitting device of FIG. 5A according to em-
bodiments.

FIG. 5C is a diagram showing the regular transmis-
sion of data over the communication link between
the external defibrillator and the transmitting device
of FIG. 5B resuming according to embodiments.
FIG. 6A is a diagram showing regular transmission
of data over a communication link between an ex-
ternal defibrillator and a transmitting device accord-
ing to embodiments.

FIG. 6B is a diagram showing the communication
link between the external defibrillator and the trans-
mitting device of FIG. 6A encountering an adverse
condition that may have an adverse impact on the
transmission of data according to embodiments.
FIG. 6C is a diagram showing the regular transmis-
sion of data over the communication link between
the external defibrillator and the transmitting device
of FIG. 6B subsequent to the comlink encountering
the adverse condition according to embodiments.
FIG. 7A is a time diagram of a reception parameter
corresponding to a communication link between an
external defibrillator and a transmitting device en-
countering an adverse condition that is subsequently
abated according to embodiments.

FIG. 7B is a time diagram of a user alert notification
that is issued and subsequently stopped responsive
to the communication link between the external de-
fibrillator and the transmitting device of FIG. 7A en-
countering the adverse condition that is subsequent-
ly abated according to embodiments.

FIG. 8 is a flowchart for illustrating example methods
executable by an external defibrillator receiving data
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from a transmitting device over a communication link
according to embodiments.

FIG. 9is aflowchart for illustrating example methods
executable by an external defibrillator evaluating a
reception parameter of a communication link accord-
ing to embodiments.

FIG. 10 is a flowchart for illustrating example meth-
ods executable by an external defibrillator evaluating
a reception parameter of a communication link ac-
cording to embodiments.

FIG. 11 is a flowchart for illustrating example meth-
ods executable by an external defibrillator evaluating
a reception parameter of a communication link ac-
cording to embodiments.

FIG. 12 is a flowchart for illustrating example meth-
ods of a user using an external defibrillator receiving
data from a transmitting device over a communica-
tion link according to embodiments.

DETAILED DESCRIPTION

[0024] FIG. 1 is a diagram of a defibrillation scene. A
person 82 is lying on their back. Person 82 could be a
patientin a hospital, or someone found unconscious, and
then turned to be on their back. Person 82 is experiencing
a condition in their heart 85, which could be Ventricular
Fibrillation (VF).

[0025] A portable external defibrillator 100 has been
brought close to person 82. Atleast two defibrillation elec-
trodes 104, 108 are usually provided with external defi-
brillator 100, and are sometimes called electrodes 104,
108. Electrodes 104, 108 are coupled with external de-
fibrillator 100 via respective electrode leads 105, 109. A
rescuer (not shown) has attached electrodes 104, 108
to the skin of person 82. Defibrillator 100 is administering,
via electrodes 104, 108, a brief, strong electric pulse 111
through the body of person 82. Pulse 111, also known
as a defibrillation shock, goes also through heart 85, in
an attempt to restart it, for saving the life of person 82.
[0026] Defibrillator 100 can be one of different types,
each with different sets of features and capabilities. The
set of capabilities of defibrillator 100 is determined by
planning who would use it, and what training they would
be likely to have. Examples are now described.

[0027] FIG.2isatablelisting two maintypes of external
defibrillators, and who they are primarily intended to be
used by. A first type of defibrillator 100 is generally called
a defibrillator-monitor, because it is typically formed as
a single unit in combination with a patient monitor. A de-
fibrillator-monitor is sometimes called monitor-defibrilla-
tor. A defibrillator-monitor is intended to be used by per-
sons in the medical professions, such as doctors, nurses,
paramedics, emergency medical technicians, etc. Such
a defibrillator-monitor is intended to be used in a pre-
hospital or hospital scenario.

[0028] As a defibrillator, the device can be one of dif-
ferent varieties, or even versatile enough to be able to
switch among different modes that individually corre-
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spond to the varieties. One variety is that of an automated
defibrillator, which can determine whether a shock is
needed and, if so, charge to a predetermined energy level
and instruct the user to administer the shock. Another
variety is that of a manual defibrillator, where the user
determines the need and controls administering the
shock.

[0029] As a patient monitor, the device has features
additional to what is minimally needed for mere operation
as a defibrillator. These features can be for monitoring
physiological indicators of a personinan emergency sce-
nario. These physiological indicators are typically moni-
tored as signals. For example, these signals can include
a person’s full ECG (electrocardiogram) signals, or im-
pedance between two electrodes. Additionally, these sig-
nals can be about the person’s temperature, non-inva-
sive blood pressure (NIBP), arterial oxygen saturation /
pulse oximetry (SpO2), the concentration or partial pres-
sure of carbon dioxide in the respiratory gases, which is
also known as capnography, and so on. These signals
can be further stored and/or transmitted as patient data.
[0030] A second type of external defibrillator 100 is
generally called an AED, which stands for "Automated
External Defibrillator". An AED typically makes the
shock/no shock determination by itself, automatically. In-
deed, it can sense enough physiological conditions of
the person 82 via only the shown defibrillation electrodes
104, 108 of FIG. 1. In its present embodiments, an AED
can either administer the shock automatically, or instruct
the user to do so, e.g. by pushing a button. Being of a
much simpler construction, an AED typically costs much
less than a defibrillator-monitor. As such, it makes sense
for a hospital, for example, to deploy AEDs at its various
floors, in case the more expensive defibrillator-monitor
is more critically being deployed at an Intensive Care
Unit, and so on.

[0031] AEDs, however, can also be used by people
who are not in the medical profession. More particularly,
an AED can be used by many professional first respond-
ers, such as policemen, firemen, etc. Even a person with
only first-aid training can use one. And AEDs increasingly
can supply instructions to whoever is using them.
[0032] AEDs are thus particularly useful, because it is
so critical to respond quickly, when a person suffers from
VF. Indeed, the people who will first reach the VF sufferer
may not be in the medical professions.

[0033] Increasing awareness has resulted in AEDs be-
ing deployed in public or semi-public spaces, so thateven
amember of the public can use one, if they have obtained
first aid and CPR/AED training on their own initiative. This
way, defibrillation can be administered soon enough after
the onset of VF, to hopefully be effective in rescuing the
person.

[0034] There are additional types of external defibril-
lators, which are notlisted in FIG. 2. For example, a hybrid
defibrillator can have aspects of an AED, and also of a
defibrillator-monitor. A usual such aspect is additional
ECG monitoring capability.
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[0035] FIG. 3 is a diagram showing components of an
external defibrillator 300 made according to embodi-
ments. These components can be, for example, in exter-
nal defibrillator 100 of FIG. 1. Plus, these components of
FIG. 3 can be provided in a housing 301, which is also
known as casing 301.

[0036] External defibrillator 300 is intended for use by
a user 380, who would be the rescuer. Defibrillator 300
typically includes a defibrillation port 310, such as a sock-
et in housing 301. Defibrillation port 310 includes nodes
314, 318. Defibrillation electrodes 304, 308, which can
be similar to electrodes 104, 108, can be plugged in de-
fibrillation port 310, so as to make electrical contact with
nodes 314, 318, respectively. ltis also possible that elec-
trodes can be connected continuously to defibrillation
port 310, etc. Either way, defibrillation port 310 can be
used for guiding via electrodes to person 82 an electrical
charge that has been stored in defibrillator 300, as will
be seen later in this document.

[0037] If defibrillator 300 is actually a defibrillator-mon-
itor, as was described with reference to FIG. 2, then it
will typically also have an ECG port 319 in housing 301,
for plugging in ECG leads 309. ECG leads 309 can help
sense an ECG signal, e.g. a 12-lead signal, or from a
different number of leads. Moreover, a defibrillator-mon-
itor could have additional ports (not shown), and an other
component 325 for the above described additional fea-
tures, such as patient signals.

[0038] Defibrillator 300 also includes a measurement
circuit 320. Measurement circuit 320 receives physiolog-
ical signals from ECG port 319, and also from other ports,
if provided. These physiological signals are sensed, and
information aboutthemis rendered by circuit 320 as data,
or other signals, etc.

[0039] If defibrillator 300 is actually an AED, it may lack
ECG port 319. Measurement circuit 320 can obtain phys-
iological signals through nodes 314, 318 instead, when
defibrillation electrodes 304, 308 are attached to person
82.Inthese cases, a person’s ECG signal can be sensed
as a voltage difference between electrodes 304, 308.
Plus, impedance between electrodes 304, 308 can be
sensed for detecting, among other things, whether these
electrodes 304, 308 have been inadvertently disconnect-
ed from the person.

[0040] Defibrillator 300 also includes a processor 330.
Processor 330 may be implemented in any number of
ways. Such ways include, by way of example and not of
limitation, digital and/or analog processors such as mi-
croprocessors and digital-signal processors (DSPs);
controllers such as microcontrollers; software running in
a machine; programmable circuits such as Field Pro-
grammable Gate Arrays (FPGAs), Field-Programmable
Analog Arrays (FPAAs), Programmable Logic Devices
(PLDs), Application Specific Integrated Circuits (ASICs),
any combination of one or more of these, and so on.
[0041] Processor 330 can be considered to have a
number of modules. One such module can be a detection
module 332, which senses outputs of measurement cir-
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cuit 320. Detection module 332 caninclude a VF detector.
Thus, the person’s sensed ECG can be used to deter-
mine whether the person is experiencing VF.

[0042] Another such module in processor 330 can be
an advice module 334, which arrives at advice based on
outputs of detection module 332. Advice module 334 can
include a Shock Advisory Algorithm, implement decision
rules,and soon. The advice can be to shock, to not shock,
to administer other forms of therapy, and so on. If the
advice is to shock, some external defibrillator embodi-
ments merely report that to the user, and prompt them
to do it. Other embodiments further execute the advice,
by administering the shock. If the advice is to administer
CPR, defibrillator 300 may further issue prompts for it,
and so on.

[0043] Processor 330 can include additional modules,
such as module 336, for other functions. In addition, if
other component 325 is indeed provided, it may be op-
erated in part by processor 330, etc.

[0044] Defibrillator 300 optionally further includes a
memory 338, which can work together with processor
330. Memory 338 may be implemented in any number
of ways. Such ways include, by way of example and not
of limitation, nonvolatile memories (NVM), read-only
memories (ROM), random access memories (RAM), any
combination of these, and so on. Memory 338, if provid-
ed, can include programs for processor 330, and so on.
The programs can be operational for the inherent needs
of processor 330, and can also include protocols and
ways that decisions can be made by advice module 334.
In addition, memory 338 can store prompts for user 380,
etc. Moreover, memory 338 can store patient data.
[0045] Defibrillator 300 may also include a power
source 340. To enable portability of defibrillator 300, pow-
er source 340 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 340 can include AC
power override, for where AC power will be available,
and so on. In some embodiments, power source 340 is
controlled by processor 330.

[0046] Defibrillator 300 additionally includes an energy
storage module 350. Module 350 is where some electri-
cal energy is stored, when preparing it for sudden dis-
charge to administer a shock. Module 350 can be
charged from power source 340 to the right amount of
energy, as controlled by processor 330. In typical imple-
mentations, module 350 includes one or more capacitors
352, and so on.

[0047] Defibrillator 300 moreover includes a discharge
circuit 355. Circuit 355 can be controlled to permit the
energy stored in module 350 to be discharged to nodes
314, 318, and thus also to defibrillation electrodes 304,
308. Circuit 355 can include one or more switches 357.
Those can be made in a number of ways, such as by an
H-bridge, and so on.

[0048] Defibrillator 300 further includes a user inter-
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face 370 for user 380. User interface 370 can be made
in any number of ways. For example, interface 370 may
include a screen, to display what is detected and meas-
ured, provide visual feedback to the rescuer for their re-
suscitation attempts, and so on. Interface 370 may also
include a speaker, to issue voice prompts, etc. Interface
370 may additionally include various controls, such as
pushbuttons, keyboards, and so on. In addition, dis-
charge circuit 355 can be controlled by processor 330,
or directly by user 380 via user interface 370, and so on.
[0049] Defibrillator 300 can optionally include other
components. Forexample, a communication module 390
may be provided for communicating with other machines.
Such communication can be performed wirelessly, or via
wire, or by infrared communication, and so on. This way,
data canbe communicated, such as patientdata, incident
information, therapy attempted, CPR performance, and
so on.

[0050] FIG. 4 is adiagram showing a wireless commu-
nication link ("comlink™") 403 that is established between
an external defibrillator 401 for defibrillating a person,
and for receiving resuscitation event data from a trans-
mitting device 402 distinct from the defibrillator 401, and
the transmitting device 402, according to embodiments.
Auser may facilitate the defibrillator 401 to start receiving
the resuscitation event data from the transmitting device
402 over the comlink. After the receiving starts, the de-
fibrillator 401 may alert the user that reception of the data
signal may be discontinued prematurely. Responsive to
being so alerted, the user may investigate whether there
is an adverse condition affecting the reception and abate
the adverse condition.

[0051] The defibrillator 401 includes a first housing
411, an energy storage module 451 in an interior of the
first housing 411 for storing an electrical charge 453, and
adefibrillation port 410 for guiding via electrodes the elec-
trical charge 453 to a person, such as the person 82 of
FIG. 1.

[0052] The transmitting device 402 includes a second
housing 412 and a second wireless communication mod-
ule 492. In certain embodiments, the transmitting device
402 also includes a second energy storage module 452
in an interior of the second housing 412 for storing an
electrical charge 454. For example, the transmitting de-
vice 402 may be a second external defibrillator distinct
from the defibrillator 401.

[0053] The defibrillator 401 also includes a first wire-
less communication module 491 for establishing the wire-
less comlink 403 with the second communication module
492. The first communication module 491 is further
adapted to receive wirelessly a data signal transmitted
by the second communication module 492 over the com-
link 403. In certain embodiments, the data signal encodes
resuscitation event data stored in the transmitting device
402. The defibrillator 401 further includes a memory 438
that is adapted to store the resuscitation event data that
has been decoded from the data signal.

[0054] The defibrillator 401 includes a processor 431
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thatis configured to monitor a reception parameter of the
comlink 403 while the data signal is being received. Any
number of parameters can be used. The processor 431
is also configured to set an alert flag if the processor 431
determines from the reception parameter that reception
of the data signal may be discontinued prematurely. In
addition, the flag may be implemented in any number of
ways.

[0055] The defibrillator optionally includes a user inter-
face 471 that is capable of outputting an alerting user
notification responsive to the alert flag being set. In cer-
tain embodiments, the user interface 471 is further ca-
pable of outputting a regular user notification that is dif-
ferent from the alerting user notification that the data sig-
nal is being received. The alerting user notification may
be at least one of a visual, audio, or physical notification.
The alerting user notification may further include a sug-
gestion that a user check whether the transmitting device
402 has been moved away from the defibrillator 401. Al-
ternatively or in addition thereto, the alerting user notifi-
cation may include a suggestion that a user check for a
potential source of interference with the communication
link.

[0056] In certain embodiments, the reception param-
eter includes a data rate of the data signal being received
over the communication link, and the alert flag is set if
the data rate is decreased below a data rate threshold.
In other embodiments, the reception parameter includes
a Received Signal Strength Indicator (RSSI) of the data
signal, and the alert flag is set if the RSSI crosses below
an RSSI threshold. In yet other embodiments, the recep-
tion parameter includes a rate of change of an RSSI of
the data signal, and the alertflagis set if the rate of change
crosses a threshold.

[0057] In certain embodiments, the reception param-
eter includes an Error Correction Rate (ECR) derived
from correcting errors as the resuscitation event data is
decoded from the data signal, and the alert flag is set if
the ECR increases above an ECR threshold. In other
embodiments, the reception parameter includes a rate
of change of an ECR from correcting errors as the resus-
citation event data is decoded from the data signal, and
the alert flag is set if the rate of change crosses a thresh-
old.

[0058] In certain embodiments, the processor 431 is
further configured to reset the alert flag if the processor
431 determines from the reception parameter that the
reception of the data signal has been restored. In these
embodiments, the user interface 471 may be further ca-
pable of outputting a regular user notification different
from the alerting user notification that the data signal is
being received responsive to the determination that the
reception of the data signal has been restored.

[0059] In certain embodiments, the processor 431 is
further configured to determine an expected amount of
time needed for the first communication module 491 to
fully receive the data signal, and determine an expected
amount of time remaining before the receiving of the data
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signal becomes discontinued. The processor 431 may
interact with an optional timer 481 in these embodiments.
The processor 431 may be configured to determine the
expected amount of time needed for the first communi-
cation module 491 to fully receive the data signal by de-
termining an amount of data remaining to be received.
Alternatively or in addition thereto, the processor 431
may be configured to determine the expected amount of
time remaining before the receiving of the data signal
becomes discontinued by determining a degradation rate
of the communication link.

[0060] The processor 431 may be configured to not set
the alert flag if the processor 431 determines that the
expected amount of time needed for the first communi-
cation module 491 to fully receive the data signal is less
than the expected amount of time remaining before the
receiving of the data signal becomes discontinued. The
alerting user notification may be structured to convey the
expected amount of time needed for the first communi-
cation module 491 to fully receive the data signal, or the
expected amount of time remaining before the receiving
of the data signal becomes discontinued, or both, to a
user.

[0061] Incertainembodiments, the defibrillator 401 fur-
ther includes a GPS unit 493. Alternatively or in addition
thereto, the transmitting device 402 may include a sec-
ond GPS unit 494.

[0062] FIG.s 5A-5C illustrate interactions between an
external defibrillator 501 and a transmitting device 502,
such as the external defibrillator 401 and transmitting de-
vice 402 of FIG. 4, respectively, according to embodi-
ments.

[0063] FIG. 5Ais a diagram showing regular transmis-
sion of data over a communication link ("comlink") 503
between the defibrillator 501 and the transmitting device
502 according to embodiments. The transmitting device
502 is transmitting a data signal to the defibrillator 501
over the comlink 503, as indicated by 504. The defibril-
lator 501 is receiving the data signal over the comlink
503, as indicated by 505. The data signal may encode
resuscitation event data about a person being resusci-
tated, for example.

[0064] The defibrillator 501 has a user interface 571,
such as the user interface 471 of FIG. 4. In certain em-
bodiments, the user interface 571 may output a regular
user audible notification 572 that the data signal is being
received. Alternatively or in addition thereto, the defibril-
lator 501 may have a display 570 that is configured to
output a regular user visual notification 595 that the data
signal is being received.

[0065] FIG. 5B is a diagram showing a break 506 in
the comlink 503 between the defibrillator 501 and the
transmitting device 502 of FIG. 5A according to embod-
iments. While the transmitting device 502 continues to
transmit, as indicated by 504, the defibrillator 501 no long-
er receives the data signal over the comlink 503, as in-
dicated by 505. The break 506 may be a result of the
transmitting device 502 being moved away from the de-
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fibrillator 501, as indicated by 598, for example.

[0066] The user interface 571 is configured to output
an alerting user audible notification 573 responsive to
the break 506. Alternatively or in addition thereto, the
display 570 may be configured to output an alerting user
visual notification 596 responsive to the break 506. Either
or both of the alerting user audible notification 573 and
visual notification 596 may include a suggestion that a
user check whether the transmitting device 502 is being
moved away from the defibrillator 501.

[0067] FIG. 5C is adiagram showing the regular trans-
mission of data over the comlink 503 between the defi-
brillator 501 and the transmitting device 502 of FIG. 5B
resuming, as indicated by 504 and 505, according to em-
bodiments. For example, in situations where the break
506 in FIG. 5B was a result of the transmitting device 502
being moved away from the defibrillator 501, the resum-
ing of the regular transmission of data may be a result of
the transmitting device 502 being moved closer to the
defibrillator 501, as indicated by 599.

[0068] In certain embodiments, the user interface 571
may output the regular user audible notification 572 that
the data signal is being received. Alternatively or in ad-
dition thereto, the display 570 may be configured to out-
put the regular user visual notification 595 that the data
signal is being received.

[0069] FIG.s 6A-6C illustrate interactions between an
external defibrillator 601 and a transmitting device 602,
such as the external defibrillator 401 and transmitting de-
vice 402 of FIG. 4, respectively, according to embodi-
ments.

[0070] FIG. 6Ais a diagram showing regular transmis-
sion of data over a communication link ("comlink") 603
between the defibrillator 601 and the transmitting device
602 according to embodiments. The transmitting device
602 is transmitting a data signal to the defibrillator 601
over the comlink 603, as indicated by 604. The defibril-
lator 601 is receiving the data signal over the comlink
603, as indicated by 605. The data signal may encode
resuscitation event data about a person being resusci-
tated, for example.

[0071] The defibrillator 601 has a user interface 671,
such as the user interface 471 of FIG. 4. In certain em-
bodiments, the user interface 671 may output a regular
user audible notification 672 that the data signal is being
received. Alternatively or in addition thereto, the defibril-
lator 601 may have a display 670 that is configured to
output a regular user visual notification 695 that the data
signal is being received.

[0072] FIG. 6B is a diagram showing the comlink 603
between the defibrillator 601 and the transmitting device
602 of FIG. 6A encountering an adverse condition that
may have an adverse impact on the transmission of data
according to embodiments. While the transmitting device
602 continues to transmit, as indicated by 604, the defi-
brillator 601 no longer receives the data signal over the
comlink 603, as indicated by 605. The adverse condition
may be an incipient condition and may be a result of a
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source of interference, such as a medical device that is
distinct from the defibrillator 601 and transmitting device
602 butis operating, e.g. transmitting, near or at the same
frequency as one or both of the defibrillator 601 and trans-
mitting device 602.

[0073] The user interface 671 is configured to output
an alerting user audible notification 673 responsive to
the adverse condition. Alternatively or in addition thereto,
the display 670 may be configured to output an alerting
user visual notification 696 responsive to the adverse
condition. Either or both of the regular user audible noti-
fication 672 and visual notification 695 may include a
suggestion that a user check for a potential source of
interference with the comlink 603.

[0074] FIG. 6C is adiagram showing the regular trans-
mission of data over the communication link between the
external defibrillator and the transmitting device of FIG.
6B subsequent to the comlink encountering the adverse
condition according to embodiments.

[0075] FIG. 6C is adiagram showing the regular trans-
mission of data over the comlink 603 between the defi-
brillator 601 and the transmitting device 602 of FIG. 6B
resuming, as indicated by 604 and 605, according to em-
bodiments. For example, in situations where the adverse
condition in FIG. 6B was a result of a source of interfer-
ence, the resuming of the regular transmission of data
may be a result of a user addressing the source of inter-
ference. In situations where the source of interference is
a medical device distinct from the defibrillator 601 and
transmitting device 602 but operating near or at the same
frequency as one or both of the defibrillator 601 and trans-
mitting device 602, the user may abate the adverse con-
dition by either turning off the medical device or causing
the medical device to operate at a different frequency by
changing the channel, for example.

[0076] In certain embodiments, the user interface 671
may output the regular user audible notification 672 that
the data signal is being received. Alternatively or in ad-
dition thereto, the display 670 may be configured to out-
put the regular user visual notification 695 that the data
signal is being received.

[0077] FIG. 7Ais atime diagram of a reception param-
eter corresponding to a communication link ("comlink")
between an external defibrillator and a transmitting de-
vice encountering an adverse condition that is subse-
quently abated according to embodiments. The reception
parameter may correspond to a data rate of a data signal
being received over the comlink, a Received Signal
Strength Indicator (RSSI) of the data signal, or an Error
Correction Rate (ECR) corresponding to the data signal,
for example.

[0078] The monitored reception parameter is relatively
stable and situated above a threshold before T1, as in-
dicated by 701. At time T1, the reception parameter be-
gins to fall, as indicated by 711.

[0079] This change in the reception parameter is likely
responsive to the comlink encountering an adverse con-
dition. For example, there may be a potential source of
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interference affecting the comlink, a distance between
the defibrillator and the transmitting device may be in-
creasing, or both.

[0080] Attime T2, the monitored reception parameter
crosses the threshold, as indicated by 712. At this point,
an alerting user notification may be issued by the defi-
brillator. Once corrective action is taken by the user at
T3, as indicated by 713, the reception parameter begins
to return to a restored condition. As described above,
taking corrective action may include the user reducing a
distance between the defibrillator and the transmitting
device, turning off a potentially interfering device, chang-
ing the channel of a potentially interfering device, etc.
[0081] Attime T4, the reception parameter crosses the
threshold, as indicated by 714, until the reception param-
eter returns to approximately the same level as before
T1 at T5, as indicated by 715. The reception parameter
will generally remain at this level until another adverse
condition is encountered or the monitoring of the recep-
tion parameter ceases.

[0082] FIG. 7B is a time diagram of a user alert notifi-
cation that is issued and subsequently stopped respon-
sive to the communication link ("comlink") between the
external defibrillator and the transmitting device of FIG.
7A encountering the adverse condition that is subse-
quently abated according to embodiments. Until time T2,
as indicated by 722, the monitored reception parameter
of FIG. 7A is above the threshold. Once the reception
parameter crosses the threshold at time T2, however,
the user alert notification is issued. The user alert notifi-
cation may provide one or more suggested actions for a
user to abate an adverse condition that is potentially
present, such as reducing the distance between the de-
fibrillator and the transmitting device, turning off a poten-
tially interfering device, changing the channel of a poten-
tially interfering device, etc.

[0083] Until corrective action taken by the user causes
the reception parameter of FIG. 7A to cross the threshold
again at time T4, as indicated by 724, the user alert no-
tification persists. After time T4, however, the user alert
notification is stopped. No subsequent user alert notifi-
cation will generally be issued unless the reception pa-
rameter crosses the threshold again.

[0084] The functions of this description may be imple-
mented by one or more devices that include logic circuit-
ry. The device performs functions and/or methods as are
described in this document. The logic circuitry may in-
clude a processor that may be programmable for a gen-
eral purpose, or dedicated, such as microcontroller, a
microprocessor, a Digital Signal Processor (DSP), etc.
For example, the device may be a digital computer like
device, such as a general-purpose computer selectively
activated or reconfigured by a computer program stored
in the computer. Alternately, the device may be imple-
mented by an Application Specific Integrated Circuit
(ASIC), etc.

[0085] Moreover, methods are described below. The
methods and algorithms presented herein are not nec-
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essarily inherently associated with any particular com-
puter or other apparatus. Rather, various general-pur-
pose machines may be used with programs in accord-
ance with the teachings herein, or it may prove more
convenient to construct more specialized apparatus to
perform the required method steps. The required struc-
ture for a variety of these machines will become apparent
from this description.

[0086] In all cases there should be borne in mind the
distinction between methods in this description, and the
method of operating a computing machine. This descrip-
tion relates both to methods in general, and also to steps
for operating a computer and for processing electrical or
other physical signals to generate other desired physical
signals.

[0087] Programs are additionally included in this de-
scription, as are methods of operation of the programs.
A program is generally defined as a group of steps lead-
ing to a desired result, due to their nature and their se-
quence. A program is usually advantageously imple-
mented as a program for a computing machine, such as
a general-purpose computer, a special purpose compu-
ter, a microprocessor, etc.

[0088] Storage media are additionally included in this
description. Such media, individually or in combination
with others, have stored thereon instructions of a pro-
gram made according to the invention. A storage medium
according to the invention is a computer-readable medi-
um, such as a memory, and is read by the computing
machine mentioned above.

[0089] Performing the steps or instructions of a pro-
gram requires physical manipulations of physical quan-
tities. Usually, though not necessarily, these quantities
may be transferred, combined, compared, and otherwise
manipulated or processed according to the instructions,
and they may also be stored in a computer-readable me-
dium. These quantities include, for example electrical,
magnetic, and electromagnetic signals, and also states
of matter that can be queried by such signals. It is con-
venient at times, principally for reasons of common us-
age, to refer to these quantities as bits, data bits, sam-
ples, values, symbols, characters, images, terms, num-
bers, or the like. It should be borne in mind, however,
that all of these and similar terms are associated with the
appropriate physical quantities, and that these terms are
merely convenient labels applied to these physical quan-
tities, individually or in groups.

[0090] This detailed description is presented largely in
terms of flowcharts, display images, algorithms, and sym-
bolic representations of operations of data bits within at
least one computer readable medium, such as amemory.
Indeed, such descriptions and representations are the
type of convenient labels used by those skilled in pro-
gramming and/or the data processing arts to effectively
convey the substance of their work to others skilled in
the art. A person skilled in the art of programming may
use these descriptions to readily generate specific in-
structions for implementing a program according to the
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present invention.

[0091] Often, for the sake of convenience only, it is
preferred to implement and describe a program as vari-
ous interconnected distinct software modules or fea-
tures, individually and collectively also known as soft-
ware. This is not necessary, however, and there may be
cases where modules are equivalently aggregated into
a single program with unclear boundaries. In any event,
the software modules or features of this description may
be implemented by themselves, or in combination with
others. Even though it is said that the program may be
stored in a computer-readable medium, it should be clear
to a person skilled in the art that it need not be a single
memory, or even a single machine. Various portions,
modules or features of it may reside in separate memo-
ries, or even separate machines. The separate machines
may be connected directly, or through a network, such
as a local access network (LAN), or a global network,
such as the Internet.

[0092] It will be appreciated that some of these meth-
ods may include software steps that may be performed
by different modules of an overall software architecture.
For example, data forwarding in a router may be per-
formed in a data plane, which consults a local routing
table. Collection of performance data may also be per-
formed in a data plane. The performance data may be
processed in a control plane, which accordingly may up-
date the local routing table, in addition to neighboring
ones. A person skilled in the art will discern which step
is best performed in which plane.

[0093] An economy is achieved in the present docu-
ment in that a single set of flowcharts is used to describe
both programs, and also methods. So, while flowcharts
are described in terms of boxes, they can mean both
method and programs.

[0094] For this description, the methods may be imple-
mented by machine operations. In other words, embod-
iments of programs are made such that they perform
methods of the invention that are described in this doc-
ument. These may be optionally performed in conjunction
with one or more human operators performing some, but
not all of them. As per the above, the users need not be
collocated with each other, but each only with a machine
that houses a portion of the program. Alternately, some
of these machines may operate automatically, without
users and/or independently from each other.

Methods are now described.

[0095] FIG. 8 is a flowchart for illustrating example
methods 800 executable by an external defibrillator re-
ceiving data from a transmitting device over a communi-
cation link ("comlink") established with the transmitting
device according to embodiments. In an operation 802,
adata signal is received from the transmitting device over
the communication link that encodes resuscitation event
data about a person being resuscitated. In an optional
operation 804, the data signal is decoded and the decod-
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ed resuscitation event data is stored. The decoding may
be performed during reception of the data or subsequent
to completion of data reception. The decoded data may
be stored in the defibrillator, in another device, or both.
[0096] In an operation 806, a reception parameter of
the comlink is monitored while the data signal is being
received. A determination is subsequently made as to
whether an adverse condition is present, as indicated by
808. An operation 818 includes setting an alert flag re-
sponsive to adetermination from the reception parameter
that reception of the data signal may be discontinued
prematurely. An optional operation 810 includes output-
ting a regular user notification different from the alerting
user notification that the data signal is being received.
[0097] Responsive to a determination at 808 that an
adverse condition is present, optional operations at 812
and 814 include, respectively, determining an estimated
amount of time needed for the receiving of the data signal
to complete and determining an estimated amount oftime
remaining before the receiving of the data signal is dis-
continued due to a break in the comlink, for example. In
a subsequent optional operation 816, a determination is
made as to whether there is an adequate amount of time
left for completion of the data reception. If so, the method
800 may return to the operation 806; otherwise, the meth-
0d 800 advances to the operation 818, whichis discussed
above. In certain embodiments, the method 800 may ad-
vance to the optional operation 810 before returning to
the operation 806.

[0098] An optional operation 820 includes outputting
an alerting user notification responsive to the alert flag
being set. Another optional operation 822 includes sug-
gesting an action for a user. For example, the alerting
user notification of 820 may include a suggestion that a
user check whether the transmitting device is being
moved away from the external defibrillator. Alternatively
or in addition thereto, the alerting user notification of 820
may include a suggestion that a user check for a potential
source of interference with the comlink.

[0099] The optional operation 810 may include sup-
pressing the alerting user notification of 820 responsive
to a determination that the estimated amount of time
needed for the receiving of the data signal to complete
is less than the estimated amount of time remaining be-
fore the receiving of the data signal is discontinued. In
certain embodiments, the alerting user notification in-
cludes the estimated amount of time needed for the re-
ceiving of the data signal to complete and the estimated
amounted of time remaining before the receiving of the
data signal is discontinued.

[0100] In an operation 824, a determination is made
as to whether the adverse condition has abated or been
abated. If so, the method 800 may return to the operation
806; otherwise, the method 800 may advance to the op-
eration 818, which is discussed above. In certain embod-
iments, the method 800 may advance to the optional op-
eration 810 before returning to the operation 806. For
example, the operation 810 may include outputting a reg-
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ular user notification different from the alerting user no-
tification that the data signal is being received responsive
to a determination that the reception of the data signal
has been restored.

[0101] FIG. 9 is a flowchart for illustrating example
methods executable by an external defibrillator evaluat-
ing a reception parameter of a communication link ac-
cording to embodiments. In the operation 908, which rep-
resents at least a portion of the operation 808 of FIG. 8
in certain embodiments, the reception parameter, as
monitored at operation 806 of FIG. 8, includes a datarate
of the data signal being received over the communication
link and the alert flag is set, at operation 818 of FIG. 8,
if the data rate is decreased below a data rate threshold;
otherwise, the method 800 of FIG. 8 may return to the
operation 806. In certain embodiments, the method 800
may advance to the optional operation 810, discussed
above, before returning to the operation 806.

[0102] FIG. 10 is a flowchart for illustrating example
methods executable by an external defibrillator evaluat-
ing a reception parameter of a communication link ac-
cording to embodiments. In the operation 1008, which
represents at least a portion of the operation 808 of FIG.
8 in certain embodiments, the reception parameter, as
monitored at operation 806 of FIG. 8, includes a Received
Signal Strength Indicator (RSSI) of the data signal and
the alert flag is set, at operation 818 of FIG. 8, if the RSSI
crosses below an RSSI threshold; otherwise, the method
800 of FIG. 8 may return to the operation 806. In certain
embodiments, the method 800 may advance to the op-
tional operation 810, discussed above, before returning
to the operation 806.

[0103] FIG. 11 is a flowchart for illustrating example
methods executable by an external defibrillator evaluat-
ing a reception parameter of a communication link ac-
cording to embodiments. In the operation 1108, which
represents at least a portion of the operation 808 of FIG.
8 in certain embodiments, the reception parameter, as
monitored at operation 806 of FIG. 8, includes an Error
Correction Rate (ECR) from correcting errors as the re-
suscitation event data is decoded from the data signal
and the alert flag is set, at operation 818 of FIG. 8, if the
ECR increases above an ECR threshold; otherwise, the
method 800 of FIG. 8 may return to the operation 806.
In certain embodiments, the method 800 may advance
to the optional operation 810, discussed above, before
returning to the operation 806.

[0104] FIG. 12 is a flowchart for illustrating example
methods 1200 of a user, such as a rescuer, using an
external defibrillator receiving data from a transmitting
device over a communication link according to embodi-
ments. In each of the steps described below, the term
"user" may refer to one or more persons and may or may
not include the same person(s) for each step.

[0105] A step at 1202 includes the user facilitating an
external defibrillator to start receiving wirelessly a data
signal encoding resuscitation event data from a transmit-
ting device distinct from the external defibrillator. The
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step at 1202 may include the defibrillator establishing a
wireless communication link ("comlink") with the trans-
mitting device.

[0106] Afterthe receiving at 1202 starts, a step at 1204
includes the user being alerted by the defibrillator that
reception of the data signal may be discontinued prema-
turely. In certain embodiments, the defibrillator suggests
a check for a potential source of interference.

[0107] Alternatively or in addition thereto, the defibril-
lator may suggest that the adverse condition is an incip-
ient condition. Alternatively or in addition thereto, the de-
fibrillator may suggest that a distance between the defi-
brillator and the transmitting device is increasing.
[0108] Responsive to being so alerted at 1204, a step
at 1206 includes the user investigating whether there is
an adverse condition affecting the reception. For exam-
ple, the user may determine whether there is a potential
source of interference, whether a distance between the
defibrillator and the transmitting device is increasing, or
both. The defibrillator may suggest that the adverse con-
dition is a decrease in a data rate of the data signal, a
decrease in a Received Signal Strength Indicator (RSSI)
of the data signal, or an increase in an Error Correction
Rate (ECR) related to the data signal.

[0109] Themethod 1200 furtherincludes the user abat-
ing the adverse condition, as indicated at step 1208. In
certain embodiments, abating the condition includes the
user decreasing a distance between the defibrillator and
the transmitting device. An optional step at 1210 includes
the user being alerted by the defibrillator that the recep-
tion of the data signal has been restored responsive to
the abating.

[0110] In this description, numerous details have been
set forth in order to provide a thorough understanding.
In other instances, well-known features have not been
described in detail in order to not obscure unnecessarily
the description.

[0111] A personskilled in the art will be able to practice
the present invention in view of this description, which is
to be taken as a whole. The specific embodiments as
disclosed and illustrated herein are not to be considered
in a limiting sense. Indeed, it should be readily apparent
to those skilled in the art that what is described herein
may be modified in numerous ways. In addition, the in-
vention may be practiced in combination with other sys-
tems.

Claims

1. An external defibrillator (401) for defibrillating a per-
son (82), and for receiving resuscitation event data
from a transmitting device (402) distinct from the ex-
ternal defibrillator (401), the transmitting device
(402) including a second housing (412) and a second
wireless communication module (492), the external
defibrillator (401) comprising:

10

15

20

25

30

35

40

45

50

55

1"

a first housing (144);

an energy storage module (451) in an interior of
the first housing (411) for storing an electrical
charge (453);

a defibrillation port (410) for guiding via elec-
trodes the electrical charge (453) to the person
(82);

a first wireless communication module (491) for
establishing a wireless communication link
(403) with the second communication module
(492), the first communication module (491) be-
ing further adapted to receive wirelessly a data
signaltransmitted by the second communication
module (492) over the communication link (403),
the data signal encoding the resuscitation event
data stored in the transmitting device (402);

a memory (438) adapted to store the resuscita-
tion event data that has been decoded from the
data signal;

a processor (431) configured to:

monitor a reception parameter of the com-
munication link (403) while the data signal
is being received, and to set an alert flag if
the processor (431) determines from the re-
ception parameter thatreception of the data
signal may be discontinued prematurely;
determine an expected amount of time
needed for the first communication module
(491) to fully receive the data signal;
determine an expected amount of time re-
maining before the receiving of the data sig-
nal becomes discontinued;

not set the alert flag if the processor (431)
determines that the expected amount of
time needed for the first communication
module (491) to fully receive the data signal
is less than the expected amount of time
remaining before the receiving of the data
signal becomes discontinued; and

a user interface (471) capable of outputting an
alerting user notification responsive to the alert
flag being set.

The external defibrillator (401) of claim 1, in which
the user interface (471) is further capable of output-
ting aregular user notification different from the alert-
ing user notification that the data signal is being re-
ceived.

The external defibrillator (401) of claim 1, in which
the alerting user notification is atleast one of a visual,
audio, or physical notification.

The external defibrillator (401) of claim 1, in which
the alerting user notification further includes a sug-
gestion that a user check whether the transmitting
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device (402) has been moved away from the defi-
brillator (401).

The external defibrillator (401) of claim 1, in which
the alerting user notification further includes a sug-
gestion that a user check for a potential source of
interference with the communication link (403).

The external defibrillator (401) of claim 1, in which

the reception parameter includes a data rate of
the data signal being received over the commu-
nication link (403), and

the alert flag is set if the data rate is decreased
below a data rate threshold.

The external defibrillator (401) of claim 1, in which

the reception parameter includes a Received
Signal Strength Indicator (RSSI) of the data sig-
nal, and

the alert flag is set if the RSSI crosses below an
RSSI threshold.

The external defibrillator (401) of claim 1, in which

the reception parameter includes a rate of
change of a Received Signal Strength Indicator
(RSSI) of the data signal, and

the alert flag is set if the rate of change crosses
a threshold.

The external defibrillator (401) of claim 1, in which

the reception parameter includes an Error Cor-
rection Rate (ECR) derived from correcting er-
rors as the resuscitation event data is decoded
from the data signal, and

the alert flag is set if the ECR increases above
an ECR threshold.

The external defibrillator (401) of claim 1, in which

the reception parameter includes a rate of
change of an Error Correction Rate (ECR) from
correcting errors as the resuscitation event data
is decoded from the data signal, and

the alert flag is set if the rate of change crosses
a threshold.

The external defibrillator (401) of claim 1, in which
the processor (431) is further configured to reset the
alert flag if the processor (431) determines from the
reception parameter that the reception of the data
signal has been restored.

The external defibrillator (401) of claim 11, in which
the user interface (471) is further capable of output-
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13.

14.

15.

16.

17.

22

ting aregular user notification different from the alert-
ing user notification that the data signal is being re-
ceived responsive to the determination that the re-
ception of the data signal has been restored.

The external defibrillator (401) of claim 1, in which
the transmitting device (402) is a second external
defibrillator distinct from the defibrillator (402).

The external defibrillator (401) of claim 1, in which
the processor (431) is configured to determine the
expected amount of time needed for the first com-
munication module (491) to fully receive the data sig-
nal by determining an amount of data remaining to
be received.

The external defibrillator (401) of claim 1, in which
the processor (431) is configured to determine the
expected amount of time remaining before the re-
ceiving of the data signal becomes discontinued by
determining a degradation rate of the communica-
tion link (403).

The external defibrillator (401) of claim 1, in which
the alerting user notification is structured to convey
the expected amount of time needed for the first com-
munication module (491) to fully receive the data sig-
nal, or the expected amount of time remaining before
the receiving of the data signal becomes discontin-
ued, or both, to a user.

A method for an external defibrillator (401), compris-
ing:

establishing a communication link (403) with a
transmitting device (402);

receiving a data signal from the transmitting de-
vice (402) over the communication link (403) that
encodes resuscitation event data about a per-
son (82) being resuscitated;

monitoring a reception parameter of the com-
munication link (403) while the data signal is be-
ing received;

determining an estimated amount of time need-
ed for the receiving of the data signal to com-
plete;

determining an estimated amount of time re-
maining before the receiving of the data signal
is discontinued;

setting an alert flag responsive to a determina-
tion from the reception parameter that reception
of the data signal may be discontinued prema-
turely;

suppressing the alerting user notification re-
sponsive to a determination that the estimated
amount of time needed for the receiving of the
data signal to complete is less than the estimat-
ed amount of time remaining before the receiv-
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ing of the data signal is discontinued; and out-
putting an alerting user notification responsive
to the alert flag being set.

The method of claim 17, further comprising:
outputting a regular user notification different from
the alerting user notification that the data signal is
being received.

The method of claim 17, further comprising:

outputting a regular user notification different from
the alerting user notification that the data signal is
being received responsive to a determination that
the reception of the data signal has been restored.

The method of claim 17, in which

the reception parameter includes a data rate of
the data signal being received over the commu-
nication link (403), and

the alert flag is set if the data rate is decreased
below a data rate threshold.

The method of claim 17, in which

the reception parameter includes a Received
Signal Strength Indicator (RSSI) of the data sig-
nal, and

the alert flag is set if the RSSI crosses below an
RSSI threshold.

The method of claim 17, in which

the reception parameter includes an Error Cor-
rection Rate (ECR) from correcting errors as the
resuscitation event data is decoded from the da-
ta signal, and

the alert flag is set if the ECR increases above
an ECR threshold.

The method of claim 17, in which

the alerting user notification includes a suggestion
that a user check whether the transmitting device
(402) is being moved away from the external defi-
brillator (401).

The method of claim 17, in which

the alerting user notification includes a suggestion
that a user check for a potential source of interfer-
ence with the communication link (403).

The method of claim 17, in which

the alerting user notification includes the estimated
amount of time needed for the receiving of the data
signal to complete and the estimated amounted of
time remaining before the receiving of the data signal
is discontinued.
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Patentanspriiche

1.

Externer Defibrillator (401) zum Defibrillieren einer
Person (82) und zum empfangen von Reanimations-
ereignisdaten von einer Sendevorrichtung (402), die
von dem externen Defibrillator (401) verschiedeniist,
wobei die Sendevorrichtung (402) ein zweites Ge-
hause (412) und ein zweites drahtloses Kommuni-
kationsmodul (492) umfasst, wobei der externe De-
fibrillator (401) umfasst:

ein erstes Gehause (144);

ein Energiespeichermodul (451) in einem Inne-
ren des ersten Gehauses (411) zum Speichern
einer elektrischen Ladung (453);

einen Defibrillationsanschluss (410) zum Fuih-
render elektrischen Ladung (453) zuder Person
(82) mittels Elektroden;

ein erstes drahtloses Kommunikationsmodul
(491) zum Herstellen einer drahtlosen Kommu-
nikationsverbindung (403) mit dem zweiten
Kommunikationsmodul (492), wobei das erste
Kommunikationsmodul (491) ferner dazu aus-
gelegt ist, drahtlos ein Datensignal zu empfan-
gen, das von dem zweiten Kommunikationsmo-
dul (492) uber die Kommunikationsverbindung
(403) gesendet wird, wobei das Datensignal die
Reanimationsereignisdaten kodiert, die in der
Sendevorrichtung (402) gespeichert sind;
einen Speicher (438), der dazu ausgelegt ist,
die Reanimationsereignisdaten zu speichern,
die von dem Datensignal dekodiert sind;

einen Prozessor (431), der zu folgendem aus-
gelegt ist:

Uberwachen eines Empfangsparameters
der Kommunikationsverbindung (403),
wahrend das Datensignal empfangen wird,
und Setzen eines Alarm Flags, wenn der
Prozessor (431) von dem Empfangspara-
meter bestimmt, dass ein Empfang des Da-
tensignals vorzeitig unterbrochen sein
kann;

Bestimmen eines erwarteten Zeitbetrags,
der fiir das erste Kommunikationsmodul
(491) benétigt wird, um das Datensignal
vollstdndig zu empfangen;

Bestimmen eines erwarteten Zeitbetrags,
der verbleibt, bevor der Empfang des Da-
tensignals unterbrochen wird;
Nicht-Einstellen des Alarm Flags, wenn der
Prozessor (431) bestimmt, dass der erwar-
tete Zeitbetrag, der flr das erste Kommuni-
kationsmodul (491) benétigt wird, um das
Datensignal vollstdndig zu empfangen, klei-
ner ist als der erwartete Zeitbetrag, der ver-
bleibt, bevor der Empfang des Datensignals
unterbrochen wird; und
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eine Benutzerschnittstelle (471), die dazu
ausgelegt ist, in Antwort auf das Einstellen
des Alarm Flags eine Alarmbenutzerbe-
nachrichtigung auszugeben.

Externer Defibrillator (401) nach Anspruch 1, bei
demdie Benutzerschnittstelle (471) ferner dazu aus-
gelegt ist, eine reguléare Benutzerbenachrichtigung,
die von der Alarmbenutzerbenachrichtigung ver-
schieden ist, auszugeben, dass das Datensignal
empfangen wird.

Externer Defibrillator (401) nach Anspruch 1, bei
dem die Alarmbenutzerbenachrichtigung eine visu-
elle, audio- und/oder physikalische Benachrichti-
gung ist.

Externer Defibrillator (401) nach Anspruch 1, bei
dem die Alarmbenutzerbenachrichtigung ferner ei-
nen Vorschlag umfasst, dass ein Benutzer prifen
soll, ob die Sendevorrichtung (402) von dem Defib-
rillator (401) wegbewegt worden ist.

Externer Defibrillator (401) nach Anspruch 1, bei
dem die Alarmbenutzerbenachrichtigung ferner ei-
nen Vorschlag umfasst, dass ein Benutzer eine po-
tenzielle Quelle fir Interferenz mit der Kommunika-
tionsverbindung (403) prifen soll.

Externer Defibrillator (401) nach Anspruch 1, bei
dem

der Empfangsparameter eine Datenrate des Daten-
signals enthalt, das tGiber die Kommunikationsverbin-
dung (403) empfangen wird, und

der Alarm Flag gesetzt wird, wenn die Datenrate un-
ter eine Datenratenschwelle abgesenkt wird.

Externer Defibrillator (401) nach Anspruch 1, bei
dem

der Empfangsparameter einen Indikator fiir die emp-
fangene Signalstarke (Received Signal Strength In-
dicator - RSSI) des Datensignals enthalt, und

der Alarm Flag gesetzt wird, wenn der RSSI eine
RSSI-Schwelle nach unten schneidet.

Externer Defibrillator (401) nach Anspruch 1, bei
dem der Empfangsparameter eine Anderungsrate
eines Indikators fir empfangene Signalstarke (RS-
Sl) des Datensignals enthalt, und

der Alarm Flag gesetzt wird, wenn die Anderungs-
rate eine Schwelle durchschneidet.

Externer Defibrillator (401) nach Anspruch 1, bei
dem

der Empfangsparameter eine Fehlerkorrekturrate
(Error Correction Rate - ECR) enthalt, die von der
Korrektur von Fehlern abgeleitet wird, wenn die Re-
animationsereignisdaten von dem Datensignal de-
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kodiert werden, und
der Alarm Flag gesetzt wird, wenn die ECR tber eine
ECR-Schwelle ansteigt.

Externer Defibrillator (401) nach Anspruch 1, bei
dem

der Empfangsparameter eine Anderungsrate einer
Fehlerkorrekturrate (ECR) von der Korrektur von
Fehlern enthalt, wenn die Reanimationsereignisda-
ten von dem Datensignal dekodiert werden, und
der Alarm Flag gesetzt wird, wenn die Anderungs-
rate eine Schwelle durchschneidet.

Externer Defibrillator (401) nach Anspruch 1, bei
dem der Prozessor (431) ferner dazu ausgelegt ist,
den Alarm Flag erneut zu setzen, wenn der Prozes-
sor (431) von dem Empfangsparameter bestimmt,
dass der Empfang des Datensignals wieder herge-
stellt worden ist.

Externer Defibrillator (401) nach Anspruch 11, bei
demdie Benutzerschnittstelle (471) ferner dazu aus-
gelegt ist, eine regulare Benutzerbenachrichtigung,
die verschieden ist von der Alarmbenutzerbenach-
richtigung, auszugeben, dass das Datensignal emp-
fangen wird, in Antwort auf eine Bestimmung, dass
der Empfang des Datensignals wiederaufgenom-
men worden ist.

Externer Defibrillator (401) nach Anspruch 1, bei
demdie Sendevorrichtung (402) ein zweiter externer
Defibrillator ist, der von dem Defibrillator (402) ver-
schieden ist.

Externer Defibrillator (401) nach Anspruch 1, bei
dem der Prozessor (431) dazu ausgelegt ist, den
erwarteten Zeitbetrag zu bestimmen, der fir das ers-
te Kommunikationsmodul (491) bendtigt wird, um
das Datensignal vollstdndig zu empfangen, indem
eine Datenmenge bestimmtwird, die noch zum Emp-
fang Ubrig bleibt.

Externer Defibrillator (401) nach Anspruch 1, bei
dem der Prozessor (431) dazu ausgelegt ist, den
erwarteten Zeitbetrag zu bestimmen, der verbleibt,
bevor der Empfang des Datensignals unterbrochen
wird, indem eine Verschlechterungsrate der Kom-
munikationsverbindung (403) bestimmt wird.

Externer Defibrillator (401) nach Anspruch 1, bei
dem die Alarmbenutzerbenachrichtigung dazu
strukturiert ist, den erwarteten Zeitbetrag, an einen
Benutzer zu tbermitteln, der fiir das erste Kommu-
nikationsmodul (491) benétigt wird, um das Daten-
signal vollstandig zu empfangen, oder den erwarte-
ten Zeitbetrag, der verbleibt, bevor der Empfang des
Datensignals unterbrochen wird, oder beides.
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Verfahren flr einen externen Defibrillator (401) um-
fassend:

Herstellen einer Kommunikationsverbindung
(403) mit einer Sendevorrichtung (402);
Empfangen eines Datensignals von der Sende-
vorrichtung (402) tiber die Kommunikationsver-
bindung (403), das Reanimationsereignisdaten
Uber eine Person (82) kodiert, die reanimiert
wird;

Uberwachen eines Empfangsparameters der
Kommunikationsverbindung (403), wéahrend
das Datensignal empfangen wird;

Bestimmen eines geschatzten Zeitbetrags, der
benétigt wird, um den Empfang des Datensig-
nals zu komplettieren;

Bestimmen eines geschatzten Zeitbetrags, der
verbleibt, bevor der Empfang des Datensignals
unterbrochen wird;

Setzen eines Alarm Flags in Antwort auf eine
Bestimmung, von dem Empfangsparameter,
dass ein Empfang des Datensignals vorzeitig
unterbrochen werden kann;

Unterdricken der Alarmbenutzerbenachrichti-
gung in Antwort auf eine Bestimmung, dass der
geschatzte Zeitbetrag, der bendtigt wird, um den
Empfang des Datensignals zu komplettieren,
kleineristals der geschétzte Zeitbetrag, der ver-
bleibt, bevor der Empfang des Datensignals un-
terbrochen wird;

und

Ausgeben einer Alarmbenutzerbenachrichti-
gung in Antwort auf das Setzen des Alarm Flags.

Verfahren nach Anspruch 17, ferner umfassend:
Ausgeben einer reguldren Benutzerbenachrichti-
gung, die verschieden ist von der Alarmbenutzerbe-
nachrichtigung, dass das Datensignal empfangen
wird.

Verfahren nach Anspruch 17, ferner umfassend:
Ausgeben einer reguldren Benutzerbenachrichti-
gung, die verschieden ist von der Alarmbenutzerbe-
nachrichtigung, dass das Datensignal empfangen
wird, in Antwort auf eine Bestimmung, dass der Emp-
fang des Datensignals wieder aufgenommen wor-
den ist.

Verfahren nach Anspruch 17, bei dem

der Empfangsparameter eine Datenrate des Daten-
signals enthalt, das tiber die Kommunikationsverbin-
dung (403) empfangen wird, und

der Alarm Flag gesetzt wird, wenn die Datenrate un-
ter eine Datenrateschwelle absinkit.

Verfahren nach Anspruch 17, bei dem
der Empfangsparameter einen Indikator fiir die emp-
fangene Signalstarke (Received Signal Strength In-
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dicator - RSSI) des Datensignals enthalt, und
der Alarm Flag gesetzt wird, wenn der RSSI eine
RSSI-Schwelle nach unten schneidet.

Verfahren nach Anspruch 17, bei dem

der Empfangsparameter eine Fehlerkorrekturrate
(Error Correction Rate - ECR) enthalt, die von der
Korrektur von Fehlern abgeleitet wird, wenn die Re-
animationsereignisdaten von dem Datensignal de-
kodiert werden, und

der Alarm Flag gesetzt wird, wenn die ECR tber eine
ECR-Schwelle ansteigt.

Verfahren nach Anspruch 17, bei dem

die Alarmbenutzerbenachrichtigung einen Vor-
schlag umfasst, dass ein Benutzer prifen soll, ob
die Sendevorrichtung (402) von dem Defibrillator
(401) wegbewegt wird.

Verfahren nach Anspruch 17, bei dem

die Alarmbenutzerbenachrichtigung ferner einen
Vorschlag umfasst, dass ein Benutzer eine potenzi-
elle Quelle fur Interferenz mit der Kommunikations-
verbindung (403) priifen soll.

Verfahren nach Anspruch 17, bei dem die Alarmbe-
nutzerbenachrichtigung den geschatzten Zeitbetrag
enthalt, der bendtigt wird, um den Empfang des Da-
tensignals zu komplettieren, und den geschatzten
Zeitbetrag, der verbleibt, bevor der Empfang des Da-
tensignals unterbrochen wird.

Revendications

Défibrillateur externe (401) pour assurer une défi-
brillation d’une personne (82) et pour recevoir des
données sur un événement de réanimation a partir
d’'un dispositif de transmission (402) distinct du dé-
fibrillateur externe (401), le dispositif de transmission
(402) incluant un deuxiéme logement (412) et un
deuxieme module de communication sans fil (492),
le défibrillateur externe (401) comprenant :

un premier logement (144) ;

un module de stockage d’énergie (451) dans un
intérieur du premierlogement (411) pour stocker
une charge électrique (453) ;

un orifice de défibrillation (410) pour guider via
des électrodes la charge électrique (453) vers
la personne (82) ;

un premier module de communication sans fil
(491) pour établirun lien de communication sans
fil (403) avec le deuxieme module de communi-
cation (492), le premier module de communica-
tion (491) étant en outre adapté pour recevoir
un signal de données sans fil transmis par le
deuxieme module de communication (492) sur
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le lien de communication (403), le signal de don-
nées codant les données d’événement de réa-
nimation stockées dans le dispositif de trans-
mission (402) ;

une mémoire (438) adaptée pour stocker les
données d’événement de réanimation qui ont
été décodées a partir du signal de données ;
un processeur (431) configuré pour :

surveiller un paramétre de réception du lien
de communication (403) lorsque le signal
de données est regu, et pour lancer un in-
dicateur d’alerte si le processeur (431) dé-
termine a partir du paramétre de réception
que la réception du signal de données peut
étre interrompue prématurément ;
déterminer une durée attendue nécessaire
pour que le premier module de communi-
cation (491) recoive completement le signal
de données ;

déterminer une durée attendue restante
avantquelaréceptiondu signal de données
soit interrompue ;

ne pas lancer I'indicateur d’alerte si le pro-
cesseur (431) détermine que la durée at-
tendue nécessaire pour que le premier mo-
dule de communication (491) recoive com-
plétement le signal de données est inférieu-
re a la durée attendue restante avant que
la réception du signal de données soit
interrompue ; et

une interface utilisateur (471) capable
d’émettre une notification d’alerte pour I'uti-
lisateur, répondant a l'indicateur d’alerte qui
est activé.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

linterface utilisateur (471) est en outre capable
d’émettre une notification standard pour un utilisa-
teur, différente de la notification d’alerte pour I'utili-
sateur, indiquant que le signal de données est regu.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

la notification d’alerte pour I'utilisateur est au moins
I'une parmi une notification visuelle, audio ou physi-
que.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

la notification d’alerte pour l'utilisateur inclut en outre
une suggestion pour qu’un utilisateur vérifie si le dis-
positif de transmission (402) a été éloigné du défi-
brillateur (401).

Défibrillateur externe (401) selon la revendication 1,
dans lequel

10

15

20

25

30

35

40

45

50

55

16

10.

1.

12.

EP 2709 516 B1 30

la notification d’alerte pour 'utilisateur inclut en outre
une suggestion pour qu’'un utilisateur vérifie une
source potentielle d’interférence avec le lien de com-
munication (403).

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le paramétre de réception inclut un débit de données
du signal de données qui est regu par le lien de com-
munication (403), et

I'indicateur d’alerte est activé sile débit de données
diminue en dessous d’un seuil de débit de données.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le parameétre de réception inclut un indicateur de
puissance du signal recu (RSSI) du signal de don-
nées et

I'indicateur d’alerte est activé si le RSSI passe en
dessous d’un seuil de RSSI.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le parametre de réception inclut un taux de change-
ment d’un indicateur de puissance de signal regu
(RSSI) du signal de données, et

I'indicateur d’alerte est activé si le taux de change-
ment passe un seuil.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le parameétre de réceptioninclutuntauxde correction
d’erreur (ECR) provenant de la correction d’erreurs
lorsque les données d’événement de réanimation
sont décodées a partir du signal de données, et
I'indicateur d’alerte est activé si 'lECR augmente au-
dessus d’un seuil d’'ECR.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le parametre de réception inclut un taux de change-
ment d’un taux de correction d’erreur (ECR) de la
correction d’erreurs lorsque les données d’événe-
mentde réanimation sontdécodées a partir du signal
de données, et

l'indicateur d’alerte est activé si le taux de change-
ment passe un seuil.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le processeur (431) est en outre configuré pour re-
mettre a zéro l'indicateur d’alerte si le processeur
(431) détermine a partir du parameétre de réception
que la réception du signal de données a été restau-
rée.

Défibrillateur externe (401) selon la revendication
11, dans lequel
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linterface utilisateur (471) est en outre capable
d’émettre une notification standard pour un utilisa-
teur, différente de la notification d’alerte de l'utilisa-
teur, indiquant que le signal de donnée a été regu
enréponse ala détermination du fait que laréception
du signal de données a été restaurée.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le dispositif de transmission (402) est un deuxieme
défibrillateur externe distinct du défibrillateur (402).

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le processeur (431) est configuré pour déterminer la
durée attendue nécessaire pour que le premier mo-
dule de communication (491) regoive complétement
le signal de données en déterminant une quantité
de données restantes a recevoir.

Défibrillateur externe (401) selon la revendication 1,
dans lequel

le processeur (431) est configuré pour déterminer la
durée attendue restante avant que la réception du
signal de données soit interrompue en déterminant
un taux de dégradation du lien de communication
(403).

Défibrillateur externe (401) selon la revendication 1,
dans lequel

la notification d’alerte pour l'utilisateur est structurée
pour transmettre la durée attendue nécessaire pour
que le premier module de communication (491) re-
coive complétement le signal de données, ou la du-
rée attendue restante avant que la réception du si-
gnal de données soit interrompue, ou les deux, a un
utilisateur.

Procédé pour un défibrillateur externe
comprenant :

(401),

I'établissement d'un lien de communication
(403) avec un dispositif de transmission (402) ;
la réception d’'un signal de données a partir du
dispositif de transmission (402) par le lien de
communication (403) qui code des données
d’événement de réanimation sur une personne
(82) qui est réanimée ;

la surveillance d’'un paramétre de réception du
lien de communication (403) lorsque le signal
de données est regu,

la détermination d’une durée estimée nécessai-
re pour que la réception du signal de données
soit réalisée ;

la détermination d’'une durée estimée restante
avant que laréception du signal de données soit
interrompue ;

l'activation d’un indicateur d’alerte répondant a
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une détermination, a partir du paramétre de ré-
ception, du fait que la réception du signal de
données peut étre interrompue
prématurément ;

la suppression de la notification d’alerte de I'uti-
lisateur lorsqu’il est déterminé que la durée es-
timée nécessaire pour que la réception du signal
de données soit réalisée estinférieure aladurée
estimée restante avant que la réception du si-
gnal de données soit interrompue ;
etI’émission d’'une notification d’alerte pour I'uti-
lisateur répondant a I'activation de l'indicateur
d’alerte.

Procédé selon la revendication 17, comprenant en
outre :

I’émission d’une notification standard pour un utili-
sateur, différente de la notification d’alerte pour I'uti-
lisateur, indiquant que le signal de données estrecu.

Procédé selon la revendication 17, comprenant en
outre :

I’émission d’une notification standard pour un utili-
sateur, différente de la notification d’alerte pour I'uti-
lisateur, indiquant que le signal de données estrecu,
enréponse ala détermination du fait que la réception
du signal de données a été restaurée.

Procédé selon la revendication 17, dans lequel

le paramétre de réception inclut un débit de données
du signal de données qui est regu par le lien de com-
munication (403), et

I'indicateur d’alerte est activé sile débit de données
diminue en dessous d’un seuil de débit de données.

Procédé selon la revendication 17, dans lequel

le paramétre de réception inclut un indicateur de
puissance de signal recu (RSSI) du signal de don-
nées, et

I'indicateur d’alerte est activé si le RSSI passe en
dessous d’un seuil de RSSI.

Procédé selon la revendication 17, dans lequel

le parametre de réceptioninclut untauxde correction
d’erreur (ECR) a partirde la correction d’erreurs lors-
que les données d’événement de réanimation sont
décodées a partir du signal de données, et
I'indicateur d’alerte est activé si 'lECR augmente au-
dessus d’un seuil d’ECR.

Procédé selon la revendication 17, dans lequel

la notification d’alerte pour I'utilisateur inclut une sug-
gestion pour qu’un utilisateur vérifie si le dispositif
de transmission (402) est éloigné du défibrillateur
externe (401).

Procédé selon la revendication 17, dans lequel
la notification d’alerte pour I'utilisateur inclut une sug-
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gestion pour qu’un utilisateur vérifie une source po-
tentielle d’interférence avec le lien de communica-
tion (403).

Procédé selon la revendication 17, dans lequel

la notification d’alerte pour I'utilisateur inclut la durée
estimée nécessaire pour que la réception du signal
de données soitréalisée etla durée estimée restante
avant que la réception du signal de données soit
interrompue.
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