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IDENTIFICATION OF RESPIRATION
WAVEFORMS DURING CPR

TECHNICAL FIELD

[0001] The present disclosure generally relates to the field
of breath monitoring and cardiopulmonary resuscitation
(CPR).

BACKGROUND

[0002] Themain purpose of cardiopulmonary resuscitation
(CPR) is to restore partial flow of oxygenated blood to the
brain and heart, so as to delay tissue death and extend the brief
window of opportunity for a successful resuscitation without
permanent brain damage. The CPR involves a series of chest
compressions to create artificial blood circulation and artifi-
cial ventilation to allow blood oxygenation and CQO, clear-
ance. CPR guidelines recommend keeping a defined rela-
tively low level of respiration rate during CPR.

[0003] Defibrillation is a common treatment for life-threat-
ening cardiac dysrhythmias, ventricular fibrillation and pulse
less ventricular tachycardia. Defibrillation consists of deliv-
ering a therapeutic dose of electrical energy to the heart with
a defibrillator device. This depolarizes a critical mass of the
heart muscle, terminates the dysrhythmia and allows normal
sinus rhythm to be reestablished. Defibrillators can be exter-
nal, transvenous, or implanted. Some external units, known as
automated external defibrillators (AEDs), automate the diag-
nosis of treatable rhythms, meaning that lay responders or
bystanders are able to use them successfully with little or no
training at all. Typically, the AEDs are configured to instruct
CPR after each shock.

SUMMARY

[0004] Aspects of the disclosure, in some embodiments
thereof, relate to devices and methods for identifying respi-
ration waveforms during CPR.

[0005] The CPR involves a series of chest compressions
which bring about artificial blood circulation and artificial
ventilation to allow blood oxygenation and CO, clearance. In
order for CPR to be effective, the compression rate is recom-
mended to be at least 100 compressions per minute and the
respiration rate should be maintained relatively low namely
8-10 breaths per minute and no more than 15 breaths per
minute.

[0006] Studies have shown that lay persons and even
trained personnel tend to hyper ventilate the patient when
providing CPR. Ventilation rates as high as about 40 breaths
per minute are often provided. Interestingly even when
advised to slow down ventilation, the average ventilation rate
provided is still higher than 20 breaths per minute. During the
decompression phase in CPR, a vacuum is created within the
chest, drawing venous blood back to the heart. Frequent ven-
tilations mean that less blood returns to the right heart
between compressions, potentially reducing the effectiveness
of CPR and thus contribute to the low survival rate of cardiac
arrest.

[0007] In order to maintain adequate respiration rate (RR),
acontinuous indication of the RR is required. The RR may be
calculated by identifying individual breath cycles and deter-
mining the time between subsequent breath cycles. However,
accurate identification of respiration waveforms may be dis-
rupted by the compression provided which generate a noise in
the respiration signal.
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[0008] Advantageously, the device and method for identi-
fying respiration waveforms during CPR, disclosed herein,
are configured to filter out alterations in the respiratory signal
caused by compressions, thereby enabling accurate determi-
nation of the current respiration rate. Furthermore, the devise
and method, disclosed herein may provide instructions as to
the timing of ventilation required to obtain a desired respira-
tion rate. This may enable a lay person to provide efficient
CPR. Furthermore, even an experienced medical caregiver,
such as a paramedic may utilize the method in order to pro-
vide optimal CPR while enabling him to accomplish addi-
tional tasks requiring his attention. Advantageously, method
disclosed herein may further be applied in a closed loop of
automated CPR and/or external defibrillator devices.

[0009] In addition, the method for identifying respiration
waveforms during CPR, disclosed herein, may enable the
identification of a respiration pattern responsive to the CPR.
The identified respiration pattern may subsequently be used
to adjust CPR parameters, such as but not limited to frequency
of ventilation, depth of ventilation and the like. As the iden-
tified respiration pattern may be individual to each subject,
the identification of the respiration pattern may enable the
caregiver to provide personalized CPR.

[0010] As a further advantage, the identification of the res-
piration pattern responsive to the CPR may enable identifica-
tion of underlying causes of a cardiac arrest. According to
some embodiments, identification of the respiration pattern
responsive to the CPR may enable to differentiate between
ventricular fibrillation or pulseless ventricular tachycardia for
which defibrillation typically is successful and asystole or
pulseless electrical activity for which defibrillation typically
is ineffective.

[0011] According to some embodiments, there is provided
a method for identifying respiration waveforms during car-
diopulmonary resuscitation (CPR) in a subject suffering from
cardiac arrest, the method including: obtaining a plurality of
CO, measurements from the subject undergoing CPR, pro-
cessing the plurality of CO, measurements by applying a
waveform detection algorithm thereto, and identifying a res-
piration rate of the subject based on the identified respiration
waveforms. According to some embodiments, the measure-
ments may include compression derived waveform-like sig-
nals. According to some embodiments, the waveform detec-
tion algorithm may be configured to identify respiration
waveforms and filtering out compression derived waveform-
like signals.

[0012] According to some embodiments, the waveform
detection algorithm may be configured to identify respiration
waveforms based on an identification of at least one wave-
form parameter. According to some embodiments, the at least
one waveform parameter may include a shape and/or a scale
factor.

[0013] According to some embodiments, applying the
waveform detection algorithm may include applying differ-
entials and/or heuristic rules to the plurality of CO, measure-
ments.

[0014] According to some embodiments, the method may
further include obtaining a plurality of flow and/or pressure
sensor signals. According to some embodiments, identifying
respiration waveforms in the plurality of CO, measurements
may further include processing the plurality of flow or pres-
sure sensor signals.

[0015] According to some embodiments, the method may
further include obtaining a background characteristic of the
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subject. According to some embodiments, identifying respi-
ration waveforms in the plurality of CO, measurements may
further be based on the obtained background characteristic.
[0016] According to some embodiments, the method may
further include obtaining a signal indicative of a compression.
According to some embodiments, identifying respiration
waveforms in the plurality of CO, measurements may further
be based on the signal indicative of a compression.

[0017] According to some embodiments, the method may
further include displaying the plurality of CO, measurements
and/or the identified respiration waveforms.

[0018] According to some embodiments, the method may
further include identifying a respiration pattern responsive to
CPR based on an analysis of plurality of CO, measurements,
the identified respiration waveforms and/or the compression
derived waveform-like signals.

[0019] According to some embodiments, the method may
further include adjusting at least one CPR parameter based on
said identified respiration pattern. According to some
embodiments, the adjustment of the at least one CPR param-
eter is automatic.

[0020] According to some embodiments, the at least one
CPR parameter may be selected from frequency of chest
compressions, depth of chest compressions, provision of
breath, frequency of breath provision, target of breath provi-
sion, airway management or any combinations thereof.
[0021] According to some embodiments, there is provided
processor configured to identify respiration waveforms dur-
ing CPR, the processor including a control logic configured
to: obtain a plurality of CO, measurements from a subject
undergoing CPR, to process the plurality of CO, measure-
ments by applying a waveform detection algorithm thereto,
and to identify a respiration rate of the subject based on the
identified respiration waveforms. According to some embodi-
ments, the measurements may include compression derived
waveform-like signals. According to some embodiments, the
waveform detection algorithm may be configured to identify
respiration waveforms and filtering out compression derived
waveform-like signals.

[0022] According to some embodiments, the processor
may further include (or be connected to) a display configured
to display the plurality of CO, measurements and/or the iden-
tified respiration waveforms.

[0023] According to some embodiments, there is provided
a medical device including a processor configured to: obtain
a plurality of CO, measurements from a subject undergoing
CPR, process the plurality of CO, measurements by applying
a waveform detection algorithm thereto, and identify a respi-
ration rate of the subject based on the identified respiration
waveforms. According to some embodiments, the measure-
ments may include compression derived waveform-like sig-
nals. According to some embodiments, the waveform detec-
tion algorithm may be configured to identify respiration
waveforms and filtering out compression derived waveform-
like signals.

[0024] According to some embodiments, the medical
device may be an automated external defibrillator.

[0025] Certain embodiments of the present disclosure may
include some, all, or none of the above advantages. One or
more technical advantages may be readily apparent to those
skilled in the art from the figures, descriptions and claims
included herein. Moreover, while specific advantages have
been enumerated above, various embodiments may include
all, some or none of the enumerated advantages.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Some embodiments of the disclosure are described
herein with reference to the accompanying figures. The
description, together with the figures, makes apparent to a
person having ordinary skill in the art how some embodi-
ments of the disclosure may be practiced. The figures are for
the purpose of illustrative discussion and no attempt is made
to show structural details of an embodiment in more detail
than is necessary for a fundamental understanding of the
teachings of the disclosure. For the sake of clarity, some
objects depicted in the figures are not to scale.

[0027] FIG. 1 schematically shows a normal CO, wave-
form with sections A-F indicated;

[0028] FIG. 2 shows representative capnogram obtained
during CPR, according to some embodiments;

[0029] FIG. 3A shows a representative capnogram
obtained during CPR in a subject having a respiration pattern
essentially unaffected by the CPR;

[0030] FIG. 3B shows arepresentative capnogram obtained
during CPR in a subject having a respiration pattern mildly
affected by the CPR;

[0031] FIG. 3C shows arepresentative capnogram obtained
during CPR in a subject having a respiration pattern severely
affected by the CPR;

[0032] FIG. 4 schematically shows a processor configured
to identify respiration waveforms during CPR, according to
some embodiments.

DETAILED DESCRIPTION

[0033] In the following description, various aspects of the
disclosure will be described. For the purpose of explanation,
specific configurations and details are set forth in order to
provide a thorough understanding of the different aspects of
the disclosure. However, it will also be apparent to one skilled
in the art that the disclosure may be practiced without specific
details being presented herein. Furthermore, well-known fea-
tures may be omitted or simplified in order not to obscure the
disclosure.

[0034] The present disclosure relates generally to the field
of breath monitoring during cardiopulmonary resuscitation
(CPR).

[0035] Thereis provided, according to some embodiments,
a method for identifying respiration waveforms during CPR.
According to some embodiments the method includes obtain-
ing a plurality of CO, measurements from a subject undergo-
ing CPR; processing the plurality of CO, measurements by
applying a waveform detection algorithm thereto; and iden-
tifying respiration waveforms in the plurality of CO, mea-
surements based on the waveform detection algorithm
applied on the plurality of CO, measurements.

[0036] As referred to herein, the terms “patient” and “sub-
ject” may interchangeably be used and may relate to a subject
undergoing CPR. According to some embodiments, the sub-
ject may suffer from cardiac arrest.

[0037] As referred to herein, the term “waveform detection
algorithm” may refer to an algorithm capable of identifying
respiration waveforms in CO, measurements. According to
some embodiments, the CO, measurements may be obtained
froma CO, sensor. According to some embodiments, the CO,
measurements may be obtained from a capnograph. Accord-
ing to some embodiments, the CO, measurements may be
CO, concentration measurements. According to some
embodiments, the CO, measurements may be partial pressure
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of CO, measurements. According to some embodiments CO,
measurements may be volumetric CO, measurements.
[0038] According to some embodiments, the waveform
detection algorithm may include differentials and/or heuristic
rules. According to some embodiments, the waveform detec-
tion algorithm may use differentials to detect a regular shaped
breath. According to some embodiments, the waveform
detection algorithm may use heuristic rules to combine
together respiration signals into a regular respiratory wave-
form.

[0039] As used herein, the term “respiration waveform”
may refer to a CO, waveform obtained as a result of respira-
tion and having a duration, shape and/or scale characteristic
to respiration.

[0040] As used herein, the term “respiration signal” may
refer to a signal indicative of a respiration waveform. Non-
limiting examples of respiration signals include a predeter-
mined time distance between waveforms, a decrease in the
CO, level corresponding to a downwards slope of a respira-
tion waveform, an increase in the CQO, level corresponding to
a upwards slope of a respiration waveform, a plateau in the
CO, level indicative of a plateau of a respiration waveform, a
CO, level corresponding to end tidal CO, (EtCO,), or any
other signal characteristic to a respiration waveforms. Fach
possibility is a separate embodiment.

[0041] According to some embodiments, applying a wave-
form detection algorithm may further include pre-processing
a CO, measurement to reduce and/or filter out noise and/or
artifacts. According to some embodiments, the waveform
detection algorithm may enable the detection of abnormal
events, such as but not limited to a sudden down-stroke in the
CO, level, which may be result of a compression provided to
the patient.

[0042] As used herein, the term “compression derived
waveform-like signal” may refer to a waveform like signal,
which is not originating from respiration. According to some
embodiments, the compression derived waveform-like sig-
nals may originate from a compression provided to the sub-
ject during CPR. According to some embodiments, the com-
pression derived waveform-like signal may differ from a
respiration waveform in its duration, shape and/or scale. Each
possibility is a separate embodiment. According to some
embodiments, the compression derived waveform-like signal
may be an “extra” waveform obtained in between two subse-
quent respiration waveforms. According to some embodi-
ments, the compression derived waveform-like signal may be
obtained during a respiration waveform, for example due to a
sudden down-stroke in the CO, level in the midst of a respi-
ration waveform, such that the respiration waveform will be
split into two respiration-like waveforms.

[0043] According to some embodiments, the method may
include identifying a respiration rate of the subject based on
the identified respiration waveforms.

[0044] According to some embodiments, the waveform
detection algorithm may be configured to identify respiration
waveforms and/or compression derived waveform-like sig-
nals based on an identification of at least one waveform
parameter. According to some embodiments, the at least one
waveform parameter may include a shape and/or scale fac-
tors.

[0045] As used herein, the term “scale factor” may refer to
waveform values and/or ratios characterizing the size of the
waveform. Non-limiting examples of suitable scale factors
include height, width, width at half-height, duty cycle, inha-

Sep. §,2016

lation to exhalation ratio (IE) or any other value or combi-
nation of values. Each possibility is a separate embodiment.
[0046] As used herein, the term “shape factor” may refer to
waveform values and/or ratios characterizing the shape or
pattern of the waveform. Non-limiting examples of suitable
shape factors include slope of up-stroke, slope of down-
stroke, slope of plateau, or any other value or combination of
values. Each possibility is a separate embodiment.

[0047] According to some embodiments, the waveform
detection algorithm may further be configured to identify
respiration waveforms and/or compression derived wave-
form-like signals based on an integrated analysis of at least
two waveform signals (whether derived from respiration,
compression and/or noise and/or artifact). According to some
embodiments, the integrated analysis may include an analysis
of the distance between the at least two waveforms and/or a
comparison of at least one waveform parameter identified in
each of the at least two waveforms.

[0048] According to some embodiments, identifying respi-
ration waveforms in the plurality of CO, measurements may
include filtering out compression derived waveform-like sig-
nals. According to some embodiments, identifying respira-
tion waveforms in the plurality of CO, measurements may
include integrating and/or combining compression derived
waveform-like signals into one or more respiration wave-
forms.

[0049] As used herein, the term “plurality” when referring
to CO, measurements may refer to continuous measurements
of CO, levels over time obtained from a CO, sensor, capno-
graph and/or flow or pressure sensor during the CPR.

[0050] As used herein, the term “at least one” may refer to
1,2,3,4,5,100or more. Each possibility is a separate embodi-
ment. As used herein, the term “at least two” may refer to 2,
3,4,5, 10 or more. Each possibility is a separate embodiment.
[0051] According to some embodiments, the method may
include obtaining a plurality of flow and/or pressure sensor
signals from a breath flow sensor. According to some embodi-
ments, identifying respiration waveforms among the plurality
of CO, measurements may include processing the plurality of
flow sensor signal. It is understood by one of ordinary skill in
the art that the breath flow signals may be obtained and
analyzed in addition to or as an alternative to obtaining and
analyzing the CO, measurement. According to some embodi-
ments, the method may further include identifying a subject’s
respiratory volume based on combined measurements of
expired CO, and tidal volume.

[0052] According to some embodiments, the method may
further include obtaining a signal indicative of a compression.
According to some embodiments, the signal indicative of a
compression may be obtained from a defibrillator, such as but
not limited to an automated external defibrillator (AED).
According to some embodiments, the identification of respi-
rationwaveforms, in the plurality of CO, measurements, may
further be based on the signal indicative of a compression.
[0053] According to some embodiments, the method may
further include obtaining patient background characteristics.
According to some embodiments, the identification of respi-
ration waveforms among the plurality of CO, measurements
may further be based on the background characteristics. Non-
limiting examples of suitable background characteristics may
include gender, age (infant, child, adolescence, adult, eld-
erly), weight (underweight, normal, over weight, obese),
background disease (e.g. asthma, COPD and the like) or any
other suitable background characteristic or combinations



US 2016/0256102 Al

thereof. Each possibility is a separate embodiment. It is
understood by one of ordinary skill in the art that the expected
and/or desired respiration waveform is different for subjects
with different background characteristics. For example, the
respiration rate of an infant (and thus the scale factors of the
respiration waveform) is different from that of an adult.

[0054] According to some embodiments, the method may
include displaying the plurality of CO, measurements on a
display. According to some embodiments, the method may
include displaying the respiration waveforms differently
from compression derived waveform-like signal. According
to some embodiments, the method may include displaying the
respiration waveforms identified in the plurality of CO, mea-
surements. According to some embodiments, the method may
include displaying the respiration waveforms as superim-
posed on the totality of waveforms and/or on the entire CO,
measurement.

[0055] According to some embodiments, the method may
include identifying a respiration pattern responsive to the
CPR based on the identified respiration waveform and/or
compression derived waveform-like signals and on the respi-
ration rate. Each possibility is a separate embodiment.

[0056] As used herein, the term “respiration pattern” may
refer to the rate, timing and/or consistency of respiration
obtained in response to and/or during CPR. Each possibility is
a separate embodiment. As further discussed hereinbelow, it
was surprisingly found the respiration pattern during CPR
differed tremendously among different subjects. Whereas the
respiration pattern of some subjects is essentially unaffected
by the CPR, the respiration pattern of some subjects is mildly
and even severely affected. As used herein, the term “essen-
tially unaffected respiration pattern” may refer to a respira-
tion pattern in which the respiration waveform is immediately
visible. According to some embodiments, an essentially unaf-
fected respiration pattern may refer to a respiration patter with
few and less pronounced compression derived waveform-like
signals. According to some embodiments, an essentially
unaffected respiration pattern may have less than 5 compres-
sion derived waveform-like signal per 2 minutes of CO, mea-
surements. As used herein, the term “mildly affected respira-
tion pattern” may refer to a respiration pattern in which the
respiration waveform is somewhat disturbed due to the com-
pression derived waveform-like signals. According to some
embodiments, a mildly affected respiration pattern may have
5-10 compression derived waveform-like signal per 2 min-
utes of CO, measurements. As used herein, the term “severely
affected respiration pattern” may refer to a respiration pattern
in which the respiration waveform is profoundly disturbed by
the compression derived waveform-like signals. According to
some embodiments, a severely affected respiration pattern
may have more than 10 compression derived waveform-like
signal per 2 minutes of CO, measurements. According to
some embodiments, a severely affected respiration pattern
may refer to a respiration pattern affected to such an extent
that no real pattern is visible.

[0057] According to some embodiments, the method may
further include adjusting at least one CPR parameter based on
the identified respiration waveforms, the calculated respira-
tion rate and/or the identified respiration pattern. Each possi-
bility is a separate embodiment. According to some embodi-
ment, the adjustment of the at least one CPR parameter may
be automatic. For example, when using an automated external
defibrillator (AED), the method may function as a closed loop
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automatically adjusting the CPR parameter in response to the
identified respiration waveforms and/or the respiration rate
calculated therefrom.

[0058] According to some embodiments, the at least one
CPR parameter may include frequency of chest compres-
sions, depth of chest compressions, provision of breath, fre-
quency of breath provision, target of breath provision (mouth
and/or nose), airway management (e.g. head tilt) or any other
parameter or combinations of parameters. Each possibility is
a separate embodiment. For example, the identified respira-
tion pattern may indicate that the frequency of chest compres-
sions should be elevated/lowered (typically a frequency of
100 compressions per minute is recommended) or that the
depth of compression is insufficient/or too high (typically a
depths of 2 inch is recommended). Similarly, the identified
respiration pattern may be indicative of whether provision of
breath is recommended and whether adjustment of the fre-
quency of breath provision is required.

[0059] According to some embodiments, the adjustment of
the at least one CPR parameter may be further based on the
background characteristics of a patient. Suitable patient char-
acteristics have been described herein. As a non-limiting
example, the desired depth of compression may differ among
subjects of different age (e.g. infants vs. adults) and weight
(e.g. normal vs. obese).

[0060] According to some embodiments, the method may
further include identifying a degree of severity of the sub-
ject’s respiratory status, based on the identified respiration
pattern during CPR. For example, an irregular respiration
pattern during CPR may be indicative of a more severe res-
piratory status than a regular respiration pattern during CPR.
[0061] According to some embodiments, the method may
further include identifying an underlying cause of cardiac
arrest based on the identified respiration pattern. According to
some embodiments, identification of the respiration pattern
responsive to CPR may enable to differentiate between ven-
tricular fibrillation or pulseless ventricular tachycardia for
which defibrillation typically is successful and asystole or
pulseless electrical activity for which defibrillation typically
is ineffective. According to some embodiments, the method
may further include adjusting the at least one CPR parameter
based on the identified underlying cause of the cardiac arrest.
[0062] According to some embodiments, there is provided
a medical device comprising a processor configured to iden-
tify respiration during CPR. According to some embodi-
ments, the medical device may include an automated external
defibrillator (AED). According to some embodiments, the
processor may be configured to obtain a plurality of CO,
measurements from a subject undergoing CPR; and process
the plurality of CO, measurements by applying a waveform
detection algorithm. According to some embodiments, the
waveform detection algorithm may be configured to identify
respiration waveforms among the plurality of CO, measure-
ments, as essentially described herein.

[0063] According to some embodiments, the processor
may further be configured to calculatea respiration rate based
on the identified respiration waveforms, as essentially
described herein.

[0064] According to some embodiments, the processor
may further be configured to identify a respiration pattern
based on the identified respiration waveforms and on the
respiration rate, as essentially described herein.

[0065] According to some embodiments, the processor
may include a display configured to display the plurality of
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CO, measurements, the respiration waveforms and or the
respiration pattern, as essentially described herein. According
to some embodiments, the display may also display the res-
piration rate calculated from the identified respiration wave-
forms.

[0066] According to some embodiments, the processor
may be configured to adjust at least one CPR parameter based
on the identified respiration waveforms, the calculated respi-
ration rate and/or the identified respiration pattern. Each pos-
sibility is a separate embodiment. According to some embodi-
ment, the adjustment of the at least one CPR parameter may
be automatic. For example, when using an automated external
defibrillator (AED), the processor may operate in a closed
loop automatically adjusting the CPR parameter in response
to the identified respiration waveforms and/or on the respira-
tion rate calculated therefrom, and/or the identified respira-
tion pattern. Each possibility is a separate embodiment.
[0067] According to some embodiments, the processor
may further be configured to provide instructions concerning
at least one parameter of the CPR, based on the identified
respiration waveforms, the respiration rate and/or the respi-
ration pattern. As a non-limiting example, the processor may
provide an instruction to reduce the depth of compression or
to reduce the frequency of breath provision. According to
some embodiments, the instruction may be a written instruc-
tion displayed on the display. According to some embodi-
ment, the instruction may be a vocal instruction.

[0068] According to some embodiments, the processor
may be configured to trigger an alarm if the identified respi-
ration waveforms, the respiration rate and/or the respiration
pattern deviate from normal by a predetermined threshold
value.

[0069] Reference is now made to FIG. 1, which shows CO,
measurements including a “normal” (textbook) CO, wave-
form 100. CO, waveform 100 represents the varying CO,
level throughout the respiratory cycle. Points A, B, C, D, E
and F are depicted on waveform 100. Section (A-B) repre-
sents the end of inspiration (Phase I), where the CO, level is
zero. Point B represents the beginning of exhalation. The
sharp upstroke (B-C) represents the exhalation (Phase II).
Follows is a gradual rise (C-D) (Phase III), a plateau having a
peak just before (D) which represents the end of exhalation.
The sharp down-stroke back to zero (D-E) represents the
inspiration (Phase IV) and is followed by a clean inspiration
period (section E-F).

[0070] Reference is now made to FIG. 2 which shows a
representative capnogram 200 obtained during CPR, accord-
ing to some embodiments. Capnogram 200 includes a plural-
ity of CO, waveforms, such as waveforms 201-207. Wave-
form 205 represents a normal waveform which can be directly
interpreted as a respiration waveform, such as respiration
waveform ¢. However, waveforms 201-204 and 206-207 are
waveforms which do not represent respiration waveforms
(also referred to herein as compression derived waveform-
like signals). It is understood to one of ordinary skill in the art
that without further processing, waveforms 201-204 and 206-
207 may be interpreted as respiration waveforms and may
therefore indicate an exaggeratedly high respiration rate.
Similarly, the maximum concentration of CO, of waveforms
201,203 and 206 may be falsely interpreted as an abnormally
low EtCO, level. Advantageously, the method disclosed
herein enables the determination of respiration waveforms
from the waveforms in the plurality of CO, measurements,
such as determining respiration waveforms a-d from wave-
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forms 201-207. The determination of respiration waveforms
a-d may be based on an analysis of the shape and scale of the
totality of waveforms in the plurality of CO, measurements,
the distance between the waveforms as well as other wave-
form parameters, as essentially described herein. In short, the
analysis may include applying a waveform detection algo-
rithm on the plurality of CO, measurements. The analysis of
the plurality of CO, measurements may further enable to
identify abnormal events in a waveform, such as a sudden
down-stroke in the waveform (i.e. down-stroke 210) repre-
senting a sudden drastic reduction in the CO, level which may
be a result of a compression provided to the patient. Alterna-
tively, when a defibrillator is used, the compression may be
provided as an input signal to the algorithm. It is understood
to one of ordinary skill in the art that the identification of
abnormal events (i.e. compression related changes in the CO,
signal) may assist in the identification of true respiration
waveforms. It is further understood that once respiration
waveforms (such as respiration waveforms a-d) have been
identified a true respiration rate may readily be calculated.
[0071] Reference is now made to FIG. 3A which shows a
representative capnogram 300a obtained during CPR in a
subject with a respiration pattern largely unaffected by the
CPR, according to some embodiments. Capnogram 300a
includes a plurality of CO, measurements such as waveforms
301a that can largely be directly interpreted as respiration
waveform, without much processing. Although abnormal
changes in the CO, measurements can be identified (such as
down-stroke 310a in waveform 302a), the reduction is rela-
tively minor and a normal respiration pattern is largely pre-
served.

[0072] Reference is now made to FIG. 3B which shows a
representative capnogram 3005 obtained during CPR in a
subject with a respiration pattern mildly affected by the CPR,
according to some embodiments. Capnogram 3005 includes a
plurality of CO, signals some of which are not true respiration
waveforms, such as for example waveforms 3015 and 3026.
Processing, such as the processing disclosed herein, enables
the identification of respiration waveforms from waveforms
3015-302b.

[0073] Reference is now made to FIG. 3C which shows a
representative capnogram 300¢ obtained during CPR in a
subject with a respiration pattern severely affected by the
CPR, according to some embodiments. Capnogram 300¢
includes a plurality of CO, signals, such as for example wave-
forms 301¢ and 302¢, which only slightly resemble respira-
tion waveforms. Processing, such as the processing disclosed
herein, is required in order to extrapolate respiration wave-
forms from the obtained CO, signals.

[0074] Reference is now made to FIG. 4, which schemati-
cally shows a medical device 400, such as but not limited to an
automated external defibrillator (AED) configured to identify
respiration waveforms during CPR, according to some
embodiments. Medical device 400 includes a processor 410
configured to execute the method as essentially described
herein. In short, medical device 400 includes a processor 410
configured to obtain a plurality of CO, measurements from a
subject undergoing CPR. Processor 410 is further configured
to process the plurality of CO, measurements by applying a
waveform detection algorithm, thereby identifying respira-
tion waveforms among the plurality of CO, measurements.
Processor 410 is further configured to calculate a respiration
rate based on the identified respiration waveforms. Option-
ally, processor 410 may further be configured to identify a
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respiration pattern based on the identified respiration wave-
form. Processor 410 is further configured to adjust at least one
CPR parameter based on the identified respiration wave-
forms, the calculated respiration rate and/or the identified
respiration pattern. Optionally, the adjustment of the at least
one CPR parameter may be automatic. For example, when
part of an AED, processor 410 may operate in a closed loop
automatically adjusting the CPR parameters of the AED in
response to the identified respiration waveforms, the respira-
tion rate calculated therefrom, and/or the identified respira-
tion pattern. Medical device 400 further includes a display
420 configured to display the plurality of CO, measurements
and/or the identified respiration waveforms. According to
some embodiments, display 420 may also display the respi-
ration rate calculated from the identified respiration wave-
forms. Optionally, medical device 400 may also include a
loudspeaker 430. Loudspeaker 430 is configured to provide
vocal instructions concerning at least one parameter of the
CPR, based on the identified respiration waveforms, the res-
piration rate and/or the respiration pattern. Optionally, loud-
speaker 430 may be configured to vocally inform the CPR
provider of the respiration rate and/or the respiration pattern
of the subject.
[0075] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting. As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” or “comprising”,
when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, or compo-
nents, but do not preclude or rule out the presence or addition
of one or more other features, integers, steps, operations,
elements, components, or groups thereof.
[0076] While a number of exemplary aspects and embodi-
ments have been discussed above, those of skill in the art will
recognize certain modifications, additions and sub-combina-
tions thereof. It is therefore intended that the following
appended claims and claims hereafter introduced be inter-
preted to include all such modifications, additions and sub-
combinations as are within their true spirit and scope.
What is claimed is:
1. A method for identifying respiration waveforms during
cardiopulmonary resuscitation (CPR) in a subject suffering
from cardiac arrest, the method comprising:
obtaining a plurality of CO, measurements from the sub-
ject undergoing CPR, said measurements comprising
compression derived waveform-like signals;

processing the plurality of CO, measurements by applying
a waveform detection algorithm thereto, wherein the
waveform detection algorithm is configured to identify
respiration waveforms and filtering out compression
derived waveform-like signals; and

identifying a respiration rate of the subject based on the

identified respiration waveforms.

2. The method of claim 1, wherein the waveform detection
algorithm is configured to identify respiration waveforms
based on an identification ofat least one waveform parameter.

3. The method of claim 2, wherein the at least one wave-
form parameter comprise a shape and/or a scale factor.

4. The method of claim 1, wherein applying the waveform
detection algorithm comprises applying differentials and/or
heuristic rules to the plurality of CO, measurements.
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5. The method of claim 1, further comprising obtaining a
plurality of flow sensor signals and/or pressure sensor signals.

6. The method of claim 5, wherein identifying respiration
waveforms in the plurality of CO, measurements further
comprises processing the plurality of flow sensor signals
and/or pressure sensor signals.

7. The method of claim 1, further comprising obtaining a
background characteristic of the subject.

8. The method of claim 7, wherein identifying respiration
waveforms in the plurality of CO, measurements is further
based on the obtained background characteristic.

9. The method of claim 1, further comprising obtaining a
signal indicative of a compression.

10. The method of claim 9, wherein identifying respiration
waveforms in the plurality of CO, measurements is further
based on the signal indicative of a compression.

11. The method of claim 1, further comprising displaying
the plurality of CO, measurements and/or the identified res-
piration waveforms.

12. The method of claim 1, further comprising identifying
a respiration pattern responsive to CPR based on an analysis
of plurality of CO, measurements, the identified respiration
waveforms and/or the compression derived waveform-like
signals.

13. The method of claim 12, further comprising adjusting
at least one CPR parameter based on said identified respira-
tion pattern.

14. The method of ¢laim 13, wherein the at least one CPR
parameter is selected from frequency of chest compressions,
depth of chest compressions, provision of breath, frequency
of breath provision, target of breath provision, airway man-
agement or any combinations thereof.

15. The method of claim 13, wherein the adjustment of the
at least one CPR parameter is automatic.

16. A processor configured to identify respiration wave-
forms during CPR, the processor comprising a control logic
configured to:

obtain a plurality of CO, measurements from a subject

undergoing CPR, said measurements comprising com-
pression derived waveform-like signals; and

process the plurality of CO, measurements by applying a

waveform detection algorithm thereto, wherein said
waveform detection algorithm is configured to identify
respiration waveforms and filtering out compression
derived waveform-like signals; and

identify a respiration rate of the subject based on the iden-

tified respiration waveforms.

17. The processor of claim 16, further comprising a display
configured to display the plurality of CO, measurements and/
or the identified respiration waveforms.

18. A medical device comprising a processor configured to:

obtain a plurality of CO, measurements from a subject

undergoing CPR, said measurements comprising com-
pression derived waveform-like signals; and

process the plurality of CO, measurements by applying a

waveform detection algorithm thereto, wherein said
waveform detection algorithm is configured to identify
respiration waveforms and filtering out compression
derived waveform-like signals; and

identify a respiration rate of the subject based on the iden-

tified respiration waveforms.

19. The medical device of claim 18 being an automated
external defibrillator.
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