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DECISION SUPPORT SYSTEM FOR
CARDIOPULMONARY RESUSCITATION
(CPR)

RELATED APPLICATION DATA

[0001] This application is a Continuation-In-Part of U.S.
patent application Ser. No. 14/171,128, filed Feb. 3, 2014
(published as US 20150216447), the contents of which are
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to medical
monitoring systems and methods of using the same.

BACKGROUND

[0003] Medical monitoring devices are routinely used in
various medical settings to obtain or measure medical
parameters relating to a patient’s medical condition. Many
medical parameters related to a patient being monitored and
measured can be presented or described by a continuous and
recurring train of waveforms. Such waveforms may include,
for example, CO, concentration or breathe flow rate of a
patient’s breath measured over time; an ECG signal mea-
sured over time, and the like. Such waveforms are produced
from the cyclic breathing patterns or heart contractions
(beats), respectively. Each waveform have a characteristics
shape and dimensions that are a direct result of the patients
physiology and state at the time of the measurement, and
hence are indicative and informative to the patients’ medical
status, either as single waveforms or a sequential reoccur-
rence of waveforms over time.

[0004] Trending medical waveform parameters, such as,
for example, End tidal CO, (EtCO,, the maximum CO,,
concentration measured in a breath cycle), Respiration Rate
(RR), and the like, are calculated and displayed on relevant
monitors such as Capnographs, using dedicated trend
screens, where, for example, the x axis is time, and y axis is
the measured value (for example, the EtCO, or RR value).
Such conventional trends relate traditionally to parameters
(such as amplitude of the waveform or rate), which are
extracted or calculated directly from the received waveform
and are generally constructed using two dimensional depic-
tions of these parameters (for example, amplitude vs. time).
[0005] Cardiopulmonary resuscitation (CPR) is performed
in order 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
manual or mechanical series of chest compressions to create
artificial blood circulation and artificial ventilation to allow
blood oxygenation and CO, clearance. CPR guidelines rec-
ommend keeping a defined relatively low level of respiration
rate during CPR. CPR effectiveness and potential outcome
are often unknown during the resuscitation.

SUMMARY

[0006] The following embodiments and aspects thereof
are described and illustrated in conjunction with systems,
tools and methods which are meant to be exemplary and
illustrative, not limiting in scope. In various embodiments,
one or more of the above-described problems have been
reduced or eliminated, while other embodiments are directed
to other advantages or improvements.
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[0007] Aspects of the disclosure, in some embodiments
thereof, relate to devices, system and methods for providing
a decision support tool during CPR by monitoring CO,
waveforms and determining the efficacy and outcome of the
CPR.

[0008] Advantageously, the disclosed device, system and
method for determining the efficacy and/or outcome of the
CPR are configured to integrate CO, related features or
trends of these features together with patient’s parameters/
variables and to provide a care giver a tool that will allow
him/her to decide how to proceed with the CPR or even
whether or not to terminate it.

[0009] According to some embodiments, there is provided
a decision support system for cardiopulmonary resuscitation
(CPR), the system includes: a medical monitoring device
configured to produce CO, waveforms of exhaled breath of
a subject undergoing CPR, and a computing unit configured
to: extract one or more features related to the CO, and/or a
trend thereof of waveforms produced by the device, obtain
one or more parameters/variables selected from a group of
one or more background parameters, one or more physi-
ological variables and one or more baseline parameters
related to the subject undergoing CPR, and determine effec-
tiveness of CPR and/or CPR predicted outcome based at
least on the extracted one or more features and/or the trend
thereof and on the one or more parameters/variables.
[0010] According to some embodiments, the system may
further include an indication unit configured to provide an
indication to a care giver regarding the effectiveness of the
CPR and/or the CPR outcome. According to some embodi-
ments, the indication unit includes a display unit configured
to display the trend of more than one CO, waveform related
feature and the indication regarding the effectiveness of the
CPR and/or the CPR outcome.

[0011] According to some embodiments, the system may
further include a mechanical chest compression device.
According to some embodiments, the system may further
include a chest impedance monitoring device.

[0012] According to some embodiments, there is provided
herein a method for decision support during cardiopulmo-
nary resuscitation (CPR), the method includes: producing
CO, waveforms of exhaled breath of a subject undergoing
CPR, extracting one or more features related to the CO,
waveforms and/or a trend thereof, obtain one or more
parameters/variables selected from a group of one or more
background parameters, one or more physiological variables
and one or more baseline parameters related to the subject
undergoing CPR, and determining effectiveness of CPR
and/or CPR outcome based at least on the extracted one or
more features and/or the trend thereof and on the one or
more parameters/variables.

[0013] According to some embodiments, the method may
further include providing an indication to a care giver
regarding the effectiveness of the CPR and/or the CPR
outcome. According to some embodiments, the method may
further include displaying, on a display unit, the trend of
more than one CQO, waveform related features and the
indication regarding the effectiveness of the CPR and/or the
CPR outcome. According to some embodiments, the method
may further include treating the subject with a mechanical
chest compression device and/or monitoring chest imped-
ance during the CPR.

[0014] According to some embodiments, the one or more
background parameters may include: the subject’s gender,
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age, background disease, smoking habits, administered
medication prior to CPR, prior administration of a layperson
life support treatment, or any combination thereof. Each
option may present a separate embodiment.

[0015] According to some embodiments, the one or more
physiological variables may include: pupils’ size, changes in
pupils’ size, difference between the two pupils’ size, gasp-
ing, sweating, body temperature, changes in body tempera-
ture, tremor, color, changes in color, presenting heart
rhythm, administered medication during CPR, or any com-
bination thereof. Hach option may present a separate
embodiment.

[0016] According to some embodiments, the one or more
the one or more baseline parameters may include: cause of
cardiac arrest, time of no-flow, time of low flow, cardiac
arrest being witnessed or unwitnessed. Each option may
present a separate embodiment. The term flow, according to
some embodiments, may refer to blood flow.

[0017] According to some embodiments, the CPR out-
come may include percentage (%) of return of spontaneous
circulation (ROSC), percentage (%) of long term survival,
brain function or any combination thereof.

[0018] According to some embodiments, the computing
unit may further be configured to determine a need to
continue the CPR and/or to change one or more CPR
parameters based on the determined effectiveness of CPR,
CPR predicted outcome, or both.

[0019] According to some embodiments, the CPR param-
eter may include compression frequency, depth of compres-
sion, CPR type or any combination thereof.

[0020] According to some embodiments, there are pro-
vided methods and systems for the determination, identifi-
cation and extraction of various features (parameters) of
medically, time resolved waveforms, analysis thereof and
their trend presentation over time.

[0021] According to some embodiments, the methods and
systems provided herein may be used for the depiction and
calculation of a trend of waveform related features/param-
eters which may be extracted from a train of medical
waveforms, thereby allowing the detection or indication of
the condition and status of a given patient, being monitored.
In some embodiments, the methods and systems may further
be used to identify patterns of the waveform related param-
eters trends and to correlate between a pattern and a medical
status of the patient. In some embodiments, the method and
systems may further be used, during manual or mechanical
CPR, to identify patterns of the waveform and/or related
parameters trends and to correlate between the patterns/
parameters/trends, background parameters of the patient,
physiologic variables of the subject and/or baseline param-
eters of the subject and resuscitation of the subject.

[0022] In some embodiments, various pattern recognition
algorithms may be performed upon the trends to determine
if a pattern can be identified and/or a correlation of the
identified pattern to a given medical situation can be made.
According to some embodiments, the pattern recognition
algorithms may be performed upon the trends to determine
if a pattern can be identified and/or a correlation of the
identified pattern with resuscitation of the patient. In some
embodiments the methods and systems disclosed herein
further take use of various calculation tools, such as pattern
finding algorithms and other tools for extracting, marking,
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zoom in, detecting and/or identifying known or new patient
health related conditions, as indicated by the waveform
feature related trends.

[0023] Thus, the methods and systems disclosed herein
advantageously provide the health care provider with an
efficient, accurate and time saving system for analyzing and
evaluating the medical condition of the patient, such as his
respiratory status, cardiac status, resuscitation and the like.
[0024] Each waveform have a characteristics shape and
dimensions that are a direct result of the patients physiology
and state at the time of the measurement, and hence are
indicative and informative to the patients’ medical status.
For example, the shape and dimension of the waveform may
be indicative of the efliciency of resuscitation of the patient.
Using the systems and methods disclosed herein, a more
accurate assessment of the medical status of the patient is
reliably accessed, by identifying, determining and providing
a trend analysis over time of various waveform related
parameters. By utilizing the systems and methods disclosed
herein, the health care provider can better sense what
parameters are recurring and dominant, which parameters
are changing or erratic in nature, which parameters are
producing patterns over time, and the like. This additional
information provided by the systems and methods disclosed
herein advantageously provide a far more reliable and
accurate assessment of the patients’ status as opposed to
analyzing a single waveform or several sequential wave-
forms individually (as is generally observed on a standard
monitor screen of a medical monitoring device).

[0025] Additionally, as opposed to conventional trends,
which are traditionally related to parameters that are
extracted or calculated directly from the received waveform
(parameters such as, amplitude or rate) and are generally
constructed using two dimensional depictions of these
parameters (for example, amplitude vs. time), the trends
provided by the methods and systems disclosed herein are of
various waveforms related parameters which are attributed,
calculated and/or extracted from various elements of the
waveform (such as the shape of the waveform) and not
merely of changes to the waveform overtime. By providing
such trend data of those waveform related parameter, such as
characteristics of the waveforms, their shapes, and interre-
lations there between, in two or more dimensions provides
an enhanced tool for evaluating, indicating and diagnosing
a patient status.

[0026] Further, with respect to displaying waveform
related parameters that are related to the shape of the
waveform and/or changes thereto, the methods and systems
provided herein advantageously provide the health care
provider with detection and analysis of information buried”
in the waveform shape, which is not readily available
otherwise and cannot be simply derived from the display of
the waveform itself. The methods and systems further
advantageously provide the health care provider with addi-
tional valuable information regarding the patient status,
which are derived from the waveform such as, detection of
patterns, dominance or changes over time and the like,
which otherwise cannot be simply detected or identified.
[0027] According to some embodiments, there is provided
a medical monitoring system for identifying a trend of
waveform related features, the system includes: a medical
monitoring device configured to produce waveforms of a
measured medical parameter of a patient; a computing unit
configured to identify and extract one or more features
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related to the waveforms produced by the device, and
produce a trend of the one or more waveform related
features; and a display unit configured to display the trend of
the one or more waveform related features.

[0028] According to some embodiments, the medical
parameter of the patient is CO, in exhaled breath.

[0029] According to some embodiments, the waveform is
a CO, related waveform.

[0030] According to some embodiments, the one or more
waveform related features are selected from shape factors
and scale factors. In some embodiments, the shape factors
are selected from: up-rising slope of a CO2 waveform; the
extent of the up-rising slope, the shape of the up-rising slope,
the down-stroke slope of a CO2 waveform, the extent of the
down stroke slope, the shape of the down stroke slope, and
combinations thereof. According to some embodiments, the
scale factors are selected from: width of the waveform, time
between sections of the waveform, amplitude, and combi-
nations thereof.

[0031] In some embodiments, the CO, waveform related
feature is selected from: EtCO,, changes in EtCO,, a slope
of the increase in the CO, concentration, a change in a slope
of the increase in the CO, concentration, time to rise to a
predetermined percentage of a maximum value of CO,
concentration, a change in time to rise to a predetermined
percentage of a maximum value of CO, concentration, an
angle of rise to a predetermined percentage of a maximum
value of CO, concentration, a change in an angle of rise to
a predetermined percentage of a maximum value of CO,
concentration, breath to breath correlation, a change in
breath to breath correlation, a CO, duty cycle, a change in
CO, duty cycle, minute ventilation, a change in minute
ventilation, and combinations thereof.

[0032] In some embodiments, the computing unit is fur-
ther configured to apply a pattern recognition algorithm to
identify recurring pattern within the trend of the waveform
related features.

[0033] In some embodiments, the trend of the waveform
related feature is indicative of the health condition of the
patient. In some embodiments, the trend of the waveform
related feature is indicative of resuscitation efficiency and/or
resuscitation outcome.

[0034] In some embodiments, the display unit is config-
ured to display the trend of more than one waveform related
feature in one trend display.

[0035] According to some embodiments, the medical
monitoring device is a capnograph.

[0036] According to some embodiments, there is provided
a method for identifying a trend of a medical waveform
related feature, the method includes: a) extracting one or
more features of the waveform; b) detecting the change of
the one or more features over time to create a trend of the
one or more features of the trend; and c) displaying the
identified trend.

[0037] In some embodiments, the method further includes
an additional step of determining resuscitation efficiency
and/or predicting resuscitation outcome. In some embodi-
ments, the medical waveform in the method is a CO2 related
waveform. In some embodiments, the one or more wave-
form related features are selected from shape factors and
scale factors. In some embodiments, the shape factors are
selected from up-rising slope of a CO2 waveform; the extent
of the up-rising slope, the shape of the up-rising slope, the
down-stroke slope of a CO2 waveform, the extent of the
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down stroke slope, the shape of the down stroke slope, and
combinations thereof. In further embodiments, the scale
factors are selected from width of the waveform, time
between sections of the waveform, amplitude, and combi-
nations thereof. In some embodiments, the CO2 waveform
related feature is selected from: EtCO2, changes in EtCO2,
a slope of the increase in the CO2 concentration, a change
in a slope of the increase in the CO2 concentration, time to
rise to a predetermined percentage of a maximum value of
CO2 concentration, a change in time to rise to a predeter-
mined percentage of a maximum value of CO2 concentra-
tion, an angle of rise to a predetermined percentage of a
maximum value of CO2 concentration, a change in an angle
of rise to a predetermined percentage of a maximum value
of CO2 concentration, breath to breath correlation, a change
in breath to breath correlation, a CO2 duty cycle, a change
in CO2 duty cycle, minute ventilation, a change in minute
ventilation, and combinations thereof.

[0038] In some embodiments, the method may further
include a step of identifying a recurring pattern within the
trend of the waveform related features.

[0039] In further embodiments the pattern is identified by
one or more of: neural networks, Support vector machines,
decision trees, k-nearest-neighbor, radial-basis networks,
Raves classifier, Linear discriminant analysis, Linear regres-
sion, Hidden Markov Models, K-means clustering, mixture
models, Bayesian networks, fuzzy logic, ID3 and C4.5
algorithms, and combinations thereof.

[0040] In some embodiments, the method may further
include displaying the trend of more than one waveform
related feature in a single trend display.

[0041] According to some embodiments, the terms “sub-
ject” and “patient” may be used interchangeable.

[0042] Certain embodiments of the present disclosure may
include some, all, or none of the above advantages. One or
more other 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.

[0043] In addition to the exemplary aspects and embodi-
ments described above, further aspects and embodiments
will become apparent by reference to the figures and by
study of the following detailed descriptions.

BRIEF DESCRIPTION OF THE FIGURES

[0044] FIG. 1—a schematic representation of an exem-
plary display of a trend of a respiration waveform related
feature and a representative waveform, according to some
embodiments;

[0045] FIG. 2—a schematic representation of an exem-
plary display of trends of respiration waveform related
features and representative waveforms, according to some
embodiments;

[0046] FIG. 3—a schematic representation of an exem-
plary display of trends of respiration waveform related
features and representative waveforms, according to some
embodiments;

[0047] FIG. 4—a schematic representation of an exem-
plary display of trends of respiration waveform related
features and representative waveforms, according to some
embodiments;
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[0048] FIGS. 5A-B—schematic representations of exem-
plary displays of trends of respiration waveform related
features that are shown in parallel, according to some
embodiments; and

[0049] FIG. 6—schematic representations of a subject
receiving CPR with a decision support system, according to
some embodiments.

DETAILED DESCRIPTION

[0050] In the following description, various aspects of the
invention will be described. For the purpose of explanation,
specific configurations and details are set forth in order to
provide a thorough understanding of the invention. How-
ever, it will also be apparent to one skilled in the art that the
invention may be practiced without specific details being
presented herein. Furthermore, well-known features may be
omitted or simplified in order not to obscure the invention.
[0051] As referred to herein, the terms “user”, “medical
user”, “health care provider” and “health care professional”
may interchangeably be used. The terms may include any
health care provider who may treat and/or attend to a patient.
A user may include, for example, a nurse, respiratory
therapist, physician, anesthesiologist, and the like. In some
cases, a user may also include a patient.

[0052] As referred to herein, the terms “device”, “moni-
toring device” and “medical device” may interchangeably be
used.

[0053] As referred to herein, the terms “patient” and
subject” may interchangeably be used and may relate to a
subject being monitored by any monitoring device for any
physical-condition related parameter and/or health related
parameter.

[0054] As referred to herein, the terms “resuscitation”,
“cardiopulmonary resuscitation” and “CPR” may be used
interchangeably and refer to bringing back someone who is
unconscious, not breathing, or close to death to a conscious
or active state. According to some embodiments, the terms
refer to the emergency procedure performed in an effort to
manually preserve intact brain function until further mea-
sures are taken to restore spontaneous blood circulation and
breathing in a person who is in cardiac arrest.

[0055] As referred to herein, according to some embodi-
ments, the terms “efficacy of resuscitation” and “effective-
ness of resuscitation” may be used interchangeably and may
be assigned a number, such as a unit-less index, for example,
on the range of 1 to 10, 1 representing inefficient resusci-
tation and 10 representing the most efficient resuscitation.

[0056] As referred to herein, according to some embodi-
ments, the term “CPR predicted outcome” may represent the
chances of survival immediately after resuscitation, the
chances of long term survival (e.g., after 1 year, 1-5 years or
any other time period after CPR), the chances of loss of
memory, the chances of impaired brain function, or the like
or any combination thereof.

[0057] As referred to herein, the terms ordinary, normal,
typical, standard and common may interchangeably be used.
[0058] As referred to herein, the term “waveform” is
directed to a recurring graphic shape which may be realized
by measuring a physiological parameter of a subject over
time, such as, for example, concentration of CO, in breath,
flow rate of breath, electrocardiogram (ECG), pletyhsmo-
graph, and the like. In some embodiments, a waveform is a
medically, time resolved waveform. A waveform may have
various characteristic parameters/features/factors that may
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be derived from the shape, dimension, rate or frequency,
reoccurrences, and the like, and combinations thereof. In
some embodiments, a feature extracted from the waveform
is referred to herein as a “waveform related feature”, “fea-
ture of the waveform”, “waveform related parameter”,
“parameter related to the waveform” or “waveform related
factor”.

[0059] The term “Representative Waveform™ is directed to
a calculated single waveform that is produced by analyzing
a set of waveforms and factors thereof, and defining a single
waveform that is representative of the waveforms.

[0060] As referred to herein, the terms “waveform groups”
or “waveform sets” relate to a sequential set of at least two
waveforms.

[0061] As referred to herein, the terms “scaling factor(s)”
or “scalar factor(s)” relate to measures of a waveform
dimensions (such as, amplitude, width, time between sec-
tions of waveform and the like). In some embodiments, a
scaling factor may be a waveform related feature.

[0062] As referred to herein, the term “shape factor(s)”
relate to measures or characteristics related to the shape of
the waveform (for example, slopes, curvatures, area under
curve, and the like). In some embodiments, the shape factors
may be a waveform related feature.

[0063] As referred to herein, the terms “rate factor(s)” or
“frequency factor(s)” relate to measures of the waveform
recurrence, the rate of change of the waveform, rate of
change of the scaling or shape factors. In some embodi-
ments, each of the rate factors may be a characteristic
parameter/feature of the waveform.

[0064] As referred to herein, the term “pattern(s)”: relates
to any identified/determined pattern over time, which is
recurring, known or unknown, that may be produced when
graphically displaying any of the waveforms or waveforms
related factors/parameters. In some embodiments, a pattern
may be predefined. In some embodiments, a pattern may
determined if it is clearly repeating itself for a given number
of times (for example, 2-10 times), over a given period of
time (for example, 30-1200 seconds). For example, a pattern
is determined if it is clearly repeating itself at least twice
over a given period of time

[0065] As referred to herein, the term “EtCO,” relates to
End tidal CO,. The CO, is exhaled out of the body and the
concentration of the exhaled CO,, also known as end tidal
CO, (EtCO,) 1s an approximate estimation of the alveolar
CO, pressure and thus of the arterial levels of CO,. The
values of FtCO2 may be measured in units of pressure, such
as, for example, mmHg.

[0066] As referred to herein, the term “breath cycle”
includes the stages of exhalation and inhalation. The breath
cycle may be derived from a CO, waveform which depicts
the change in expired CO, Volume over time, (EtCO,).
During a breath cycle, the levels of CO, initially increase as
aresult of CO, release from the airways, from what is known
as the “dead space”, which is the space in which no gas
exchange takes place. Then, the CO, rapidly reaches a
plateau at high levels of CO,, which corresponds to the
release of CO, from the lungs, in the exhalation phase. A
rapid decline in exhaled CO, proceeds the inhalation phase,
characterized by absence/minute levels of CO,.

[0067] According to some embodiments, the terms “cal-
culated” and “computed” may interchangeably be used.
[0068] According to some embodiments, there is provided
a method for identifying a trend of waveform related fea-
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tures, the method includes extracting one or more features of
the waveform, and detecting the change of the one or more
features over time to create a trend of the one or more
features of the trend; and displaying the identified trend.

[0069] According to some embodiments, the method fur-
ther includes an additional step of determining resuscitation
efficiency and/or predicting resuscitation outcome.

[0070] According to some embodiments, there is provided
a system for identifying and displaying a trend of waveform
related features, the system includes a medical monitoring
device configured to produce a waveform of a medical
parameter of a patient; a computing unit configured to
identify and extract one or more features related to the
waveform and produce a trend of the one or more waveform
related features; and a display unit configured to display the
trend of the one or more waveform related features.

[0071] According to some embodiments, the system is
further configured to identify a resuscitation efficiency of the
patient based produced trend. According to some embodi-
ments, the waveform is a medical waveform of a physi-
ological parameter of a patient being monitored. In some
embodiments, the waveform is obtained/measured by a
medical device measuring and/or analyzing a medical
parameter of the patient. In some embodiments, the medical
parameter is respiration (for example, as measured by CO,
concentration in exhaled breath), heart rate, and the like, or
combinations thereof.

[0072] According to some embodiments, a medical wave-
form is a waveform related to respiration, and can be
obtained by capnography. In capnography. a capnograph
collects samples of a patient’s breath, senses and calculates
the real time CO, concentration (as partial CO, pressure) of
the sample. The calculated CO, concentration over time is
depicted on an appropriate display as a moving waveform
(also referred to as capnogram). The resolution of the
moving waveform and the sweep time are such that a user
can identify breath cycles on the display. The information
obtained in capnography may be used to determine a con-
dition of a patient.

[0073] According to some embodiments, there is provided
a system for identifying and displaying a trend of a respi-
ration waveform related features, the system includes a
capnograph configured to produce a waveform of CO,
concentration in exhaled breath of a patient over time; a
computing unit (processor) configured to identify and
extract one or more features related to the waveform and
produce a trend of the one or more waveform related
features; and a display unit configured to display the trend of
the one or more waveform related features. In some embodi-
ments, the system may further provide information regard-
ing additional breath related parameters, such as, for
example, breathe rate, and further provide a trend thereof.

[0074] According to some embodiments, the system is
further configured to identify a resuscitation efficiency of the
patient based produced trend. According to some embodi-
ments, the system is further configured to determine the need
to continue the CPR and/or to change a CPR parameter
based on the determined CPR efliciency and/or the produced
trend. According to some embodiments, the CPR parameter
may include CPR frequency, CPR type (e.g. mouth-to-
mouth and chest compressions, chest compressions only),
depth of compression or any combination thereof. Each
possibility is a separate embodiment.
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[0075] According to some embodiments, there is provided
a method for identifying and displaying a trend of a respi-
ration waveform related feature(s), the method includes
extracting one or more features of the waveform, and
detecting the change of the one or more features over time
to create a trend of the one or more features of the trend; and
displaying the identified trend.

[0076] According to some embodiments, the method fur-
ther includes an additional step of identifying resuscitation
and/or resuscitation efficiency of the patient. According to
some embodiments, the method further includes determin-
ing the need to continue the CPR and/or to change a CPR
parameter based on the determined CPR efficiency and/or
the produced trend. According to some embodiments, the
CPR parameter may include CPR frequency, CPR type (e.g.
mouth-to-mouth and chest compressions, chest compres-
sions only), depth of compression or any combination
thereof. Each possibility is a separate embodiment.

[0077] According to some embodiments, there is provided
a method for use in a system for identifying and displaying
a trend of medical waveform related features, the system
includes a medical monitoring device configured to produce
awaveform of a medical parameter of a patient; a computing
unit configured to identify and extract one or more features
related to the waveform and produce a trend of the one or
more waveform related features; and a display unit config-
ured to display the trend of the one or more waveform
related features.

[0078] According to some embodiments, there is provided
a method used in a system for identifying and displaying a
trend of a respiration waveform related features, the system
includes a capnograph configured to produce a waveform of
CO, concentration in exhaled breath of a patient over time;
a computing unit (processor) configured to identify and
extract one or more features related to the waveform and
produce a trend of the one or more waveform related
features; and a display unit configured to display the trend of
the one or more waveform related features.

[0079] According to some embodiments, a waveform can
be characterized by two types of factors, namely shape
factors and by scale factors. Shape factors characterize
and/or describe the shape or pattern of the waveform. A
shape factor may include, for example, parameters of a
non-linear function describing an upstroke of the waveform.
Scale factors are the waveform values and/or ratios, for
example, height, width, width at half-height, duty cycle, or
any other value or combination of values.

[0080] According to some embodiments, the waveform
related features may be selected from scale factors and shape
factors.

[0081] According to some embodiments, the medical
waveform is a CO2 waveform. In some embodiments, the
CO2 waveform may be obtained by a capnograph. In some
embodiments, a typical, CO, waveform is a curve which
represents the varying CO, levels throughout the respiratory
cycle. In phase I, which represents the end of respiration,
CO2 level is zero. Next, as exhalation begins, a sloped
upstroke is observed (Phase II). Follows is a gradual rise
(Phase III), a plateau having a peak just before a point which
marks the end of exhalation. This is followed by a sharp
down-stroke back to zero (inspiration, Phase V), which is
followed by a clean inspiration period.

[0082] According to some embodiments, a shape factor
feature of a CO, waveform may be selected from, but not
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limited to: the up-rising slope of a CO, waveform; the extent
of the slope, the shape of the slope, the down stroke slope,
extent of the down stroke slope, the shape of the down stroke
slope, and like.

[0083] In some embodiments, a trend of slope features of
a waveform can be obtained by the systems and methods
disclosed herein, by extracting such features from the wave-
form analyzing their occurrence and/or frequency and/or
distribution over time to produce a trend of the features. By
analyzing, producing and displaying the trend of these
features, a reliable and enhanced means that can aid the
health care provider in assessing or assisting in diagnosing
the patient status (for example, severe, moderate, light or
even differentiating between artifact and real) is obtained,
since looking at any individual waveform, could not be used
to indicate a patient condition nor severity.

[0084] According to some embodiments, a patient with
asthma (or in some cases even a patient not having asthma)
can have both “normal” and “sloped” waveforms. But
looking at a trend of the waveforms features, their domi-
nance; patterns thereof, a measure of slope extent and/or
shape over time, provide stronger evidence and indication to
the patient’s condition and can be used to a greater advan-
tage for monitoring the treatment of the patient.

[0085] According to some embodiments, a patient having
a cardiac arrest and undergoing CPR can have a breathing
pattern, and thus CO, waveforms, which can be indicative of
the efliciency of the CPR. According to some embodiments,
looking at the waveforms features, their trends, their domi-
nance; patterns thereof, a measure of slope extent and/or
shape over time, while taking into account parameters/
variables of the patient (such as, but not limited to, subject’s
gender, age, background disease, smoking habits, cause of
cardiac arrest, prior administration of a layperson life sup-
port treatment, presenting heart rhythm, time of no-flow,
time of low flow, body temperature, cardiac arrest being
witnessed or unwitnessed, administered medication or any
combination thereof), provide stronger evidence and indi-
cation to the efficiency of the CPR. According to some
embodiments, evaluation of the waveforms features, their
trends, their dominance; patterns thereof, a measure of slope
extent and/or shape over time, while taking into account
background parameters, physiologic parameters/variables
and/or baseline parameters/variables of the patient, may be
predictive of the outcome of the CPR. According to some
embodiments, evaluation of the waveforms features, their
trends, their dominance; patterns thereof, a measure of slope
extent and/or shape over time, while taking into account
background parameters, physiologic parameters/variables
and/or baseline parameters/variables of the patient, may be
indicative of the need to change, continue or discontinue the
CPR of the patient.

[0086] According to some embodiments, a scale factor
feature of the waveform may be selected from, but not
limited to: amplitude, the variability of the amplitude, mean
of the amplitude, dispersion of the amplitude, width of the
waveform, the variability of the wave form, mean of the
waveform, dispersion of the waveform, time between sec-
tions of the waveform, the variability of the time between
sections of the waveform, mean of the time between sections
of the waveform, dispersion of the time between sections of
the waveform, Inhalation to Exhalation Ratio, variability of
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the Inhalation to Exhalation Ratio, mean of the Inhalation to
Exhalation Ratio, dispersion of the Inhalation to Exhalation
Ratio, and the like.

[0087] According to some embodiments, the CO, wave-
form related feature may be selected from, but not limited to:
EtCO,, changes in EtCO,, a slope of the increase in the CO,
concentration, a change in a slope of the increase in the CO,
concentration, time to rise to a predetermined percentage of
a maximum value of CO, concentration, a change in time to
rise to a predetermined percentage of a maximum value of
CO, concentration, an angle of rise to a predetermined
percentage of a maximum value of CO, concentration, a
change in an angle of rise to a predetermined percentage of
a maximum value of CO, concentration, breath to breath
correlation, a change in breath to breath correlation, a CO,
duty cycle, a change in CO, duty cycle, minute ventilation,
a change in minute ventilation, the I:E ratio and changes
thereto, the variability of one or more of the CO, waveform
related features; the measure of the variability; the correla-
tion between two or more CO, waveform related features,
the correlation between two or more CO, waveform related
features and other breath related parameters, (for example,
correlation of area under the curve (convolution) with breath
flow rate), and the like, or any combination thereof. Each
possibility is a separate embodiment.

[0088] According to some embodiments, the trend data of
the waveform related features may be derived from a single
waveform or a train of waveforms. In some embodiments,
the trend data of the waveform related features may be
derived from the shape factor or scale factor or rate factors
that have been evaluated to be dominant over a given set of
waveforms. In some embodiments, the trend data of the
waveform related features may be derived from the shape
factor or scale factor of a representative waveform.

[0089] According to some embodiments, the methods
disclosed herein can further be used to correlate one or more
of the trend features over time with additional medical
parameters, such as, for example, but not limited to: blood
pressure, medication, depth of sleep, desaturation, medica-
tion, and the like. In some embodiments, the collected
information may be used to better evaluate the condition of
the patient and may be used to improve medical related
decisions, such as, for example, with respect to weaning,
sedation, and the like. In some embodiments, the collected
information may be used to better evaluate the condition of
the patient and may be used to improve medical related
decisions, such as, for example, with respect to CPR dura-
tion, frequency, use of defibrillation, defibrillation param-
eters and the like.

[0090] According to some embodiments, the methods and
systems disclosed herein further provide for pattern recog-
nition, by searching and detecting patterns of recurring
events, which may be indicative of a given condition. Such
pattern recognition can be used to detect known or unknown
patterns with the trend data of the waveform related features.
The pattern recognition may be performed by the processing
unit. In some embodiments, the processing unit includes an
analyzing unit (an analyzer) configured to utilize a various
algorithms to identify and/or calculate a pattern of the trend
of the waveform related features.

[0091] In some embodiments, the pattern recognition can
be used to detect known patterns or patterns that are less
known but have been observed for the given patient class
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(for example, patient under a given condition or clinical
environment or clinical procedure), or for the specific
patient.

[0092] In some embodiments, the patterns identified can
be defined according to established, known patterns (such
as, for example, with respect to monitoring of respiration:
Kossmaul breathing, Biot’s respiration, Cluster breathing,
Cheyne Stokes respiration, and the like). In some embodi-
ments, the patterns identified can be defined in accordance
with their identification in real time or off-line (i.e., not
while the patient is being monitored and the waveform
related features are analyzed and presented).

[0093] According to some embodiments, the patterns thus
identified can be attributed to classes of patient’s clinical or
therapeutic status (for example, with respect to monitoring
of respiration, if the patient is during weaning, if the patient
is under SIMV ventilation mode, and the like).

[0094] According to some embodiments, the pattern iden-
tification, recognition and/or discovery can be performed by
various supervised and unsupervised methods and algo-
rithms, such as, for example, but not limited to: neural
networks, Support vector machines, decision trees, k-near-
est-neighbor, radial-basis networks, Raves classifier, Linear
discriminant analysis, Linear regression, Hidden Markov
Models, K-means clustering, mixture models, Bayesian net-
works, fuzzy logic, ID3 and C4.5 algorithms, and combi-
nations thereof. Each possibility is a separate embodiment.
[0095] According to some embodiments, the system may
further include a display unit (such as a monitor) configured
to display the trend of the waveform related feature(s). In
some embodiments, the display unit may display a trend of
one or more waveform related parameters. When displaying
the trend of more than one waveform related features, the
displayed trends may be displayed simultaneously. The
trends may be visually separated by shape (for example,
columns, circles, dots, and the like); display pattern (for
example, solid, empty, full, patterned); display color; display
icons, and the like. In some embodiments, the presented
trends may be further marked based on their physiological
relevance. For example, with respect to respiration moni-
toring, trends of features which are indicative or related to
obstructive or restrictive breathing; hyperventilation or
hypoventilation; Cheyne stokes; and the like may, each be
differentially presented in accordance with its respective
physiological relevance. In some embodiments, the trend(s)
may be displayed together with presentation of additional
medical parameters, such as, for example, a medical wave-
form. In some embodiments, the display unit may further
display any parameter useful for the health care provider in
tracking the patient’s breath and medical condition. In some
embodiments, such parameters may be selected from, but
not limited to: electrocardiogram, electroencephalogram,
electrogastrogram, electromyogram, heart rate signals,
pathological sounds, ultrasound, or any other suitable medi-
cal parameter. In some embodiments, the display unit may
be integrally formed with the monitoring device. In some
embodiments, the display unit may be functionally con-
nected to the device.

[0096] According to some embodiments, the system may
further include a user interface or a controller, that may
allow the user to select the data to be displayed and/or to
control various operating parameters. In some embodiments,
the user may select which waveform related features are to
be analyzed and/or trended. In some embodiments, the user
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may select which waveform related feature trends are dis-
played. In some embodiments, the user may select a time
frame over which the trend is calculated or displayed. In
some embodiments, the user may “zoom in” on a selected
region of the trend. In some embodiments, the user may
select which patterns are displayed and/or tracked. In some
embodiments, various different displays may be included in
the system to accommodate different needs of different users
(such as a nurse, a physician, an anesthesiologist, and the
like). Allowing the user to change the view of the waveform
related features trend, may permit the user to toggle through
the different levels of information for further evaluation of
a condition. In further embodiments, the user interface may
also allow the user to enter characteristic information for
each patient. In some embodiments, the user interface may
allow browsing capability that allows scrolling throughout
the data over time. In some embodiments, the user interface
may allow marking of events of interest for future evalua-
tion.

[0097] Reference is now made to FIG. 1, which is a
schematic representation of an exemplary display of a
respiration waveform related feature trend and a represen-
tative waveform according to which the waveform related
feature trend is determined. As shown in FIG. 1, the bottom
panel displays a representative CO, waveform (10), as
determined according to the measurement of CO, in exhaled
breath (EtCQ,) of the patient being monitored. The repre-
sentative waveform illustrated shows the concentration of
CO, (mmHg) in exhaled breath over time (seconds). The
time scale from the representative waveform is in the order
of 5 to 10 seconds, as is common for the period of a breath.
In the upper panel, a trend display (12) of the waveform
related parameter (in this example, EtCO,, measured in units
of mmHg) is presented. The time scale of the trend display
can be chosen at any time range, such as, for example, for
1-60 minutes (such as, for example, for 1, 5, 10, 20, 30
minutes), or for 1-24 hours (such as, for example, 1, 2, 6, 12
hours). Further, the user may zoom-in onto any section of
the trend display in order to evaluate the fine details of the
waveform related feature at any point of interest. The
exemplary trend shown in FIG. 1 is of a two dimensional
trend (in this example, EtCO, over time).

[0098] Reference is now made to FIG. 2, which is a
schematic representation of an exemplary display of trends
of respiration waveform related features and representative
waveforms. As shown in FIG. 2, the bottom panel (20)
displays representative (recent) CO, waveforms (22C-D), as
determined according to the measurement of CO, in exhaled
breath (EtCO,) of the patient being monitored. Further
shown are baseline (reference) waveforms (22A-B) that may
be selected by the health care provider. Such reference
waveforms are used, for example, as a reference waveform
prior to treatment, sedation, and the like. In the upper panel
(24), a trend display of waveform related features is pre-
sented. The trend display in this example is the form of
pillars (columns). The trend display shows several wave-
form related features (for example, EtCO, levels, breath
width and calculated area under the curve of the waveform),
wherein each of the features is represented by a different,
distinct type of pillar. By different type of pillar it is meant
that the pillars can be easily and readily be distinctly
identified. For example, the pillars may have different col-
ors, different shades, different shapes (for example, varying
width/height of columns), different fill patterns (for
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example, empty, full, patterned), and the like. A code (such
as a color code) correlating between the pillar and the feature
it relates to may be indicated on the display, to allow the user
to easily identify the various waveform related features. For
example, a color may be representative of the level of area
under the curve, the column (pillar) height may be repre-
sentative of the FtCO, concentration and the width of the
column may be representative of a measure of the breath
width. As shown in FIG. 2, a color code (26, shown as gray
scale code) is provided in order to interpret (represent) the
scale of the depicted waveform related feature. In the
example shown in FIG. 2, color code (26) is indicative of the
level of area under the curve. The time period of the
displayed trend can be chosen from a number of time periods
(such as, for example, in the range of 1 to 60 minutes or 1
to 24 hours), and zooming in at any desired section is
possible, in order to identify fine details, if so desired by the
user. In some embodiments, the use of columns (pillars) to
depict the waveform related features and not the waveform
shapes themselves provide an easier, clearer and enhanced
means that allows the health care provider to observe
changes in the features and hence in the medical condition
of the patient.

[0099] In some embodiments, additional waveform
related parameters trends may be displayed, such that the
trend of more than two features are simultancously dis-
played in one trend display area, wherein each of the trends
is easily distinguishable from the other. For example, addi-
tional waveform related feature may be the width of the
exhalation period. For example, additional waveform related
parameter may be the width of the inhalation period. Thus,
in such example, the trend of four separate and distinct
waveform related features may be simultaneously displayed
in one trend display.

[0100] In some embodiments, the values of the trend of
each of the waveform related features may be calculated
from each individual waveform measured or calculated from
a representative waveform.

[0101] Reference is now made to FIG. 3, which is a
schematic representation of an exemplary display of trends
of respiration waveform related features and representative
waveforms. As shown in FIG. 3, the bottom panel (30)
displays representative CO, waveform (32A), as determined
according to the measurement of CO, in exhaled breath
(EtCO,) of the patient being monitored (mmHg/time(Sec)).
Also shown are individual recent waveforms of recent
measured breaths (32B-C). Further shown are reference
waveform ranges (34, “Textbook™), of normal healthy
patients, for providing a comparison means that may be used
by the health care provider to simplify identification of
pathological conditions. In the upper panel, a trend display
(36) of waveform related features is presented. The trend
display in this example is the form of a line (35) showing the
average inhalation to exhalation ratio (I to E) over time, with
the standard derivation depicted as shadowed area. The
average I:E ratio and the standard deviation thereof may be
calculated by various means, such as, for example, for an
average of 2 or more breaths; over a given period of time;
and the like. The average can be a running average or a
continuous average. The values of the features may be
calculated based on the individual waveform or the repre-
sentative waveform. The trend display may further simul-
taneously display additional one or more features, such as,
the respiration rate. The various trend of the features dis-
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played may be visually distinguishable by varying thickness
of the trend line, varying color of the trend line and the like.
For example, the line may represent to I:E ratio and varying
thickness or color of the line is representative of the respi-
ration rate, or vice versa. Thus, in such example, several
waveform related parameters, which physiologically relate
to each other, may be simultaneously displayed in one graph.
Further, in the example presented in FIG. 3, a health care
provider can readily and relatively simply differentiate
between, for example, systematic and erratic breathing pat-
tern.

[0102] Reference is now made to FIG. 4, which is a
schematic representation of an exemplary display of trends
of respiration waveform related features and representative
waveforms. As shown in FIG. 4, the upper panel displays
advancing instantaneous CO, waveforms (40A-D), as deter-
mined according to the measurement of CO, in exhaled
breath (EtCO,) of the patient being monitored (mmHg/time
(Sec)). The trend information (42) is displayed in the lower
panel. The trend information is shown in the form of
columns, each representing a different waveform related
feature, wherein the features in this example are related to
the shape of the waveform. The columns are visually distinct
(for example, by color, shade, width of column, shape of
column, etc.). For example, the amplitude of the column
represents the slope feature of the waveform and the color of
the column represents the area under the curve. By this mode
of display, the dominance or frequency extent of a waveform
shape of interest is readily identifiable. A code (such as a
color code (45)) correlating between the pillar and the
feature it relates to may be indicated on the display, to allow
the user to easily identify the various waveform related
features. In addition, various additional medical parameters
may further be depicted and presented. The additional
medical parameters may be depicted manually (for example,
by the health care provider) or automatically. In the example
shown in FIG. 4, parameters such as “Sleeping” and “BDG”
(which stands for blood gas) are depicted, to indicate their
occurrence.

[0103] According to some embodiments, if in addition to
the data from a capnograph (i.e. concentration of CO,),
additional medical information is provided, for example,
regarding breath flow, additional useful information can be
calculated and depicted. For example, if an integral of the
flow pattern overtime is made with the CO2 concentration
over time, a measure of the relative volume of expired CO2
can be calculated and depicted. The additional data can be
used to evaluate changes or trends in minute ventilation.
Trends of shallow breathing can also be noted, where rapid
shallow breathing is used as a useful parameter and indicator
during weaning process.

[0104] Reference is now made to FIGS. 5A-B, which are
schematic representations of exemplary displays of trends of
respiration waveform related features that can be shown in
parallel. As shown in FIG. 5A, the upper panel shows the
trend of the EtCO, feature over short period of time (in this
example, 20 minutes), in the form of a line (50). The lower
panel of FIG. 5A shows the trends of the EtCo2, area under
the curve and the LE ratio in the form of columns ((52),
wherein the features are identified based on the color of the
column). As shown in FIG. 5B, the upper panel presents the
trend of the :E ratio over a longer period of time (in this
example, 120 minutes) in the form of a line (54). The lower
panel of FIG. 5B shown the trends of the L:E ratio and the
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EtCO, in the form of columns ((56) with area under the
curve defined by color. The two displays (FIG. 5A and FIG.
5B) may be simultaneously displayed in parallel in order to
permit comparison of various features at similar times, and
further allow identification of events that can be relates and
shown together with multi pieces of information. In addi-
tion, various additional medical parameters may further be
depicted and presented. The additional medical parameters
may be depicted manually (for example, by the health care
provider) or automatically. Such exemplary medical
paremeters (as shown in FIG. 5B), are “sleeping”, and
“BDG” (Blood Gas).

[0105] According to some embodiments, the trend display
allows the option of “zooming in” on any time point(s) of the
trend, to identify the actual parameter on which that trend
was determined at the indicated time point(s). For example,
when zooming in on the trend at a designated time point, the
representative waveform which was observed at the same
time point can be seen. According to further embodiments,
scanning the trends too can be made simultaneous with the
representative waveform. In some exemplary embodiments,
additionally or alternatively to the presentation of an instan-
taneous moving waveform on the screen, a visualization of
the lungs breathing (depicted, for example, by an animated
cartoon of the lungs), whereby the rate of the breathing may
be proportional to the present respiration rate (RR), and the
size is relative to EtCO2, with optionally additional color
code, indicative of the respiratory health of the patient.
[0106] Reference is now made to FIG. 6, which is a
schematic representation of a subject receiving CPR with a
decision support system, according to some embodiments.
As shown in this figure, a subject (602) is lying on the
ground and receiving CPR by a care giver (604). Subject
(602) is wearing a mask (606) which collects exhaled breath
through a tube (608). The collected breath samples are
transferred, through tube (608), to a capnograph (not
shown), which is a part of a decision support system (610).
Decision support system (610) includes a monitor (612) that
provides care giver (604) or any other care giver information
about the respiratory status of subject (602), for example,
CO, waveform series (614), a trend display (616) of the
waveform related parameter (in this example, EtCO,, mea-
sured in units of mmHg), CPR efficacy score (618) and CPR
predicted outcome score (620). CPR efficacy score (618) and
CPR predicted outcome score (620) may be calculated by a
processor (also being a part of decision support system (610)
using information obtained from the waveform measure-
ments, for example, from a trend of a CO, related parameter,
and information such as, background, physiologic and/or
baseline parameters/variables of subject (602) (for example,
gender, age, cause of cardiac arrest, medication adminis-
tered, witnessed/unwitnessed cardiac arrest of subject (602)
etc.). Information presented on monitor (612) may be help-
ful to care giver (604) in making a decision on how and if
the CPR should proceed.

[0107] Tt is understood by the skilled in the art that the
processor of the system is configured to implement the
method as essentially described herein.

[0108] In the description and claims of the application,
each of the words “comprise” “include” and “have”, and
forms thereof, are not necessarily limited to members in a
list with which the words may be associated.

[0109] While a number of exemplary aspects and embodi-

ments have been discussed above, those of skill in the art
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will recognize certain modifications, permutations, additions
and sub-combinations thereof. It is therefore intended that
the following appended claims and claims hereafter intro-
duced be interpreted to include all such modifications,
permutations, additions and sub-combinations as are within
their true spirit and scope.
What is claimed is:
1. A decision support system for cardiopulmonary resus-
citation (CPR), the system comprising:
a medical monitoring device configured to produce CQO,
waveforms of exhaled breath of a subject undergoing
CPR; and
a computing unit configured to:
extract one or more features related to the CO, and/or
a trend thereof of waveforms produced by said
device;

obtain one or more parameters/variables selected from
a group of one or more background parameters, one
or more physiological variables and one or more
baseline parameters related to the subject undergoing
CPR; and

determine effectiveness of CPR and/or CPR outcome
based at least on the extracted one or more features
and/or the trend thereof and on the one or more
parameters/variables.

2. The system of claim 1, further comprising an indication
unit configured to provide an indication to a care giver
regarding the effectiveness of the CPR and/or the CPR
outcome.

3. The system of claim 2, wherein said indication unit
comprises a display unit configured to display the trend of
more than one CO, waveform related features and said
indication regarding the effectiveness of the CPR and/or the
CPR outcome.

4. The system of claim 1, further comprising a mechanical
chest compression device.

5. The system of claim 1, further comprising a chest
impedance monitoring device.

6. The system of claim 1, wherein the one or more
background parameters comprise: the subject’s gender, age,
background disease, smoking habits, administered medica-
tion prior to CPR, prior administration of a layperson life
support treatment, or any combination thereof.

7. The system of claim 1, wherein the one or more
physiological variables comprise: pupils’ size, changes in
pupils’ size, difference between the two pupils’ size, gasp-
ing, sweating, body temperature, changes in body tempera-
ture, tremor, color, changes in color, presenting heart
rhythm, administered medication during CPR, or any com-
bination thereof.

8. The system of claim 1, wherein the one or more
baseline parameters comprise: cause of cardiac arrest, time
of no-flow, time of low flow, cardiac arrest being witnessed
or unwitnessed.

9. The system of claim 1, wherein the CPR outcome
comprises percentage (%) of return of spontaneous circula-
tion (ROSC), percentage (%) of long term survival, brain
function or any combination thereof.

10. The system of claim 1, wherein the one or more CO,
waveform related features are selected from shape factors
and scale factors.

11. The system of claim 10, wherein the shape factors are
selected from: up-rising slope of a CO, waveform,; the extent
of the up-rising slope, the shape of the up-rising slope, the
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down-stroke slope of a CO, waveform, the extent of the
down stroke slope, the shape of the down stroke slope, and
combinations thereof.

12. The system of claim 10, wherein the scale factors are
selected from: width of the waveform, time between sec-
tions of the waveform, amplitude, and combinations thereof.

13. The system of claim 10, wherein the CO, waveform
related feature is selected from: EtCO,, changes in EtCO,,
a slope of the increase in the CO, concentration, a change in
a slope of the increase in the CO, concentration, time to rise
to a predetermined percentage of a maximum value of CO,
concentration, a change in time to rise to a predetermined
percentage of a maximum value of CO, concentration, an
angle of rise to a predetermined percentage of a maximum
value of CO, concentration, a change in an angle of rise to
a predetermined percentage of a maximum value of CO,
concentration, breath to breath correlation, a change in
breath to breath correlation, a CO, duty cycle, a change in
CO, duty cycle, minute ventilation, a change in minute
ventilation, and combinations thereof.

14. The system of claim 1, wherein said computing unit
is further configured to apply a pattern recognition algorithm
to identify recurring patterns within the trend of the wave-
form related features.

15. The system of claim 1, wherein said computing unit
is further configured to determine a need to continue the
CPR and/or to change one or more CPR parameters based on
the determined effectiveness of CPR, CPR predicted out-
come or both.

16. The system of claim 15, wherein the CPR parameter
comprises compression frequency, depth of compression,
CPR type or any combination thereof.

17. A method for decision support during cardiopulmo-
nary resuscitation (CPR), the method comprising:

producing CO, waveforms of exhaled breath of a subject

undergoing CPR;

extracting one or more features related to the CO, wave-

forms and/or a trend thereof;
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obtaining one or more parameters/variables selected from
a group of one or more background parameters, one or
more physiological variables and one or more baseline
parameters related to the subject undergoing CPR; and

determining effectiveness of CPR and/or CPR outcome
based at least on the extracted one or more features
and/or the trend thereof and on the one or more
parameters/variables.

18. The method of claim 17, further comprising providing
an indication to a care giver regarding the effectiveness of
the CPR and/or the CPR outcome.

19. The system of claim 18, further comprising display-
ing, on a display unit, the trend of more than one CO,
waveform related features and said indication regarding the
effectiveness of the CPR and/or the CPR outcome.

20. The method of claim 17, further comprising treating
the subject with a mechanical chest compression device
and/or monitoring chest impedance during the CPR.

21. The method of claim 17, wherein the one or more
background parameters comprise: the subject’s gender, age,
background disease, smoking habits, administered medica-
tion prior to CPR, prior administration of a layperson life
support treatment, or any combination thereof.

22. The method of claim 17, wherein the one or more
physiological variables comprise: pupils’ size, changes in
pupils’ size, difference between the two pupils’ size, gasp-
ing, sweating, body temperature, changes in body tempera-
ture, tremor, color, changes in color, presenting heart
rhythm, administered medication during CPR, or any com-
bination thereof.

23. The method of claim 17, wherein the one or more
baseline parameters comprise: cause of cardiac arrest, time
of no-flow, time of low flow, cardiac arrest being witnessed
or unwitnessed.

24. The method of claim 17, wherein the CPR outcome
comprises percentage (%) of return of spontaneous circula-
tion (ROSC), percentage (%) of long term survival, brain
function or any combination thereof.
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