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Description

[0001] The present embodiments relate generally to
cardiopulmonary resuscitation (CPR) and more particu-
larly, to a method and apparatus for detecting a status
of chest compressions without using a stand-alone com-
pression meter.

[0002] Ithaslongbeenrecognizedthatchestcompres-
sions during cardiopulmonary resuscitation must be ap-
plied at the correct time and at the correct rate to be
effective. A number of devices and methods have been
developed which detect and monitor chest compressions
during CPR. The Q-CPR™ meter manufactured by Laer-
dal, Wappinger Falls, New York is one such device. The
Q-CPR™ meter is devised to be placed on the patient’s
chest and under the rescuers hands during CPR, and
incorporates sensors which detect the applied force,
depth, and rate of chest compressions. This information
is fed back to the rescuer as guidance. Unfortunately,
this device adds expense and complexity to the kit of
equipment that is typically used by rescue personnel.
[0003] Other methods which use electrical signals
passed between transthoracic defibrillator electrodes
have also been developed for sensing CPR chest com-
pressions. One known method is to use the transthoracic
impedance (TTI) signals between the chest electrodes
to detect CPR-related impedance changes. See for ex-
ample "Transthoracic impedance for the monitoring of
quality of manual chest compression during cardiopul-
monary resuscitation" by Hehua Zhang et al., Resusci-
tation 83 (2012) 1281-1286. Another known method is
to analyze the chest electrode signals in such a way as
to separate the cardiac-related signals (e.g., electrocar-
diogram or ECG) and the CPR-related artifact. One such
method is described by Addison in International Patent
Publication WO2006085120A1 entitted "IMPROVE-
MENTS IN OR RELATING TO SIGNAL ANALYSIS." Un-
fortunately, these methods in themselves have not
shown sufficient accuracy to be used on a stand-alone
basis.

[0004] US 2006/025825 A1 discloses a medical appa-
ratus for detecting the presence of artifact signals gen-
erated in the electrocardiogram of a patient by CPR
and/or other patient motion. The presence of artifact sig-
nals is determined by analyzing variations in a measured
electrical signal that represents the patient’s transthorac-
ic impedance. Such detection is important because the
presence of CPR and/or motion artifacts can disrupt a
patient’s electrocardiogram (ECG) signal. The patient’s
impedance signal data is stored in the apparatus and
analyzed to determine if the characteristics are indicative
ofthe presence of CPR and/or motion artifacts. This anal-
ysis is performed independently of ECG data and may
be used as an indicator of the underlying ECG rhythm
classification. In essence, if the impedance exceeds
some threshold amount, so as to indicate the presence
of CPR or patient motion which can render the ECG data
unreliable, the normal interpretation of the ECG data is
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interrupted. Applications of the invention include, but are
not limited to, advising or not advising, defibrillation ther-
apy, CPR or intravenous medicinal therapy.

[0005] WO 2012/127380 A1 discloses an automated
external defibrillator (AED) having a treatment decision
processor is described which follows a "shock first" or a
"CPR first" rescue protocol after identification of a treat-
able arrhythmia, depending upon an estimate of the prob-
ability of successful resuscitation made from an analysis
of a patient parameter measured at the beginning of the
rescue. The invention may also follow different CPR pro-
tocols depending on the estimate. The invention also may
use the trend of the measured patient parameter to adjust
the CPR protocol either during a CPR pause or after the
initial CPR pause. The AED thus enables an improved
rescue protocol.

[0006] Whatis needed is a more accurate method and
incorporating apparatus for detecting the presence and
rate of CPR chest compressions, for the purposes of im-
proving ongoing and future cardiac rescues. Preferably,
such a method and apparatus could be integrated into
existing defibrillation equipment without the need for ad-
ditional stand-alone CPR compressions sensor such as
the aforementioned Q-CPR™ meter.

[0007] Accordingly, an improved method and appara-
tus for overcoming the problems in the art is desired.
[0008] In accordance with one aspect of the present
disclosure, a method and apparatus for detecting one or
more of a status and/or quality of chest compressions
during cardiopulmonary resuscitation comprises analyz-
ing transthoracic impedance and common-mode current
measurements in automated external defibrillator (AED)
devices without using an additional, stand-alone, CPR
meter, e.g., such as a CPRmeter™ device by Laerdal
Medical Corporation of Wappingers Falls, New York. In
addition, the method and apparatus can advantageously
be used (i.e., when a CPR meter is unavailable) for ret-
rospective analysis to provide a Q-CPR™ type of report
in a post-rescue analysis program, such as the Event
Review Pro™ software application product, by Koninkl-
ijke Philips, N.V. of Andover, Massachusetts. The Event
Review Pro™ product provides in-depth review and re-
porting, including a wide range of report types, both at
the case and institution level to add to a patient’s medical
record, submit to national registries, and help refine train-
ing curriculum/improve code response.

[0009] The methodand apparatus according tothe em-
bodiments of the present disclosure can also be incor-
porated into an AED to provide feedback about the quality
of CPR chest compressions for a given resuscitation
event in real-time. According to one embodiment, the
method analyses a thoracic impedance signal (e.g., a
first characteristic signal) and a common-mode current
signal (e.g., a second characteristic signal), each of
which can be measured with the use of standard AED
pads or electrodes. Subsequent to analyzing the char-
acteristic signals, the method and apparatus apply crite-
ria to the analyzed first and second signals, wherein the
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criteria is used to select which of the first or second char-
acteristic signals to use for providing CPR detections with
improved accuracy for a given resuscitation procedure.
[0010] Thoracic impedance (also referred to as tran-
sthoracic impedance or TTI) can be measured by AED
devices using standard AED electrode pads. In addition,
it is also possible to measure a common-mode current
using standard AED pads. The inventors have realized
that, due to the varieties of the patients’ position, size,
the environment, the location of the AED shock pads, the
site for performing compression, etc. for a given resus-
citation event, the transthoracic impedance (TTI) can
sometimes betterreflect the artifacts caused by compres-
sion than does the common-mode current, and some-
times the opposite case is present. The inventors have
further realized the advantage of utilizing both measure-
ments, wherein the use of both measurements will result
in animproved detection of compressions than using only
one measurement alone. For example, the inventors
have recognized that in approximately 10% of CPR
events, the common-mode current is better than TTI at
detecting the presence and rate of CPR chest compres-
sions.

[0011] The inventors have also realized that the im-
proved CPR chest compressions detection may be in-
corporated into an ECG analysis algorithm which ana-
lyzes through a CPR artifact. The Advanced Resuscita-
tion Therapy (ART) algorithm, for example, may be sus-
ceptible to increased false positive "shock advised" indi-
cations in the presence of an artifact associated with very
high rates of CPR chest compressions. The ART algo-
rithm may be improved furtherby using the more accurate
CPR parameter detection method according to the em-
bodiments of the present disclosure. In particular, the
ART algorithm may be improved, for example, by modi-
fying its sensitivity and specificity limits for shockable
rhythms in the presence of detected very high CPR rates.
One example of an ART algorithm implementation in an
AED is described in U.S. Provisional Patent Application
No.62/120,397, entitled "AUTOMATED EXTERNAL DE-
FIBRILLATOR (AED) WITH DUAL ECG ANALYSIS AL-
GORITHMS".

[0012] According to one embodiment of the present
disclosure, an automated external defibrillator device is
provided with a feature for detecting at least one of a
status and a quality of cardiopulmonary resuscitation
chest compressions. The AED device comprises a front
end circuit, an analysis circuit, and an output device. The
front end circuit is configured to obtain, via a pair of AED
electrodes (i.e., inresponse to being coupled to an emer-
gency care patient’s chest), at least one of (i) a stream
of raw transthoracic impedance data and (ii) a stream of
common-mode current data. The analysis circuit is con-
figured to process the at least one of (i) the stream of raw
transthoracic impedance data and (ii) the stream of com-
mon-mode current data for correlated CPR chest com-
pression artifacts through first and second processing
algorithms. The first processing algorithm comprises a
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temporal peak detection algorithm to obtain at least one
stream of detected compression event candidates. The
second processing algorithm comprises a frequency
analysis algorithm to identify false positive compression
events within the at least one stream of detected com-
pression event candidates. The analysis circuit is further
configured to remove the identified false positive com-
pression events from the at least one stream of detected
compression event candidates. In addition, the output
device is configured to output an indication of at least
one of a status and a quality of CPR chest compressions
determined in response to the at least one stream of de-
tected compression event candidates, devoid of the iden-
tified false positive compression events.

[0013] In another embodiment, the front end circuit is
further configured to obtain both (i) the stream of raw
transthoracic impedance data and (ii) the stream of com-
mon-mode currentdata. In this embodiment, the analysis
circuit is further configured to process both (i) the stream
of raw transthoracic impedance data and (ii) the stream
of common-mode current data to obtain respective first
and second streams of detected compression event can-
didates. The analysis circuit is also configured to identify
false positive compression events within the respective
first and second streams of detected compression event
candidates. The analysis circuit is further configured to
remove the identified false positive compression events
from respective first and second streams of detected
compression event candidates. The analysis circuit also
compares the first stream of detected compression event
candidates, devoid of the respective identified false pos-
itive compression events, against the second stream of
detected compression event candidates, devoid of the
respective identified false positive compression events,
to identify an optimized stream of detected compression
event candidates between the first and second streams.
In addition, the output device is configured to output the
indication determined in response to the optimized
stream of detected compression event candidates, de-
void of false positive compression events.

[0014] According to another embodiment, the analysis
circuit identifies an optimized stream of detected com-
pression event candidates between the first and second
streams by (i) applying a criterion to the first and second
streams and (ii) selecting one of the first and second
streams based upon the applied criterion to identify the
optimized stream. For example, the criterion can com-
prise a determined autocorrelation strength similar to a
predicted CPR rate period.

[0015] Inyetanother embodiment, the AED device fur-
ther comprises an electrocardiogram (ECG) shock anal-
ysis circuit. The ECG shock analysis circuit is configured
to determine a shockable ECG event in response to an
ECG signal obtained via the pair of AED electrodes in
the presence of CPR-related signal artifacts. The ECG
shock analysis circuit is also configured to dynamically
adjust a shock decision parameter in response to one or
more of (a) the at least one stream of detected compres-
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sion event candidates, devoid of the identified false pos-
itive compression events, and (b) the indication of the at
least one of a status and a quality of CPR chest com-
pressions. In one embodiment, the optimized stream of
detected compression event candidates may be indica-
tive of a CPR chest compression rate that is outside of
a CPR protocol standard rate.

[0016] According to further embodiments, an indica-
tion of the status includes an indication that CPR chest
compressions are being performed, and an indication of
a quality of CPR chest compressions includes an indica-
tion of a rate of the CPR chest compressions. In addition,
the temporal peak detection algorithm detects and counts
CPR chest compression artifacts due to CPR chestcom-
pressions by picking up artifactual peaks caused by the
CPR chest compressions in the at least one of (i) the
stream of raw transthoracic impedance data and (ii) the
stream of common-mode current data. Furthermore, an
approximate depth of CPR chest compressions can be
reflected by a magnitude of the artifactual peaks in the
at least one of (i) the stream of raw transthoracic imped-
ance data and (ii) the stream of common-mode current
data. Moreover, the approximate depth of CPR chest
compressions can be determined by setting adaptive
thresholds. Still further, the frequency analysis algorithm
applies a Fourier transform on the at least one of (i) the
stream of raw transthoracic impedance data and (ii) the
stream of common-mode current data and searches for
an existence of a fundamental frequency corresponding
to the rate of CPR chest compressions in the frequency
domain.

[0017] In another embodiment, the AED device further
comprises a storage device and a data output port. The
storage device is configured to store one or more of (i)
the at least one stream of detected compression event
candidates and (ii) the at least one stream of detected
compression event candidates, devoid of the identified
false positive compression events. The data output port
is operable to transmit the stored one or more of (i) the
at least one stream of detected compression event can-
didates and (ii) the at least one stream of detected com-
pression event candidates, devoid of the identified false
positive compression events to an external computer for
post-event analysis of the stored one or more of (i) the
at least one stream of detected compression event can-
didates and (ii) the at least one stream of detected com-
pression event candidates, devoid of the identified false
positive compression events.

[0018] In a still further embodiment, the output device
is further configured to output at least one of an aural and
a visual output using the indication or the optimized
stream in a subsequent period of CPR chest compres-
sions. The output device is also configured to issue, via
the at least one of the aural and the visual output, at least
one of a CPR and AED device guidance instruction in
response to the indication.

[0019] In accordance with another embodiment, a
method for detecting at least one of a status and a quality
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of cardiopulmonary resuscitation chest compressions
with an automated external defibrillator device from sig-
nals obtained from a pair of AED electrodes, comprises
the steps of: obtaining, via a front end circuit and a pair
of AED electrodes (i.e., in response to being coupled to
an emergency care patient’s chest), at least one of (i) a
stream of raw transthoracic impedance data and (ii) a
stream of common-mode current data; processing, via
an analysis circuit, the at least one of (i) the stream of
raw transthoracic impedance data and (ii) the stream of
common-mode current data for correlated CPR chest
compression artifacts through first and second process-
ing algorithms, wherein the first processing algorithm
comprises a temporal peak detection algorithm to obtain
at least one stream of detected compression event can-
didates and wherein the second processing algorithm
comprises a frequency analysis algorithm to identify false
positive compression events within the at least one
stream of detected compression event candidates; re-
moving, via the analysis circuit, the identified false pos-
itive compression events from the at least one stream of
detected compression event candidates; and outputting,
via a user output device, an indication of at least one of
a status and a quality of CPR chest compressions deter-
mined in response to the at least one stream of detected
compression event candidates, devoid of the identified
false positive compression events.

[0020] In another embodiment, the method includes
wherein an indication of the status includes an indication
that CPR chest compressions are being performed, and
wherein an indication of a quality of CPR chest compres-
sions includes an indication of a rate of the CPR chest
compressions. The method further includes wherein the
temporal peak detection algorithm detects and counts
CPR chest compression artifacts due to CPR chest com-
pressions by picking up artifactual peaks caused by the
CPR chest compressions in the at least one of (i) the
stream of raw transthoracic impedance data and (ii) the
stream of common-mode current data. The method still
further includes wherein an approximate depth of CPR
chest compressions is reflected by a magnitude of the
artifactual peaks in the at least one of (i) the stream of
raw transthoracic impedance data and (ii) the stream of
common-mode current data, further wherein the approx-
imate depth of CPR chest compressions are determined
by setting adaptive thresholds.

[0021] In yet another embodiment, the method in-
cludes wherein the frequency analysis algorithm applies
a Fourier transform on the at least one of (i) the stream
of raw transthoracic impedance data and (ii) the stream
of common-mode current data and searches for an ex-
istence of a fundamental frequency corresponding to the
rate of CPR chest compressions in the frequency do-
main.

[0022] In another embodiment, the method includes
wherein obtaining further comprises obtaining both (i) the
stream of raw transthoracic impedance data and (ii) the
stream of common-mode current data, wherein process-
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ing further comprises processing both (i) the stream of
raw transthoracic impedance data and (ii) the stream of
common-mode current data to obtain respective first and
second streams of detected compression event candi-
dates and to identify false positive compression events
within the respective firstand second streams of detected
compression event candidates, and wherein removing
further comprises removing the identified false positive
compression events from respective first and second
streams of detected compression event candidates. The
method further comprises: comparing, via the analysis
circuit, the first stream of detected compression event
candidates, devoid of the respective identified false pos-
itive compression events, against the second stream of
detected compression event candidates, devoid of the
respective identified false positive compression events,
to identify an optimized stream of detected compression
event candidates between the first and second streams.
In addition, the outputting further comprises outputting
the indication determined in response to the optimized
stream of detected compression event candidates, de-
void of false positive compression events. The step of
comparing to identify an optimized stream of detected
compression event candidates between the first and sec-
ond streams comprises (i) applying a criterion to the first
and second streams and (ii) selecting one of the first and
second streams based upon the applied criterion to iden-
tify the optimized stream.

[0023] According to yet another embodiment, the
method further comprises: determining, via an analysis
circuit configured to implement an electrocardiogram
(ECG) shock analysis, a shockable ECG event in the
presence of CPR-related signal artifacts; and dynamical-
ly adjusting, via the ECG shock analysis circuit, a shock
decision parameter or threshold criterion in response to
one or more of (i) the at least one stream of detected
compression event candidates, devoid of the identified
false positive compression events, and (ii) the indication
of the at least one of a status and a quality of CPR chest
compressions.

[0024] In a still further embodiment, the method com-
prises storing, via a storage device, one or more of (i)
the at least one stream of detected compression event
candidates and (ii) the at least one stream of detected
compression event candidates, devoid of the identified
false positive compression events; and analyzing, via an
external analyzing computer for post-event analysis, the
stored one or more of (i) the at least one stream of de-
tected compression event candidates and (ii) the at least
one stream of detected compression event candidates,
devoid of the identified false positive compression
events.

[0025] In yet another embodiment, the outputting fur-
ther comprises outputting at least one of an aural and a
visual output of the indication on the AED device. In ad-
dition, the method further includesissuing, via the atleast
one of the aural and the visual output, at least one of a
CPR and AED device guidance instruction in response
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to the indication.

[0026] Still further advantages and benefits will be-
come apparent to those of ordinary skill in the art upon
reading and understanding the following detailed de-
scription.

[0027] The embodiments of the present disclosure
may take formin various components and arrangements
of components, and in various steps and arrangements
of steps. Accordingly, the drawings are for purposes of
illustrating the various embodiments and are not to be
construed as limiting the embodiments. In the drawing
figures, like reference numerals refer to like elements. In
addition, it is to be noted that the figures may not be
drawn to scale.

Figure 1 is an illustrative view showing a portable
medical device having a feature for detecting at least
one of a status and a quality of cardiopulmonary re-
suscitation chest compressions according to an em-
bodiment of the present disclosure, the figure further
illustrating a victim and a responder;

Figure 2 is a block diagram view of the portable med-
ical device having a feature for detecting atleast one
of a status and a quality of CPR chest compressions
in further detail, according to an embodiment of the
present disclosure;

Figure 3 is a flow diagram view of a method, which
may be used with either impedance channel infor-
mation and/or common-mode current channel infor-
mation, for detecting at least one of a status and a
quality of cardiopulmonary resuscitation chest com-
pressions, according to one embodiment of the
present disclosure; and

Figure 4 is a flow diagram view of a method, which
uses both impedance channel information and com-
mon-mode current channel information, for detecting
at least one of a status and a quality of CPR chest
compressions, according to one embodiment of the
present disclosure, and further directed to a post-
rescue analysis program, such as the Event Review
Pro™ software application product manufactured by
Koninklijke Philips, N.V. of Andover, Massachusetts.

[0028] The embodiments ofthe present disclosure and
the various features and advantageous details thereof
are explained more fully with reference to the non-limiting
examples that are described and/or illustrated in the
drawings and detailed in the following description. It
should be noted that the features illustrated in the draw-
ings are not necessarily drawn to scale, and features of
one embodiment may be employed with other embodi-
ments as the skilled artisan would recognize, even if not
explicitly stated herein. Descriptions of well-known com-
ponents and processing techniques may be omitted so
as to not unnecessarily obscure the embodiments of the
present disclosure. The examples used herein are in-
tended merely to facilitate an understanding of ways in
which the embodiments of the present may be practiced
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and to further enable those of skill in the art to practice
the same. Accordingly, the examples herein should not
be construed as limiting the scope of the embodiments
of the present disclosure, which is defined solely by the
appended claims and applicable law.

[0029] It is understood that the embodiments of the
present disclosure are not limited to the particular meth-
odology, protocols, devices, apparatus, materials, appli-
cations, etc., described herein, as these may vary. It is
also to be understood that the terminology used herein
is used for the purpose of describing particular embodi-
ments only, and is not intended to be limiting in scope of
the embodiments as claimed. It must be noted that as
used herein and in the appended claims, the singular
forms "a," "an," and "the" include plural reference unless
the context clearly dictates otherwise.

[0030] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art
to which the embodiments of the present disclosure be-
long. Preferred methods, devices, and materials are de-
scribed, although any methods and materials similar or
equivalent to those described herein can be used in the
practice or testing of the embodiments.

[0031] According to one objective, a method has been
developed to detect the status/quality of chest compres-
sions during cardiopulmonary resuscitation (CPR), by
analyzing the existing measurements in AED devices
without using an integrated or standalone CPR feedback
device. This method can be incorporated into the lower-
end AED devices which don’t have a compression meter
(i.e., a CPR meter), so that the responder or user can
still get valuable feedback about the quality of CPR being
administered, similar to what he/she could get from an
integrated or standalone CPR feedback device. The
method according to the embodiments of the present dis-
closure may also be used on higher-end devices on which
the optional CPR feedback device has notbeen installed.
The method according to the embodiments of the present
disclosure provides an approach that analyzes the tho-
racic impedance and/or common-mode current, which
can be measured with standard AED pad electrodes.
[0032] As discussed herein, when CPR chest com-
pression is performed, highly correlated artifacts exist in
the impedance and common-mode current measure-
ments. Those artifacts reflect 1) if compression is being
performed; 2) the rate of compression; and 3) the depth
of compression. As the first step, detecting the existence
of compression can a) remind the responder to start CPR
as soon as possible if the compression is detected as
"OFF"; and b) allow the system (i.e., the AED device) to
choose an appropriate tuning of the diagnostic algorithm
according to the status of CPR (i.e., a status of CPR
determined in response to the correlated artifacts deter-
mined to exist in the impedance and common-mode cur-
rent measurements during a given resuscitation and cor-
responding compression) to make the best shock deci-
sions. The detection of the compression’s quality, by de-
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termining its rate and/or depth, can support real-time
feedback to guide the provider, as well as provide a ret-
rospective quality review for further training.

[0033] As will be discussed herein, the detection of
compressions can be performed by detecting the exist-
ence of a fundamental frequency corresponding to the
rate of compression. A Fourier Transform may be applied
on impedance/common-mode current signals and then
the fundamental frequency can be searched in the fre-
quency domain. Alternatively, the artifacts due to com-
pression can be detected and counted by picking up the
artifactual peaks caused by chest compression inimped-
ance and/or common-mode current recordings (i.e., re-
corded signals). The depth of compression can be re-
flected by the magnitude of the artifactual peaks in im-
pedance and common-mode current recordings (i.e., re-
corded signals). Adaptive thresholds would be set to de-
termine the approximate depth of compression. In addi-
tion, thoracic impedance can be measured by AED de-
vices, and common-mode current is possible to measure
using standard AED pads.

[0034] Due to the varieties of the patients’ position,
size, the environment, the location of the shock pads, the
site for performing compression, etc., sometimes the im-
pedance can better reflect the artifacts caused by com-
pression than the common-mode current, sometimes the
opposite. The advantage of utilizing both measurements
will result in better detection of compression than using
only one measurement. In order to use both measure-
ments, the following strategies may by applied: 1) to an-
alyze the two measurements separately, and draw final
conclusions based on results from both channels; 2) to
periodically check the quality of signals in two channels,
and analyze the channel which has better quality; 3) to
apply numerical methods to combine the two channels,
and then analyze the combined signal.

[0035] Inthefollowing discussion withreference to Fig-
ures 1 and 2, the embodiments of the present disclosure
will be discussed in the context of an actual use case
involving a sudden cardiac arrest (SCA) situation. How-
ever, the embodiments of the present disclosure can also
be applied to other types of situations, for example, a
training situation.

[0036] Turning now to Figure 1, there is shown an il-
lustrative view 10 showing a portable medical device 12
having a feature for detecting at least one of a status and
a quality of cardiopulmonary resuscitation chest com-
pressions according to an embodiment of the present
disclosure. The figure further illustrates a victim 14 of
sudden cardiac arrest and a responder 16 (e.g., a person
using the device 12 and/or administering CPR). In this
embodiment, the portable medical device 12 comprises
an automated external defibrillator device equipped with
a pair of AED electrodes 18 coupled to the portable med-
ical device 12 via power/signal lines or patient leads 20.
In addition, the pair of AED electrodes 18 is shown as
being applied to the victim’s chest, in preparation for ad-
ministration of an electrocardiogram (ECG) shock, fur-
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ther in response to a detection of an ECG shockable
event.

[0037] Turning now to Figure 2, there is shown a block
diagram view of the portable medical device 12 having
afeature for detecting atleastone of a status and a quality
of cardiopulmonary resuscitation chest compressions in
further detail, according to an embodiment of the present
disclosure. In one embodiment, the portable medical de-
vice 12 comprises an AED device that includes at least
a user interface 22, an output device 24, and a controller
26. The user interface 22 is configured for at least initi-
ating the method according to one or more of the various
embodiments discussed herein, and comprises any suit-
able user interface operatively coupled to at least the
controller 26, via signal lines 28, for use in connection
with and/or during an emergency situation, as discussed
further herein. For example, user interface 22 can com-
prise a graphical user interface operatively coupled to at
least the controller 26, via signal lines 28, for use in con-
nection with a given portable medical device implemen-
tation and/or application, e.g., during an emergency, as
discussed further herein. In addition, user interface 22
may also comprise at least one selected from the group
consisting of an input/output device, a tactile output de-
vice, a touch screen, an optical display, a microphone, a
keypad, a keyboard, a pointing device, an image capture
device, a video camera, an audio output device, and any
combination thereof, determined as appropriate accord-
ing to the requirements of a given portable medical device
implementation and/or application.

[0038] As will be understood from the disclosure here-
in, the output device 24 is configured to output an indi-
cation of at least one of a status and a quality of cardi-
opulmonary resuscitation chest compressions deter-
mined in response to the at least one stream of detected
compression event candidates, devoid of identified false
positive compression events. In one embodiment, the
output device 24 comprises any suitable output device
operatively coupled to atleast the controller 26, via signal
lines 28, for use in connection with and/or during an emer-
gency and/or other situation, as discussed further herein.
For example, output device 24 can comprise at least one
selected from the group consisting of an audio and/or
video output device, a tactile output device, an optical
device panel and/or display, and any combination there-
of, determined as appropriate according to the require-
ments of a given portable medical device implementation
and/or application.

[0039] As noted above, the controller 26 operatively
couples to the user interface 22 and the output device
24 via suitable signal lines, indicated via reference nu-
meral 28. In one embodiment, controller 26 comprises
one or more of a microprocessor, microcontroller, field
programmable gate array (FPGA), integrated circuit, dis-
crete analog or digital circuit components, hardware, soft-
ware, firmware, or any combination thereof, for perform-
ing various functions as discussed herein, further accord-
ing to the requirements of agiven portable medical device
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implementation and/or application. Controller 26 can fur-
ther comprise one or more of the various modules as
discussed herein. Additional details regarding the con-
troller 26 will be provided herein below with reference to
the Figures.

[0040] With reference still to Figure 2, the portable
medical apparatus 12 can further comprise one or more
of an ON/OFF switch 30, a front end circuit module 32,
an analysis circuit module 34, a battery 36, an energy
source 38, memory 40, and shock button 42 (e.g., for
activating the administration of a shock via AED pad elec-
trodes). Each of the one or more of the ON/OFF switch
30, front end circuit module 32, analysis circuit module
34, battery 36, energy source 38, memory 40, and shock
button 42 is operatively coupled to at least the controller
26, e.g., via signal lines 28. The ON/OFF switch 30 com-
prises any suitable switch for powering the portable med-
ical apparatus 12 between ON and OFF.

[0041] The front end circuit module 32 comprises any
suitable integrated circuit, discrete analog or digital circuit
components, hardware, software, firmware, or any com-
bination thereof, for performing various functions as dis-
cussed herein, further according to the requirements of
a given portable medical device implementation and/or
application. Inone embodiment, the front end circuit mod-
ule 32 is configured to obtain, via a pair of AED electrodes
coupled to an emergency care patient’s chest, at least
one of (i) a stream of raw transthoracic impedance data
and (ii) a stream of common-mode current data, as dis-
cussed herein. For example, the front end circuit module
32 can be implemented as a computer program module.
Itis understood that the described modules may be com-
puter program modules which are rendered in a non-
transitory computer-readable medium. In one embodi-
ment, front end circuit module 32 also comprises a band
pass filter 44, as will be discussed further herein.
[0042] The analysis circuit module 34 comprises any
suitable integrated circuit, discrete analog or digital circuit
components, hardware, software, firmware, or any com-
bination thereof, for performing various functions as dis-
cussed herein, further according to the requirements of
a given portable medical device implementation and/or
application. In one embodiment, the analysis circuit mod-
ule 34 is configured to (a) process the at least one of (i)
the stream of raw transthoracic impedance data and (i)
the stream of common-mode current data for correlated
CPR chest compression artifacts through first and sec-
ond processing algorithms, wherein the first processing
algorithm comprises a temporal peak detection algorithm
to obtain at least one stream of detected compression
event candidates and wherein the second processing al-
gorithm comprises a frequency analysis algorithm to
identify false positive compression events within the at
least one stream of detected compression event candi-
dates, and (b) remove the identified false positive com-
pression events from the at least one stream of detected
compression event candidates, as discussed herein. In
another embodiment, the analysis circuit module 34 is
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also configured to implement an algorithm that analyzes
an ECG for a shockable condition while CPR chest com-
pressions are ongoing, as discussed herein. Further-
more, the analysis circuit module 34 can be implemented
as a computer program module. It is understood that the
described modules may be computer program modules
which are rendered in a non-transitory computer-reada-
ble medium.

[0043] In one embodiment, battery 36 can comprise
any suitable power source or power supply for a given
portable medical device implementation and/or applica-
tion. In addition, energy source 38 can comprise any suit-
able power source or power supply for a given portable
medical device implementation and/or application. For
example, for a portable medical device comprising an
AED device, the energy source 38 can comprise high
voltage capacitor suitable for storing energy effective in
defibrillating shocks, where the capacitor is charged by
battery 36 through a charging circuit (not shown). Fur-
thermore, memory 40 can comprise any suitable memory
and/or storage device, operatively coupled to at least the
controller 26, for at least storing information thereto, and
further for atleast subsequently retrieving the information
there from.

[0044] The portable medical apparatus 12 can further
comprise a pair of AED pad electrodes 18 operatively
coupled to energy source 38, for administration of an
electrical shock during use of the portable medical device
12 as an AED device. The pair of AED pad electrodes
18 is also operatively coupled to the front end circuit mod-
ule 32, via patient leads 20, as discussed further herein.
[0045] Referring still to Figure 2, portable medical de-
vice 12 further comprises a data output port 46. The data
output port 46 is operable to transmit a stored one or
more of (i) the at least one stream of detected compres-
sion event candidates and (ii) the at least one stream of
detected compression event candidates, devoid of the
identified false positive compression events to an exter-
nal computer (not shown) for post-event analysis, as dis-
cussed further herein.

[0046] Theembodiments of the present disclosure rec-
ognize that when CPR is performed, highly correlated
artifacts exist in the transthoracic impedance and com-
mon-mode current measurements obtained with the use
of the AED device’s chest electrodes. Those artifacts re-
flect i) if CPR compressions are being performed, and;
i) the rates (and/or depths) of those CPR compressions.
Properly detected and analyzed, these parameters (or
artifacts in the transthoracic impedance and common-
mode current) can be used to indicate a measure of CPR
quality. In addition, a provision for determining a com-
pressions hands-on time and compression rate can sup-
port real-time feedback to guide an urgent care provider
or responder administering CPR. Furthermore, the com-
pressions hands-on time and compression rate may be
retained in computer memory for subsequent use, such
as, in a post-event analysis and/or retrospective quality
review for further training. The method and apparatus
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according to the embodiments of the present disclosure
also advantageously allows an AED device and/or sys-
tem to select an appropriate tuning of the device and/or
a system diagnostic algorithm according to the status of
CPR chest compressions being administered in order to
render the best ECG shock decisions.

[0047] In one embodiment, the artifacts due to CPR
chest compressions can be detected and counted by
picking up the artifactual peaks caused by chest com-
pressions in one or more of the transthoracic impedance
and/or common-mode current measurement signals
and/orrecordings. Alternatively, the CPR chest compres-
sions (or artifacts due to CPR compressions) can also
be detected by determining the existence of a fundamen-
talfrequency in the measurement signals, the fundamen-
tal frequency corresponding to the rate of compression
in the frequency domain. A Fourier Transform may be
applied to the impedance/common-mode current sig-
nals, from which the fundamental frequency can be
searched in the frequency domain.

[0048] In operation, the CPR chest compressions are
first detected in the temporal domain by using a peak
detection algorithm. Then, a frequency analysis is per-
formed to search for the fundamental frequency. If the
fundamental frequency cannot be determined in a certain
predetermined interval, then the corresponding com-
pression peaks within the predetermined interval detect-
ed previously (i.e., as determined via the peak detection
algorithm) are considered to be false positives and there-
after removed from further consideration. On the other
hand, if the fundamental frequency can be determined
in the certain pre-determined interval, then the corre-
sponding compression peaks within the predetermined
interval are considered optimized compression peaks.
Accordingly, the optimized compression peaks which re-
main are used to calculate the compression rates and
on/off intervals of CPR chest compressions.

[0049] Turning now to Figure 3, there is shown a flow
diagram view of a method 100, which may be used with
either impedance channel information and/or common-
mode current channel information, for detecting at least
one of a status and a quality of cardiopulmonary resus-
citation chest compressions, according to one embodi-
ment of the present disclosure. In particular, the process
flow diagram of Figure 3 illustrates one embodiment of
a method for detecting "true" CPR chest compressions,
each compression being deemed an "event". The Figure
3 process uses an input of a raw impedance signal at
input step 102 that is obtained via the AED front end
signal processing circuit 32 from two or more electrodes
18 that are placed upon the patient’s torso. The raw im-
pedance signal may optionally be filtered at filtering step
104 with a band pass filter 44 or via other suitable known
signal filter methods.

[0050] The resulting filtered impedance signal at step
106 is then analyzed in two different ways. Firstly, a tem-
poral based algorithm is applied at peak detection step
110 to determine candidates from the impedance signal
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stream that may pertain to a CPR-related compression
artifact. The candidates are then provided to a detected
candidates step 112.

[0051] Secondly, a frequency based analysis method
is applied to the impedance signal stream at step 108 to
determine artifact events that are likely to be false posi-
tives. As the candidates from step 112 are fed into a
screening step 114, the output from step 108 causes the
candidates that are likely to be false positives to be re-
moved from the stream. The final stream of detected
compression events is then output at output step 116.
[0052] While the process of Figure 3 has been dis-
cussed with respect to using the transthoracicimpedance
signal, the process may also be similarly used with an
input of the common-mode current signal that is captured
by the AED electrodes 18 and the AED front end signal
processing circuit 32. As used herein, common-mode
currentrefers to a current that flows equally in both patient
leads 20 in a circuit that includes capacitive coupling be-
tween the patient and the AED device through earth
ground. Changes in the static electrical field around the
patient produce this current, and are related to the motion
associated with CPR chest compressions. In addition,
the resulting output at step 116 is of detected compres-
sion events with removed false peaks. The two data sets
of compression events, i.e., from transthoracic imped-
ance and common-mode current, are then stored in com-
puter memory in a time-correlated fashion.

[0053] With reference now to Figure 4, there is shown
a flow diagram view of a method 200, which uses both
impedance channel information and common-mode cur-
rent channel information, for detecting at least one of a
status and a quality of CPR chest compressions, accord-
ing to one embodiment of the present disclosure, and
further directed to a post-rescue analysis program, such
as the Event Review Pro™ software application product
manufactured by Koninklijke Philips, N.V. of Andover,
Massachusetts. In particular, Figure 4 illustrates a flow
diagram of the inventive method which further uses the
two data sets of detected CPR compression events to
provide an output that is useful to the user or urgent care
provider, or useful to an administrator performing post-
event analysis, or useful to a shock analysis algorithm
(e.g., ART) that is operating during the CPR chest com-
pressions interval. Steps 202, 204, and 206 pertain to
the Figure 3 process steps 102 through 116 as applied
to the transthoracic impedance signal, discussed herein
above. Steps 212, 214 and 216 pertain to the Figure 3
process steps 102 through 116 as applied to the simul-
taneously obtained common-mode current signal, simi-
larly as discussed herein above.

[0054] The two data sets of detected CPR chest com-
pression events are compared at optimization step 220.
The quality of the impedance recording and the common-
mode current recording can be evaluated by checking
(i.e., evaluating) the amplitude, stability, etc., of the re-
spective recordings. In one embodiment, three quality
levels can be defined: "good", "fair" and "bad". If the qual-
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ity level of the impedance signal is better than the quality
level of the common-mode current signal or their quality
levels are the same, then the detected CPR chest com-
pression events in the impedance signal are preferably
used as the most reliable set (or optimized set of CPR
chest compression events). On the other hand, if the
quality level of the impedance signal is lower than that
of the common-mode current signal, then the detected
compression events in the common-mode current signal
are used as the most reliable set (or optimized set of
compression events). In most cases, it is expected that
the impedance signal stream of compression events will
be determined at step 220 to be the most reliable set. In
some cases, however, the common-mode current signal
stream of compression events will be determined at step
220 to be the most reliable set.

[0055] Inotherwords, the signal analysis circuitry (i.e.,
analysis circuit or module 34) is configured to select the
set of CPR chest compression events detected in the
impedance signal in response to the impedance signal
stream being determined as the most reliable data set
(or optimized set). In addition, the signal analysis circuitry
(i.e., analysis circuit or module 34) is further configured
to select the set of CPR chest compression events de-
tected in the common-mode current signal in response
to the common-mode current signal stream being deter-
mined as the most reliable data set (or optimized set).
The mostreliable set of the two data sets is then selected
at step 220 and provided to the output step 222 for further
use. For example, the data set or mode showing the most
reliable CPR chest compressions set may be used in
subsequent periods of CPR chest compressions, i.e. af-
ter a "hands-off ECG analysis and/or a defibrillation
shock.

[0056] In another embodiment, the common-mode
current signal from step 212 may be used directly at com-
paring/optimization step 220 as described above and
without first filtering and processing the signal. Similarly,
the raw transthoracic impedance signal from step 202
may be used directly at comparing/optimization step 220
as described above and without firstfiltering and process-
ing the signal.

[0057] Exemplary uses with respect to the most relia-
ble data set are for post-event CPR analysis, including
post-event CPR analysis with a software based analysis
program such as the Event Review Pro™ software pre-
viously described. Another exemplary use with respect
to the most reliable data set is for providing real-time
feedback (step 224) as to (i) presence and (ii) rate of
CPR compressions being provided. In this later case,
aural and visual feedback may be provided, via an output
device 24, to the AED user or urgent care provider 16 to
guide the user to a more optimal CPR chest compression
performance, or to assure the AED user that the ongoing
CPR compressions are adequate. The aural and visual
feedback may be provided via a user output, e.g., on an
AED display, by flashing light, by beeper, or by aural in-
structions via a speaker. Some exemplary CPR feedback
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instructions can include one or more of i) aural instruc-
tions such as "compress more quickly," "compress more
slowly," "press hard and fast," ii) visual feedback such
as a marker in a linear scale indicating compression rate
above, within, or below the preferred rate, and iii) any
combinations thereof.

[0058] According to further embodiments, the inven-
tive methods of the present disclosure may be incorpo-
ratedinto an AED, and in particular to an AED which uses
an algorithm that analyzes an ECG for a shockable con-
dition while CPR chest compressions are ongoing. Thus,
another exemplary use with respect to the most reliable
or optimized data set may be to provide an input at anal-
ysis algorithm input step 300 to an ECG shock analyzer
of analysis circuit 34. The ECG shock analyzer of analysis
circuit 34 may use the input of compression events (i.e.,
the most reliable or optimized data set) to dynamically
adjust its shock decision threshold criteria in cases of
CPR rates which are outside of protocol standards, e.g.
rates significantly lower than 100/minute or significantly
higher than 120/minute, or perhaps in cases where CPR
is not being provided when it should be, or perhaps in
cases where CPR is being provided when it should not
be. The input of the optimized data set of compression
events thus enables a more accurate determination of a
"shock advised" condition in the AED, with fewer false
positive determinations. Accordingly, higher false posi-
tive rates, as discussed above in the previously present-
ed example, with respect to the condition of abnormally
high CPR chest compression rates is thus advanta-
geously avoided.

[0059] Although only a few exemplary embodiments
have been described in detail above, those skilled in the
art will readily appreciate that many modifications are
possible in the exemplary embodiments without materi-
ally departing from the novel teachings and advantages
of the embodiments of the present disclosure. For exam-
ple, the embodiments of the present disclosure may also
be applicable for use in monitor/defibrillators. According-
ly, all such modifications are intended to be included with-
in the scope of the embodiments of the present disclosure
as defined in the following claims. In the claims, means-
plus-function clauses are intended to cover the structures
described herein as performing the recited function and
not only structural equivalents, but also equivalent struc-
tures.

[0060] In addition, any reference signs placed in pa-
rentheses in one or more claims shall not be construed
as limiting the claims. The word "comprising" and "com-
prises," and the like, does not exclude the presence of
elements or steps other than those listed in any claim or
the specification as a whole. The singular reference of
an elementdoes notexclude the plural references of such
elements and vice-versa. One or more of the embodi-
ments may be implemented by means of hardware com-
prising several distinct elements, and/or by means of a
suitably programmed computer. In a device claim enu-
merating several means, several of these means may be
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embodied by one and the same item of hardware. The
mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a com-
bination of these measures cannot be used to an advan-
tage.

Claims

1. Anautomated external defibrillator, AED, device (12)
having a feature for detecting at least one of a status
and a quality of cardiopulmonary resuscitation, CPR,
chest compressions, comprising:

a front end circuit (32) configured to obtain, via
a pair of AED electrodes (18), at least one of (i)
a stream of raw transthoracic impedance data
and (ii) a stream of common-mode current data,
an analysis circuit (34) configured to

(a) process the at least one of (i) the stream
of raw transthoracicimpedance data and (ii)
the stream of common-mode current data
for correlated CPR chest compression arti-
facts through first and second processing
algorithms, wherein the first processing al-
gorithm comprises a temporal peak detec-
tion algorithm to obtain at least one stream
of detected compression event candidates
and wherein the second processing algo-
rithm comprises a frequency analysis algo-
rithm to identify false positive compression
events within the at least one stream of de-
tected compression event candidates, and
(b) remove the identified false positive com-
pression events from the atleast one stream
of detected compression event candidates;
and

an output device (24) configured to output an
indication of at least one of a status and a quality
of CPR chest compressions determined in re-
sponse to the at least one stream of detected
compression event candidates, devoid of the
identified false positive compression events.

2. The device (12) of claim 1,

wherein the front end circuit (32) is further configured
to obtain both (i) the stream of raw transthoracic im-
pedance data and (ii) the stream of common-mode
current data,

wherein the analysis circuit (34) is further configured
to (a) process both (i) the stream of raw transthoracic
impedance data and (ii) the stream of common-mode
current data to obtain respective first and second
streams of detected compression event candidates
and to identify false positive compression events
within the respective first and second streams of de-
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tected compression event candidates, and (b) re-
move the identified false positive compression
events from respective first and second streams of
detected compression event candidates, and (c)
compare the first stream of detected compression
event candidates, devoid of the respective identified
false positive compression events, against the sec-
ond stream of detected compression event candi-
dates, devoid of the respective identified false pos-
itive compression events, to identify an optimized
stream of detected compression event candidates
between the first and second streams, and
wherein the output device (24) is further configured
to output the indication determined in response to
the optimized stream of detected compression event
candidates, devoid of false positive compression
events.

The device (12) of claim 2, wherein the analysis cir-
cuit (34) identifies an optimized stream of detected
compression event candidates between the first and
second streams by (i) applying a criterion to the first
and second streams and (ii) selecting one of the first
and second streams based upon the applied criterion
to identify the optimized stream.

The device (12) of claim 3, wherein the criterion com-
prises a determined autocorrelation strength similar
to a predicted CPR rate period.

The device (12) of claim 3, wherein the analysis cir-
cuit (34) further comprises an electrocardiogram,
ECG, shock analysis circuit configured to (i) deter-
mine a shockable ECG event in response to an ECG
signal obtained via the pair of AED electrodes in the
presence of CPR-related signal artifacts and (ii) dy-
namically adjust a shock decision parameter in re-
sponse to one or more of (a) the at least one stream
of detected compression event candidates, devoid
of the identified false positive compression events,
and (b) the indication of the at least one of a status
and a quality of CPR chest compressions.

The device (12) of claim 3, wherein the optimized
stream of detected compression event candidates
is indicative of a CPR chest compression rate that
is outside of a CPR protocol standard rate.

The device (12) of claim 3, wherein an indication of
the status includes an indication that CPR chest
compressions are being performed, and wherein an
indication of a quality of CPR chest compressions
includes an indication of a rate of the CPR chest
compressions.

The device (12) of claim 3, wherein the temporal
peak detection algorithm detects and counts CPR
chest compression artifacts due to CPR chest com-
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pressions by picking up artifactual peaks caused by
the CPR chest compressions in the at least one of
(i) the stream of raw transthoracic impedance data
and (ii) the stream of common-mode current data,
further wherein an approximate depth of CPR chest
compressions is reflected by a magnitude of the ar-
tifactual peaks in the at least one of (i) the stream of
raw transthoracicimpedance data and (ii) the stream
of common-mode current data, further wherein the
approximate depth of CPR chest compressions are
determined by setting adaptive thresholds, and
wherein the frequency analysis algorithm applies a
Fourier transform on the atleast one of (i) the stream
of raw transthoracic impedance data and (i) the
stream of common-mode current data and searches
for an existence of a fundamental frequency corre-
sponding to the rate of CPR chest compressions in
the frequency domain.

The device (12) of claim 1, further comprising:

a storage device (40) configured to store one or
more of (i) the at least one stream of detected
compression event candidates and (i) the at
least one stream of detected compression event
candidates, devoid of the identified false positive
compression events; and

a data output port (46) operable to transmit the
stored one or more of (i) the at least one stream
of detected compression event candidates and
(ii) the at least one stream of detected compres-
sion event candidates, devoid of the identified
false positive compression events to an external
computer for post-event analysis of the stored
one or more of (i) the at least one stream of de-
tected compression event candidates and (ii)
the atleast one stream of detected compression
event candidates, devoid of the identified false
positive compression events.

10. The device (12) of claim 1, wherein the output device

1.

(24) is further configured (i) to output at least one of
an aural and a visual output using the indication or
the optimized stream in a subsequent period of CPR
chest compressions and (ii) to issue, via the at least
one of the aural and the visual output, at least one
of a CPR and AED device guidance instruction in
response to the indication.

A method for detecting at least one of a status and
a quality of cardiopulmonary resuscitation, CPR,
chest compressions with an automated external de-
fibrillator, AED, device, comprising the steps of:

obtaining, via a front end circuit (32) and a pair
of AED electrodes (18), at least one of (i) a
stream of raw transthoracic impedance dataand
(i) a stream of common-mode current data;



12.

13.

14.

15.

21 EP 3 302 697 B1 22

processing, via an analysis circuit (34), the at
least one of (i) the stream of raw transthoracic
impedance data and (ii) the stream of common-
mode current data for correlated CPR chest
compression artifacts through first and second
processing algorithms, wherein the first
processing algorithm comprises a temporal
peak detection algorithm to obtain at least one
stream of detected compression event candi-
dates and wherein the second processing algo-
rithm comprises a frequency analysis algorithm
to identify false positive compression events
within the at least one stream of detected com-
pression event candidates;

removing, via the analysis circuit (34), the iden-
tified false positive compression events from the
at least one stream of detected compression
event candidates; and

outputting, via a user output device (24), an in-
dication of at least one of a status and a quality
of CPR chest compressions determined in re-
sponse to the at least one stream of detected
compression event candidates, devoid of the
identified false positive compression events.

The method of claim 11, wherein an indication of the
status includes an indication that CPR chest com-
pressions are being performed, and wherein an in-
dication of a quality of CPR chest compressions in-
cludes an indication of a rate of the CPR chest com-
pressions.

The method of claim 11, wherein the temporal peak
detection algorithm detects and counts CPR chest
compression artifacts due to CPR chest compres-
sions by picking up artifactual peaks caused by the
CPR chest compressions in the at least one of (i) the
stream of raw transthoracic impedance data and (ii)
the stream of common-mode current data.

The method of claim 13, further wherein an approx-
imate depth of CPR chest compressions is reflected
by a magnitude of the artifactual peaks in the atleast
one of (i) the stream of raw transthoracic impedance
data and (ii) the stream of common-mode current
data, further wherein the approximate depth of CPR
chest compressions are determined by setting adap-
tive thresholds.

The method of claim 11, wherein the frequency anal-
ysis algorithm applies a Fourier transform on the at
least one of (i) the stream of raw transthoracic im-
pedance data and (ii) the stream of common-mode
current data and searches for an existence of a fun-
damental frequency corresponding to the rate of
CPR chest compressions in the frequency domain.
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Patentanspriiche

1.

Automatisierte externe Defibrillator (AED)-Vorrich-
tung (12) mit einem Merkmal zum Detektieren min-
destens eines von einem Zustand und einer Qualitat
von Herz-Lungen-Wiederbelebungs (HLW)-Herz-
druckmassagen, umfassend:

eine Front-End-Schaltung (32), die konfiguriert
ist, um Uber ein Paar von AED-Elektroden (18)
mindestens eines von (i) einem Strom von rohen
transthorakalen Impedanzdaten und (ii) einem
Strom von Gleichtaktstrom zu erlangen,

eine Analyseschaltung (34), die konfiguriert ist
zum

(a) Verarbeiten von mindestens einem von
(i) dem Strom von rohen transthorakalen
Impedanzdaten und (ii) dem Strom von
Gleichtaktstrom fir korrelierte HLW-Herz-
druckmassagenartefakte durch erste und
zweite Verarbeitungsalgorithmen, wobei
der erste Verarbeitungsalgorithmus einen
temporaren  Peakdetektionsalgorithmus
zum Erlangen von mindestens einem Strom
von detektierten Kompressionsereignis-
kandidaten umfasst und wobei der zweite
Verarbeitungsalgorithmus einen Frequenz-
analysealgorithmus zum Identifizieren von
falsch-positiven Kompressionsereignissen
innerhalb des mindestens einen Stroms von
detektieren Kompressionsereigniskandida-
ten umfasst, und

(b) Entfernen der identifizierten falsch-posi-
tiven Kompressionsereignisse aus dem
mindestens einen Strom von detektierten
Kompressionsereigniskandidaten; und

eine Ausgabevorrichtung (24), die konfiguriert
ist, um eine Angabe von mindestens einem von
einem Zustand und einer Qualitat von HLW-
Herzdruckmassagen auszugeben, die in Reak-
tion auf den mindestens einen Strom von detek-
tierten Kompressionsereigniskandidaten ohne
die identifizierten falsch-positiven Kompressi-
onsereignisse bestimmt wurde.

Vorrichtung (12) nach Anspruch 1,

wobei die Front-End-Schaltung (32) ferner konfigu-
riert ist, um sowohl (i) den Strom von rohen transt-
horakalen Impedanzdaten als auch (ii) den Strom
von Gleichtaktstromdaten zu erlangen,

wobei die Analyseschaltung (34) ferner konfiguriert
ist, um (a) sowohl (i) den Strom von rohen transtho-
rakalen Impedanzdaten als auch (ii) den Strom von
Gleichtaktstromdaten zu verarbeiten, um jeweilige
erste und zweite Stréme von detektierten Kompres-
sionsereigniskandidaten zu erlangen und falsch-po-
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sitive Kompressionsereignisse innerhalb der jewei-
ligen ersten und zweiten Strdome von detektierten
Kompressionsereigniskandidaten zu identifizieren,
und um (b) die identifizierten falsch-positiven Kom-
pressionsereignisse aus den jeweiligen ersten und
zweiten Stréomen von detektierten Kompressions-
ereigniskandidaten zu entfernen, und um (c) deners-
ten Strom von detektierten Kompressionsereignis-
kandidaten ohne die jeweiligen identifizierten falsch-
positiven Kompressionsereignisse mit dem zweiten
Strom von detektierten Kompressionsereignisdaten
ohne die jeweiligen identifizierten falsch-positiven
Kompressionsereignisse zu vergleichen, um einen
optimierten Strom von detektierten Kompressions-
ereigniskandidaten zwischen dem ersten und dem
zweiten Strom zu identifizieren, und

wobei die Ausgabevorrichtung (24) ferner konfigu-
riertist, um die in Reaktion auf den optimierten Strom
von detektierten Kompressionsereigniskandidaten
ohne falsch-positive Kompressionsereignisse be-
stimmte Angabe auszugeben.

Vorrichtung (12) nach Anspruch 2, wobei die Analy-
seschaltung (34) einen optimierten Strom von de-
tektierten Kompressionsereigniskandidaten zwi-
schen dem ersten und dem zweiten Strom identifi-
ziert, indem sie (i) ein Kriterium auf den ersten und
den zweiten Strom anwendet und (ii) einen von dem
ersten und dem zweiten Strom basierend auf dem
angewendeten Kriterium auswahlt, um den optimier-
ten Strom zu identifizieren.

Vorrichtung (12) nach Anspruch 3, wobei das Krite-
rium eine bestimmte Autokorrelationsstarke dhnlich
einer vorhergesagten Periode der HLW-Rate um-
fasst.

Vorrichtung (12) nach Anspruch 3, wobei die Analy-
seschaltung (34) eine Elektrokardiogramm-
(EKG)-Schockanalyseschaltung umfasst, die konfi-
guriert ist, um (i) in Reaktion auf ein Gber das Paar
von AED-Elektroden erlangtes EKG-Signalin Anwe-
senheit von HLW-bezogenen Signalartefakten ein
mit Elektroschock therapierbares EKG-Ereignis zu
bestimmen und (ii) einen Schockentscheidungspa-
rameter in Reaktion auf eines oder mehrere von (a)
dem mindestens einen Strom von detektierten Kom-
pressionsereigniskandidaten ohne die identifizierten
falsch-positiven Kompressionsereignisse und (b)
der Angabe von dem mindestens einen von einem
Zustand und einer Qualitdt von HLW-Herzdruck-
massagen dynamisch anzupassen.

Vorrichtung (12) nach Anspruch 3, wobei der opti-
mierte Strom von detektierten Kompressionsereig-
niskandidaten eine HLW-Herzdruckmassage-Rate
angibt, die auBerhalb einer HLW-Protokoll-Stan-
dardrate liegt.
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7.

Vorrichtung (12) nach Anspruch 3, wobei eine An-
gabe des Zustands eine Angabe einschliefl3t, dass
die HLW-Herzdruckmassagen durchgefiuihrt wer-
den, und wobei eine Angabe einer Qualitatvon HLW-
Herzdruckmassagen eine Angabe einer Rate der
HLW-Herzdruckmassagen einschlief3t.

Vorrichtung (12) nach Anspruch 3, wobei der tem-
pordre Peakdetektionsalgorithmus HLW-Herz-
druckmassagenartefakte aufgrund von HLW-Herz-
druckmassagen detektiert und zahlt, indem durch
die HLW-Herzdruckmassagen verursachte Artefakt-
Peaks in dem mindestens einen von (i) dem Strom
von rohen transthorakalen Impedanzdaten und (ii)
dem Strom von Gleichtaktstromdaten aufgegriffen
werden, wobei ferner eine ungefahre Tiefe von HLW-
Herzdruckmassagen durch eine Magnitude der Ar-
tefakt-Peaks in dem mindestens einen von (i) dem
Strom von rohen transthorakalen Impedanzdaten
und (ii) dem Strom von Gleichtaktstromdaten wider-
gespiegeltwird, wobei ferner die ungefahre Tiefe von
HLW-Herzdruckmassagen bestimmt wird, indem
adaptive Schwellenwerte eingestellt werden, und
wobei der Frequenzanalysealgorithmus eine Fou-
rier-Transformation auf den mindestens einen von
(i) dem Strom von rohen transthorakalen Impedanz-
daten und (ii) dem Strom von Gleichtaktstromdaten
anwendet und nach einer Existenz einer Fundamen-
talfrequenz sucht, die der Rate der HLW-Herzdruck-
massagen in der Frequenzdoméane entspricht.

Vorrichtung (12) nach Anspruch 1, ferner umfas-
send:

eine Speichervorrichtung (40), die konfiguriert
ist, um einen oder mehrere von (i) dem mindes-
tens einen Strom von detektierten Kompressi-
onsereigniskandidaten und (ii) dem mindestens
einen Strom von detektierten Kompressions-
ereignisdaten ohne die identifizierten falsch-po-
sitiven Kompressionsereignisse zu speichern;
und

einen Datenausgabeanschluss (46), der funkti-
onsfahig ist, um die gespeicherten einen oder
mehrere von (i) dem mindestens einen Strom
von detektierten Kompressionsereigniskandi-
daten und (ii) dem mindestens einen Strom von
detektierten Kompressionsereignisdaten ohne
die identifizierten falsch-positiven Kompressi-
onsereignisse an einen externen Computer zu
Post-Ereignis-Analyse der gespeicherten einen
oder mehreren von (i) dem mindestens einen
Strom von detektierten Kompressionsereignis-
kandidaten und (i) dem mindestens einen
Strom von detektierten Kompressionsereignis-
daten ohne die identifizierten falsch-positiven
Kompressionsereignisse auszugeben.
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10. Vorrichtung (12) nach Anspruch 1, wobei die Aus-

1.

gabevorrichtung (24) ferner konfiguriert ist, um (i)
mindestens eines von einer akustischen und einer
visuellen Ausgabe unter Verwendung der Angabe
oder des optimierten Stroms in einer nachfolgenden
Periode von HLW-Herzdruckmassagen auszuge-
ben und um (ii) Uber die mindestens eine von der
akustischen und der visuellen Ausgabe mindestens
eines von einer HLW- und A-ED-Vorrichtungs-Fuih-
rungsanweisung in Reaktion auf die Angabe zu er-
teilen.

Verfahren zum Detektieren mindestens eines von
einem Zustand und einer Qualitat von Herz-Lungen-
Wiederbelebungs (HLW)-Herzdruckmassagen mit
einer automatisierten  externen  Defibrillator
(AED)-Vorrichtung, das die folgenden Schritte um-
fasst:

Erlangen, Uber eine Front-End-Schaltung (32)
und ein Paar von AED-Elektroden (18), von min-
destens einem von (i) einem Strom von rohen
transthorakalen Impedanzdaten und (ii) einem
Strom von Gleichtaktstrom,

Verarbeiten, Uber eine Analyseschaltung (34),
von dem mindestens einen von (i) dem Strom
von rohen transthorakalen Impedanzdaten und
(ii) dem Strom von Gleichtaktstrom fir korrelier-
te HLW-Herzdruckmassagenartefakte durch
erste und zweite Verarbeitungsalgorithmen, wo-
bei der erste Verarbeitungsalgorithmus einen
temporaren Peakdetektionsalgorithmus zum
Erlangen von mindestens einem Strom von de-
tektierten Kompressionsereigniskandidaten
umfasst und wobei der zweite Verarbeitungsal-
gorithmus einen Frequenzanalysealgorithmus
zum ldentifizieren von falsch-positiven Kom-
pressionsereignisseninnerhalb des mindestens
einen Stroms von detektieren Kompressions-
ereigniskandidaten umfasst;

Entfernen, Gber die Analyseschaltung (34), der
identifizierten falsch-positiven Kompressions-
ereignisse aus dem mindestens einen Strom
von detektierten Kompressionsereigniskandi-
daten; und

Ausgeben, Uber eine Benutzerausgabevorrich-
tung (24), einer Angabe von mindestens einem
von einem Zustand und einer Qualitat von HLW-
Herzdruckmassagen, die in Reaktion auf den
mindestens einen Strom von detektierten Kom-
pressionsereigniskandidaten ohne die identifi-
zierten falsch-positiven Kompressionsereignis-
se bestimmt wurde.

12. Verfahren nach Anspruch 11, wobei eine Angabe

des Zustands eine Angabe einschlie3t, dass die
HLW-Herzdruckmassagen durchgefiihrt werden,
und wobei eine Angabe einer Qualitdt von HLW-
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Herzdruckmassagen eine Angabe einer Rate der
HLW-Herzdruckmassagen einschlief3t.

Verfahren nach Anspruch 11, wobei der temporare
Peakdetektionsalgorithmus HLW-Herzdruckmassa-
genartefakte aufgrund von HLW-Herzdruckmassa-
gen detektiert und zahlt, indem durch die HLW-Herz-
druckmassagen verursachte Artefakt-Peaks in dem
mindestens einen von (i) dem Strom von rohen tran-
sthorakalen Impedanzdaten und (ii) dem Strom von
Gleichtaktstromdaten aufgegriffen werden.

Verfahren nach Anspruch 13, wobei ferner eine un-
gefahre Tiefe von HLW-Herzdruckmassagen durch
eine Magnitude der Artefakt-Peaks in dem mindes-
tens einen von (i) dem Strom von rohen transthora-
kalen Impedanzdaten und (ii) dem Strom von
Gleichtaktstromdaten widergespiegelt wird, wobei
ferner die ungefahre Tiefe von HLW-Herzdruckmas-
sagen bestimmt wird, indem adaptive Schwellen-
werte eingestellt werden.

Verfahren nach Anspruch 11, wobei der Frequenz-
analysealgorithmus eine Fourier-Transformation auf
den mindestens einen von (i) dem Strom von rohen
transthorakalen Impedanzdaten und (ii) dem Strom
von Gleichtaktstromdaten anwendet und nach einer
Existenz einer Fundamentalfrequenz sucht, die der
Rate der HLW-Herzdruckmassagen in der Fre-
quenzdomane entspricht.

Revendications

Défibrillateur externe automatisé (DEA) (12) ayant
une fonction pour détecter au moins un d’un statut
etd’une qualité de compressions thoraciques deréa-
nimation cardiopulmonaire (RCP), comprenant :

un circuit d’extrémité avant (32) configuré pour
obtenir, par I'intermédiaire d’une paire d’électro-
des de DEA (18), au moins un de (i) un flux de
données brutes d’'impédance transthoracique et
(ii) un flux de données de courant en mode com-
mun,

un circuit d’analyse (34) configuré pour

(a) traiter le au moins un (i) du flux de don-
nées brutes d’'impédance transthoracique
et (ii) du flux de données de courant en mo-
de commun pour des artefacts de compres-
sion thoracique de RCP corrélés par le biais
de premier et second algorithmes de traite-
ment, dans lequel le premier algorithme de
traitement comprend un algorithme de dé-
tection de pic temporel pour obtenir au
moins un flux de candidats événements de
compression détectés et dans lequel le se-
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cond algorithme de traitement comprend un
algorithme d’analyse de fréquence pour
identifier des événements de compression
faux positifs dans le au moins un flux de
candidats événements de compression dé-
tectés, et

(b) éliminer les événements de compres-
sion faux positifs identifiés du au moins un
flux de candidats événements de compres-
sion détectés ; et

un dispositif de sortie (24) configuré pour fournir
une indication de au moins un d’'un statut et
d’'une qualité de compressions thoraciques de
RCP déterminé en réponse au au moins un flux
de candidats événements de compression dé-
tectés, dépourvu des événements de compres-
sion faux positifs identifiés.

Dispositif (12) selon la revendication 1,

dans lequel le circuit d’extrémité avant (32) est en
outre configuré pour obtenir a la fois (i) le flux de
données brutes d'impédance transthoracique et (ii)
le flux de données de courant en mode commun,
dans lequel le circuit d’analyse (34) est en outre con-
figuré pour (a) traiter a la fois (i) le flux de données
brutes d'impédance transthoracique et (i) le flux de
données de courant en mode commun pour obtenir
des premier et second flux respectifs de candidats
événements de compression détectés et pour iden-
tifier des événements de compression faux positifs
dans les premier et second flux respectifs de candi-
dats événements de compression détectés, et (b)
éliminer les événements de compression faux posi-
tifs identifiés des premier et second flux respectifs
de candidats événements de compression détectés,
et (c) comparer le premier flux de candidats événe-
ments de compression détectés, dépourvu des éveé-
nements de compression faux positifs identifiés res-
pectifs, au second flux de candidats événements de
compression détectés, dépourvu des événements
de compression faux positifs identifiés respectifs,
pour identifier un flux optimisé de candidats événe-
ments de compression détectés entre les premier et
second flux, et

dans lequel le dispositif de sortie (24) est en outre
configuré pour fournir 'indication déterminée en ré-
ponse au flux optimisé de candidats événements de
compression détectés, dépourvu d’événements de
compression faux positifs.

Dispositif (12) selon la revendication 2, dans lequel
le circuit d’analyse (34) identifie un flux optimisé de
candidats événements de compression détectés en-
tre les premier et second flux en (i) appliquant un
critere aux premier et second flux et en (ii) sélection-
nant un des premier et second flux sur la base du
critére appliqué pour identifier le flux optimisé.
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4.

Dispositif (12) selon la revendication 3, dans lequel
le critéere comprend une force d’autocorrélation dé-
terminée similaire a une période de rythme de RCP
prévue.

Dispositif (12) selon la revendication 3, dans lequel
le circuit d’analyse (34) comprend en outre un circuit
d’analyse des chocs d’électrocardiogramme (ECG)
configuré pour (i) déterminer un événement d'ECG
choquable en réponse a un signal d’ECG obtenu par
I'intermédiaire de la paire d’électrodes de DEA en
présence d’artefacts de signal associés ala RCP et
(ii) ajuster dynamiquement un parameétre de décision
de chocenréponseaunou plusieurs (a) du au moins
un flux de candidats événements de compression
détectés, dépourvu des événements de compres-
sion faux positifs identifiés, et (b) de l'indication de
au moins un d’'un statut et d’'une qualité de compres-
sions thoraciques de RCP.

Dispositif (12) selon la revendication 3, dans lequel
le flux optimisé de candidats événements de com-
pression détectés indique un rythme de compres-
sion thoracique de RCP qui est en dehors d’un ryth-
me standard de protocole de RCP.

Dispositif (12) selon la revendication 3, dans lequel
une indication du statut comprend uneindication que
les compressions thoraciques de RCP sont en cours
d’exécution, etdans lequel une indication d’'une qua-
lité de compressions thoraciques de RCP comprend
une indication d’'un rythme des compressions thora-
ciques de RCP.

Dispositif (12) selon la revendications 3, dans lequel
I'algorithme de détection de pic temporel détecte et
compte des artefacts de compression thoracique de
RCP dus aux compressions thoraciques de RCP en
recueillant des pics d’artefact dus aux compressions
thoraciques de RCP dans le au moins un (i) du flux
de données brutes d'impédance transthoracique et
(ii) du flux de données de courant en mode commun,
dans lequel en outre une profondeur approximative
des compressions thoraciques de RCP est reflétée
par une amplitude des pics d’artéfact dans le au
moins un (i) du flux de données brutes d'impédance
transthoracique et (ii) du flux de données de courant
en mode commun, dans lequel en outre la profon-
deur approximative des compressions thoraciques
de RCP est déterminée en définissant des seuils
adaptatifs, et dans lequel I'algorithme d’analyse de
fréquence applique une transformée de Fourier sur
le au moins un (i) du flux de données brutes d'impé-
dance transthoracique et (ii) du flux de données de
courant en mode commun et recherche I'existence
d’'une fréquence fondamentale correspondant au
rythme des compressions thoraciques de RCP dans
le domaine de fréquence.
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Dispositif (12) selon la revendication 1, comprenant
en outre :

un dispositif de stockage (40) configuré pour
stocker un ou plusieurs (i) du au moins un flux
de candidats événements de compression dé-
tectés et (ii) du au moins un flux de candidats
événements de compression détectés, dépour-
vu des événements de compression faux posi-
tifs identifiés ; et

un port de sortie de données (46) permettant de
transmettre les un ou plusieurs stockés (i) du au
moins un flux de candidats événements de com-
pression détectés et (ii) du au moins un flux de
candidats événements de compression détec-
tés, dépourvu des événements de compression
faux positifs identifiés a un ordinateur externe
pour une analyse post-événement des un ou
plusieurs stockés (i) du au moins un flux de can-
didats événements de compression détectés et
(ii) du au moins un flux de candidats événements
de compression détectés, dépourvu des événe-
ments de compression faux positifs identifiés.

10. Dispositif (12) selon la revendication 1, dans lequel

1.

le dispositif de sortie (24) est en outre configuré (i)
pour fournir au moins une d’'une sortie sonore et
d’une sortie visuelle en utilisant I'indication ou le flux
optimisé dans une période subséquente de com-
pressions thoraciques de RCP et (ii) pour émettre,
par l'intermédiaire de la au moins une de la sortie
sonore et de la sortie visuelle, au moins une d’une
instruction de guidage de dispositif de RCP et de
DEA en réponse a l'indication.

Procédé de détection d’au moins un d’un statut et
d’'une qualité de compressions thoraciques de réa-
nimation cardiopulmonaire (RCP) avec un dispositif
défibrillateur externe automatisé (DEA), comprenant
les étapes de :

obtention, par l'intermédiaire d’un circuit d’ex-
trémité avant (32) et d’'une paire d’électrodes de
DEA (18), au moins un (i) d’un flux de données
brutes d'impédance transthoracique et (ii) d’'un
flux de données de courant en mode commun ;
traitement, par l'intermédiaire d’un circuitd’ana-
lyse (34), de au moins un (i) du flux de données
brutes d’'impédance transthoracique et (ii) du
flux de données de courant en mode commun
pour des artefacts de compression thoracique
de RCP corrélées par des premier et second
algorithmes de traitement, dans lequel le pre-
mier algorithme de traitement comprend un al-
gorithme de détection de pic temporel pour ob-
tenir au moins un flux de candidats événements
de compression détectés et dans lequel le se-
cond algorithme de traitement comprend un al-
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13.

14.

15.
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gorithme d’analyse de fréquence pour identifier
des événements de compression faux positifs
dans le au moins un flux de candidats événe-
ments de compression détectés ;

élimination, par I'intermédiaire du circuit d’ana-
lyse (34), des événements de compression faux
positifs identifiés du au moins un flux de candi-
dats événements de compression détectés ; et
émission, par l'intermédiaire d’un dispositif de
sortie utilisateur (24), d’'une indication d’au
moins un d’un statut et d’'une qualité de com-
pressions thoraciques de RCP en réponse au
au moins un flux de candidats événements de
compression détectés, dépourvu des événe-
ments de compression faux positifs identifiés.

Procédé selon la revendication 11, dans lequel une
indication du statut comprend une indication que des
compressions thoraciques de RCP sont en cours
d’exécution, etdans lequel une indication d’'une qua-
lité de compressions thoraciques de RCP comprend
une indication d’'un rythme des compressions thora-
ciques de RCP.

Procédé selon la revendication 11, dans lequel l'al-
gorithme de détection de pic temporel détecte et
compte des artefacts de compression thoracique de
RCP dus aux compressions thoraciques de RCP en
recueillant des pics d’artefact dus aux compressions
thoraciques de RCP dans le au moins un (i) du flux
de données brutes d'impédance transthoracique et
(ii) du flux de données de courant en mode commun.

Procédé selon la revendication 13, dans lequel en
outre une profondeur approximative des compres-
sions thoraciques de RCP est reflétée par une am-
plitude des pics d’artefact dans le au moins un (i) du
fluxde données brutes d'impédance transthoracique
et (ii) du flux de données de courant en mode com-
mun, dans lequel en outre la profondeur approxima-
tive des compressions thoraciques de RCP est dé-
terminée par la définition de seuils adaptatifs.

Procédé selon la revendication 11, dans lequel l'al-
gorithme d’analyse de fréquence applique une trans-
formée de Fourier sur le au moins un (i) du flux de
données brutes d'impédance transthoracique et (ii)
du flux de données de courant en mode commun et
recherche I'existence d’une fréquence fondamenta-
le correspondant au rythme des compressions tho-
raciques de RCP dans le domaine de fréquence.
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