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PERSONALIZED CAPNOGRAPHY

TECHNICAL FIELD

[0001] The present disclosure relates generally to the field
of personalized capnography and alarm management.

BACKGROUND

[0002] Medical monitoring devices provide crucial data
regarding a patient’s medical condition. For example cap-
nographs measure and provides values of the carbon dioxide
(CO,) concentration in exhaled breath, and as such may be
used to characterize patient’s ventilation functioning.
[0003] The medical devices are often configured to trigger
an alarm alerting health care providers that a monitored
parameter deviates from a threshold value. For example, a
capnograph may set off an alarm when deviations or changes
in the patient’s CO, levels are detected.

SUMMARY

[0004] Aspects of the disclosure, in some embodiments
thereof, relate to personalized configured to interpret CO,
waveforms according to a patient’s personal data and medi-
cal history. The personalized capnography disclosed herein
may facilitate the clinicians to swiftly obtain a refined
assessment of a patient’s respiratory status. Furthermore, the
personalized capnography may also be utilized to reduce the
number of false alarms.

[0005] Frequent non-actionable alarms are a common
complaint of caregivers. These alarms disrupt clinical work-
flow, are troubling to the patient and his or her surroundings,
and may lead to alarm fatigue amongst the medical person-
nel. As a consequence thereof, true alerts may be overseen,
as the alarm is ignored or even turned off, with a possibly
tragic outcome.

[0006] According to some embodiments, the control logic,
disclosed herein, is configured to obtain a measured carbon
dioxide (CO,) related parameter(s) of a patient, to obtain a
patient specific baseline for the CO, related parameter(s),
the patient specific baseline determined based on a charac-
teristic(s) of the patient, and to compute a deviation of the
measured CO, related parameter(s) from the patient specific
baseline CO.,.

[0007] This may enable to trigger an alarm only when the
measured CO, related parameter(s) deviates from a “per-
sonal” baseline rather than an “absolute” baseline common
to all patients. Thus, the control logic, disclosed herein
enables reducing the amount of both false positive and false
negative alarms by personalizing the alarm settings. This
may in turn avoid disruption of clinicians’ workflow while
enhancing the confidence in the remaining alarms, conse-
quently reducing the risk of clinicians discounting true alert.
[0008] According to some embodiments, the control logic,
disclosed herein, is configured to receive a measured CO,
related parameter(s), to obtain a patient specific first baseline
for the CO, related parameter, the patient specific first
baseline determined based on a background variable of the
patient, and to obtain a patient specific second baseline for
the CO, related parameter, the patient specific second base-
line determined based on the background variable and on a
background disease of the patient. The control logic is
further configured to compute a first deviation value based
on a deviation of the measured CO, related parameter from
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the first baseline and to compute a second deviation value
based on a deviation of the measured CO, related parameter
from the second baseline.

[0009] The control logic may thereby enable the caregiver
to rapidly assess to what extent measurements obtained from
a patient are anomalous relative to normal subjects sharing
the same background variable(s) and relative to subjects
sharing the same background variable(s) as well as the same
background disease(s).

[0010] According to some embodiments, there is provided
a control logic configured to receive a measured carbon
dioxide (CO,) related parameter of a patient, obtain a patient
specific baseline for the CO, related parameter, the patient
specific baseline determined based on a characteristic of the
patient; compute a deviation of the measured CO, related
parameter from the patient specific baseline; and trigger an
alarm When the deviation crosses a predetermined threshold
value.

[0011] According to some embodiments, the CO, related
parameter may include end tidal CO, (EtCO,), respiration
rate, waveform shape, waveform scale or any combination
thereof. Each possibility is a separate embodiment.

[0012] According to some embodiments, the patient char-
acteristic may include age, sex, weight, fitness, background
disease or any combination thereof. Each possibility is a
separate embodiment.

[0013] According to some embodiments, the background
disease may include asthma, chronic obstructive pulmonary
disease (COPD), broncho-pulmonary dysplasia (BPD) or
any combination thereof. Fach possibility is a separate
embodiment.

[0014] According to some embodiments, the CO, related
parameter may include an algorithmically-derived index of
multiple CO, related parameters. According to some
embodiments, the algorithmically-derived index of multiple
CO, related parameters is computed by:

[0015] (a) characterizing a first measured CO, related
parameter based on a comparison of the first measured CO,
related parameter against a first reference value;

[0016] (b) characterizing a second measured CO, related
parameter based on a comparison of the second measured
CO, related parameter against a second reference value; and
[0017] (c) computing the index value based on values
associated with each of the characterized first and second
measured CO, related parameters.

[0018] According to some embodiments, the patient spe-
cific baseline is a CO, related parameter obtained from said
patient prior to a medical procedure. According to some
embodiments, the patient specific baseline is a CO, related
parameter representative of patients having the same patient
characteristic. According to some embodiments, the repre-
sentative CO, related parameter is provided to said control
logic through a user interphase.

[0019] According to some embodiments, the control logic
may be configured to up-load the patient specific baseline
carbon dioxide (CO,) related parameter and the measured
carbon dioxide (CQO,) related parameter to a remote data-
base. According to some embodiments, the database may be
continuously up-loaded. According to some embodiments,
the database may be configured to compute an integrated
data-set (e.g. an integrated patient specific baseline carbon
dioxide (CO,) related parameter) specific to patients having
the same background characteristics (e.g. suffering from a
particular background disease).
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[0020] According to some embodiments, there is provided
a control logic configured to receive a measured CO, related
parameter from a patient; to obtain a patient specific first
baseline for the CO, related parameter, the patient specific
first baseline determined based on a background variable of
the patient; to obtain a patient specific second baseline for
the CO, related parameter, the patient specific second base-
line determined based on the background variable and on a
background disease of the patient; to compute a first devia-
tion value based on a deviation of the measured CO, related
parameter from the first baseline; and to compute a second
deviation value based on a deviation of the measured CO,
related parameter from the second baseline.

[0021] According to some embodiments, the control logic
may be configured to display the first and second deviation
values.

[0022] According to some embodiments, the control logic
may be configured to trigger an alarm when the second
deviation crosses a predetermined threshold value. Accord-
ing to some embodiments, the control logic may be config-
ured to trigger an alert when the first deviation crosses a
predetermined threshold value.

[0023] According to some embodiments, the CO, related
parameter may include end tidal CO, (EtCO,), respiration
rate, waveform shape, waveform scale or any combination
thereof. Each possibility is a separate embodiment.

[0024] According to some embodiments, the background
variable may include age, sex, weight, fitness or any com-
bination thereof. Each possibility is a separate embodiment.
[0025] According to some embodiments, the background
disease may include asthma, chronic obstructive pulmonary
disease (COPD), broncho-pulmonary dysplasia (BPD) or
any combination thereof. Each possibility is a separate
embodiment.

[0026] According to some embodiments, the CO, related
parameter may include an algorithmically-derived index of
multiple CO, related parameters. According to some
embodiments, the algorithmically-derived index of multiple
CO, related parameters is computed by:

[0027] (a) characterizing a first measured CO, related
parameter based on a comparison of the first measured CO,
related parameter against a first reference value;

[0028] (b) characterizing a second measured CO, related
parameter based on a comparison of the second measured
CO, related parameter against a second reference value; and
[0029] (c) computing the index value based on values
associated with each of the characterized first and second
measured CO, related parameters.

[0030] According to some embodiments, the control logic
may be configured to up-load the patient specific baseline
carbon dioxide (CQ,) related parameter and the measured
carbon dioxide (CO,) related parameter to a remote data-
base. According to some embodiments, the database may be
continuously up-loaded. According to some embodiments,
the database may be configured to compute an integrated
data-set (e.g. an integrated patient specific baseline carbon
dioxide (CO,) related parameter) specific to patients having
the same background characteristics (e.g. suffering from a
particular background disease).

[0031] 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
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been enumerated above, various embodiments may include
all, some or none of the enumerated advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] 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.

[0033] FIG. 1 is an illustrative flowchart of the operation
of a control logic, according to some embodiments;

[0034] FIG. 2 is an illustrative flowchart of the operation
of a control logic, according to some embodiments;

[0035] FIG. 3 is an illustrative flowchart of the operation
of a control logic, according to some embodiments.

DETAILED DESCRIPTION

[0036] 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 features may be omitted or simplified in order not to
obscure the disclosure.

[0037] The present disclosure relates generally to the field
of personalized capnography and alarm management.
[0038] There is provided, according to some embodi-
ments, a control logic configured to receive a measured
carbon dioxide (CO,) related parameter of a patient, and to
obtain a patient specific baseline for the CO, related param-
eter, the patient specific baseline determined based on a
characteristic of the patient. The control logic may then
compute a deviation of the measured CO, related parameter
from the patient specific baseline; and trigger an alarm if the
deviation crosses a predetermined threshold value.

[0039] As referred to herein, the terms “patient” and
“subject” may interchangeably be used and may relate to a
subject being monitored by a capnograph or any other
device configured to monitor CO, related parameters.
[0040] As used herein, the terms “clinician” and “care-
giver” may be interchangeably used and may refer to any
medical personnel involved in the care of the patient.
[0041] According to some embodiments, the terms “char-
acteristic”, “variable” and “data” may be used interchange-
ably and may refer to any attribute of the subject which may
influence CO, related parameter readings. According to
some embodiments, the term “characteristic” may be a
broader term and may include the term “variable”. Accord-
ing to some embodiments, patient variables may include, but
are not limited to, age, sex, weight, fitness or any combi-
nation thereof. Each possibility is a separate embodiment.
According to some embodiments, patient characteristics
may include, but are not limited to age, sex, weight, fitness,
background disease or any combination thereof. Each pos-
sibility is a separate embodiment. According to some
embodiments exemplary background diseases include
asthma, chronic obstructive pulmonary disease (COPD),
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broncho-pulmonary dysplasia (BPD), hyperventilation,
hypoventilation or any combination thereof. Each possibility
is a separate embodiment.

[0042] As used herein, the term “measured carbon dioxide
(CO,) related parameter” may refer to parameters obtained
from capnograph readings. According to some embodi-
ments, the parameters may be continuously obtained from
the capnograph.

[0043] As used herein, the term “patient specific baseline”
may refer to a parameter(s) serving as a reference point(s) to
the measured CO, related parameters. According to some
embodiments, the patient specific baseline may refer to
baseline parameters incorporating and/or taking into con-
sideration the characteristics of the patient. According to
some embodiments, the baseline CO, related parameter is a
CO, related parameter obtained from the (same) patient for
example prior to a medical procedure. Exemplary medical
procedures, typically requiring CO, monitoring, include
sedation and surgery, but other procedures for which cap-
nographic monitoring is recommended are also applicable.
According to some embodiments, the baseline CO, related
parameter is a CO, related parameter obtained from patients
having the same patient characteristic(s). According to some
embodiments, the baseline CO, related parameter may refer
to data obtained from patients having the same patient
characteristic(s) and stored by a computer memory for
example, but not limited to, the control logic. According to
some embodiments, the baseline CO, related parameter may
refer to theoretical (textbook) data of waveforms represen-
tative of patients having the same patient characteristic(s).
[0044] According to some embodiments, the control logic
may be configured to transfer and/or upload the baseline
CO, related parameter and/or the measured carbon dioxide
(CO,) related parameter to a computer memory, for
example, but not limited to a remote database or a central-
ized system. According to some embodiments, the up-loaded
data may then be downloaded to calculate deviation values.
According to some embodiments, the up-load may be con-
tinuous, semi-continuous, at predefined time points (e.g.
every 5 min) or event oriented (e.g. every time an alert/alarm
is triggered). It is thus understood by one of ordinary skill in
the art that the database may be revised in an ongoing
manner. According to some embodiments, a learning algo-
rithm may be applied to the stored data in order to further
refine and/or personalize the data set and in effect the
parameters calculated therefrom.

[0045] According to some embodiments, the control logic
may be further configured to produce an integrated data-set
specific to patients having the same background character-
istics e.g. suffering from a particular background disease),
based on up-loaded baseline CO, related parameters and/or
measured carbon dioxide (CO,) related parameters from
each of the “similar” patients.

[0046] According to some embodiments, the stored data
may be configured to capture the patient(s)’s response to a
treatment (e.g. adjustment of ventilation machine settings),
and thereby enable an improved and personalized evaluation
of treatment efficiency. Moreover, the control logic may be
configured to produce a treatment recommendation, such as,
but not limited to, deciding on ventilation settings based on
the up-loaded personal data-set.

[0047] It is understood by one of ordinary skill in the art
that since the patient specific baseline differs among patients
due to their different personal characteristics, the control
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logic enables to personalize alarm settings thereby reducing
the amount of both false positive and false negative alarms.
[0048] According to some embodiments, the patient spe-
cific baseline may be retrieved by the control logic upon
providing the patient characteristic(s) to the control logic.
For example, the clinician may provide the patient charac-
teristic(s) to the control logic through a user interface.
According to some embodiments, the patient characteristic
(s) may be encoded at the time of patient enrolment.
According to some embodiments, the medical history
including some or part of the patient’s characteristics may be
retrieved from a medical file of the patient.

[0049] According to some embodiments, the CO, related
parameter may include end tidal CO, (EtCO,), respiration
rate, waveform shape, waveform scale or combinations
thereof. Each possibility is a separate embodiment.

[0050] According to some embodiments “shape factors”,
as used herein, may characterize and/or describe the shape
or pattern of a CO, waveform. A shape factor may include,
for example, parameters of a non-linear function describing
an upstroke of the waveform. The shape factors of the
waveform are generally indicative of physiological condi-
tion(s) of a patient. For example, dominant shape factors of
the waveform(s) may relate to respiratory processes such as
the mechanics of breathing. Shape factors may be a param-
eter(s) of a function or a set(s) of binary values (in the form
of a vector or a matrix). It is understood to one of ordinary
skill in the art, that different respiratory conditions may
influence the shape of the waveform, and thus the shape
factors used to describe the waveform. As a non-limiting
example, the upstroke of the CO, waveform may be pro-
longed (slope decreased) in patients suffering from respira-
tory disorders such as COPD.

[0051] According to some embodiments, “scale factors”,
as used herein, may be the waveform values and/or ratios,
for example, height, width, width at half-height, duty cycle,
inhalation to exhalation ratio (I to E ratio) or any other value
or combination of values. Scale factor features typically
relate to general processes and/or body functions, such as,
perfusion, shunt, metabolism, ventilation, respiration and
the like. It is understood to one of ordinary skill in the art,
that different respiratory conditions may influence the scale
factors used to describe the waveform. As a non-limiting
example, the height of the CO, waveform may be decreased
(BtCO, decreased) in patients suffering from respiratory
obstruction, such as for example asthma.

[0052] According to some embodiments, the term “a” may
refer to at least one. According to some embodiments, the
term “at least one” may refer to 1, 2, 3, 4, 5, or more
parameters. Each possibility is a separate embodiment. For
example, with regards to CO, related parameters, the CO,
related parameters (measured and baseline) may be EtCO,
and respiration rate (RR). Accordingly, the control logic may
compute a delta EtCO, value—the deviation between the
measured EtCO, and the baseline EtCO,; and a delta RR—
the deviation between the measured RR and the baseline RR.
[0053] According to some embodiments, the control logic
may compute the deviation by simple subtraction of the
measured CO, related parameter (e.g. measured RR) from
the patient specific baseline (e.g. baseline RR).

[0054] According to some embodiments, the control logic
may compute the deviation by performing statistical analysis
of the deviation over a predetermined period of time. It is
understood by one of ordinary skill in the art that that
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monitoring devices, such as for example capnographs, may
continuously monitor breath samples and thus continuously
provide measurements of the CO, related parameter(s) to the
control logic. In effect, the deviation may be calculated
based on a statistical analysis of n number of measurements
obtained during a predetermined period of time for example
y seconds. Tt is further understood that the measured CO,
related parameter may be continuously updated (moving
average) such that each measured CO, related parameter
provided to the control logic may represent n number of
measurements obtained during a measurement window of'y
seconds and updated every z seconds. According to some
embodiment, the measured CO, related parameter provided
to the control logic may represent 0.5-100 measurements.
According to some embodiment, the measured CO, related
parameter provided to the control logic may represent 2-50
measurements. According to some embodiment, the mea-
sured CO, related parameter provided to the control logic
may represent 5-25 measurements.

[0055] According to some embodiments, the CO, related
parameter may include an algorithmically-derived index of
multiple CO, related parameters. According to some
embodiments, the algorithmically-derived index of multiple
CO, related parameters may be computed by:

[0056] (a) characterizing a first measured CO, related
parameter based on a comparison of the first measured CO,
related parameter against a first reference value;

[0057] (b) characterizing a second measured CO, related
parameter based on a comparison of the second measured
CO, related parameter against a second reference value; and
[0058] (c) computing the index value based on values
associated with each of the characterized first and second
measured CO, related parameters.

[0059] As used herein, the term “alarm” may refer to an
audible alarm configured to alert the clinician. According to
some embodiments, the clinician may be required to
approach the patient in order to turn the alarm off.

[0060] As used herein, the terms “alert” and “warning”
may be interchangeably used and may refer to a signal
provided to a clinician, but which do not require his or hers
immediate attention. According to some embodiments, the
clinician may not be required to approach the patient in order
to turn off the alert. As a non-limiting example, the alert may
be an audible signal provided to a clinician (for example
through a personal communication device such as, but not
limited to a beeper or a smart phone). According to some
embodiments, the alert may be stored in the medical history
of the patient for further use by caregivers.

[0061] According to some embodiments, the at least one
CO, related parameter is user selectable. It is understood by
one of ordinary skill in the art that different medical param-
eters may be measured for different medical conditions.

[0062] According to some embodiments, the control logic
is configured to store data including, but not limited to, the
at least one measured CO, related parameter, the patient
specific baseline, the deviation of the at least one measured
CO, related parameter from the patient specific baseline,
alerts, alarms or any combination thereof. Each possibility is
a separate embodiment.

[0063] According to some embodiments, the data, or parts
thereof, may be reported to the clinician. According to some
embodiments, the reported data may serve as a tool in the
assessment of the patient’s condition.
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[0064] According to some embodiments, there is provided
a control logic configured to: receive a measured CO,
related parameter from a patient, to obtain a patient specific
first baseline for the CO, related parameter, the patient
specific first baseline determined based on a background
variable of said patient, and to compute a first deviation
value based on a deviation of the measured CO, related
parameter from the first baseline. The control logic may be
further configured to obtain a patient specific second base-
line for the CO, related parameter, the patient specific
second baseline determined based on the background vari-
able and on a background disease of the patient, and to
compute a second deviation value based on a deviation of
the measured CO, related parameter from the second base-
line.

[0065] According to some embodiments, the control logic
may display the first and second deviation values. This may
enable the caregiver to rapidly assess to What extent mea-
surement obtained for a patient are anomalous relative to
normal subjects sharing the same background variable and
relative to subjects sharing the same background variable as
well as the same background disease.

[0066] According to some embodiments, the control logic
may compare the first deviation value to a predetermined
first threshold value and the second deviation to a predeter-
mined second threshold value. It is understood by one of
ordinary skill in the art the first threshold vale may be the
same or different from the second threshold value.

[0067] According to some embodiments, the control logic
may trigger an alarm when the second deviation value
crosses a (second) predetermined threshold value. It is
understood by one of ordinary skill in the art that this may
serve to reduce the amount of actionable alarms as the alarm
is triggered only when the measurements obtained are
anomalous to patients suffering from the same background
diseases and sharing the same background variable. Accord-
ing to some embodiments, the control logic may trigger an
alert when the first deviation value crosses a (first) prede-
termined threshold value. As detailed above, the alert may
not require the clinician’s immediate attention, but may
provide an indication to the clinician that the measurements
obtained from the patient are abnormal as compared to
healthy subjects having the same background variable. The
alert may be an audible signal distinct from the traditional
alarm in order to enable the clinician to distinguish between
action requiring alarms and non-actionable alerts. According
to some embodiments, the alert may be stored in the medical
history of the patient (along with alarms) thereby assisting
the clinician in assessing the patients respiratory status.
[0068] It is understood that the deviation required to
trigger the alarm may be the same or different from the
deviation required to trigger the alert. It is further understood
that since the alarm settings have been personalized, the
deviations required to trigger the alarm may be less than the
deviation required to trigger a traditional alarm. Advanta-
geously, the more strict deviation requirements may not
elevate the number of triggered alarms, due to the person-
alized baseline settings.

[0069] According to some embodiments, the CO, related
parameter may include end tidal CO, (EtCO,), respiration
rate, waveform shape, waveform scale or any combination
thereof. Each possibility is a separate embodiment.

[0070] According to some embodiments, the background
variable may include age, weight, sex, fitness or any com-
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bination thereof. Each possibility is a separate embodiment.
It is understood by one of ordinary skill in the art that
waveforms obtained from patients suffering from a back-
ground disease may deviate from normal waveforms in a
manner dependent on the patient’s variable(s). As a non-
limiting example, a normal weight patient suffering from
asthma may have a waveform closer to a ‘normal” waveform
than a patient being both overweight and suffering from
asthma.

[0071] According to some embodiments, the background
diseases may include asthma, chronic obstructive pulmonary
disease (COPD), broncho-pulmonary dysplasia (BPD) or
combinations thereof. According to some embodiments, the
background disease may include hyper- and hypo ventila-
tion. According to some embodiments, the background
disease provided to the control logic is ‘no background
disease’.

[0072] According to some embodiments, the CO, related
parameter may include an algorithmically-derived index of
multiple CO, related parameters. According to some
embodiments, the algorithmically-derived index of multiple
CO, related parameters may be computed by:

[0073] (a) characterizing a first measured CO, related
parameter based on a comparison of the first measured CO,
related parameter against a first reference value;

[0074] (b) characterizing a second measured CO, related
parameter based on a comparison of the second measured
CO, related parameter against a second reference value; and
[0075] (c) computing the index value based on values
associated with each of the characterized first and second
measured CO, related parameters.

[0076] According to some embodiments, the first and/or
second baselines may be retrieved by the control logic upon
providing the background variable and the background
disease to the control logic. Hence, the clinician may pro-
vide the patient background variable(s) and background
disease(s) to the control logic for example through a user
interface. According to some embodiments, the background
variable may be encoded at the time of enrolling the patient.
According to some embodiments, the medical history and
and/or background variable may be retrieved from a medical
file of the patient.

[0077] According to some embodiments, there is provided
a medical device including a control logic configured to
receive a measured carbon dioxide (CQ,) related parameter
of a patient, and to obtain a patient specific baseline for the
CO, related parameter, the patient specific baseline deter-
mined based on a characteristic of the patient. The control
logic may then compute a deviation of the measured CO,
related parameter from the patient specific baseline; and
trigger an alarm if the deviation crosses a predetermined
threshold value.

[0078] According to some embodiments, there is provided
a medical device including a control logic configured
receive a measured CO, related parameter from a patient, to
obtain a patient specific first baseline for the CO, related
parameter, the patient specific first baseline determined
based on a background variable of said patient, and to
compute a first deviation value based on a deviation of the
measured CO, related parameter from the first baseline. The
control logic may be further configured to obtain a patient
specific second baseline for the CO, related parameter, the
patient specific second baseline determined based on the
background variable and on a background disease of the
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patient, and to compute a second deviation value based on
a deviation of the measured CO, related parameter from the
second baseline.

[0079] According to some embodiments, the medical
device may be a capnograph.

[0080] According to some embodiments, the medical
device includes at least one sensor. According to some
embodiments, the at least one sensor is a CO, sensor, a flow
sensor, an infra-red (IR) sensor or combinations thereof.
According to some embodiments, the term “at least one”
when referring to a sensor may include 1, 2, 3, 4, 5 or more
sensors. Bach possibility is a separate embodiment.

[0081] According to some embodiments, there is provided
a method for reducing non-actionable alarms. According to
some embodiments the method may include receiving a
measured carbon dioxide (CO,) related parameter of a
patient, obtaining a patient specific baseline for the CQO,
related parameter, the patient specific baseline determined
based on a characteristic of the patient, computing a devia-
tion of the measured CO, related parameter from the patient
specific baseline, and triggering an alarm if the deviation
crosses a predetermined threshold value

[0082] According to some embodiments, the method may
also include determining which medical parameters will be
measured for example based on the medical record of the
patient. According to some embodiments, the at least one
measured medical parameter may include end tidal CO,
(BtCO,), respiration rate, waveform shape, waveform scale
or any combination thereof. Each possibility is a separate
embodiment.

[0083] According to some embodiments, the method may
further include storing data, such as the measured CO,
related parameter, the patient specific baseline, the deviation
of the measured CO, related parameter from the patient
specific baseline, alerts, alarms or any combination thereof.
Each possibility is a separate embodiment.

[0084] According to some embodiments, there is provided
amethod for personalizing capnography, the method includ-
ing receiving a measured CO, related parameter from a
patient, obtaining a patient specific first baseline for the CO,
related parameter, the patient specific first baseline deter-
mined based on a background variable of the patient, and to
compute a first deviation value based on a deviation of the
measured CO, related parameter from the first baseline. The
method may further include obtaining a patient specific
second baseline for the CO, related parameter, the patient
specific second baseline determined based on the back-
ground variable and on a background disease of the patient,
and to compute a second deviation value based on a devia-
tion of the measured CO, related parameter from the second
baseline.

[0085] According to some embodiments, the method
includes displaying the first and/or second deviation values.
[0086] According to some embodiment, the method
includes triggering an alarm when the second deviation
value crosses a predetermined threshold value. According to
some embodiments, the method includes triggering an alert
when the first deviation value crosses a predetermined
threshold value.

[0087] According to some embodiments, the method may
include determining which medical parameters will be mea-
sured for example based on the medical record of the patient.
According to some embodiments, the at least one measured
medical parameter may include end tidal CO, (EtCO,),
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respiration rate, waveform shape, waveform scale or any
combination thereof. Each possibility is a separate embodi-
ment.

[0088] According to some embodiments, the method may
include storing data, such as the measured CO, related
parameter, the patient specific baseline, the deviation of the
measured CO, related parameter from the patient specific
baseline, alerts, alarms or any combination thereof. Each
possibility is a separate embodiment.

[0089] Before explaining at least one embodiment in
detail, it is to be understood that aspects of the embodiments
are not necessarily limited in their application to the details
of construction and the arrangement of the components
and/or methods set forth herein. Some embodiments may be
practiced or carried out in various ways. The phraseology
and terminology employed herein are for descriptive pur-
pose and should not be regarded as limiting.

[0090] Reference is now made to FIG. 1 which is an
illustrative flowchart of the operation of a control logic,
according to some embodiments. At step 100, the control
logic receives a measured carbon dioxide (CO,) related
parameter(s) of a patient having certain patient characteristic
(s). At step 110, the control logic obtains a patient specific
baseline for the CO, related parameter, the patient specific
baseline determined based on the same patient characteristic
(s). At step 120, the control logic computes a deviation of the
measured CQO, related parameter(s) from a patient specific
baseline. Does the deviation cross a predetermined threshold
value, the control logic triggers an alarm, in step 1304.
Otherwise, the control logic returns to step 100 if the
threshold value has not been crossed, as described in step
130a.

[0091] Reference is now made to FIG. 2 which is an
illustrative flowchart of the operation of a control logic,
according to some embodiments. At step 200, the control
logic receives a measured carbon dioxide (CO,) related
parameter(s) of a patient determined as having certain
background variable(s) and optionally background disease
(s). At step 210a, the control logic obtains a patient specific
first baseline for the CO, related parameter, the patient
specific first baseline determined based on the (same) back-
ground variable(s) of the patient. At step 2104, the control
logic obtains a patient specific second baseline for the CO,
related parameter; the patient specific second baseline deter-
mined based on the (same) characteristic(s) and background
disease(s) of the patient. At step 220a and 2206, the control
logic computes a first and a second deviation value, respec-
tively, based on a deviation of the measured CO, related
parameter(s) from the obtained first and second baselines.

[0092] Reference is now made to FIG, 3 which is an
illustrative flowchart of the operation of a control logic,
according to some embodiments. At step 300, the control
logic receives a measured carbon dioxide (CO,) related
parameter(s) of a patient determined as having certain
background variable(s) and optionally background disease
(s). At step 310a, the control logic obtains a patient specific
first baseline for the CO, related parameter, the patient
specific first baseline determined based on the (same) back-
ground variable(s) of the patient. At step 3104, the control
logic obtains a patient specific second baseline for the CO,
related parameter, the patient specific second baseline deter-
mined based on the (same) characteristic(s) and background
disease(s) of the patient. At step 320q, the control logic
computes a first deviation value based on a deviation of the
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measured CQO, related parameter(s) from the obtained first
baseline. Has the first threshold value been crossed, the
control logic triggers an alert, as in step 3305. Otherwise, if
the first threshold value has not been crossed, the control
logic returns to step 300, as described in step 330a. Simi-
larly, at step 3205, the control logic computes a second
deviation value based on a deviation of the measured CO,
related parameter(s) from the obtained second baseline. Has
the second threshold value been crossed, the control logic
triggers an alarm, as described in step 330c¢. It is understood
to one of ordinary skill in the art, that steps 320q, and 3205
(and subsequent steps 330a/b and 330¢) may be performed
simultaneously. Alternatively, step 320a may be performed
in a sequential manner (prior to or after) steps 3205.
[0093] Itis further understood that variations may occur in
the operation of the control logic and that numerous cycles
of operation is inherent to the operation of the logic although
a single operation cycle is also optional.

[0094] The terminology used herein is for the purpose of
describing particular embodiments 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 “compris-
ing”, when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, or
components, 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.
[0095] 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-
combinations thereof. It is therefore intended that the fol-
lowing appended claims and claims hereafter introduced be
interpreted to include all such modifications, additions and
sub-combinations as are within their true spirit and scope.

1-20. (canceled)
21. A method for personalized patient monitoring, com-
prising:
measuring a CO, related parameter of a patient using a
CO, sensor of a capnograph positioned on the patient;
and
using a processor to:
determine a first patient specific baseline for the CO,
related parameter that is based on a characteristic of
the patient;
determine a second patient specific baseline for the
CO, related parameter that is based on a health
condition of the patient;

determine a first deviation of the CO, related parameter
based on a relationship between the first patient
specific baseline and the CO, related parameter;

determine a second deviation of the CO, related param-
eter based on a relationship between the second
patient specific baseline and the CO, related param-
eter,;

determine a respiratory condition of the patient based
on the first deviation and the second deviation;

output an alarm associated with the respiratory condi-
tion of the patient in response to the second deviation
being outside a first predetermined threshold value;
and
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output an alert associated with an abnormal CO, related
parameter in response to the first deviation being
outside a second predetermined threshold value.

22. The method of claim 21, comprising using the pro-
cessor to output a treatment recommendation based on the
CO, related parameter, the first patient specific baseline, the
second patient specific baseline, or any combination thereof.

23. The method of claim 22, wherein the treatment
recommendation comprises an adjustment to a ventilation
setting.

24. The method of claim 21, wherein the first patient
specific baseline is a CO, related parameter obtained from
the same patient.

25. The method of claim 21, wherein the patient charac-
teristic comprises age, sex, weight, fitness, and combinations
thereof.

26. The method of claim 21, wherein the health condition
comprises asthma, chronic obstructive pulmonary disease
(COPD), broncho pulmonary dysplasia (BPD), or any com-
bination thereof.

27. The method of claim 21, comprising using the pro-
cessor to instruct transfer of the patient specific baseline, the
CO, related parameter, or both, to a remote database.

28. The method of claim 21, wherein the CO, related
parameter comprises end tidal CO, (EtCO,), respiration
rate, waveform shape, waveform scale, an index of multiple
CO, related parameters, or any combination thereof.

29. The method of claim 21, comprising displaying the
CO, related parameter, the first deviation, the second devia-
tion, or any combination thereof.

30. A patient monitoring system, comprising;

a capnograph comprising a CO, sensor configured to

measure a CO, related parameter of a patient; and

a processor configured to:

determine a patient specific baseline for the CO, related
parameter based on a characteristic of the patient and
a health condition of the patient;

determine a deviation of the CO, related parameter
based on a relationship between the patient specific
baseline and the CO, related parameter;

determine a respiratory condition of the patient based
on the deviation;

output an alarm associated with the respiratory condi-
tion of the patient in response to the deviation being
outside a first predetermined threshold value; and

output a treatment recommendation in response to the
CO, related parameter, the patient specific baseline,
or both.

31. The patient monitoring system of claim 30, wherein
the treatment recommendation comprises an adjustment to a
ventilation setting.

32. The patient monitoring system of claim 30, wherein
the patient characteristic comprises age, sex, weight, fitness,
or any combination thereof.

33. The patient monitoring system of claim 30, wherein
the health condition comprises asthma, chronic obstructive
pulmonary disease (COPD), broncho pulmonary dysplasia
(BPD), or any combination thereof.
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34. The patient monitoring system of claim 30, wherein
the CO, related parameter comprises end tidal CO, (EtCO,),
respiration rate, waveform shape, waveform scale, an index
of multiple CO, related parameters, or any combination
thereof.

35. The patient monitoring system of claim 30, wherein
the processor is configured to determine an additional devia-
tion of the CO, related parameter based on a relationship
between an additional patient specific baseline and the CO,
related parameter, and to output an alert associated with an
abnormal CO, related parameter in response to the addi-
tional deviation being outside another predetermined thresh-
old value.

36. A method for personalized patient monitoring, com-
prising:

using a processor to:

receive a CO, related parameter as measured by a CO,
sensor of a capnograph, wherein the CO, related
parameter is an index of multiple CO, related param-
eters;

determine a patient specific baseline for the CO, related
parameter based on a characteristic and health con-
dition of the patient;

determine a deviation of the CO, related parameter
based on a relationship between the patient specific
baseline and the CO, related parameter;

determine a respiratory condition of the patient based
on the deviation; and

output an alarm associated with the respiratory condi-
tion of the patient in response to the deviation being
outside a first predetermined threshold value.

37. The method of claim 36, comprising using the pro-
cessor to determine an additional deviation of the CO,
related parameter based on a relationship between an addi-
tional patient specific baseline and the CO, related param-
eter, and to output an alert associated with an abnormal CO,
related parameter in response to the additional deviation
being outside another predetermined threshold value.

38. The method of claim 37, comprising determining the
index of multiple CO, related parameters by:

comparing a first CO, related parameter to a first refer-

ence value to characterize the first CO, related param-
eter;

comparing a second CO, related parameter to a second

reference value to characterize the second CO, related
parameter; and

generating an index value based on values associated with

each characterized first and second CO, related param-
eter.

39. The method of claim 37, wherein the health condition
comprises asthma, chronic obstructive pulmonary disease
(COPD), broncho pulmonary dysplasia (BPD), or any com-
bination thereof.

40. The method of claim 37, wherein the CO, related
parameter comprises end tidal CO, (EtCO,), respiration
rate, waveform shape, waveform scale, or any combination
thereof.
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