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Description
CLAIM OF PRIORITY

[0001] This application claims priority to U.S. Patent
Application Serial No. 14/039,727, filed on September
27, 2013.

TECHNICAL FIELD

[0002] This invention relates to transmission and stor-
age of information indicative of the performance of a car-
egiver treating a victim and information indicative of a
health status of the victim. In some examples, portions
of an electrocardiogram (ECG) trace can be identified,
for instance, portions of ECG traces of a victim treated
by a defibrillating system such as an automated external
defibrillator (AED). US 2012/0123224 describes a sys-
tem for real-time evaluation of CPR performance.

BACKGROUND

[0003] Sudden health problems such as sudden car-
diac arrest and injuries caused by accidents kill thou-
sands of people and cause permanent injury every year.
Fast and competent care to resuscitate such victims of
these problems can be essential to positive outcomes in
such situations. For example, it is said that the chance
of surviving a sudden cardiac arrest falls by ten percent
for every minute of delay in providing effective treatment.
[0004] Resuscitation treatments for patients suffering
from cardiac arrest generally include clearing and open-
ing the patient’s airway, providing rescue breathing for
the patient, and applying chest compressions to provide
blood flow to the victim’s heart, brain, and other vital or-
gans. If the patient has a shockable heart rhythm (ven-
tricular fibrillation or pulseless ventricular tachycardia),
resuscitation also may include defibrillation therapy.
Along with such action, an electrocardiogram (ECG) sig-
nal for the patient may be electronically captured, dis-
played, and monitored, so that rescuers can determine
when the patient’s heart has returned to normal or near-
normal operation, and determine when the heart exhibits
a shockable rhythm.

SUMMARY

[0005] In a general aspect, a system includes a first
computing device comprising a processor coupled to a
memory. The processor and the memory are configured
to receive atleast one of (i) information indicative of treat-
ment of a victim by a first caregiver using the first com-
puting device and (ii) information indicative of a health
status of the victim; determine that treatment of the victim
by the first caregiver using the first computing device is
completed; and transmit the received information to a
second computing device.

[0006] Embodiments can include one or more of the
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following features.

[0007] Receiving the information indicative of treat-
ment of the victim includes detecting a characteristic of
the treatment of the victim by the first caregiver. In some
cases, the characteristic of the treatment includes one
or more of a depth of chest compressions, a rate of chest
compressions, a duration of chest compressions, and an
indication of a continuity of chest compressions.

[0008] Receiving the information indicative of a health
status of the victim includes detecting a characteristic of
the health status of the victim. In some cases, the char-
acteristic of the health status includes one or more of a
vital sign of the victim and an ECG trace of the victim.
[0009] Determining that treatment of the victim by the
first caregiver using the first computing device is com-
pleted includes detecting an indication that treatment is
completed. In some cases, detecting an indication that
treatment is completed includes detecting that the first
computing device has been disconnected from the victim.
In some cases, determining that treatment of the victim
by the first caregiver using the first computing device is
completed includes receiving an input from the first car-
egiver. In some cases, determining that treatment of the
victim by the first caregiver using the first computing de-
vice is completed includes receiving a signal from the
second computing device.

[0010] The first computing device includes a defibrilla-
tor or a mobile computing device. The second computing
device includes a defibrillator or a server.

[0011] Transmitting the received information includes
transmitting the received information to the second com-
puting device according to a secure communications pro-
tocol. In some cases, a key is transmitted to the second
computing device. In some cases, the key is based on
an identifier of the victim and an identifier of the first de-
vice. In some cases a key enabling a third computing
device to access the information transmitted to the sec-
ond computing device is transmitted to the third comput-
ing device.

[0012] The first computing device is configured to
transmit the received information after a primary func-
tionality of the first computing device has been turned off.
[0013] In a general aspect, a method includes receiv-
ing at least one of (i) information indicative of treatment
of a victim by a first caregiver using the first computing
device and (ii) information indicative of a health status of
the victim; determining that treatment of the victim by the
first caregiver using the first computing device is com-
pleted; and transmitting the received information to a sec-
ond computing device.

[0014] In a general aspect, a computer readable me-
dium stores instructions for causing a computing system
toreceive atleast one of (i) information indicative of treat-
ment of a victim by a first caregiver using the first com-
puting device and (ii) information indicative of a health
status of the victim; determine that treatment of the victim
by the first caregiver using the first computing device is
completed; and transmit the received information to a
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second computing device.

[0015] In a general aspect, a defibrillating system in-
cludes a processor coupled to a memory. The processor
and the memory are configured to identify a treatment
event associated with treatment of a victim with the de-
fibrillating system, and transmit a representation of a por-
tion of an ECG signal associated with the identified treat-
ment event.

[0016] Embodiments may include one or more of the
following features.

[0017] The portion of the ECG signal is of a predeter-
mined length of time having a start time and an end time
based on a time associated with the identified treatment
event. In some cases, the predetermined length of time
is less than about 15 seconds.

[0018] The processor and the memory are configured
to identify the portion of the ECG signal associated with
the identified treatment event. In some cases, identifying
the portion of the ECG signal comprises selecting a por-
tion of the ECG signal having a predetermined length of
time.

[0019] The processor and the memory are configured
to identify multiple treatment events associated with
treatment of the victim with the defibrillating system. In
some cases, the processor and the memory are config-
ured to transmit an identifier of each of the multiple treat-
mentevents. In some cases, the processor and the mem-
ory are configured to receive a selection of a particular
one of the multiple treatment events. In some cases, the
processor and the memory are configured to transmit the
portion of the ECG signal associated with the particular
one of the multiple treatment events.

[0020] Transmitting the portion of the ECG signal in-
cludes displaying the portion of the ECG signal on a dis-
play interface of the defibrillating system.

[0021] Transmitting the portion of the ECG signal in-
cludes transmitting the portion of the ECG signal to a
computing device.

[0022] The processor and the memory are configured
to detect that the defibrillating system has been discon-
nected from the victim. In some cases, the processor and
the memory are configured to detect that the defibrillating
system has been disconnected by detecting a loss of
impedance in a circuit that includes the defibrillating sys-
tem and the victim.

[0023] The portion of the ECG signal corresponds to
atime period in which the defibrillating system performed
an analysis of the victim’s rhythm.

[0024] The portion of the ECG signal corresponds to
a time period during which the defibrillating system was
first connected to the victim.

[0025] In a general aspect, a defibrillating system in-
cludes a processor coupled to a memory. The processor
and the memory are configured to, during treatment of a
victim with an automated external defibrillator (AED), as-
sociate each of multiple portions of an electrocardiogram
(ECG) signal with a corresponding treatment event. The
processor and the memory are configured to detect that
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the AED has been disconnected from the victim; respon-
sive to the disconnection of the AED, display identifiers
of at least some of the treatment events; receive a user
selection of one of the displayed treatment events; and
display a representation of the portion of the ECG signal
associated with the selected treatment event.

[0026] In a general aspect, a method includes identi-
fying, by a processor of a defibrillating system, a treat-
ment event associated with treatment of a victim with the
defibrillating system; and transmitting, by the processor,
arepresentation of a portion of an ECG signal associated
with the identified treatment event.

[0027] Embodiments may include one or more of the
following features.

[0028] The portion of the ECG signal is of a predeter-
mined length of time having a start time and an end time
based on a time associated with the identified treatment
event. In some cases, the predetermined length of time
is less than about 15 seconds.

[0029] The defibrillating system includes an AED.
[0030] The method includes identifying the portion of
the ECG signal associated with the identified treatment
event. In some cases, identifying the portion of the ECG
signal includes selecting a portion of the ECG signal hav-
ing a predetermined length of time.

[0031] Identifying a treatment event includes identify-
ing multiple treatment events associated with treatment
of the victim with the defibrillating system. In some cases,
the method includes transmitting an identifier of each of
the multiple treatment events. Insome cases, the method
includes receiving a selection of a particular one of the
multiple treatment events. In some cases, the method
includes transmitting the portion of the ECG signal com-
prises transmitting the portion of the ECG signal associ-
ated with the particular one of the multiple treatment
events.

[0032] Transmitting the portion of the ECG signal com-
prises displaying the portion of the ECG signal on a dis-
play interface of the defibrillating system.

[0033] Transmitting the portion of the ECG signal com-
prises transmitting the portion of the ECG signal to a com-
puting device.

[0034] The method includes detecting that the defibril-
lating system has been disconnected from the victim. In
some cases, detecting that the defibrillating system has
been disconnected includes detecting a loss of imped-
ance in a circuit that includes the defibrillating system
and the victim. In some cases, the method includes re-
ceiving confirmation from the user that the defibrillating
system has been disconnected.

[0035] In a general aspect, a computer readable me-
dium stores instructions for causing a computing system
to identify a treatment event associated with treatment
of a victim with the defibrillating system, and transmit a
representation of portion of an ECG signal associated
with the identified treatment event.

[0036] Embodiments may include one or more of the
following features.
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[0037] The portion of the ECG signal is of a predeter-
mined length of time having a start time and an end time
based on a time associated with the identified treatment
event. In some cases, the predetermined length of time
is less than about 15 seconds.

[0038] The instructions cause the computing system
to identify the portion of the ECG signal associated with
the identified treatment event. In some cases, identifying
the portion of the ECG signal includes selecting a portion
of the ECG signal having a predetermined length of time.
[0039] The instructions cause the computing system
to identify multiple treatment events associated with
treatment of the victim with the defibrillating system. In
some cases, the instructions cause the computing sys-
tem to receive a selection of a particular one of the mul-
tiple treatment events. In some cases, the instructions
cause the computing system to transmit the portion of
the ECG signal associated with the particular one of the
multiple treatment events.

[0040] The techniques described herein can have one
or more of the following advantages. Storing information
abouttreatmentdeliveredto avictimby an early caregiver
can help inform the treatment of the victim by a later car-
egiver, even if that caregiver was not present for the early
treatment. For instance, monitoring and storing portions
of a victim’s ECG trace on a defibrillating system, such
as an automated external defibrillator (AED), allows a
caregiver to view information about the victim’s cardiac
rhythm at a later point in time, which can aid in diagnosing
and treating the victim. For instance, re-displaying a por-
tion of the victim’s ECG trace from a point in time when
treatment was started and/or a portion of the victim’s ECG
trace prior to receiving a shock can provide information
that can be used to diagnose the victim’s condition.
Knowledge of the victim’s likely diagnosis can inform
treatment of the victim, both at the rescue scene and in
a hospital setting. The ability to view the historical infor-
mation about treatment and health status of the victim at
the rescue scene or at another location, such as at a
hospital, can enable skilled caregivers to make informed
treatment decisions even if those caregivers were not
present when the information was recorded.

[0041] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features and advantages will be appar-
ent from the description, drawings, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042]

FIGS. 1A and 1B are diagrams of a rescue scene.
FIG. 2 is a block diagram of a defibrillator.

FIG. 3 is a flowchart.

FIGS. 4-10 are screenshots.

FIG. 11 is a flowchart.

FIG. 12 is a diagram of a rescue scene.
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DETAILED DESCRIPTION

[0043] Atarescue scene, one or more caregivers may
deliver treatment to a victim. We describe here an ap-
proach to collecting, storing, and transmitting information
indicative of the performance of the caregivers, the health
status of the victim, or both. For instance, the information
indicative of the performance of the caregivers can in-
clude, e.g., information about the quality of chest com-
pressions delivered to the victim, the duration of cardi-
opulmonary resuscitation (CPR), or other information.
The information indicative of the health status of the vic-
tim can include, e.g., the victim’s vital signs, one or more
portions of the victim’s electrocardiogram (ECG) trace,
or other information.

[0044] The information can be transmitted to and dis-
played on a display interface of a defibrillator, transmitted
to one or more local or remote computing devices for
storage or display, or otherwise transmitted. In some ex-
amples, the information can be displayed on a defibrilla-
tor, such as an AED, at the rescue scene, e.g., so thata
trained professional rescuer taking over care of the victim
from a first responder can review the performance of the
first responder. In some examples, the information can
be transmitted to a computing device for viewing by a
person away from the rescue scene, such as a coordi-
nator at a dispatch center, a medical professional at an
emergency room, or another person. In some examples,
the information can be transmitted to a storage device,
such as a database hosted by a cloud server, so that the
information can later be accessed and viewed, e.g., by
an emergency room professional, the victim’s primary
care doctor, or another person.

[0045] The ability to view information indicative of the
performance of the caregivers and/or information indic-
ative of the health status of the victim at the rescue scene
can provide critical, lifesaving information to the victim’s
caregivers. As the victim is transferred to higher levels
of care, information about the victim’s health and treat-
ment can be made accessible to and/or presented to the
professionals providing that care. For instance, an initial
caregiver may be a relatively untrained caregiver, such
as a police officer or firefighter. As such, the initial car-
egiver may be unable to communicate detailed informa-
tion about his performance (e.g., the duration or quality
of the chest compressions he delivered to the victim) or
the victim’s health status to a more highly trained car-
egiver that may arrive on the scene later. By providing
the trained caregiver with the ability to view historical in-
formation indicative of the performance of an earlier car-
egiver and/or information indicative of the health status
of the victim, the trained caregiver can have rapid access
toinformation that can enable him to make more informed
decisions about treatment options for the victim (e.g., in-
formation about the victim’s condition when he first col-
lapsed or information about the rhythms that triggered
shock events). For instance, the caregiver can use this
information to decide which medications to administer,
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whether to initiate or continue with CPR or defibrillation
treatment, how urgently to bring the victim to an emer-
gency room, or other decisions. Similarly, other medical
personnel, such as emergency room nurses or physi-
cians, can also use the information indicative of the per-
formance of the caregivers and/or the information indic-
ative of the health status of the victim to make informed
decisions about treating the victim.

[0046] In some examples, one or more portions of a
victim’'s ECG trace are collected, stored, and transmitted.
The portions of the victim’s ECG trace can be transmitted
at a time subsequent to collecting and storing the ECG
trace, such as upon request by a user of a defibrillator,
such as an AED, during treatment of the victim or upon
disconnecting the AED from the victim. For instance, the
portions of the victim’'s ECG trace can be transmitted to
a display interface of the AED for display, transmitted to
alocal or remote computing device for storage ordisplay,
or otherwise transmitted. It can be beneficial for a rescuer
or medical professional to have access to information
about earlier portions of the victim’s ECG to aid in diag-
nosis and/or treatment of the victim. For instance, the
portions of the victim’s ECG trace can be associated with
treatment events, such as determinations by the AED of
whether the victim’s cardiac rhythm was shockable or
non-shockable. In one example, the portion of the victim’s
ECG trace when treatment was started and/or the por-
tions of the victim’s ECG trace prior to receiving a shock
(or prior to a determination that the victim’s rhythm was
non-shockable) can be displayed on the AED, providing
information that can be used by a caregiver to diagnose
the victim’s condition and/or to inform treatment deci-
sions.

[0047] The ability to view portions of the victim’s ECG
trace at the rescue scene can provide critical, lifesaving
information to a victim’s caregivers. For instance, an in-
itial caregiver may be a relatively untrained caregiver,
such as a police officer, who does not know how to read
ECG traces. As such, the initial caregiver may be unable
to communicate information about the victim’s initial ECG
trace and information about portions of the ECG trace in
the analysis periods to a highly trained caregiver that may
arrive on the scene later. By providing the trained car-
egiver with the ability to view portions of the victim’'s ECG
trace, the trained caregiver can have rapid access to in-
formation that can enable him to make more informed
decisions about treatment options for the victim (e.g., in-
formation about the victim’s condition when he first col-
lapsed or information about the rhythms that triggered
shock events). For instance, the caregiver can use this
information to decide which medications to administer,
whether to continue with CPR or defibrillation treatment,
how urgently to bring the victim to an emergency room,
and other decisions. In addition, the caregiver can com-
municate this information to other medical personnel,
such as emergency room nurses or physicians, without
having to download the ECG traces or transport the AED
itself to the emergency room.
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[0048] Referring to Fig. 1A, at a rescue scene 100, a
caregiver 104 performs cardiopulmonary resuscitation
(CPR) on a victim 102. The victim 102 may be, for in-
stance, an individual who has apparently undergone sud-
den cardiac arrest. The caregiver 104 may be, for in-
stance, a civilian responder with limited or no training in
lifesaving techniques; a first responder, such as a police
officer, firefighter, emergency medical technician (EMT),
or paramedic; or a medical professional, such as a phy-
sician or nurse. The caregiver 104 may be acting alone
or may be acting with assistance from one or more other
caregivers, such as a partner police officer. Although Fig.
1A is described with respect to a rescue scene 100, the
approaches described here can also be used in other
situations, such as in a medical treatment facility such
as an emergency room, hospital, medical clinic, or other
type of facility.

[0049] A computing device at the rescue scene 100
can store information indicative of the performance of the
caregiver 104 when delivering treatment to the victim
102, the health status of the victim 102, or both. The
computing device that stores the information can be an
electronic defibrillating system 106 that includes a defi-
brillator 200, such as an automated external defibrillator
(AED), a professional defibrillator, or another type of de-
fibrillating apparatus. The computing device that stores
the information can be a mobile computing device 203
used by the caregiver 104, such as a smartphone, tablet,
wearable computing device (e.g., a watch, glasses, or
other type of wearable computing device), or another
type of mobile computing device 203. For instance, the
mobile computing device 203 can execute an application
that guides the caregiver 104 in delivery of treatment,
such as chest compressions, to the victim 102. We some-
times refer to the defibrillator 200 as storing and trans-
mitting the information; however, the mobile computing
device 203 can similarly store and transmit the informa-
tion.

[0050] The defibrillator 200 is connected to electrode
pads 110 placed on the victim’s chest via one or more
cables 112. The defibrillator 200 provides defibrillation
to the victim 102 as needed via the electrode pads 110
and instructs the caregiver 104 in performing CPR. The
defibrillator 200 stores information indicative of the per-
formance of the caregiver 104 and/or information indic-
ative of the health status of the victim 102. For instance,
the defibrillator 200 can store information indicative of
the quality of chest compressions delivered to the victim
102 (e.g., as determined based on compression rate,
compression depth, and/or other metrics), the duration
of CPR, the duration of ventilations delivered to the victim
102, or other information indicative of the performance
of the caregivers. The defibrillator 200 can store informa-
tion indicative of the victim’s vital signs, such as the vic-
tim’s pulse, blood pressure, respiration rate, SpO2 level,
CO2 data, information associated with the victim’s car-
diac rhythm (e.g., the victim’s electrocardiogram (ECG)
trace), or other information indicative of the health status
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of the victim 102. In some cases, the defibrillator 200 can
receive some of the information indicative of the victim’s
vital signs from other victim monitoring devices.

[0051] The defibrillator 200 can transmit the stored in-
formation indicative of the performance of the caregiver
104 and/or the information indicative of the health status
of the victim 102 to a display interface 210 of the defibril-
lator or to another computing device. For instance, rep-
resentations of one or more portions of the victim’'s ECG
trace can be transmitted to the display interface 210 of
the defibrillator 200 or to another computing device. The
information can be transmitted during treatment of the
victim 102 or following treatment of the victim 102, e.g.,
when the defibrillator 200 is disconnected from the victim
102.

[0052] Insome cases, the defibrillator 200 can transmit
the information to a computing device at the rescue
scene, such as a mobile computing device (e.g., asmart-
phone, a tablet, a wearable computing device such as a
watch or glasses, or another type of mobile computing
device), a laptop computer, another defibrillator, or an-
other type of computing device. Transmitting information
to a computing device at the rescue scene can be useful,
e.g., to help ahighly trained caregiver (e.g., a paramedic,
an EMT, an advanced life support team, or another
trained caregiver) to understand the history of the victim’s
treatment and health by a first responder prior to the
trained caregiver’s arrival.

[0053] The information can be transmitted to a remote
computing device, such as a laptop or desktop computer,
aserver(e.g., acloud-based serveror a server dedicated
to a facility such as a hospital, a defibrillator company,
or an ambulance service), or another type of computing
device. Transmitting information to a remote computing
device that is not at the rescue scene can be useful, e.g.,
to allow medical professionals at a hospital to understand
the history of the victim’s treatment and health prior to
the victim’s arrival in the hospital without having to access
the defibrillator 200 that was used to treat the victim.
[0054] Referring to Fig. 2, the defibrillator 200 includes
an analysis module 202 that determines whether the car-
diac rhythm of the victim 102 is shockable. In one exam-
ple, the analysis module 202 periodically (e.g., every
minute, every 2 minutes, every 3 minutes, or another time
period) monitors and analyzes the victim’s rhythm for a
short analysis period (e.g., 9 seconds, 12 seconds, 15
seconds, or another analysis period). The analysis mod-
ule 202 identifies the victim’s rhythm during the analysis
period and determines whether the rhythm is shockable,
for instance, based on characteristics of the waveform(s)
in the rhythm. Example shockable rhythms (i.e., rhythms
that can be treated by delivering a shock to the victim
102) include ventricular fibrillation, ventricular tachycar-
dia, ventricular flutter, and other types of shockable
rhythms. Example non-shockable rhythms (i.e., rhythms
that cannot be treated effectively by delivering a shock
to the victim 102) include asystole, bradycardia, pulse-
less electrical activity (PEA), idio-ventricular rhythms,
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normal rhythm, and other types of non-shockable
rhythms.

[0055] Ifthe victim’s rhythmis shockable, a shock mod-
ule 204 of the defibrillator 200 causes a shock to be de-
livered to the victim 102 through the electrode pads 110.
In some cases, the shock can be delivered automatically.
In some cases, a communications module 206 of the
defibrillator 200 can prompt the caregiver 104 for a com-
mand to deliver a shock to the victim 102 or can present
a "Clear" warning to the caregiver 104. If the victim’s
rhythm is non-shockable, the communications module
206 can instruct the caregiver to deliver chest compres-
sions to the victim 102.

[0056] A treatment event is a determination (e.g., by
the analysis module 202) of whether the victim’s cardiac
rhythm is shockable, e.g., following each analysis period
or following an initial analysis period upon beginning
treatment of the victim 102 with the defibrillator 200. The
portion of the ECG trace associated with each treatment
event can correspond to the analysis period preceding
the treatment event. The portion of the ECG trace asso-
ciated with a particular treatment event can be of a pre-
determined length of time (e.g., the length of the analysis
period, such as 9 seconds, 12 seconds, 15 seconds, or
another length of time) and can have a start time and an
end time based on a time associated with the particular
treatment event. For instance, the end time of the portion
of the ECG trace associated with a particular treatment
event can be the time at which the treatment event oc-
curred (e.g., the time at which the victim’s rhythm was
determined to be shockable or non-shockable), and the
start time of the portion of the ECG trace can be earlier
by the length of the analysis period (e.g., 9 seconds, 12
seconds, 15 seconds, or another amount of time earlier).
[0057] The analysis module 202 can identify the por-
tion of the victim’s ECG trace associated with one or more
treatment events that occurred during treatment of the
victim 102 with the defibrillator 200. For instance, based
on information indicative of the time at which a particular
treatment event occurred and the length of time of the
analysis period, the analysis module 202 can select the
portion of the ECG trace that is associated with that par-
ticular treatment event.

[0058] A storage module 208 in the defibrillator 200
stores the information indicative of the performance of
the caregiver 104 and/or the information indicative of the
health status of the victim 102, such as the victim's ECG
trace. The storage module 208 can be, e.g., a database,
a file, or another type of data structure. In some exam-
ples, one or more portions of the ECG trace are stored,
such as portions identified by the analysis module 202
as associated with treatment events.. In some examples,
the entire ECG trace is stored and each portion identified
by the analysis module 202 as associated with a treat-
ment event is marked, e.g., with a tag identifying the re-
spective treatment event (e.g., a timestamp or a charac-
teristic of the treatment event, such as an indication of
whether the treatment event determined that the rhythm
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was shockable or non-shockable). In some examples,
other data can also be stored. For instance, information
from other victim monitoring devices, such as SpO, data,
CO, data, ventilation data, chest compression data, and
other data about the rescue attempt can be stored. In
some examples, these data can be stored synchronously
with the victim’'s ECG trace. In some examples, a narra-
tive can be stored with the stored information, e.g., with
the victim’'s ECG trace. Forinstance, the communications
module 206 can record the caregiver's comments and
the recorded comments can be stored synchronously
with the victim’'s ECG trace or other information.

[0059] The stored information, such as the victim’s
ECG trace, can provide information that can be used to
aid in diagnosing and treating the victim. For instance,
the victim’s ECG trace prior to receiving a shock can pro-
vide information that can be used to diagnose the victim’s
condition. Knowledge of the victim’s likely diagnosis can
inform treatment of the victim, both at the rescue scene
100 and in a hospital setting.

[0060] The portion of the ECG trace associated with
an initial treatment event (e.g., corresponding to an initial
treatment period during which the AED 200 was first con-
nected to the victim 102, such as within the first 6-10
seconds) can provide information about the victim’s pa-
thology. For instance, this initial portion of the ECG trace
can help to identify the victim’s pathology as pulseless
electrical activity (PEA), ST-elevation myocardial infarc-
tion (STEMI), ventricular arrhythmia, atrial arrhythmia,
preeclampsia, or another cardiac pathology. If the vic-
tim’s pathology can be identified, appropriate treatment
can be delivered to the victim.

[0061] The portion of the ECG trace associated with
each analysis period (e.g., the portion of the ECG trace
during the analysis period prior to delivery of a shock or
determination that the rhythm is non-shockable) can pro-
vide information about the types of rhythms that devel-
oped in the victim. In some cases, a shockable rhythm
that occurs once in a victim may not occur again after
defibrillation. Storing the ECG traces prior to delivery of
a shock can serve as a catalog of the types of rhythms
that developed in the victim, even if those rhythms occur
only once or a small number of times. Knowledge of the
rhythms that developed in the victim can inform decisions
about diagnosis and treatment of the victim.

[0062] The communications module 206 causes some
or all of the stored information, such as representations
of the stored portions of the ECG trace, to be transmitted,
e.g., to the display interface 210 of the defibrillator 200,
such as a liquid crystal display (LCD) screen or another
type of display interface; or to another computing device.
For instance, information can be transmitted to a com-
puting device used by a caregiver at the rescue scene
100 or a medical professional at a hospital. For instance,
the transmitted portions of the ECG trace can be dis-
played on the display interface 210 of the defibrillator or
on another computing device as still images or can be
played back as videos.
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[0063] In some examples, a representation of the por-
tion of the ECG trace for one or more treatment events
(e.g., the initial treatment period and/or one or more of
the analysis periods) is automatically presented sequen-
tially on the display interface 210. For instance, the rep-
resentation of the portion of the ECG trace can be the
portion of the ECG trace itself. In some examples, iden-
tifiers of multiple treatment events (e.g., identifiers indic-
ative of the time of each treatment event) are displayed
on the display interface 210, e.g., as a list, and the car-
egiver 102 can select to view the portions of the ECG
trace for one or more of the listed treatment events. In
some examples, identifiers of the types of rhythms ex-
hibited by the victim 102 are displayed on the display
interface 210, e.g., as a list, and the caregiver 102 can
select to view all of the portions of the ECG trace asso-
ciated with a particular type of rhythm, such as all shock-
able rhythms, all non-shockable rhythms, or a specific
type of rhythm (e.g., ventricular fibrillation, asystole, or
another specific type of rhythm).

[0064] The caregiver 104 can interact with the dis-
played portions of the ECG trace, e.g., to move forwards
or backwards in time along a trace, to zoom in, to switch
from the trace of one analysis period to the trace of an-
other analysis period, etc. In some examples, the car-
egiver 104 can interact with the display interface 210 by
clicking on the display interface 210 with amouse or other
pointing device, by typing commands into a keyboard or
a keypad, or by using buttons provided on the defibrillator
200. In some examples, the display interface 210 is a
touch-responsive interface, and the caregiver 104 can
interact with the display interface 210 by touching, tap-
ping, or dragging on the display interface 210 with a finger
or stylus. In some examples, the defibrillator 200 includes
voice recognition capabilities and the caregiver 104 can
interact with the display interface 210 by speaking com-
mands.

[0065] In some examples, the stored information can
be displayed on the display interface 210 responsive to
a user request. For instance, during or after treatment of
the victim 102, a caregiver can request to view the stored
portions of the ECG trace, e.g., to see the history of the
victim’s treatment.

[0066] Insome examples, the stored information, such
as the stored portions of the ECG trace, can be displayed
on the display interface 210 once the defibrillator 200 has
been disconnected from the victim 102. For instance, re-
ferring to Fig. 1B, if a highly trained second caregiver 150
(e.g., a paramedic, an EMT, an advanced life support
team, or another trained caregiver) arrives at the rescue
scene 100, it can be beneficial for the second caregiver
150 to understand the history of the victim’s 102 cardiac
rhythms. This information can include the rhythms
present at key times during the treatment, such as when
treatment was first initiated and when the rhythms were
identified as shockable or non-shockable. The rhythms
during these periods can be displayed to the second car-
egiver 150.
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[0067] Particularly, in some examples, the second car-
egiver 150 can arrive with a more advanced defibrillator
152. The caregiver 104 can stop treating the victim 102
with the defibrillator 200 and allow the second caregiver
150 to take over treatment using the advanced defibril-
lator 152. The second caregiver 150 can remove the elec-
trode pads 110 from the victim 102, thus disconnecting
the defibrillator 200 from the victim 102. The second car-
egiver can then position new electrode pads 154 on the
victim 102 that are connected to the advanced defibrilla-
tor 152 via cables 156. In some cases, the electrode pads
110 are compatible with the advanced defibrillator 152,
and the second caregiver 150 can disconnect the cables
112 from the defibrillator 200 (thus disconnecting the de-
fibrillator 200 from the victim 102) and connect the cables
112 to the same advanced defibrillator 152.

[0068] Referring again to Fig. 2, a detection module
212 detects when the defibrillator 200 is disconnected
from the victim 102. For instance, the detection module
212 can detect when a significant change occurs in the
impedance across the victim’s chest between the two
electrode pads 110 by detecting a loss of impedance in
a circuit that includes the defibrillator 200 and the victim
102. That is, when the electrode pads 110 are removed
from the victim 102 or when the cables 112 are discon-
nected from the electrode pads 110, the detection mod-
ule 212 detects a corresponding loss of impedance.
Based on the loss of impedance, the detection module
212 determines that the defibrillator 200 has been dis-
connected from the victim 102. For instance, the detec-
tion module 212 can detect when the loss of impedance
is greater than a threshold change or when the actual
impedance falls below a threshold value. The threshold
change or threshold value can be set such that small
changes in impedance, e.g., due to cardiac activity of the
victim, the victim’s respiration or ventilation, or other ac-
tivities, do not register as a disconnection of the defibril-
lator 200.

[0069] When the detection module 212 detects thatthe
defibrillator 200 has been disconnected, the communi-
cations module 206 can ask for confirmation that treat-
ment with the defibrillator has been completed. Once
confirmation is received, the communications module
206 causes the information, such as the stored portions
of the victim’'s ECG trace, to be transmitted. In one ex-
ample, a confirmation message is displayed on the dis-
play interface 210 asking a caregiver (e.g., caregiver 104
or 150) to confirm that treatment with the defibrillator 200
has ended. In one example, an audio confirmation mes-
sage can be played through a speaker in the defibrillator
200 and a caregiver can respond verbally. The caregiv-
er's verbal response can be processed by voice recog-
nition software implemented in the communications mod-
ule 206.

[0070] Insomeexamples,the communications module
206 can ask for confirmation as soon as the detection
module 212 detects a loss of impedance. In some exam-
ples, the communications module 206 can ask for con-
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firmation after a waiting period, such as 2 seconds, 5
seconds, or 10 seconds after the detection module 212
detects a loss ofimpedance. The waiting period can help
avoid asking the caregiver for confirmation in response
to an accidental disconnection of the defibrillator 200
(e.g., by accidentally dislodging a cable 112).

[0071] The ability to view information indicative of the
performance of the caregiver 104 and/or the information
indicative of the health status of the victim 102, such as
portions of the victim’'s ECG trace, at the rescue scene
can provide critical, lifesaving information to the caregiv-
ers at the rescue scene 100. For instance, the initial car-
egiver 104 may be a relatively untrained caregiver who
does not know how to read ECG traces. That is, the car-
egiver 104 may be unable to communicate information
about his own performance or about the health status of
the victim, such as the victim’s initial ECG trace and in-
formation about the portions of the ECG trace in the anal-
ysis periods, to the highly trained caregiver 150. By pro-
viding the caregiver 150 with the ability to view this infor-
mation (e.g., portions of the victim’s ECG trace), the car-
egiver 150 has rapid access to information that can en-
able him to make more informed decisions about treat-
ment options for the victim 102 (e.g., information about
the victim’s condition when he first collapsed, information
about the rhythms that triggered shock events, informa-
tion about treatment that had previously been delivered
to the victim, or other information). For instance, the car-
egiver 150 can use this information to decide which med-
ications to administer, whether to continue with CPR or
defibrillation treatment, how urgently to bring the victim
to an emergency room, and other decisions. In addition,
the caregiver 150 can communicate this information to
other medical personnel, such as emergency room nurs-
es or physicians, without having to download the ECG
traces or transport the defibrillator 200 itself to the emer-
gency room.

[0072] Insomeexamples,the communications module
206 provides the ability to download portions of the vic-
tim’s ECG trace and other monitoring data toa computing
device, such as a mobile computing device (e.g., a laptop
computer, a mobile phone, a tablet, a watch, glasses, or
another type of mobile computing device) or to a storage
device, such as a USB drive. Forinstance, the computing
device or storage device can be connected to a data port
on the defibrillator 200, e.g., directly or via a cable con-
nection. In some examples, the portions of the victim’s
ECG trace can be downloaded through a wireless con-
nection between the defibrillator 200 and the computing
device, e.g., through a short-range wireless protocol such
as Bluetooth® communication or another type of wireless
communication. Forinstance, the victim’s traces and oth-
er monitoring data can be downloaded to a computer at
a hospital to allow a physician to view details of the vic-
tim’s treatment history.

[0073] Insome examples, the information indicative of
the performance of the caregiver 104 and/or the informa-
tion indicative of the health status of the victim 102 can
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be transmitted to a cloud-based server for storage. The
information can be transmitted along with an identifier of
the victim. The stored information can be encrypted,
password-protected, or otherwise protected to maintain
the security and privacy of the victim’s information. A us-
er, such as amedical professional in an emergency room,
can view or download the victim’s information with proper
authorization, e.g., with knowledge of the victim’s identi-
fier, with possession of the appropriate encryption key or
password, or with another type of authorization.

[0074] Referring to Fig. 3, in one example of an ap-
proach to providing care to a victim, an AED or another
type of defibrillator analyzes, identifies, and stores por-
tions of a victim’s ECG trace during treatment of the victim
with the AED, e.g., while the AED is connected to the
victim (300). Other monitoring data, and other monitoring
information, such as SpO, data, CO, data, ventilation
data, chest compression data, and other data about the
rescue attempt, can also be stored synchronously with
the portions of the victim’s ECG trace. For instance, the
AED analyzes the victim’s rhythms periodically, e.g.,
once per minute, once every 2 minutes, once every 3
minutes, or another time period. The analysis period can
be, e.g., 9 seconds, 12 seconds, 15 seconds, or another
analysis period. The analysis of the victim’s rhythms in-
cludes identify the type of rhythm and determining wheth-
er the rhythm is shockable or non-shockable. The por-
tions of the ECG trace for at least each analysis period
are stored on the AED.

[0075] Treatment is delivered to the victim (302). For
instance, if the victim’s rhythm is shockable, the AED can
deliver a shock to the victim. The AED can instruct a
caregiver to deliver chest compressions to the victim,
e.g., following delivery of a shock or if the victim’s rhythm
is non-shockable.

[0076] During the treatment of the victim, the imped-
ance across the victim’s chest is monitored (304). For
instance, the impedance across the victim’s chest can
be monitored continuously or periodically, e.g., once per
second, once every 2 seconds, once every 5 seconds,
or another time period. If no significant change in imped-
ance is detected (306), the analysis and storage of the
victim’s rhythms (300) and the delivery of treatment (302)
continue.

[0077] When a significant change in impedance is de-
tected (306), the AED asks for confirmation that the AED
has been disconnected from the victim (308). In some
examples, the AED asks for confirmation after a waiting
period of, e.g., 10 seconds after detecting a significant
change in the impedance. The significant change in im-
pedance can include that the change in impedance is
greater than a threshold change in impedance or that the
absolute value of the impedance is less than a threshold
value. This significant change in impedance can indicate
thatthe AED has been disconnected from the victim, e.g.,
by removing the electrode pads from the victim’s chest
or by disconnecting the electrode cables from the AED.
[0078] Upon receiving confirmation that the AED has
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been disconnected from the victim, the portions of the
victim’s ECG trace are presented on a display interface
of the AED (310). In some examples, the portion of the
ECG trace for each analysis period is automatically pre-
sented sequentially. In some examples, identifiers of
treatment events associated with one or more of the anal-
ysis periods are displayed and a caregiver can select to
view the portion of the ECG trace associated with one or
more of the listed treatment events. In some examples,
identifiers of one or more of the types of rhythms exhibited
by the victim are displayed and a caregiver can select to
view all of the portions of the ECG trace associated with
a particular type of rhythm.

[0079] In some examples, some of the functionality of
the AED 200 is carried out on a control device, such as
a mobile device (e.g., a mobile phone, tablet, watch,
glasses, or another type of mobile device). For instance,
one or more of the analysis module 202, the communi-
cations module 206, the storage module 208, the display
interface 210, and the detection module 212 can be im-
plemented on the control device. An example control de-
vice is described in U.S. Application Serial No.
14/036,503, filed September 25, 2013.

[0080] In some examples, a user of a mobile device
can request to review the portions of the victim’s ECG
tracc even if the AED has not been disconnected from
the victim. For instance, while treatment is ongoing, a
user can view the portions of the victim’s ECG trace from
earlierintreatmentto gain an overview of how the victim’s
condition has progressed.

[0081] Referringto Fig. 4, in one example, when a sig-
nificant loss of impedance or other triggering event is
detected, a confirmation screen 400 is displayed on the
display interface 210 of the AED 200. The confirmation
screen 400 asks a caregiver to confirm that the AED 200
has been disconnected from the victim. The caregiver
can respond by touching or tapping on the display inter-
face 210 or by pushing a button 402.

[0082] Referring to Fig. 5, in this example, after confir-
mation is received, a rhythms screen 500 displays a list
of identifiers of all of the types of rhythms that occurred
during treatment of the victim. The caregiver can select
a type of rhythm to view the portions of the ECG traces
in which the selected type of rhythm occurred by touching
or tapping on the display interface or by pushing a button,
if available. The caregiver can scroll up or down through
the list of rhythms using the buttons 402. To view a chron-
ological list of events (e.g., the timeline screen 800, de-
scribed below) or a graphical timeline (e.g., the graphs
screen 900, described below), the caregiver can select
a"Switch Mode" option 502. In some examples, the types
of rhythms that occurred during treatment of the victim
are categorized as either "shockable" or "not shockable"
on the rhythms screen 500.

[0083] Referringto Fig. 6, in this example, the caregiv-
er selected to view the portions of the ECG trace in which
ventricular fibrillation was identified. An events screen
600 displays a list of all of the occurrences of ventricular
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fibrillation (e.g., all of the analysis periods in which ven-
tricular fibrillation occurred). The occurrences can be
identified by the number of the corresponding treatment
event, by the timestamp of the corresponding treatment
event, or by another identifier. In the example of Fig. 6,
two periods of ventricular fibrillation occurred: one span-
ning three analysis periods between 10:10 and 10:14,
and the second spanning two analysis periods between
10:20 and 10:22. The caregiver can select one of the
treatment events to view the portion of the ECG trace
associated with that treatment event (e.g., the portion of
the ECG trace for the analysis period preceding the se-
lected treatment event) by touching or tapping on the
display interface. The caregiver can scroll up or down
through the list of occurrences using the buttons 402.
The caregiver can return to the rhythms screen 500 by
selecting a "Back" option 602.

[0084] Referring to Fig. 7, in this example, the caregiv-
er selected to view the first occurrence of ventricular fi-
brillation. A trace screen 700 displays a portion 704 of
an ECG trace corresponding to this occurrence . In some
examples, the caregiver can interact with the portion 704
of the ECG trace, e.g., by zooming in or out or scrolling
forwards or backwards in time. From the trace screen
700, the caregiver can scroll to the trace for the previous
analysis period or the next analysis period, e.g., by swip-
ing to the right or left on the screen or by using the buttons
402. The caregiver can return to the previous screen by
selecting a "Back" option 702.

[0085] Referring to Fig. 8, in another viewing mode, a
chronological list of treatment events can be displayed
on a timeline screen 800. The timeline screen 800 dis-
plays a menu of identifiers of the treatment events in
chronological order. The treatment events can be iden-
tified by number, by timestamp, or by another identifier.
In some examples, the action taken at each treatment
event (e.g., shock or no shock), the type of rhythm iden-
tified in the analysis period preceding each treatment
event, or both can also be displayed. Selecting one of
the treatment events brings up a display of the portion of
the ECG trace associated with the selected treatment
event, such as the portion of the ECG trace for the anal-
ysis period preceding the selected treatment event (e.g.,
such as trace screen 700). The caregiver can scroll up
or down through the list of treatment events using the
buttons 402. To view a list of the types of rhythms (e.g.,
the rhythms screen 500) or a graphical timeline (e.g., the
graphs screen 900), the caregiver can select the "Switch
Mode" option 502.

[0086] Referring to Fig. 9, in another viewing mode, a
graphical timeline view of treatment events can be dis-
played on a graph screen 900. The graph screen displays
a horizontal timeline of the treatment events in chrono-
logical order with a brief description of each treatment
event. Selecting one of the treatment events brings up a
display of the portion of the ECG trace associated with
the selected treatment event, such as the portion of the
ECG trace for the analysis period preceding the selected
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treatment event (e.g., such as trace screen 700). The
caregiver can scroll forwards or backwards through the
horizontal timeline using the buttons 402. To view a list
of the types of rhythms (e.g., the rhythms screen 500), a
textual timeline (e.g., the timeline screen 800), the car-
egiver can select the "Switch Mode" option 502.

[0087] Referring to Fig. 10, in a general presentation
screen 90, a menu is presented that displays options for
viewing an overall summary of the victim’s treatment, in-
formation indicative of the performance of a rescuer, or
information indicative of the victim’s health status. The
overall summary can include a high-level presentation of
summary information describing the treatment of the vic-
tim, such as a duration or general quality of CPR, a
number of times the victim was shocked with a defibril-
lator, or another high-level summary. The information in-
dicative of the performance of arescuer can include more
detailed information descriptive of the rescuer’s treat-
ment of the victim. The information indicative of the vic-
tim’s health status can include more detailed data about
the victim, such as the victim’s vital signs, ECG trace, or
other information.

[0088] The example screens shown in Figs. 4-10 are
screens on a defibrillator display interface. Similar infor-
mation can also be displayed on other display interfaces,
such as on the display screen of a mobile computing
device, a laptop or desktop computer, a television, or
another type of display screen.

[0089] Referring to Fig. 11, in an example of a general
approach to providing care to a victim, a computing de-
vice receives and stores information indicative of a car-
egiver’s performance and/or information indicative of a
health status of the victim (30). The computing device
can be a defibrillator that stores portions of a victim’s
ECG trace as described above. The defibrillator can also
store other information, such as vital signs of the victim,
details about the quality and duration of compressions
delivered to the victim, or other information.

[0090] The defibrillator determines that treatment of
the victim by the caregiver using (or assisted by) the de-
fibrillator is completed (32). Treatment of the victim by
the caregiver may be completed, e.g., if a more highly
trained caregiver arrives to take over for a less trained
first responder, if the victim arrives by ambulance at an
emergency room, or for another reason. The defibrillator
can detect a significant change in impedance indicative
of removal of electrodes from the victim’s chest. In some
examples, the more highly trained caregiver may arrive
with a computing device, such as an AED, that broad-
casts a signal to cause a mobile computing device run-
ning the application to determine thatits treatmentis com-
pleted.

[0091] The stored information indicative of a caregiv-
er’s performance and/or information indicative of a health
status of the victim are transmitted (34). In some exam-
ples, the information is transmitted to a display screen of
the same computing device, such as to a display screen
of the defibrillator or a display screen of the mobile com-
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puting device. In some examples, the information is
transmitted to a local computing device. For instance,
the mobile computing device can transmit its stored in-
formation to the AED brought by the more highly trained
caregiver. In some examples, the information is trans-
mitted to a remote computing device, such as to a server
for storage.

[0092] Referring to Fig. 12, in a specific example, a
bystander 10 encounters a victim 12 who appears to be
in cardiac arrest. The bystander 10 calls 9-1-1 and, guid-
ed by an application executing on his mobile computing
device 14, administers chest compressions to the victim
12. When placed on the chest of the victim 12, the appli-
cation executing on the mobile computing device 14 can
detect information indicative of the bystander’s perform-
ance, such as the rate and depth of the compressions
delivered to the victim, the length of time for which the
bystander 10 performed chest compressions, or the na-
ture of the CPR (e.g., continuous or occasional compres-
sions).

[0093] Inthis example, an EMT 16 arrives with an AED
18 and takes over care of the victim 12 from the bystander
10. The EMT 16 wants to know what sort of treatment
the victim 12 received from the bystander 10, but the
bystander 10 may lack the knowledge to describe his
treatment, may be too overwhelmed to discuss the treat-
ment, or may wish to leave the scene. The bystander’s
mobile computing device 14 can transmit the information
indicative of the bystander’s performance to the AED 18.
A summary of the bystander’'s performance, based on
the transmitted information, can be displayed on a display
screen of the AED 18 to indicate to the EMT 16 that the
bystander performed good quality, continuous chest
compressions for the last two minutes at a generally con-
stant rate and depth. Based on this summary, the EMT
16 can determine how to best continue treatment of the
victim 12.

[0094] In this example, once the victim 12 is stabilized,
the victim 12 is put into an ambulance and taken to an
emergency room 20. In the ambulance, the victim 12
goes into cardiac arrest again and the EMT 16 defibril-
lates the victim using the AED 18, performs CPR, and
restabilizes the victim 12. Once treatment of the victim
with the AED 18 is completed, the AED can transmit in-
formation indicative of the EMT'’s performance and infor-
mation indicative of the health status of the victim to a
server 22 for storage. When the victim arrives in the emer-
gency room 20, medical professionals 24 can view or
download the information stored on the server 22 to un-
derstand the victim’s treatment history. The information
stored on the server 22 is accessible to the medical pro-
fessionals 24 in the emergency room even after the EMT
16 has departed with the AED 18, thus allowing the emer-
gency room professionals 24 to access the victim’s in-
formation at a convenient and appropriate time.

[0095] In some examples, the transmission of the in-
formation indicative of treatment of a victim by a first car-
egiver or information indicative of a health status of a
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victim from a first computing device to a second comput-
ing device can occur without any intervention by a user
of either device. For instance, each device may have
been preconfigured to recognize the identity of the other
device and establish communications with the other de-
vice. In some examples, the two devices can establish
communications according to a communications protocol
thatis encrypted, e.g., to sufficiently protect the data and
identity of the patient, such as acommunications protocol
that is encrypted in compliance with health data protec-
tion standards such as HIPAA (Health Insurance Porta-
bility and Accountability Act) regulations.

[0096] In some examples, the second device can be
configured to maintain power and operations to an inter-
nal low power communication system that can remain
operational even when the second device is functionally
in an OFF state, e.g., when the second device is not
providing any clinical functions to the user. The low power
communications may use the Bluetooth low energy tech-
nology of Bluetooth 4.0, as described in the following
(from http://www.bluetooth.com/Pages/Basics.aspx):
[0097] "The most commonly used radio is Class 2 and
uses 2.5 mW of power. Bluetooth technology is designed
to have very low power consumption. This is reinforced
in the specification by allowing radios to be powered
down when inactive. The Generic Alternate MAC/PHY in
Version 3.0 HS enables the discovery of remote AMPs
for high speed devices and turns on the radio only when
needed for data transfer giving a power optimization ben-
efitas wellas aiding in the security of the radios. Bluetooth
low energy technology, optimized for devices requiring
maximum battery life instead of a high data transfer rate,
consumes between 1/2 and 1/100 the power of classic
Bluetooth technology."

[0098] In cases in which the internal low power com-
munication system of the second device remains oper-
ational even when the second device is otherwise in the
OFF state, data (e.g., the information indicative of treat-
ment of a victim by a first caregiver or information indic-
ative of a health status of a victim) can begin to be trans-
mitted (e.g., downloaded) even if the second device is in
the OFF state. For instance, if the second device is in
the OFF state when a victim is transferred (e.g., trans-
ferred to another caregiver, such as from afirstresponder
to a professional caregiver, or transferred by ambulance
to an emergency room, or otherwise transferred), infor-
mation indicative of the treatment of the victim and/or
information indicative of the health status of the victim
can still be transferred.

[0099] In some examples, the first device can upload
data (e.g., the information indicative of treatment of a
victim by a first caregiver or information indicative of a
health status of a victim) to a remote storage facility, such
as a cloud storage facility. In some cases, the data can
be uploaded with an encryption mechanism, such as with
an encrypted key that is specific to the combination of
the particular first device and the particular victim. At the
time of patient transfer, the first device can establish a
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connection with the second device and rapidly transfer
the encrypted key to the second device, without needing
to transfer all the data to the second device, which can
be time consuming. The second device can then submit
the encrypted key to the cloud storage facility to retrieve
therelevantinformation for the specificfirstdevice - victim
combination, which can then be displayed to the new
caregiver. Once the encrypted key is transferred from
the first device to the second device, the first device can
be powered off or removed from the location (e.g., the
rescue scene). The rapid transfer of only an encrypted
key can thus enable the first device to be rapidly put back
into service, e.g., on an ambulance.

[0100] The features described herein can be imple-
mented in digital electronic circuitry, or in computer hard-
ware, firmware, software, or in combinations of them. The
apparatus can be implemented in a computer program
product tangibly embodied in an information carrier, e.g.,
in a machine-readable storage device, for execution by
a programmable processor; and method steps can be
performed by a programmable processor executing a
program of instructions to perform functions of the de-
scribed implementations by operating on input data and
generating output. The described features can be imple-
mented advantageously in one or more computer pro-
grams that are executable on a programmable system
including at least one programmable processor coupled
toreceive data and instructions from, and to transmit data
and instructions to, a data storage system, at least one
input device, and at least one output device. A computer
program is a set of instructions that can be used, directly
or indirectly, in a computer to perform a certain activity
or bring about a certain result. A computer program can
be written in any form of programming language, includ-
ing compiled or interpreted languages, and it can be de-
ployed in any form, including as a stand-alone program
oras amodule, component, subroutine, or other unit suit-
able for use in a computing environment.

[0101] Suitable processors for the execution of a pro-
gram of instructions include, by way of example, both
general and special purpose microprocessors, and the
sole processor or one of multiple processors of any kind
of computer. Generally, a processor will receive instruc-
tions and data from a read-only memory or a random
access memory or both. The essential elements of acom-
puter are a processor for executing instructions and one
or more memories for storing instructions and data. Gen-
erally, acomputer will also include, or be operatively cou-
pled to communicate with, one or more mass storage
devices for storing data files; such devices include mag-
netic disks, such as internal hard disks and removable
disks; magneto-optical disks; and optical disks. Storage
devices suitable for tangibly embodying computer pro-
gram instructions and data include all forms of non-vol-
atile memory, including by way of example semiconduc-
tor memory devices, such as EPROM, EEPROM, and
flash memory devices; magnetic disks such as internal
hard disks and removable disks; magneto-optical disks;
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and CD-ROM and DVD-ROM disks. The processor and
the memory can be supplemented by, or incorporated in,
ASICs (application-specific integrated circuits).

[0102] To provide for interaction with a user, the fea-
tures canbeimplemented on a computer havingadisplay
device such as a CRT (cathode ray tube) or LCD (liquid
crystal display) monitor for displaying information to the
user and a keyboard and a pointing device such as a
mouse or a trackball by which the user can provide input
to the computer.

[0103] The features can be implemented on a mobile
computing device, such as a mobile phone, a tablet, a
watch, glasses, or another type of mobile computing de-
vice. The mobile computing device can have a display
device such as a touch screen for displaying information
to the user and receiving input from the user. The mobile
computing device can receive input from the user via the
touch screen, a key pad, a microphone, or another type
of input device.

[0104] The features canbeimplementedinacomputer
system that includes a back-end component, such as a
data server, or that includes a middleware component,
such as an application server or an Internet server, or
that includes a front-end component, such as a client
computer having a graphical user interface or an Internet
browser, or any combination of them. The components
of the system can be connected by any form or medium
of digital data communication such as a communication
network. Examples of communication networks include,
e.g., a LAN, a WAN, and the computers and networks
forming the Internet.

[0105] The computer system can include clients and
servers. A client and server are generally remote from
each other and typically interact through a network, such
as the described one. The relationship of clientand server
arises by virtue of computer programs running on the
respective computers and having a client-server relation-
ship to each other.

[0106] Itis to be understood that the foregoing descrip-
tion is intended to illustrate and not to limit the scope of
the invention, which is defined by the scope of the ap-
pended claims. Other embodiments are within the scope
of the following claims.

Claims

1. A defibrillating system (106) comprising:
a defibrillator (200) that is a computing device
(200) comprising a processor coupled to amem-
ory (208), the processor and the memory con-
figured to:

receive (30)

i) information indicative of treatment of
a victim (102) by a first caregiver (104)
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using the defibrillator and
ii) information indicative of a health sta-
tus of the victim,

wherein the information indicative of the
treatment comprises a representation of a
portion of an electrocardiogram signal as-
sociated with an identified treatment event;
determine (32) that treatment of the victim
by the first caregiver using the defibrillator
is completed, wherein determining that
treatment of the victim by the first caregiver
using the defibrillator is completed compris-
es either a) receiving an input from the first
caregiver or b) receiving a signal from a sec-
ond computing device; and

thereafter transmit (34) the received infor-
mation to the second computing device,
wherein the transmitted information in-
cludes the representation of the portion of
the electrocardiogram signal associated
with the identified treatment event;

wherein the defibrillator further comprises an
analysis module (202) configured to determine
whether a cardiac rhythm is shockable and iden-
tify the portion of the electrocardiogram signal
associated with the identified treatment event.

The system of claim 1, in which receiving the infor-
mation indicative of treatment of the victim includes
detecting a characteristic of the treatment of the vic-
tim by the first caregiver, the characteristic of the
treatment comprising one or more of a depth of chest
compressions, a rate of chest compressions, a du-
ration of chest compressions, and an indication of a
continuity of chest compressions.

The system of claim 1, in which receiving the infor-
mation indicative of a health status of the victim in-
cludes detecting a characteristic of the health status
of the victim, the characteristic of the health status
comprising one or more of a vital sign of the victim
and an electrocardiogram trace of the victim.

The system of claim 1, in which the second comput-
ing device is another defibrillator or a as a mobile
computing device.

The system of claim 1, in which determining that
treatment of the victim by the first caregiver using
the defibrillator is completed comprises receiving a
request from a user of a mobile device even if the
defibrillator has not been disconnected from the vic-
tim.

The system of claim 1, comprising transmitting the
received information to the computing device ac-
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cording to a secure communications protocol.

The system of claim 1, wherein the processor and
the memory are further configured to:

during treatment of a victim with an automated
external defibrillator (AED), associate each of
multiple portions of an electrocardiogram (ECG)
signal with a corresponding treatment event;
responsive to the disconnection of the AED, dis-
play identifiers of at least some of the treatment
events;

receive a user selection of one of the displayed
treatment events; and

display a representation of the portion of the
ECG signal associated with the selected treat-
ment event.

The system of claim 1, wherein the portion of the
electrocardiogram signal is of a predetermined
length of time having a start time and an end time
based on a time associated with the identified treat-
ment event.

The system of claim 1, wherein transmitting received
information comprises displaying the representation
of the portion of the electrocardiogram signal on a
display interface (210) of the system.

The system of claim 1, wherein:

the processor and the memory are configured to
identify multiple treatment events associated with
treatment of the victim with the system.

The system of claim 10, wherein the processor and
the memory are configured to transmit a portion of
an electrocardiogram signal associated with a par-
ticular one of the multiple treatment events.

The system of claim 1, wherein the processor and
the memory are configured to initiate transmission
of the received information to one or more mobile
computing device (203).

The system of claim 12, wherein the mobile comput-
ing device comprises one of a watch, tablet, or glass-
es.

Patentanspriiche

1.

Defibrillationssystem (106), umfassend:

einen Defibrillator (200), der eine Rechenvor-
richtung (200) ist, die einen Prozessor umfasst,
der an einen Speicher (208) gekoppeltist, wobei
der Prozessor und der Speicher ausgelegt sind
zum:
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Empfangen (30)

i) von Informationen, welche die Be-
handlung eines Betroffenen (102)
durch eine erste Versorgungsperson
(104) unter Verwendung des Defibrilla-
tors angeben, und

ii) Informationen, welche einen Ge-
sundheitsstatus des Betroffenen ange-
ben,

wobei die Informationen, welche die Be-
handlung angeben, eine Darstellung eines
Abschnitts eines Elektrokardiogrammsig-
nals umfassen, der mit einem identifizierten
Behandlungsereignis assoziiert ist;
Ermitteln (32), dass die Behandlung des
Betroffenen durch die erste Versorgungs-
person unter Verwendung des Defibrillators
abgeschlossen ist, wobei Ermitteln, dass
die Behandlung des Betroffenen durch die
erste Versorgungsperson unter Verwen-
dung des Defibrillators abgeschlossen ist,
umfasst, dass entweder a) eine Eingabe
von der ersten Versorgungsperson emp-
fangen wird, oder b) ein Signal von einer
zweiten Rechenvorrichtung empfangen
wird; und

danach Ubertragen (34) der empfangenen
Informationen an die zweite Rechenvorrich-
tung, wobei die ubertragenen Informatio-
nen die Darstellung des Abschnitts des
Elektrokardiogrammsignals einschlielen,
der mit dem identifizierten Behandlungs-
ereignis assoziiert ist;

wobei der Defibrillator des Weiteren ein Analy-
semodul (202) umfasst, das ausgelegt ist, um
zu ermitteln, ob ein Herzrhythmus schockbar ist,
und den Abschnitt des Elektrokardiogrammsig-
nals zu identifizieren, der mit dem identifizierten
Behandlungsereignis assoziiert ist.

System nach Anspruch 1, wobei Empfangen der In-
formationen, welche die Behandlung des Betroffe-
nen angeben, Detektieren eines Charakteristikums
der Behandlung des Betroffenen durch die erste Ver-
sorgungsperson einschlie3t, wobei das Charakteris-
tikum der Behandlung ein oder mehrere von einer
Tiefe der Brustkompressionen, einer Rate der Brust-
kompressionen, einer Dauer der Brustkompressio-
nen und eine Angabe einer Kontinuitat der Brust-
kompressionen umfasst.

System nach Anspruch 1, wobei Empfangen der In-
formationen, die einen Gesundheitsstatus des Be-
troffenen angeben, Detektieren eines Charakteristi-
kums des Gesundheitsstatus des Betroffenen ein-
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schlief3t, wobei das Charakteristikum des Gesund-
heitsstatus ein oder mehr von einem Vitalparameter
des Betroffenen und einer Elektrokardiogrammkur-
ve des Betroffenen umfasst.

System nach Anspruch 1, wobei die zweite Rechen-
vorrichtung ein anderer Defibrillator oder eine mobile
Rechenvorrichtung ist.

System nach Anspruch 1, wobei Ermitteln, dass die
Behandlung des Betroffenen durch die erste Versor-
gungsperson unter Verwendung des Defibrillators
abgeschlossen ist, Empfangen einer Anfrage von ei-
nem Benutzer einer Mobilvorrichtung umfasst,
selbst wenn der Defibrillator nicht von dem Betroffe-
nen getrennt worden ist.

System nach Anspruch 1, umfassend Ubertragen
der empfangenen Informationen an die Rechenvor-
richtung gemaR einem sicheren Kommunikations-
protokoll.

System nach Anspruch 1, wobei der Prozessor und
der Speicher des Weiteren ausgelegt sind, um:

wahrend der Behandlung eines Betroffenen mit
einem automatisierten externen Defibrillator
(AED) jeden der mehreren Abschnitte eines
Elektrokardiogramm- (EKG)-Signals mit einem
entsprechenden Behandlungsereignis zu asso-
ziieren;

in Reaktion auf die Trennung des AEDs Identi-
fikatoren von mindestens einigen der Behand-
lungsereignisse anzuzeigen;

eine Benutzerauswahl von einem der angezeig-
ten Behandlungsereignisse zu empfangen; und
eine Darstellung des Abschnitts des EKG-Sig-
nals anzuzeigen, der mitdem ausgewahlten Be-
handlungsereignis assoziiert ist.

System nach Anspruch 1, wobei der Abschnitt des
Elektrokardiogrammsignals eine vorbestimmte Zeit-
dauer mit einer Startzeitund einer Endzeitbasierend
auf einer Zeit ist, die mit dem identifizierten Behand-
lungsereignis assoziiert ist.

System nach Anspruch 1, wobei Ubertragen von
empfangenen Informationen Anzeigen der Darstel-
lung des Abschnitts des Elektrokardiogrammsignals
auf einer Anzeigeschnittstelle (210) des Systems
umfasst.

System nach Anspruch 1, wobei:

der Prozessor und der Speicher ausgelegt sind, um
mehrere Behandlungsereignisse zu identifizieren,
die mit der Behandlung des Betroffenen mit dem
System assoziiert sind.
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System nach Anspruch 10, wobei der Prozessor und
der Speicher ausgelegt sind, um einen Abschnitt ei-
nes Elektrokardiogrammsignals zu tbertragen, der
mit einem speziellen der mehreren Behandlungs-
ereignisse assoziiert ist.

System nach Anspruch 1, wobei der Prozessor und
der Speicher ausgelegt sind, um die Ubertragung
der empfangenen Informationen an eine oder meh-
rere mobile Rechenvorrichtungen (203) zu initiieren.

System nach Anspruch 12, wobei die mobile Re-
chenvorrichtung eine(s) von einer Uhr, einem Tablet
oder Brillengldsern umfasst.

Revendications

1.

Systeme de défibrillation (106), comprenant :

un défibrillateur (200) qui est un dispositif infor-
matique (200) comprenant un processeur cou-
plé a une mémoire (208), le processeur et la
mémoire étant configurés pour :

recevoir (30)

i) des informations indiquant un traite-
ment d'une victime (102) par un pre-
mier soignant (104) en utilisant le défi-
brillateur, et

ii) des informations indiquant un état de
santé de la victime, les informations in-
diquant le traitement comprenant une
représentation d’'une partie d’'un signal
d’électrocardiogramme, associée a un
événement de traitement identifié ;

déterminer (32) que le traitement de la vic-
time par le premier soignant en utilisant le
défibrillateur est achevé, la détermination
que le traitementde la victime parle premier
soignant en utilisant le défibrillateur est
achevé comprenant soit a) la réception
d’une entrée de la part du premier soignant,
soit b) la réception d’un signal provenant
d’'un deuxiéme dispositif informatique ; et
ensuite transmettre (34) les informations re-
gues au deuxiéme dispositif informatique,
les informations transmises comprenant la
représentation de la partie du signal d’élec-
trocardiogramme, associée a I'événement
de traitement identifié ;

dans lequel le défibrillateur comprend en outre
un module d’analyse (202) configuré pour dé-
terminer si un rythme cardiaque est choquable
et pour identifier la partie du signal d’électrocar-
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diogramme associée a I'événement de traite-
ment identifié.

Systéme selon la revendication 1, dans lequel la ré-
ception des informations indiquant le traitement de
la victime comprend la détection d’une caractéristi-
que du traitement de la victime par le premier soi-
gnant, la caractéristique du traitement comprenant
un ou plusieurs éléments parmi une profondeur de
compressions thoraciques, une fréquence de com-
pressions thoraciques, une durée de compressions
thoraciques et une indication d’'une continuité de
compressions thoraciques.

Systéme selon la revendication 1, dans lequel la ré-
ception des informations indiquant un état de santé
de la victime comprend la détection d’une caracté-
ristique de I'état de santé de la victime, la caracté-
ristique de I'état de santé comprenant un ou plu-
sieurs d’un signe vital de la victime et d’'un tracé
d’électrocardiogramme de la victime.

Systéme selon la revendication 1, dans lequel le
deuxiéme dispositif informatique est un autre défi-
brillateur ou un dispositif informatique mobile.

Systéme selon la revendication 1, dans lequel la dé-
termination que le traitement de la victime par le pre-
mier soignant en utilisant le défibrillateur est achevé
comprend la réception d’'une demande de la part
d’un utilisateur d’un dispositif mobile méme si le dé-
fibrillateur n’a pas été débranché de la victime.

Systéme selon la revendication 1, comprenant la
transmission des informations regues au dispositif
informatique selon un protocole de communication
sécurisé.

Systéme selon la revendication 1, dans lequel le pro-
cesseur et la mémoire sont en outre configurés
pour :

pendant le traitement d’'une victime avec un dé-
fibrillateur externe automatisé (DEA), associer
chacune des plusieurs parties d’'un signal
d’électrocardiogramme (ECG) a un événement
de traitement correspondant ;

en réponse au débranchement du DEA, afficher
des identifiants d’au moins certains des événe-
ments de traitement ;

recevoir une sélection utilisateur d’un des évé-
nements de traitement affichés ; et

afficher une représentation de la partie du signal
ECG associée a I'événement de traitement sé-
lectionné.

8. Systeme selonlarevendication 1, danslequella par-

tie du signal d’électrocardiogramme est un élément



10.

11.

12.

13.

29 EP 3 048 956 B1

parmi une période de temps prédéterminée ayant
une heure de départ et une heure de fin sur la base
d’'un temps associé a I'événement de traitement
identifié.

Systeme selon la revendication 1, dans lequel la
transmission d’informations regues comprend I’affi-
chage de la représentation de la partie du signal
d’électrocardiogramme sur une interface d’affichage
(210) du systeme.

Systeme selon la revendication 1, dans lequel :

le processeur et la mémoire sont configurés pour
identifier plusieurs événements de traitement asso-
ciés au traitement de la victime avec le systeme.

Systeme selon la revendication 10, dans lequel le
processeur etla mémoire sont configurés pour trans-
mettre une partie d’un signal d’électrocardiogramme
associé a un événement particulier parmi les plu-
sieurs événements de traitement.

Systeme selon larevendication 1, danslequel le pro-
cesseur et la mémoire sont configurés pour lancer
la transmission des informations regues a destina-
tion d’'un ou de plusieurs dispositifs informatiques
(203).

Systeme selon la revendication 12, dans lequel le
dispositif informatique mobile comprend un élément
parmi une montre, une tablette ou des lunettes.
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Analyze and store victim's ECG traces
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Receive and store information indicative of a
caregiver’s performance and/or information
indicative of a health status of the victim

30
Determine that treatment is completed
32
Transmit information
34
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