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1
CAPNOGRAPHY DEVICE AND METHOD

RELATED APPLICATION DATA

This application is the U.S. national stage of PCT/IL2008/
000016 filed on Jan. 3, 2008, which claims priority to and
benefit of U.S. Provisional Patent Application No. 60/878,
405 filed on Jan. 4, 2007, the content of each of which is
expressly incorporated herein in its entirety by reference
hereto.

BACKGROUND

Medical monitoring devices provide crucial data regard-
ing a patient’s medical condition. Two main types of moni-
tors can be distinguished: those that monitor parameters that
are a direct measure of one of the patient’s physiological
functions and those that monitor parameters that are an
indirect measure of the status of a physiological function. An
example of a parameter that is a direct measure of a
physiological function is capnography, which measures and
provides values of the CO, concentration in the ventilated
breath, a direct measure of the patient’s ventilation func-
tioning. An example of a parameter that is an indirect
measurement is blood pressure, which indirectly provides
information regarding the functioning of the heart. In addi-
tion, some of the monitored parameters crucial for evaluat-
ing the patient’s condition may be “rates” (for example,
heart rate, breath rate) while others may be “snap shots”,
instantaneous type parameters (for example blood pressure,
CO,, O, concentrations).

Capnography is a non-invasive monitoring method used
to continuously measure CO, concentration in exhaled
breath. CO, is a constant metabolism product of the cells,
and it is transported through the blood system to the lungs,
from which it is eliminated through the alveolar membrane.
The CO, is exhaled out of the body and the concentration of
the exhaled CO,, also known as end tidal CO, (EtCO,) is an
approximate estimation of the alveolar CO, pressure and
thus of the arterial levels of CO,. The measurements of the
CO, concentration in a breath cycle are performed by a
capnographer, and the results are a numerical value dis-
played also in a graphical format in the shape of a waveform
named a capnogram. The numerical value of the results may
be presented in units of pressure (mm Hg) or as a percentile.
The capnogram may depict CO, concentration against total
expired volume, but the more common capnogram illus-
trates CO, concentration against time.

Capnography is widely used today as an important tool
for tracking a patient’s ventilation status in various health
care settings, such as in an Emergency Room (ER), Opera-
tion Room (OR), Intensive Care Unit (ICU) and Emergency
Medical Services (EMS). Among the clinical applications in
which capnography may be used are Cardiovascular (for
example in CPR, shock, pulmonary embolism), Respiratory
(for example, verification of endotracheal tubing, mechani-
cally ventilated patients, conditions such as Asthma, hyper-
ventilation, hypoventilation, apnea; Sedation (for example
during operation); Patient transport (both intra- and inter-
hospital), and the like.

Analyzing the capnogram may yield valuable information
about the patient’s clinical status. A normal capnogram
exhibits one or more typical waveforms, each one represents
a single respiratory cycle, and deviations from the normal
waveform may hint as to the clinical situation of the patient.
For example, an abnormally high basal line represents
re-breathing of exhaled CO,; a slow increase in CO, con-
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centration may suggest uneven emptying of the lungs; a rise
in CO, concentration without reaching a plateau may hint as
to situations of asthma or other lower airway obstruction,
very small changes in CO, concentration may indicate an
apnea situation, and so forth.

In addition to displaying respiratory cycles, a trend dis-
play is also available in which many individual consecutive
breath cycles are compressed together so that changes over
time may be easily distinguished, providing yet an addi-
tional aid in assessing and monitoring the patient’s ventila-
tion and clinical profile.

An additional breathing related parameter useful in moni-
toring a patient’s clinical status is the respiratory rate.
Respiratory rate is defined as the number of breaths taken in
a minute, and it may change under various physiological and
medical conditions. The rate may be abnormally high (tac-
hypnea), abnormally low (bradypnea) or non-existent (ap-
nea).

To further assist the health care providers in monitoring
the patient’s clinical status, the medical monitoring device
may set off an alert when deviations from the standard are
detected. For example, a capnographer may set off an alert
(an audio and or visible alarm) when deviations or changes
in the patient’s capnogram are detected, either in a single
breathing cycle, or in the trend display. Likewise, when the
respiratory rate deviates from normal, the monitor may set
off an alarm, alerting the health care providers as to the
change.

However, the assessment of issuing an alert by a medical
monitoring device is complicated and includes many con-
siderations for determining and balancing various param-
eters such as threshold limits, measurement time and rates in
order to minimize false, non-clinically significant alerts (that
result from artifacts) over genuine alerts (that result from
authentic physiological change). Therefore, the need arises
to develop such methods to improve the meaningfulness of
the estimation of the measured parameter and hence the
decision of issuing a clinically significant alert.

SUMMARY

The following embodiments and aspects thereof are
described and illustrated in conjunction with systems, tools
and methods which are meant to be exemplary and illustra-
tive, 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.

According to some embodiments, there is provided a
method for measuring a breath related parameter, the
method including: measuring a breath related parameter
(such as, for example, but not limited to, respiratory rate,
CO, waveform patterns, EtCQ,, pulmonary index, and the
like, or any combination thereof) over a first period of time,
wherein the result of the measurement is averaged over the
first period of time; obtaining a breath related value(s) over
a second period of time, wherein the result is averaged over
the second period of time; and wherein the first period of
time and optionally the second period of time is (are)
adapted to change according to the result of the measure-
ment of the breath related parameter and/or the breath
related value(s). The first and second periods of time may be
periods of time that are determined by time units (such as,
for example, number of seconds) or periods of time that are
determined by number of occurrences of events, (such as,
for example, number of breath cycles). The breath related
value may then be used to dictate dynamically, in real-time
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the level of averaging and/or the time period used for
calculating the average of the breath related parameter. The
breath related value may indicate consistency and stable
trends, or oppositely, indicate inconsistency, and thus may
enable clinically significant conditions to be detected early,
while non-clinically significant events may be lost within
long averaging periods. There are, thus, further provided,
methods for measuring and averaging the respiratory rate
while reducing the number of non-clinically significant
alarms. This may be performed by using an adaptive aver-
aging time that may change in accordance with the status of
stability of the patient. For example, the averaging time may
be longer or shorter during instability or stability periods,
respectively.

According to some embodiments, there is provided a
method for dynamically determining a breath related param-
eter, which includes, averaging a breath related parameter
over a first period of time, calculating a breath related value
over a second period of time and adapting the duration of the
first period of time according to the calculated breath related
value. The method may further include adapting the duration
of the second period of time according to the averaged
breath related parameter, the calculated breath related value
or both. The method may further include adapting the
duration of the first period of time according to the averaged
breath related parameter.

According to some embodiments, the breath related
parameter may include respiratory rate, CO2 waveform,
EtCO2, pulmonary index, or any combination thereof. The
respiratory rate may be measured by number of breaths per
minute (BPM). The breaths may be determined by the breath
cycle.

According to some embodiments, the breath related value
may include: variance of breath cycle periods, standard
deviation of breath cycle periods, dispersion of breath cycle
periods, average of breath cycle periods, ratio between
inhalation and exhalation stages of breath cycle, respiration
rate, CO2 waveform pattern, or any combination thereof.

According to some embodiments, the first period of time
may be determined in time units, determined by number of
occurrences of events or both. The events may include
breath cycles.

According to some embodiments, the breath related
parameter may be obtained by measuring, sampling, sens-
ing, detecting, calculating, or any combination thereof.

According to some embodiments, the breath related value
may be obtained by measuring, calculating, computing,
detecting, deducing, or any combination thereof.

According to additional embodiments, the adapting may
include shortening the duration of the first time period,
extending the duration of the first time period, unchanging
the duration of the first time period, or any combination
thereof. The adapting may further include lowering the
number of occurrences of events, increasing the number of
occurrences of events, unchanging the number of occur-
rences of events, or any combination thereof.

According to some embodiments, there is provided a
method for reducing non-clinically significant alarms pro-
duced by a medical monitoring device, the method includes:
averaging a breath related parameter over a first period of
time to obtain an averaged breath related parameter, calcu-
lating a breath related value over a second period of time to
obtain a calculated breath related value, and adapting the
duration of the first period of time’according to the calcu-
lated breath related value.

According to additional embodiments, the method for
reducing non-clinically significant alarms may further
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include averaging the breath related parameter over the
adapted first period of time to obtain an updated averaged
breath related parameter.

According to additional embodiments, the method for
reducing non-clinically significant alarms may further
include adapting the duration of the first period of time
according to the averaged breath related parameter.

According to further embodiments, the method for reduc-
ing non-clinically significant alarms may further include
setting off an alarm when the updated averaged breath
related parameter is at or below a predetermined threshold.
The method may further include setting off an alarm when
the updated averaged breath related parameter is at or above
a predetermined threshold.

According to some embodiments, the medical monitoring
device may include a capnograph.

According to some embodiments the breath related
parameter in the method for reducing non-clinically signifi-
cant alarms may include: respiratory rate, CO2 waveform,
EtCO2, pulmonary index, or any combination thereof. The
respiratory rate may be measured by number of breaths per
minute (BPM).

According to additional embodiments, the breath related
value in the method for reducing non-clinically significant
alarms may include: variance of breath cycle periods, stan-
dard deviation of breath cycle periods, dispersion of breath
cycle periods, average of breath cycle periods, ratio between
inhalation and exhalation stages of breath cycle, respiration
rate, CO2 waveform pattern, or any combination thereof.

According to further embodiments, the first period of time
in the method for reducing non-clinically significant alarms
may be determined in time units, determined by number of
occurrences of events or both. The second period of time is
determined in time units, determined by number of occur-
rences of events or both. The events may include breath
cycles.

According to some embodiments, the breath related
parameter in the method for reducing non-clinically signifi-
cant alarms may be obtained by measuring, sampling, sens-
ing, detecting calculating, or any combination thereof. The
breath related value may be obtained by measuring, calcu-
lating, computing, detecting, deducing, or any combination
thereof.

According to some embodiments, adapting in the method
for reducing non-clinically significant alarms may include
shortening the duration of the first time period, extending the
duration of the first time period, unchanging the duration of
the first time period, or any combination thereof. Adapting
may include lowering the number of occurrences of events,
increasing the number of occurrences of events, unchanging
the number of occurrences of events, or any combination
thereof.

According to some embodiments, there is provided a
device for dynamically determining a breath related param-
eter, the device includes: a processor adapted to average a
breath related parameter sampled over the first period of
time, wherein said processor 1s further adapted to calculate
a breath related value over a second period of time and
wherein said processor is further adapted to vary the dura-
tion of the first period of time according to the calculated
averaged breath related value and to provide an updated
averaged breath related parameter.

According to some embodiments, the device may further
include a sampler adapted to sample the breath related
parameter.

According to further embodiments, the device may fur-
ther include an alarm unit adapted to set off an alarm when
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the updated averaged breath related parameter is at or below
a predetermined threshold. The device may further include
an alarm unit adapted to set off an alarm when the updated
averaged breath related parameter is at or above a predeter-
mined threshold.

According to some embodiments, the medical monitoring
device may include a capnograph.

According to some embodiments, the medical monitoring
device processor may be further adapted to vary the duration
of the second period of time according to the averaged
breath related parameter, the averaged calculated breath
related value or both. The processor is further adapted to
vary the duration of the first period of time according to the
averaged breath related parameter.

According to further embodiments, the breath related
parameter sampled by the device may include: respiratory
rate, CO2 waveform, EtCO2, pulmonary index, or any
combination thereof. The respiratory rate may be measured
by number of breaths per minute (BPM) and the breaths may
be determined by breath cycles. The breath related value
may include: variance of breath cycle periods, standard
deviation of breath cycle periods, dispersion of breath cycle
periods, average of breath cycle periods, ratio between
inhalation and exhalation stages of breath cycle, respiration
rate, CO2 waveform pattern, or any combination thereof.

According to some embodiments, the first period of time
may be determined in time units, determined by number of
occurrences of events or both. The events may include
breath cycles. The breath related value may be obtained by
measuring, calculating, computing, detecting, deducing, or
any combination thereof.

According to some embodiments, varying of the duration
of time periods may include: shortening the duration of the
first time period, extending the duration of the first time
period, unchanging the duration of the first time period, or
any combination thereof. Varying of the duration may fur-
ther include lowering the number of occurrences of events,
increasing the number of occurrences of events, unchanging
the number of occurrences of events, or any combination
thereof.

According to additional embodiments, there is provided a
system for dynamically determining a breath related param-
eter, the system includes: a device that includes a processor
adapted to average a breath related parameter sampled over
the first period of time, wherein said processor is further
adapted to calculate a breath related value over a second
period of time and wherein said processor is further adapted
to vary the duration of the first period of time according to
the calculated breath related value and to provide an updated
averaged breath related parameter.

According to some embodiments, the device in the system
for dynamically determining a breath related parameter may
include a capnograph. The device may further include a
sampler adapted to sample the breath related parameter. The
device may further include an alarm unit adapted to set off
an alarm when the updated averaged breath related param-
eter is at or below a predetermined threshold. The alarm unit
may be further adapted to set off an alarm when the updated
averaged breath related parameter is at or above a predeter-
mined threshold.

According to some embodiments, the device may further
include one or more displays adapted to display the breath
related parameter, the breath related value, the first period of
time, the second period of time, or any combination thereof.

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

BRIEF DESCRIPTION OF THE FIGURES

Examples illustrative of embodiments are described
below with reference to figures attached hereto. In the
figures, identical structures, elements or parts that appear in
more than one figure are generally labeled with a same
numeral in all the figures in which they appear. Dimensions
of components and features shown in the figures are gener-
ally chosen for convenience and clarity of presentation and
are not necessarily shown to scale. The figures are listed
below.

FIG. 1—a schematic exemplary graph of a series of
consecutive breath cycles;

FIG. 2—a flow chart diagram of a method for averaging
a breath related parameter, according to some exemplary
embodiments; and

FIGS. 3A-3D—schematic exemplary graphs of breath
cycle measurements, according to some embodiments.

DETAILED DESCRIPTION

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

Measurements of rate parameters and the determination of
the rate may not be straightforward, since there is no
absolute rate, due to the fact that the measured rate may
change as a function of the period used to calculate it. There
is no standard defining a period over which the rate should
be calculated. This becomes apparent for a parameter that
may change over time, and especially for those that can
change adhoc, fluctuate and trend at different rates such as,
for example, the parameter of respiratory rate. In some
cases, these types of parameters, such as respiratory rate,
should be determined on-line, in real-time measurements.
Furthermore, since there is no defined standard, when defin-
ing the period used for calculating a monitored rate, it should
be take into consideration for whom, and for what reason the
monitored parameter is defined. A period used for calculat-
ing a monitored rate may be a predetermined time period or
a period defined by number of occurrences of events,
wherein events may include any measurable health related
parameter. For example, events may include breath cycle. If
the information needed is for providing instantaneous on-
line, real-time patient data to the health care providers and
allowing them to react quickly to any dangerous new
condition, then the said period should, on the one hand, be
reasonably short, but on the other hand be long enough so as
not to set off an alarm on every artifact, or short, insignifi-
cant event. This is also correct for parameters where a value
is measured substantially instantaneously, such as for
example the measurement of EtCO,, the measurement of
changes in CO, levels (CO, patterns), CO, waveform, and
the like. If the parameter of interest is a measurement that
can fluctuate because of different artifacts or medical rea-
sons, the values may be best displayed as an average over a
defined time period. The time period used may be calculated
based on the minimal limit determined for this parameter
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and depending on the use that the data is being provided for.
Consequently, the meaningfulness of any medical parameter
is very much a function of the period the value was averaged
over, or the rate from which it was calculated. Furthermore,
for different medical environments and health care settings
there may be several rationales that may often be conflicting
for defining a period for measurements and hence for the rate
or average calculations.

The requirement of reliably defining the time period for
measurements and calculations becomes even more signifi-
cant when defining alarm limits for a medical monitoring
device. An alarm may be triggered when the measured
parameter reading reaches a defined threshold. That thresh-
old may be reached at different time intervals for different
definitions of the said time period. However, the assessment
of issuing an alarm should also take into consideration the
need to minimize non-clinically significant alarms (those
that result from artifacts and do not indicate an authentic
significant clinical change) over genuine alarms (those that
result from authentic/significant clinical change).

According to some embodiments, there are thus provided
methods for measuring and averaging the respiratory rate
while reducing the number of non-clinically significant
alarms. This may be performed by using an adaptive aver-
aging time that may change in accordance with the status of
stability of the patient. For example, the averaging time may
be longer or shorter during instability or stability periods,
respectively.

As referred to herein, the terms “health care provider(s)”
and “medical staff”” may interchangeably be used. The terms
may include any health care professional that may monitor,
treat, check, examine, and the like, a patient. For example,
a health care provider may include a physician, a nurse, and
the like.

As referred to herein, the term “respiratory rate”, “respi-
ration rate” and “breath rate” may interchangeably be used
and relate to the number of breaths/breath cycles a subject is
taking in a minute and is expressed in units of breaths per
minute (BPM).

As referred to herein, the terms, “alarm™ and “alert” may
interchangeably be used.

As referred to herein, the terms “dynamically” and “in
real-time” may interchangeably be used.

A basic, minimal limit for measuring breath rate is the
length of one breath cycle, which includes the stages of
exhalation and inhalation. Reference is now made to FIG. 1,
which depicts a schematic graph of a series of consecutive
breath cycles. As shown in FIG. 1, the breath cycle depicts
the change in expired CO, Vol (%, y-axis) over time (t,
X-axis). Such a graph is also known as a CO, waveform. In
general, the breath cycle may be divided into two main
phases: the exhalation phase (“exhalation”, FIG. 1), in
which the CO, levels are highest, and the inhalation phase
(“inhalation” FIG. 1), in which CO, levels are minute. The
length of one breath cycle is defined by two consecutive
exhalation phases (“breath cycle”, FIG. 1). At first, the levels
of CO, increase (stage I in the graph of FIG. 1) as a result
of CQ, 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, reaches a plateau at high levels
of CO,, which corresponds to the release of CO, from the
lungs, in the exhalation phase (step 1I in the graph of FIG.
1). The decline in CO, levels (stage 111 in the graph of FIG.
1) is followed by the inhalation phase (stage IV in the graph
of FIG. 1), which is characterized by absence/minute levels
of CO,.
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The normal respiratory rate may change with age and
under various physiological conditions, such as exercise,
excitement, pain, crying and other conditions. The rate may
vary as much as from 5 BPM (in adults) to 150 BPM (in
neonatal). For example: newborns may average about 44
BPM, infants may average about 20-40 BPM, preschool
children may average about 23-30 BPM, children may
average about 16-25 BPM and adults may average about
12-20 breaths per minute. The respiratory rate may be
indicative of a number of medical conditions, such as, for
example: fever, over-sedation and respiratory problems
(such as a hypoventilation condition that may be by itself a
predictor for central apnea). In addition, various medical
conditions may cause changes between short and long
breaths, and changes may occur over short periods of time.
In this regard it is noted that erratic breathing patterns are
synonymous with healthier patients, whereas highly orga-
nized waveforms are more synonymous with ill patients.

A need for evaluating the respiratory rate may arise with
various medical conditions. For example, a significant need
for evaluating the respiratory rate may arise in situations
such as, for example, pain management or sedation. Pain
management may include the management of patients that
have undergone surgery and/or patients that undergo peri-
odic, painful procedures (such as in the oncology depart-
ment). In this environment, patients are titrated with high
levels of pain relievers (such as opiates), sedatives and
analgesic medications. Monitoring of such patients is of
high importance, as the health care providers may not
always be aware of how an individual patient may react to
a level of any of the medications (some patients may be
more susceptible than others). Furthermore, in pain man-
agement to date, there is a trend to allow a patient to titrate
his own needs for the medications, since only the patient
feels the level of pain he is in and his ability to withstand it.
These factors strongly increase the need for patient moni-
toring so that any adverse affects may be detected at an early
stage. Such an example is the need to detect hypoventilation,
which is a medical condition wherein breath is too shallow
or too slow and is not adequate to meet the needs of the body
and is often the event preceding the more dangerous con-
dition of central apnea. Hypoventilation may be diagnosed
by detecting low respiratory rates that may occur, for
example, by overdosing by medication. Hypoventilation
with sedated patients may be recognized by a falling respi-
ratory rate (often together with increased EtCO, readings),
in which case an alarm indicating such a condition is
required. However, the question remains as to when the
health care provider can reliably be warned that the patient
has reached such a condition. The longer the respiratory rate
measurement interval is, there is a higher degree of assur-
ance that a reliable respiratory rate result was obtained, for
example in detecting a low respiratory rate. On the other
hand, the longer the respiratory rate measurement interval is,
a condition that started minutes back may be neglected, and
hence the patient may be placed in danger. Moreover, a
lower respiratory rate may be defined to trigger an alarm, but
again, an important indication may possibly be neglected,
even though the patient has yet to reach the defined low
threshold limit.

Measuring the respiratory rate in a short period of time or
using a high threshold of respiratory rate to indicate a
clinical situation may result in a large percent of non-
clinically significant alarms, where there was no real need
for any medical attention at all. Moreover, too many false
(non-clinically significant) alarms promotes a “cry wolf”
situation, where alarms are disregarded even when impor-
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tant. In addition, in pain management, the alarms tend to
become an annoyance also to the patient and his family, even
if perceived to be of no medical value.

According to some embodiments, measurements of health
related parameters, such as, for example, respiratory rate,
may be performed over any period of time, such as, for
example, in the range of about 15 to 180 seconds. Measure-
ment of health related parameters, such as breath rate, may
also be performed over a period of time which may be
determined according to the number of occurrences of
events of the health related parameter. For example, regard-
ing breath rate measurements, a period of time may be
determined by the time period required for X number of
breath cycles to occur, wherein X may be, for example, in
the range of 2-15 breath cycles. Herein, embodiments refer-
ring to measurements over a predetermined period of time
(such as, for example, number of seconds) and measure-
ments over a period time, wherein the time period may be
determined by the occurrence of predetermined number of
events (such as for example number of breath cycles), may
interchangeably be practiced.

There is thus provided, according to some embodiments,
a method for realtime measuring of a breath related param-
eter, the method including measuring a breath related param-
eter, such as, for example, respiratory rate, over a predeter-
mined period of time, wherein the results of the
measurement are averaged over that period of time and may
further be normalized to 1 minute so as to obtain the result
in units of breaths per minute (BPM). The method may
include measuring a breath related parameter, such as, for
example, respiratory rate, over a period of time that is
determined by number of occurrences of events of that
parameter, wherein the results of the measurement are
averaged over that period of time. For example, the time
period for the calculation of the average respiratory rate may
also be calculated by measuring the time period over which
a predetermined number of breath cycles have occurred. The
method may include the use of various algorithms for
calculating the breath related parameter (for example, respi-
ratory rate) and the average breath related parameter (for
example, the respiratory rate).

According to some exemplary embodiments, the breath
related parameter measurements may be performed over any
time period length of between 15 seconds to 3 minutes, and
the average measurement may then be calculated. For
example, respiratory rate measurements may be performed
over any time period in the length of between 30 seconds up
to 2 minutes and the respiratory rate, expressed in units of
breaths per minute (BPM), may then be averaged accord-
ingly. The average BPM may be calculated by multiplying
or dividing the measurements by the measured time period,
so that rate would display breaths number per minute. For
example, the number of breaths (breath cycles) may be
measured over 30 seconds, and the average BPM would then
be calculated by multiplying the number of measured
breaths by 2, so that the number of breaths per minute is
obtained. For example, the number of breaths (breath cycles)
may be measured over 2 minutes, and the average BPM
would then be calculated by dividing the number of mea-
sured breaths by 2, so that the number of breaths per minute
is obtained.

According to some embodiments, the breath related
parameter (such as respiratory rate) measurement may be
performed over any time period that may be determined by
number of occurrences 2-20 breath cycles and the average
measurement may then be calculated accordingly.
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According to some embodiments, the method for real-
time measuring of a breath related parameter may further
include setting off an alarm if a threshold limit of the
measured parameter is reached. For example, regarding
respiratory rate, a lower threshold limit may be set to any
number of BPM, under which an alarm is set off. For
example, an upper threshold limit may be set to any number
of BPM, over which an alarm is set off. For example, an
alarm may be set off if the respiratory rate reaches a lower
threshold limit that may be any number of BPM in the range
of 4 to 16.

Several clinical trials have shown that increasing the time
period of the measurements based on which the average
BPM is calculated may result in lowering the number of
non-clinically significant alarms. For example, clinical trials
performed on several hundreds of patients in a pain man-
agement environment have demonstrated that setting a lower
threshold limit of 6 BPM and increasing the time period of
the measurement based on which the average BPM is
calculated from 30 seconds to 60 seconds, results in approxi-
mately a 68% decrease in the number of non-clinically
significant alarms (that is, only 32% of non-clinically-
significant alarms were set off), compared to the number of
non-clinically significant alarms when the average BPM was
calculated over a 30 second time period. Increasing the time
period of the measurement based on which the average BPM
is calculated from 30 seconds to 90 seconds, results in
approximately an 85% decrease in the number of non-
clinically significant alarms (that is, only 15% of non-
clinically-significant alarms were set off), compared to the
number of non-clinically significant alarms when the aver-
age BPM was calculated over a 30 second time period.
Increasing the time period of the measurement based on
which the average BPM is calculated from 30 seconds to 120
seconds, results in approximately a 93% decrease in the
number of non-clinically significant alarms (that is, only 7%
of non-clinically-significant alarms were set off), compared
to the number of non-clinically significant alarms when the
average BPM was calculated over a 30 second time period.

Clinical trials performed on several hundreds of patients
in a pain management environment have shown that setting
a lower threshold limit of 8 BPM and increasing the time
period of the measurement based on which the average BPM
is calculated from 30 seconds to 60 seconds, results in
approximately a 52% decrease in the number of non-
clinically significant alarms (that is, only 48% of non-
clinically-significant alarms were set off), compared to the
number of non-clinically significant alarms when the aver-
age BPM was calculated over a 30 second time period.
Increasing the time period of the measurement based on
which the average BPM is calculated from 30 seconds to 90
seconds, results in approximately a 78% decrease in the
number of non-clinically significant alarms set off (that is,
only 22% of non-clinically-significant alarms were set off),
compared to the number of non-clinically significant alarms
when the average BPM was calculated over a 30 second time
period. Increasing the time period of the measurement based
on which the average BPM is calculated from 30 seconds to
120 seconds, result in approximately an 88% decrease in the
number of non-clinically significant alarms (that is, only
12% of non-clinically-significant alarms were set off), com-
pared to the number of non-clinically significant alarms
when the average BPM was calculated over a 30 second time
period.

Clinical trials performed on several hundreds of patients
in a pain management environment have shown that setting
a lower threshold limit of 10 BPM and increasing the time
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period of the measurement based on which the average BPM
is calculated from 30 seconds to 60 seconds, results in
approximately a 56% decrease in the number of non-
clinically significant alarms (that is, only 44% of non-
clinically-significant alarms were set off), compared to the
number of non-clinically significant alarms when the aver-
age BPM was calculated over a 30 second time period.
Increasing the time period of the measurement based on
which the average BPM is calculated from 30 seconds to 90
seconds, results in approximately a 68% decrease in the
number of non-clinically significant alarms (that is, only
32% of non-clinically-significant alarms were set off), com-
pared to the number of non-clinically significant alarms
when the average BPM was calculated over a 30 second time
period. Increasing the time period of the measurement based
on which the average BPM is calculated from 30 seconds to
120 seconds, results in approximately a 77% decrease in the
number of non-clinically significant alarms (that is, only
23% of non-clinically-significant alarms were set off), com-
pared to the number of non-clinically significant alarms
when the average BPM was calculated over a 30 second time
period.

Clinical trials performed on several hundreds of patients
in a pain management environment have shown that, setting
a lower threshold limit of 12 BPM and increasing the time
period of the measurement based on which the average BPM
is calculated from 30 seconds to 60 seconds, results in
approximately a 55% decrease in the number of non-
clinically significant alarms (that is, only 45% of non-
clinically-significant alarms were set off), compared to the
number of non-clinically significant alarms when the aver-
age BPM was calculated over a 30 second time period.
Increasing the time period of the measurement based on
which the average BPM is calculated from 30 seconds to 90
seconds, results in approximately a 70% decrease in the
number of non-clinically significant alarms (that is, only
30% of non-clinically-significant alarms were set off), com-
pared to the number of non-clinically significant alarms
when the average BPM was calculated over a 30 second time
period. Increasing the time period of the measurement based
on which the average BPM is calculated from 30 seconds to
90 seconds, results in approximately a 78% decrease in the
number of non-clinically significant alarms (that is, only
22% of non-clinically-significant alarms were set off), com-
pared to the number of non-clinically significant alarms
when the average BPM was calculated over a 30 second time
period.

However, merely increasing the averaging time and
changing the threshold level of setting an alarm, although it
may yield a lower number of non-clinically significant
alarms, may, in some cases miss out on clinically significant
events that may be unattended to in a timely manner because
of the longer averaging time. There may be many instances
where, for short periods of time, a patient may stop breath-
ing, for example, when holding his breath in deep pain, or
because of airway) obstruction. During such instances, the
respiratory rate may drop drastically, even if the breath
paused for a short period of time (such as, for example, 15
seconds), triggers an alarm. Hence, there is a need to define
a method, such as an algorithm, for creating a respiratory
rate value that depicts more rhythms or rates, and not
short-lived events.

According to some embodiments, there is thus further
provided a method for measuring a breath related parameter,
such as, but not limited to, respiratory rate, CO, waveform
(see FIG. 1), EtCO,, Pulmonary index (such as an index
described below), and the like. The method includes mea-
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suring a breath related parameter over a period of time
wherein the result of the measurement is averaged over the
period of time and wherein the period of time is adapted to
change according to the results of the measurement of the
breath related parameter.

According to some embodiments, there is further pro-
vided a method for measuring a breath related parameter,
such as but not limited to, respiratory rate, CO, waveform,
EtCO,, Pulmonary index, and the like, or any combination
thereof. The method includes measuring a breath related
parameter during a period of time that is determined by a
number of occurrences of events, such as the number of
breath cycles, wherein the result of the measurement is
averaged by averaging calculation over the period of time
that is determined by the number of occurrences of events
and wherein the number of occurrences of events are
adapted to change according to the result of the measure-
ment of the breath related parameter. For example, instead of
measuring over a predetermined period of time, such as, for
example, 60 seconds, the measurement may be performed
upon whatever period of time required for breathing a
predetermined number of breath cycles, such as, for example
8 (or any other number, such as a number in the range of
2-20) breath cycles. The result may then be averaged accord-
ingly.

According to some exemplary embodiments, regarding
the respiratory rate as a breath related parameter, one method
of calculating the average respiratory rate may include
measuring the number of breath cycles (breaths) that
occurred over a time period, and then normalizing the results
to how many breaths occur in one minute (expressed in units
of breaths per minute (BPM). Another method of calculating
the average respiratory rate may include measuring the
number of breath cycles that occurred over a time period,
calculating the average time of a breath cycle and accord-
ingly calculating the average BPM.

For example, the time period for measuring and averaging
BPM may be changed according to the calculated average of
BPM. For example, the averaging time may be shortened if
the average BPM is higher than a predetermined threshold.
For example, the averaging time may be a time period of 30
seconds, if the respiratory rate is 15 BPM (a respiratory rate
that is synonymous with a healthy patient). The averaging
time may be longer if the average BPM is lower than a
predetermined threshold. For example, averaging time may
be a time period of 120 seconds if the respiratory rate is 6
BPM (a respiratory rate that is synonymous with a patient
entering hypoventilation).

According to some embodiments, there is further pro-
vided a method for measuring a breath related parameter,
such as but not limited to, respiratory rate, CO, waveform,
Pulmonary index, and the like, or any combination thereof.
The method includes measuring a breath related parameter
over a period of time wherein the result of the measurement
is averaged by a weighted averaging calculation. The
weighted averaging calculation may be performed over that
period of time, which is further adapted to change according
to the results of the measurement of the breath related
parameter.

According to some embodiments, there is further pro-
vided a method for measuring a breath related parameter,
such as but not limited to, respiratory rate, CO, waveform,
Pulmonary index, and the like, or any combination thereof.
The method includes measuring a breath related parameter
during a period of time that may be determined by the
number of occurrences of events, (such as for example the
time period required for an X number of breath cycles to



US 9,974,465 B2

13

occur). The result of the measurement may then be averaged
by a weighted averaging calculation over that time period
and wherein the number of occurrences of events is adapted
to change according to the result of the measurement of the
breath related parameter.

For example, a more sophisticated and complex algorithm
may be used in real-time, wherein the averaged breath
related parameter is not calculated merely as a simple
average, but rather different levels of weighting may be
given to various parameter characteristics (such as temporal
characteristics) during the measurements. For example, the
averaged BPM is not calculated as a simple average but
rather different levels of weighting are given to different
breaths during the measurements, such as for example, the
last N number of breaths are given a different level of
weighting when average is calculated. N may be any number
of between 2 to 18.

According to some embodiments, an algorithm may be
used to calculate the average BPM by measuring number of
breaths over a time period in the range of from about 15
seconds to 2 minutes, wherein the last N number of breaths
is given a higher level of weighting when the average is
calculated. N may be any number of breaths in the range of
from 2 to 18. For example, an algorithm may be used to
calculate the average BPM by measuring number of breaths
over a time period of 120 seconds, wherein the last 3 breaths
are given a higher level of weighting when the average is
calculated.

According to some embodiments, an algorithm may be
used to calculate the average BPM by measuring number of
breaths over a time period in the range of from about 15
seconds to 2 minutes, wherein the first N number of breaths
is given a higher level of weighting when the average is
calculated. N may be any number of breaths in the range of
from 2 to 18. For example, an algorithm may be used to
calculate the average BPM by measuring breath number
over a time period of 120 seconds, wherein the first 3 breaths
are given a higher level of weighting when the average is
calculated.

According to some embodiments, an algorithm may be
used to calculate the average BPM by measuring number of
breaths over a time period in the range of from about 15
seconds to 2 minutes, wherein the first N number of breaths
and the last N number of breaths are given a higher level of
weighting when the average is calculated. N may be any
number of breaths in the range of from 2 to 18. For example,
an algorithm may be used to calculate the average BPM by
measuring number of breaths over a time period of 120
seconds, wherein the first 3 breaths and the last 3 breaths are
given a higher level of weighting when the average is
calculated.

According to some embodiments, an algorithm may be
used to calculate the average BPM by measuring number of
breaths over a time period in the range of from about 15
seconds to 2 minutes, wherein the N number of breaths that
are between the first N1 breaths and the last N2 breaths are
given a higher level of weighting when the average is
calculated. N may be any number of breaths in the range of
from 2 to 17. N1 and N2 may be any number of breaths in
the range of from 1 to 18. For example, an algorithm may be
used to calculate the average BPM by measuring number of
breaths over a time period of 120 seconds, wherein the
breaths that are between the first 2 breaths and the last 2
breaths are given a higher level of weighting when the
average is calculated.

According to some embodiments, the averaged BPM may
be calculated as a weighted average wherein different levels
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of weighting are given to different breaths during the mea-
surements, based on the measured breath rate. Meaning that
the weighting may be determined as a function of the
measured breath rate. For example, if the measured breath
rate is higher than a predetermined value, the last N numbers
of breaths are given a higher level of weighting when
average is calculated. If the measured breath rate is lower
than a predetermined value, the first N numbers of breaths
are given a higher level of weighting when average is
calculated. N may be any number of between 2 to 18.

According to some embodiments, an algorithm may be
used to calculate the average BPM by measuring number of
breaths over a time period in the range of from about 15
seconds to 2 minutes. If the measured breath rate is higher
than Y1, the last N numbers of breaths are given a higher
level of weighting. If the measured breath rate is lower than
Y2, the first N numbers of breaths are given a higher level
of weighting when the average is calculated. N may be any
number of breaths in the range of from 2 to 18. Y1 may be
any number higher than 10. Y2 may be any number lower
than 10. For example, an algorithm may be used to calculate
the average BPM by measuring number of breaths over a
time period of 120 seconds. If the measured respiratory rate
is higher than 12, the last 3 breaths are given a higher level
of weighting when the average is calculated. If the measured
respiratory rate is lower than 8, the first 3 breaths are given
a higher level of weighting when the average is calculated.

According to some embodiments, there is provided a
method for measuring a breath related parameter, the
method including: measuring a breath related parameter
(such as, for example, but not limited to, respiratory rate,
CO, waveform, Pulmonary index, and the like, or any
combination thereof) over a first period of time, wherein the
result of the measurement is averaged (optionally by
weighted averaging) over the first period of time; obtaining
a breath related value(s) over a second period of time,
wherein the result is averaged (optionally by weighted
averaging) over the second period of time; and wherein the
first and optionally the second period(s) of time is (are)
adapted to change according to the result of the measure-
ment of the breath related parameter and/or the breath
related value(s). The periods of time may be a predetermined
period of time, (such as for example number of seconds) or
a period of time determined by number of occurrences of
events, (such as for example, number of breath cycles). In
addition, various algorithms and/or additional mathematical
filters, either known today or to be developed in the future
may also be implemented in the method.

According to some embodiments, the breath related
parameter may include for example, such parameters as, but
not limited to: respiratory rate, CO, waveform patterns,
Pulmonary index, CO, concentration in the ventilated
breath, EtCO,, and the like, or any combination thereof. The
breath related value may be obtained from a direct measure-
ment of various breath related parameters or may be
obtained indirectly (for example, by computation) from
measurements of various breath related parameters. The
breath related value, received in real-time, may be indicative
of the reliability, trustworthiness and consistency of the
breath related parameter being measured. The breath related
value may then be used to dictate in real-time the level of
averaging and/or the time period used for calculating the
average of the breath related parameter that is being mea-
sured and monitored. For example, regarding breath rate
measurements, if the breath related value indicates incon-
sistency, then the averaging time, or time period used for
calculating the breath rate may be increased, since generally,
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more erratic breathing patterns are synonymous with
healthier patients. On the other hand if there is strong
consistency, the averaging time, or time period used for
calculating the breath rate may be reduced, since generally,
highly organized breathing patterns (such as demonstrated
by the breath cycles waveforms) are more synonymous with
ill patients.

According to some embodiments, the breath related value
may be one or more measured or calculated breath related
values. For example, the second breath related value may be,
for example one or more values of a breath cycle (such as
shown in FIG. 1), such as, for example, breath cycle
waveform shape, slopes of the various stages of the wave-
form, area of the various stages of the waveform, integral
ratio between inhalation and exhalation stages of the breath
cycle, ratio between time of the inhalation and exhalation
stages, amplitude (intensity) of the breath cycle, standard
deviations of the breath cycle(s), variance of the breath
cycle(s), dispersion of the breath cycle(s), and the like, or
any combination thereof may be used as a breath related
value. The breath related value may further include the
respiratory rate; CO, waveform patterns, EtCO2; and the
like, or any combination thereof.

According to some embodiments, adding the breath
related value may indicate consistency and stable trends, or
oppositely, indicate inconsistency and thus may enable dan-
gerous conditions to be detected early, while non-clinical
artifacts (non-clinically significant events) may be lost
within the long averaging periods.

According to some embodiments, the breath related
parameter may be the main parameter being measured and
monitored. The breath related value may be a secondary
value being obtained, according to which the real-time level
of averaging and/or the time period used for calculating the
average of the breath related parameter may be determined.

According to some embodiments, the results may stem in
an adaptive window, where the breath related value may be
used to control, in real-time, the extent of averaging, and/or
the time period for calculation of the breath related param-
eter being monitored. This way, the number of false, non-
clinically significant alarms may be considerably reduced
without any need to increase averaging periods or providing
more extreme alarm limits, which may waste valuable time
before a health care provider will react to the event. In
addition, this adaptive window can also be associated with
how close the breath related parameter is from the defined
alarm limits, hence, when reaching close to the limits,
averaging time and/or extent of averaging may be changed
accordingly.

According to some embodiments, the breath related val-
ues may be obtained based on measurements from time
periods in the range of from 5 seconds to 3 minutes that may
be taken in parallel with the breath related parameter. The
breath related values may also be based on measurements
taken over a time period in the range of from 5 seconds to
3 minutes beforehand, or in addition, when the breath related
parameter measurements were taken. The breath related
values may be obtained based on measurements from time
periods that are determined according to number of occur-
rences of events, such as, for example, the time period
needed for a given number of breath cycles (for example, in
the range of 2 to 20), to occur.

According to some exemplary embodiments, if the respi-
ratory rate is the breath related parameter being monitored,
any number of seconds in the range of 15-120 seconds may
be used for calculating the average respiratory rate. The
breath related value may be measured/calculated in parallel
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with the respiratory rate in a time period in the range of
15-120 seconds. Alternatively, the breath related value may
be measured over any number of seconds in the range of
5-360 seconds, prior to the measurements of the breath
related parameter, that is, the respiratory rate. If the breath
related value deviates from predetermined limits, the period
for calculating the breath related parameter (that is breath
rate) is changed accordingly to accommodate the new con-
dition. The predetermined limits and ranges may be chosen
by the user, or may be set as a function of other breath
related parameters and/or values.

According to some embodiments, if the respiratory rate is
the breath related parameter being monitored, any number of
seconds in the range of 15-120 seconds may be used for
calculating the average respiratory rate. The breath related
value may be measured/calculated in parallel with the respi-
ratory rate in a time period in the range of 15-120 seconds
or over any time period prior to measurements of the
respiratory rate. If the breath related value deviates from
predetermined limits, the average value of the breath related
parameter is not displayed (released) and data continues to
be collected from the next breath cycles. The new data
collected may now be part of the new measurements/
calculations of the breath related value. If, after the new
measurements/calculations, the breath related value still
deviates from predetermined limits, the new average of the
breath related parameter is not displayed (released) and the
data continues to be collected and be part of the new
measurements/calculations of the breath related value. If,
within a predetermined time period of X, the breath related
value still deviates from predetermined limits, the average
value of the breath related parameter is displayed (released),
and a new set of measurements/calculations may commence.
The predetermined limits and ranges may be chosen by the
user, or may be set as a function of other breath related
parameters, (such as, for example, the breath rate itself, CO,
waveform patterns, pulmonary index, and the like, or any
combination thereof), and/or other breath related values. X
may be any time range of 15-120 seconds.

According to some embodiments, the breath related value
may be the breath cycle variance. The variance of the breath
cycle may be the variance of any of the breath cycle related
parameters, such as for example, breath cycle time, breath
cycle rate, the ratio between the durations of the inhalation
and the exhalation stages, slopes of the various breath cycle
stages, or any other breath cycle related parameter or a
combination of breath related parameters. The variance may
be calculated as the average squared deviation of each breath
cycle parameter from its mean. For example, the variance
may be calculated as the average squared deviation of each
breath cycle time from its mean within the measurement
time period. For example, the variance may be calculated as
the average squared deviation of each breath cycle rate from
its mean within a predetermined number of breaths. For
example, regarding EtCO, measurements, the variance may
be calculated as the average squared deviation of each breath
cycle integral ratio (and/or duration) between inhalation and
exhalation stages from its mean within a predetermined
number of breaths and/or predetermined time. The variance
may also be related to the slopes, area and/or height of the
breath cycle peaks and or the CO, waveform pattern. The
variance may be represented by the formula 02=(Z(x-L)
2)/N , wherein 02 represents the variance, X represents
breath cycle parameter (such as for example, time) and p
represent breath cycle parameter mean (such as for example,



US 9,974,465 B2

17

time). N represents number of breath cycles within the
measurement time period or within the predetermined num-
ber of breaths.

According to some embodiments, the time period or the
number of occurrences of events used for calculating the
breath related value may remain fixed, independently of the
calculated breath related value. However, according to addi-
tional embodiments, the time period or the number of
occurrences of events used for the calculation of the breath
related value may be changed as a function of the averaged
breath related parameter. For example, if the breath related
parameter is the breath rate, and the breath related value is
the breath cycle variance, the time period or the number of
occurrences of events over which the variance is calculated
may change according to the final calculated average respi-
ratory rate. For example, if the calculated respiratory rate is
high (such as, for example, 10), then longer time period or
higher number of occurrences of events (such as, for
example, breath cycle) may be used for variance calculation
and averaging calculation. For example, if the calculated
respiratory rate is low (such as, for example, 5), then shorter
time period or lower number of occurrences of events (such
as, for example, breath cycle) may be used for variance
calculation and averaging calculation.

According to some exemplary embodiments, the respira-
tory rate may be measured over time period in the range of
15-120 seconds. The breath related value may be obtained
from measurements taken in parallel with the respiratory
rate, over a fixed, predetermined time period, in the range of
about 15-120 seconds. For example, the breath related value
may be the breath cycle variance. If the breath cycle
variance is below a given value, then the new respiratory
rate is provided as the average over the predetermined time
period. If the breath cycle variance (obtained from measure-
ments taken in parallel with the breath rate) starts to
increase, then the period for calculating the breath rate is
increased accordingly. The time period/number of occur-
rences of events for calculating the breath related value, such
as the breath cycle variance, may be fixed and does not
change. The time period/number of occurrences of events
according which the breath related parameter is averaged,
may be changed according to the calculated variance. For
example, the respiratory rate may be measured over a time
period of 30 seconds. The breath related value may be the
breath cycle variance and it may be obtained from measure-
ments taken over a time period of 30 seconds, in parallel
with the respiratory rate. If the breath cycle variance is
below a given value of for example 2.7, then the new
respiratory rate is provided as the average over the 30 second
time period. If the breath cycle variance, obtained from
measurements taken in parallel with the respiratory rate,
starts to increase, then the period for calculating the breath
rate is increased accordingly, for example to a time period of
60 seconds. The time period for obtaining the breath related
value remains fixed at 30 seconds, regardless of changes in
the breath related value.

According to some exemplary embodiments, if the respi-
ratory rate is the breath related parameter being monitored,
any number of seconds in the range of 15-120 seconds may
be used for calculating the average respiratory rate. The
breath related value may be obtained from measurements
taken over a time period of 5 to 120 seconds before the
respiratory rate is being measured. For example, the breath
related value may be the breath cycle variance. If the breath
cycle variance is below a given value, then the new respi-
ratory rate is provided as the average over the predetermined
time period. If the breath cycle variance (that is obtained
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from measurements taken over a time period preceding the
measurement of the respiratory rate) starts to increase, then
the time period for calculating the respiratory rate is
increased accordingly. For example, the respiratory rate is
measured over a time period of 30 seconds. The breath
related value may be the breath cycle variance, and it may
be obtained from measurements taken over a time period of
30 seconds, prior to measurements of the respiratory rate. If
the breath cycle variance is below a given value, for example
2.7, then the new respiratory rate is provided as the average
over the 30 second time period. If the breath cycle variance
(that is obtained from measurements taken over a time
period preceding the measurement of the respiratory rate)
increases, then the period for calculating the breath rate is
increased accordingly, for example to a time period of 60
seconds.

According to some embodiments, if the respiratory rate is
the breath related parameter being monitored, any number of
seconds in the range of 15-120 seconds may be used for
calculating the average respiratory rate. The breath related
value may be measured/calculated in parallel with the respi-
ratory rate in a time period in the range of 15-120 seconds
or over any time period prior to measurement of the respi-
ratory rate. For example, the breath related value may be the
breath cycle variance. If the breath cycle variance deviates
from predetermined limits, the average value of the respi-
ratory rate is not displayed (released) and data continues to
be collected from the next breath cycles. The new data
collected may now be part of the new measurements/
calculations of the breath cycle variance. If the new breath
cycle variance value still deviates from predetermined lim-
its, the new average of the respiratory rate is not displayed
(released) and the data continues to be collected and be part
of the new measurements/calculations of the breath cycle
variance. If within a predetermined time period of X, the
breath cycle variance still deviates from predetermined
limits, the average value of the respiratory rate is displayed
(released), and the measurements may continue according to
the last settings, or a new set of measurements/calculations
may start. The predetermined limits and ranges may be
chosen by the user, or may be set as a function of other
breath related parameters and/or values. X may be any time
period of between 15-120 seconds. For example, the respi-
ratory rate may be measured over time a period in the range
of 30 seconds. The breath cycle variance may be obtained
from measurements taken in parallel with the respiratory
rate. If the breath cycle variance is below a given value of
for example, 2.7, then the new respiratory rate is provided as
the average over the 30 second time period. If the breath
cycle variance starts to increase, then the respiratory rate
average and the breath cycle variance are recalculated by
adding the measurements/calculations of the breath cycle
variance of the next breath cycle to the calculations. If the
new breath cycle variance thus obtained is within the
predetermined limits of below 2.7, the new respiratory rate
average is displayed (released). If the new breath cycle
variance still deviates from the predetermined limits, then
the respiratory rate average and the breath cycle variance are
recalculated by adding the next measurement of the breath
cycle variance to the calculations. If after a time period of
120 seconds, the breath cycle variance still deviates from
predetermined limits, the respiratory rate average is dis-
played (released) and a new set of measurements/calcula-
tions commences.

According to other embodiments, if the respiratory rate is
the breath related parameter being monitored, any number of
seconds in the range of 15-120 seconds may be used for
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calculating the average respiratory rate. The breath related
value may be measured/calculated in parallel with the respi-
ratory rate in a time period in the range of 15-120 seconds
or over any time period prior to measurement of the respi-
ratory rate. For example, the breath related value may be the
breath cycle variance. If the breath cycle variance deviates
from predetermined limits, the average value of the respi-
ratory rate is not displayed (released) and data continues to
be collected from the next breath cycles. The new data
collected may now be part of the new measurements/
calculations of the breath cycle variance, however, the time
period over which the variance is calculated remains fixed.
If the new the breath cycle variance value still deviates from
predetermined limits, the new average of the respiratory rate
is not displayed (released) and the data continues to be
collected and be to part of the new measurements/calcula-
tions of the breath cycle variance, the time period over
which the variance is calculated remains fixed. If within a
predetermined time period of X, the breath cycle variance
still deviates from predetermined limits, the average value of
the respiratory rate is displayed (released) and the measure-
ments may continue according to the last settings, or a new
set of measurements/calculations may start. The predeter-
mined limits and ranges may be chosen by the user, or may
be set as a function of other breath related parameters and/or
values. X may be any time period of between 15-120
seconds. For example, the respiratory rate may be measured
over a time period in the range of 30 seconds. The breath
cycle variance may be obtained from measurements taken in
parallel with the respiratory rate. If the breath cycle variance
is below a given value of for example, 2.7, then the new
respiratory rate is provided as the average over the 30 second
time period. If the breath cycle variance starts to increase,
then the respiratory rate average and the breath cycle vari-
ance are recalculated by adding the measurements/calcula-
tions of the breath cycle variance of the next breath cycle to
the calculations. The variance is calculated according to the
time period of the last 30 seconds. If the new breath cycle
variance thus obtained is within the predetermined limits of
below 2.7, the new respiratory rate average is displayed
(released). If the new breath cycle variance still deviates
from the predetermined limits, then the respiratory rate
average and the breath cycle variance are recalculated by
adding the next measurement of the breath cycle variance to
the calculations. The variance is calculated according to the
time period of the last 30 seconds. If after a time period of
120 seconds, the breath cycle variance still deviates from
predetermined limits, the respiratory rate average is dis-
played (released) and the measurements may continue
according to the last settings, or a new set of measurements/
calculations may start.

According to some embodiments, the breath related value
may be the breath cycle period standard deviation. The
standard deviation may be calculated as the square root of
the breath cycle variance.

According to some exemplary embodiments, the respira-
tory rate may be measured over a time period in the range
of 15-120 seconds. The breath related value may be obtained
from measurements taken in parallel with the respiratory
rate. For example, the breath related value may be the breath
cycle period standard deviation. If the breath cycle standard
deviation is below a given value, the new respiratory rate is
provided as the average over the predetermined time period.
If the breath cycle standard deviation (obtained from mea-
surements taken in parallel with the breath rate measure-
ments) starts to increase, the time period for calculating the
breath rate is increased accordingly.
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According to some preferred embodiments, the respira-
tory rate may be measured over a time period of 30 seconds.
The breath related value may be the breath cycle standard
deviation, and it may be measured over a time period of 30
seconds, in parallel with the respiratory rate. If the breath
cycle standard deviation is below a given value of 1.5, then
the new respiratory rate is provided as the average over the
30 second time period. If the breath cycle standard devia-
tion, obtained in parallel with the breath rate, starts to
increase, then the period for calculating the breath rate is
increased accordingly, for example to a time period of 60
seconds.

According to some exemplary embodiments, if the respi-
ratory rate is the breath related parameter being monitored,
any number of seconds in the range of 15-120 may be
defined for calculating the respiratory rate. The breath
related value may be obtained from measurements taken
over a time period of 5 to 120 seconds before the respiratory
rate is being measured. For example, the breath related value
may be the breath cycle standard deviation. If the breath
cycle standard deviation is below a given value, then the
new respiratory rate is provided as the average over the
predetermined time period. If the breath cycle standard
deviation (that is obtained from measurements taken over a
time period preceding the measurement of the respiratory
rate) starts to increase, then the period for calculating the
respiratory rate is increased accordingly.

According to some preferred embodiments, the respira-
tory rate may be measured over a time period of 30 seconds.
The breath related value may be the breath cycle standard
deviation and it may be obtained from measurements taken
over a time period of 30 seconds, prior to the measurements
of the respiratory rate. If the breath cycle standard deviation
is below a given value of 1.5, then the new respiratory rate
is provided as the average over the 30 second time period.
If the breath cycle standard deviation, (obtained from mea-
surements taken over a time period preceding the measure-
ment of the respiratory rate) increases, then the period for
calculating the breath rate is increased accordingly, for
example to a time period of 60 seconds.

According to some embodiments, if the respiratory rate is
the breath related parameter being monitored, any number of
seconds in the range of 15-120 seconds may be used for
calculating the average respiratory rate. The breath related
value may be measured/calculated in parallel with the respi-
ratory rate in a time period in the range of 15-120 seconds,
or over any time period prior to measurement of the respi-
ratory rate. For example, the breath related value may be the
breath cycle standard deviation. If the breath cycle standard
deviation deviates from predetermined limits, the average
value of the respiratory rate is not displayed (released) and
data continues to be collected from the next breath cycles.
The new data collected may now be part of the new
measurements/calculations of the breath cycle standard
deviation. If the new breath cycle standard deviation value
still deviates from predetermined limits, the new average of
the respiratory rate is not displayed (released) and the data
continues to be collected and be part of new measurements/
calculations of the breath cycle standard deviation. If within
a predetermined time period of X, the breath cycle standard
deviation still deviates from predetermined limits, the aver-
age value of the respiratory rate is displayed (released) and
the measurements may continue according to the last set-
tings, or a new set of measurements/calculations may start.
The predetermined limits and ranges may be chosen by the
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user, or may be set as a function of other breath related
parameters and/or values. X may be any time period of
between 15-120 seconds.

According to some exemplary embodiments, the respira-
tory rate may be measured over a time period in the range
of 30 seconds. The breath cycle standard deviation may be
obtained from measurements taken in parallel with the
respiratory rate. If the breath cycle standard deviation is
below a given value of, for example, 1.5, then the new
respiratory rate is provided as the average over the 30 second
time period. If the breath cycle standard deviation starts to
increase, then the respiratory rate average and the breath
cycle standard deviation are recalculated by adding the
measurements/calculations of the breath cycle standard
deviation of the next breath cycle to the calculations. If the
new breath cycle standard deviation thus obtained is within
the predetermined limits of below 1.5, the new respiratory
rate average is displayed (released). If the new breath cycle
standard deviation still deviates from the predetermined
limits. then the respiratory rate average and the breath cycle
standard deviation are recalculated by adding the next
measurement of the breath cycle standard deviation to the
calculations. If, after a time period of 120 seconds, the
breath cycle standard deviation still deviates from predeter-
mined limits, the respiratory rate average is displayed (re-
leased) and the measurements may continue according to the
last settings, or a new set of measurements/calculations may
start.

According to some embodiments, the breath related value
may be the breath cycle dispersion, also referred to herein as
the variability index. The breath cycle dispersion may be
calculated by dividing the breath cycle variance by the
breath cycles mean, as measured over the predetermined
period of time or predetermined number of breaths. Alter-
nately, the breath cycle dispersion may be calculated by
dividing the breath cycle standard deviation by the breath
cycles mean, as measured over the predetermined period of
time or predetermined number of breaths.

According to some exemplary embodiments, the respira-
tory rate may be measured over a time period in the range
of 15-120 seconds. The breath related value may be obtained
from measurements taken in parallel with the respiratory
rate. For example, the breath related value may be the breath
cycle dispersion. If the breath cycle dispersion is below a
given value, then the new respiratory rate is provided as the
average over the predetermined time period. If the breath
cycle dispersion, (obtained from measurements taken in
parallel with respiratory rate) starts to increase, then the
period for calculating the breath rate is increased accord-
ingly. For example, the respiratory rate may be measured
over a time period of 30 seconds. The breath related value
may be the breath cycle dispersion, and it may be obtained
from measurements taken over a time period of 30 seconds,
in parallel with the respiratory rate. If the breath cycle
dispersion, calculated by using the breath cycle variance, is
below a given value of 25%, then the new respiratory rate is
provided as the average over the 30 second time period. If
the breath cycle dispersion, calculated by using the breath
cycle standard deviation is below a given value of 15%, then
the new respiratory rate is provided as the average over the
30 second time period. If the breath cycle dispersion,
(obtained from measurements taken in parallel with the
respiratory rate), starts to increase, then the period for
calculating the breath rate is increased accordingly, for
example to a time period of 60 seconds.

According to some exemplary embodiments, if the respi-
ratory rate is the breath related parameter being monitored,
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any number of seconds in the range of 15-120 seconds may
be used for calculating the average respiratory rate. The
breath related value may be obtained from measurements
taken over a time period of 5 to 120 seconds before the
respiratory rate is being measured. For example, the breath
related value may be the breath cycle dispersion. If the
breath cycle dispersion, calculated by using the breath cycle
variance, is below a given value of 25%, then the new
respiratory rate is provided as the average over the 30 second
time period. If the breath cycle dispersion, calculated by
using the breath cycle standard deviation, is below a given
value of 15%, then the new respiratory rate is provided as the
average over the 30 second time period. If the breath cycle
dispersion (that is obtained from measurements taken over a
time period preceding the measurement of the respiratory
rate) starts to increase, then the period for calculating the
respiratory rate is increased accordingly. For example, the
respiratory rate may be measured over a time period of 30
seconds. The breath related value may be the breath cycle
dispersion, and it may be obtained from measurements taken
over a time period of 30 seconds, prior to measurements of
the respiratory rate. If the breath cycle dispersion, calculated
by using the breath cycle variance is below a given value of
25%, then the new respiratory rate is provided as the average
over the 30 second time period. If the breath cycle disper-
sion, calculated by using the breath cycle standard deviation
is below a given value of 15%, then the new respiratory rate
is provided as the average over the 30 second time period.
If the breath cycle dispersion (that is obtained from mea-
surements taken over a time period preceding the measure-
ment of the respiratory rate) increases, then the period for
calculating the breath rate is increased accordingly, for
example to a time period of 60 seconds.

According to some embodiments, if the respiratory rate is
the breath related parameter being monitored, any number of
seconds in the range of 15-120 seconds may be used for
calculating the average respiratory rate. The breath related
value may be measured/calculated in parallel with the respi-
ratory rate in a time period in the range of 15-120 seconds
or over any time period prior to measurement of the respi-
ratory rate. For example, the breath related value may be the
breath cycle dispersion. If the breath cycle dispersion devi-
ates from predetermined limits, the average value of the
respiratory rate is not displayed, and data continues to be
collected from the next breath cycles. The new data col-
lected may now be part of the new measurements/calcula-
tions of the breath cycle dispersion. If the new breath cycle
dispersion value still deviates from predetermined limits, the
new average of the respiratory rate is not displayed (re-
leased) and the data continues to be collected and to be part
of new measurements/calculations of the breath cycle dis-
persion. If within a predetermined time period of X, the
breath cycle dispersion still deviates from predetermined
limits, the average value of the respiratory rate is displayed
(released) and a new set of measurements/calculations may
commence. The predetermined limits and ranges may, be
chosen by the user, or may be set as a function of other
breath related parameters and/or values. X may be any time
period of between 15-120 seconds.

According to some exemplary embodiments, the respira-
tory rate may be measured over a time period in the range
of 30 seconds. The breath cycle dispersion may be obtained
from measurements taken in parallel with the respiratory
rate. If the breath cycle dispersion is below a given value of,
for example, 25% (if calculated by using the breath cycle
variance) or 15% (if calculated by using the breath cycle
standard deviation), then the new respiratory rate is provided
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as the average over the second time period. If the breath
cycle dispersion starts to increase, then the respiratory rate
average and the breath dispersion are recalculated by adding
the measurements/calculations of the breath cycle dispersion
of the next breath cycle to the calculations. If the new breath
cycle dispersion thus obtained is within the predetermined
limits of below 25% (if calculated by using the breath cycle
variance) or 15% (if calculated by using the breath cycle
standard deviation), the new respiratory rate average is
displayed (released). If the new breath cycle dispersion still
deviates from the predetermined limits, then the respiratory
rate average and the breath cycle dispersion are recalculated
by adding the next measurement of the breath cycle disper-
sion to the calculations. If, after a time period of 120
seconds, the breath cycle dispersion still deviates from
predetermined limits, the respiratory rate average is dis-
played (released) and a new set of measurements/calcula-
tions commences.

Reference is now made to FIG. 2, which illustrates a flow
chart diagram of a method for averaging a breath related
parameter, according to some exemplary embodiments. As
shown in FIG. 2, first step 102 includes detecting a new
breath cycle period. Detecting the breath cycle period may
be performed in various ways, such as, for example, based
on the breath cycle waveform and the given change of CO,
for a given period; based on more sophisticated decision
processes to determine in retrospect, when a breath cycle
starts and ends; and the like, or any combination thereof.
After detecting the breath cycle time period, in step 103, the
variability index of the last, for example, 5 (or any other
number, in the range of 2-20) breath cycle periods may also
be calculated. Each time a new breath cycle period is
entered, (as performed in step 102), the oldest breath cycle
period (the breath cycle period that was n,,+1 (in this
example, 6) cycles back), is dropped from the calculations,
but remains stored in the memory so it may later be used
only if in step 103 the variability index (VI) is higher than
the predefined threshold, as detailed below. According to
some embodiments, the variability index may be a measure
of the dispersion and may be calculated by measuring the
standard deviation of the breath cycle period and dividing by
the mean of the breath cycle periods (for example: (Sdev/p
or V(Ex-wA/MN)Yw). Next, as shown in step 104, the
average respiratory rate may be calculated. After every new,
detected breath cycle, a new respiratory rate is calculated
based on the average of the last n,,,,, breath cycle periods. n
is the number which defines how many of the last detected
breath cycles are used to calculate the average, and it may
range from n ., which is the lowest value of n, ton__,
which is the highest value of n. According to some exem-
plary embodiments presented in FIG. 2, n,,;,1s 5 and n,,_ is
12. In the next step, 108, the calculated variability index (VI)
is compared to a predetermined threshold. For example, the
threshold may be is predefined/predetermined as a high
variability index. This value may be determined, for
example, at about 30%. If the calculated variability index is
below the threshold, the average respiratory rate calculated
in step 104 is displayed. In addition, the next breath cycle
period may be detected and the calculations may proceed by
returning to step 103. As long as the new, updated variability
index obtained in step 103 is lower then the threshold (as
performed in step 108), the detection of the next breath cycle
and calculations may continue by returning to step 104. If,
however, the variability index is higher than the threshold
(for example, above 30%), as shown in step 110, the average
respiratory rate is calculated and displayed based on the last
n+1 measurements, wherein now n=n+1, and the next breath
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cycle period is detected. For example, if, after step 103, the
variability index is higher than 30%, the average may then
be calculated based on the last n+1 (in this example last 6)
breath cycle measurements (by using the breath cycle that is
stored in the memory and was dropped when detecting the
new breath cycle in stage 102). In step 112, the next breath
cycle is detected and the variability index is calculated as
above, based on the last 5 breath cycle periods. If the
calculated variability index is lower than the threshold (such
as below 30%), the calculations may proceed by returning to
step 104. As shown in step 116, if the variability index is
higher than the predetermined threshold (such as, for
example, higher than 30%), and as long as n is lower than
n,,,. (for example, 12), step 110 is returned. If n equals
(for example, 12), the variability index is higher than the
predetermined threshold (such as, for example, higher than
30%), as in step 118, the average respiratory rate is calcu-
lated based on n,,,. and displayed, and step 112 is returned.
In addition, various algorithms and mathematical filters,
either known today or to be developed in the future may also
be implemented in the method, in any of the steps described
above herein.

Reference is now made to FIG. 3, which illustrates
exemplary graphs of breath cycle measurements that may be
used in the method for averaging a breath related parameter.
Shown in FIG. 3A is a graph, which illustrates expired CO,
Vol (%, y-axis) over time (t, (seconds), x-axis) of a normal,
typical breathing. As shown in the graph, over a time period
of 30 seconds, 5 breath cycles (numbered as BC1, BC2,
BC3, BC4 and BC5) are detected. As shown, the measured
breath cycles are not identical and vary in various param-
eters, such as, for example: waveform patterns of the various
breath cycles, level of the expired CO, (intensity level),
slopes of various stages of the breath cycles, length of the
various breath cycles, and the like. In the example illustrated
in FIG. 3A, the calculated respiratory rate is 10 breath per
minute (BPM). Shown in FIG. 3B is a graph, which illus-
trates expired CO, Vol (%, y-axis) over time (t, (seconds),
x-axis). As shown in the graph, over a time period of 30
seconds, 5 breath cycles (numbered as BC1, BC12, BC13,
BC14 and BC15) are detected. As shown in the graphs, the
five breath cycles are similar; the time period of each breath
cycle is 6 seconds and hence the average time period of the
breath cycle is 6 seconds. The calculated level of dispersion,
which may calculated according to the formula detailed
above herein (Sdev/p), over the last detected 5 breath cycles
is 0%. Therefore, since the dispersion level is low (below a
threshold, of, for example, 30%) the averaging time may
remain unchanged and stay at, for example, a minimum time
period of 30 seconds. Shown in FIG. 3C is a graph, which
illustrates expired CO, Vol (%, y-axis) over time (t, (sec-
onds), x-axis). As shown in the graph, over a time period of
30 seconds, 5 breath cycles (numbered as BC21, BC22,
BC23, BC24 and BC25) are detected. As shown in the
exemplary graphs, the five breath cycles are not identical
and the time period of breath cycles is 10, 6, 4, 2, 8, seconds,
respectively. The average time period of BC20, BC21,
BC22, BC23 and BC24 breath cycle is 6 seconds. The
calculated level of dispersion, which may be calculated
according to the formula detailed above herein (Sdev/p),
over the last detected 5 breath cycles is 20%. Therefore,
since the dispersion level is low (below a threshold, of, for
example, 30%) the averaging time may remain unchanged
and stay at, for example 30 seconds. Shown in FIG. 3D is a
graph, which illustrates expired CO, Vol (%, y-axis) over
time (t, (seconds), x-axis). As shown in the graph, over a
time period of 30 seconds, 6 breath cycles (numbered as
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BC31, BC32, BC33, BC34, BC35 and BC36) are detected.
The breath cycles are not identical and vary in various ways,
such as, for example, the waveform pattern of the various
breath cycles, the intensity levels, length of the breath
cycles, and the like. For example, regarding the length
period of the breath cycles, the measured length period of
BC30, BC31, BC32, BC33, BC34 and BC35 breath cycles
are 5, 9,3, 4, 5 and 12 seconds, respectively. The calculated
level of dispersion, which may be calculated according to
the formula detailed above herein (Sdev/p), over the last
detected 5 breath cycles is 55%. Thereof, since the disper-
sion level is high (above a threshold, of, for example, 30%)
the averaging time may be increased to, for example 60
seconds.

According to some embodiments, the breath related
parameter may include the CO, waveform pattern. CO,
waveforms, such as the exemplary waveforms depicted in
FIG. 1 may display various patterns under various physical
conditions. Moreover, various parts/regions of the waveform
(for example, stages 1, 11, IT1, IV in FIG. 1) may be indicative
of a physiological condition. The CO, waveform pattern
may include various characteristics, such as, for example,
the slopes of the various stages of the changes of CO, levels,
the integral area defined by the various stages, the amplitude
(intensity level) of the CO, levels in various stages of the
CO, levels, and the like, or any combination thereof, that
may be measured and averaged over time, to create an
average pattern. The average pattern may further be used as
the breath related parameter, and the breath related value
may include, for example, but not limited to, the variance of
the CO, waveform pattern, the standard deviation of the CO,
waveform pattern, the dispersion of the CO, waveform
pattern, and the like, or any combination thereof.

According to some embodiments, the breath related
parameter may include a pulmonary index. The pulmonary
index may include an index, which may be indicative of the
physical condition of the patient, with regard to the pulmo-
nary and/or cardiac and/or respiratory condition. The pul-
monary index may be an integrated value that may be
computed based on an average of an output of at least one
sensor, wherein the sensors may include, such sensors as a
capnograph, pulse oximeter, heart rate monitor, or any
combination thereof that may be used to sense/measure
various parameters, such as, for example, respiration rate,
EtCO,, SpO,, heart rate, or any combination thereof. The
pulmonary index value significance may be determined by
correlating the output value of the sensor and the ordinary
level of a medical condition. For example, an increase in the
index value may be indicative of an improvement in the
patient’s condition, and a decrease in the index value may be
indicative of a deterioration of a patient’s condition. Hence,
according to some embodiments, the pulmonary index may
be used as the breath related parameter. The pulmonary
index may be averaged over time, and the breath related
values may include, for example, but not limited to, the
variance of the pulmonary index value, the standard devia-
tion of the pulmonary index value, the pulmonary index
value, the variance of the breath cycle, and the like, or any
combination thereof.

According to some embodiments, there is further pro-
vided a method for measuring a breath related parameter,
such as but not limited to, respiratory rate, the method
includes measuring the breath related parameter over a first
period of time, wherein the result of the measurement is
averaged over the first period of time; and predicting an
average result of the breath related parameter that would be
obtained if the breath related parameter was measured over
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a second period of time, wherein, for example, the first
period of time is shorter than the second period of time.

As mentioned above, if the averaging over a longer period
of time can indicate and verify how real a medical event
truly is, there may be other parameters, that if measured may
predict in a far shorter period what the average would reach
if left to average over a longer time period. Hence it may be
possible to predict within, for example, 30 seconds with a
high degree of accuracy what the average will be after being
measured for two minutes. One such measure is the measure
of stability.

The methods referred to herein may also include setting
off an alarm if the average value is above or below a
predefined (and optionally adjustable) threshold.

According to some embodiments, the limit ranges of the
breath related parameters, such as, for example, the respi-
ratory rate, may be adjusted to fit the individual breath
characteristics of the patient being monitored. For example,
for newborns, the lower BPM threshold limits may be below
40. For infants, the lower threshold limits may be below 30.
For preschool children the lower BPM threshold limits may
be below 15. For children the lower BPM threshold limits
may be below 10. For adults the lower BPM threshold limits
may be below 4.

According to some embodiments, the methods referred to
herein may include a capnographic method for measuring
breath related parameters such as, but not limited to respi-
ratory rate, CO, concentration in the ventilated breath,
EtCO,, and the like, or any combination thereof. The
capnographic method may also be used to obtain breath
related values, such as, but not limited to characteristics of
individual breath cycle, for example: breath cycle standard
deviation, breath cycle variance, breath cycle dispersion,
waveform shape, slopes, area, waveform pattern, respiration
rate, or any combination thereof.

Device

Breath monitoring devices, such as a capnograph, are
generally used to monitor, in real-time, CO, concentration in
a subject’s ventilation and hence, among other things, to
track respiratory rate.

There is provided, according to some embodiments, a
capnography device including a sampler, adapted to measure
a breath related parameter (such as respiratory rate) over a
predetermined period of time, and a processor adapted to
average the result of the measurement over the predeter-
mined period of time.

According to some embodiments, there is further pro-
vided a capnography device including a sampler adapted to
measure a breath related parameter over a predetermined
period of time, a processor adapted to average the result of
the measurement over the predetermined period of time, and
a controller adapted to change the period of time according
to the result of the measurement of the breath related
parameter.

According to some embodiments, there is further pro-
vided a capnography device, including a sampler adapted to
measure a breath related parameter over a predetermined
period of time, a processor adapted to average the result of
the measurement over the predetermined period of time, and
a controller adapted to change the period of time according
to the result of the measurement of the breath related
parameter.

The device may be further equipped with an alert setting
that may be programmed to set off an alarm when a
threshold limit of various measured parameters is reached.
The threshold limit may include a range of values. In
addition, the device may be further equipped with analyzers
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and controllers used to automatically analyze and calculate,
in real-time various parameters, based upon measurements
and data input. The parameters may include for example
respiratory rate, averaging time, alarm threshold limits,
breath cycles related parameters, measurements time, or any
combination thereof. The device may use any of the methods
described above for the various calculations.

According to some embodiments, the period used by the
device for measurements/calculations may be a time period
(such as for example, number of seconds) or a time period
determined by number of occurrences of events, such as for
example, number of breath cycles.

According to some exemplary embodiments, the device
may calculate in real-time, respiratory rate by measuring the
number of breaths over any time period in the length of
between 15 seconds up to 2 minutes and the BPM would
then be averaged accordingly. The average BPM may be
calculated by multiplying or dividing the measurements by
the measured time period, so that the rate would display
breath numbers per minute. The time period may be deter-
mined by the user or may be automatically set by the device,
according to measurements and data input. For example, the
device may calculate respiratory rate by measuring the
number of breaths over 30 seconds, and the average BPM
would then be calculated by multiplying the number of
measured breaths by 2, so that the number of breaths per
minute is obtained. For example, the device may calculate
respiratory rate by measuring the number of breaths over a
time period of 120 seconds, and the average BPM would
then be calculated by multiplying the number of measured
breaths by 0.5, so that the number of breaths per minute is
obtained.

According to some embodiments, the device may be
further equipped with an analyzer that may utilize a more
sophisticated and complex algorithms used to calculate, in
real time, the average respiratory rate. The algorithm used by
the analyzer is such that the averaged breath related param-
eter is not calculated as a simple average, but rather different
levels of weighting may be given to various parameter
characteristics (such as temporal characteristics) during the
measurements. For example, in determining the averaged
BPM, different levels of weighting are given to different
breaths during the measurements, such as for example; the
last N numbers of breaths are given different levels of
weighting when average is calculated. N may be any number
of between 2 to 18.

According to some embodiments, the device analyzer
may utilize an algorithm that may be used to calculate the
average BPM by measuring number of breaths over a time
period in the range of from about 15 seconds to 2 minutes,
wherein the last N number of breaths is given a higher level
of weighting when the average is calculated. N may be any
number of breaths in the range of from 2 to 18. For example,
the device analyzer may utilize an algorithm that may be
used to calculate the average BPM by measuring the number
of breaths over a time period of 120 seconds, wherein the
last 3 breaths are given a higher level of weighting when the
average is calculated.

According to some embodiments, the device analyzer
may utilize an algorithm that may be used to calculate the
average BPM by measuring number of breaths over a time
period in the range of from about 15 seconds to 2 minutes,
wherein the first N number of breaths is given a higher level
of weighting when the average is calculated. N may be any
number of breaths in the range of from 2 to 18. For example,
the device analyzer may utilize an algorithm that may be
used to calculate the average BPM by measuring breath

20

25

40

45

60

65

28

number over a time period of 120 seconds, wherein the first
3 breaths are given a higher level of weighting when the
average is calculated.

According to some embodiments, the device analyzer
may utilize an algorithm that may be used to calculate the
average BPM by measuring number of breaths over a time
period in the range of from about 15 seconds to 2 minutes,
wherein the first N number of breaths and the last N number
of breaths are given a higher level of weighting when the
average is calculated. N may be any number of breaths in the
range of from 2 to 18. For example, the device analyzer may
utilize an algorithm that may be used to calculate the average
BPM by measuring number of breaths over a time period of
120 seconds, wherein the first 3 breaths and the last 3 breaths
are given a higher level of weighting when the average is
calculated.

According to some embodiments, the device analyzer
may utilize an algorithm that may be used to calculate the
average BPM by measuring number of breaths over a time
period in the range of from about 15 seconds to 2 minutes,
wherein the N number of breaths that are between the first
N1 breaths and the last N2 breaths are given a higher level
of weighting when the average is calculated. N may be any
number of breaths in the range of from 2 to 17. N1 and N2
may be any number of breaths in the range of from 1 to 18.
For example, the device analyzer may utilize an algorithm
that may be used to calculate the average BPM by measuring
number of breaths over a time period of 120 seconds,
wherein the breaths that are between the first 2 breaths and
the last 2 breaths are given a higher level of weighting when
the average is calculated.

According to some embodiments, the device analyzer
may utilize an algorithm that may be used to calculate the
average BPM by measuring number of breaths over a time
period in the range of from about 15 seconds to 2 minutes.
If the measured breath rate is higher than Y1, the last N
number of breaths are given a higher level of weighting. If
the measured breath rate is lower than Y2, the first N number
of breaths are given a higher level of weighting when the
average is calculated. N may be any number of breaths in the
range of from 2 to 18. Y1 may be any number higher than
10. Y2 may be any number lower than 10. For example, the
device analyzer may utilize an algorithm that may be used
to calculate the average BPM by measuring number of
breaths over 120 seconds. If the measured respiratory rate is
higher than 12, the last 3 breaths are given a higher level of
weighting when the average is calculated. If the measured
respiratory rate is lower than 8, the first 3 breaths are given
a higher level of weighting when the average is calculated.

According to other embodiments, the device may further
include a controller that may be adapted to incorporate a
breath related value that may be related to the breath related
parameter being monitored. The breath related value may be
indicative of the reliability, trustworthiness and consistency
of the breath related parameter being measured. The breath
related value may then be used to dictate in real-time the
level of averaging and/or the time period used for calculat-
ing the average of the breath related parameter being moni-
tored. If the breath related value indicates, for example,
inconsistency, then the averaging time, or time period used
for calculating the breath related parameter (such as for
example, respiratory rate) may be increased. On the other
hand if there is strong consistency, the averaging time, or
time period used for calculating the breath related parameter
(such as for example, respiratory rate), may be reduced to a
minimum value.
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According to some embodiments, the breath related value
may be obtained from a direct measurement of breath related
parameters, or may be obtained indirectly from measure-
ments of various breath related parameters. The breath
related value may be analyzed by the device and may
include, for example, values such as standard deviations,
variance, dispersion, slopes, and the like, of the data or any
other measured or calculated parameters that may indicate
consistency and stable trends, or oppositely, indicate incon-
sistency.

According to some embodiments, the device may analyze
the breath related values over a time period in the range of
from 5 seconds to 3 minutes that may be in parallel with the
time period over which the breath related parameter is
measured. The device may analyze the breath related values
that were taken over a time period in the range of from 5
seconds to 3 minutes prior to the measurement of the breath
related parameter. The device may analyze the breath related
values over a time period that is determined according to
number of occurrences of events.

According to further embodiments, the device may be
further equipped with a digital memory that may store the
breath related values taken over a time period of 5 seconds
to 3 minutes (or a time period determined by 2-20 breath
cycles) in parallel with the measurement of the breath
related parameter measurements. For example, the digital
memory may store data regarding such values as breath
cycle slopes, breath cycle standard deviation, breath cycle
variance, and breath cycle dispersion, collected over a time
period that is parallel with the measurement of the respira-
tory rate.

According to further embodiments, the device may be
further equipped with a digital memory that may store the
breath related values taken over a time period of 5 seconds
to 3 minutes (or a time period determined by 2-20 breath
cycles) prior to the measurement of the breath related
parameter. For exaniple, the digital memory may store data
regarding values such as breath cycle slopes, breath cycle
standard deviation, breath cycle variance, and breath cycle
dispersion, collected over a time period of 5 seconds to 3
minutes prior to the measurement of the respiratory rate.

According to further embodiments, the device digital
memory may also be adapted to be updated with new
parameters and to purge older parameters as the measure-
ment progresses over time, so that the device may accom-
modate and analyze new measured data and input variables.

According to further embodiments, the device may
include a controller that may be adapted to intermittently
calculate breath related parameters and values based on data
stored in the digital memory. The controller may further be
adapted to calculate an adaptive time window, wherein the
breath related value may be used to control the extent of
averaging, and/or the time period for calculation of the
breath related parameter being monitored. Hence, the device
may automatically determine the averaging time or the time
period needed for calculation of the breath related parameter
being monitored, by continuously analyzing the measured
data and variables, such as the breath related values. This
way, the number of non-clinically significant alarms may be
considerably reduced without the need to “artificially”
increase averaging periods or provide more extreme alarm
limits, which may waste valuable time before a health care
provider will react to the event.

According to some embodiments, the device controller
may be further adapted to determine how close the breath
related parameter is to the defined alarm limits, and so when
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the breath related parameter being measured is reaching
close to the limits, averaging time may be changed accord-
ingly.

According to some exemplary embodiments, if the respi-
ratory rate is the breath related parameter being monitored,
any number of seconds in the range of 15-120 seconds may
be used for calculating the average respiratory rate. The
breath related value may be obtained from measurements
taken in parallel with the measurement of the respiratory
rate, over a time period of 15-120 seconds. Alternatively, the
breath related value may be obtained from measurements
taken over any number of seconds in the range of 5-360,
prior to the measurements of the respiratory rate. If the
breath related value deviates from predetermined limits,
then the period for calculating the breath rate is changed
accordingly to accommodate the new condition.

According to some exemplary embodiments, if the respi-
ratory rate is the breath related parameter being monitored,
any time period that is determined by number of breath
cycles in the range of 2-20 may be used for calculating the
average respiratory rate. The breath related value may be
obtained from measurements taken in parallel with the
measurement of the respiratory rate. Alternatively, the breath
related value may be obtained from measurements taken
over any time period determined by the number of breath
cycles in the range of 2-20, prior to the measurements of the
respiratory rate. If the breath related value deviates from
predetermined limits then the period for calculating the
breath rate is changed accordingly to accommodate the new
condition.

According to some embodiments, the device may be
programmed to set off an alarm when the respiratory rate,
calculated by any of the method described is outside the
ranges of predetermined threshold limit. The alarm thresh-
old limits may be determined by the user or may also be
automatically determined by the device, according to the
data measurements and the variables input. The threshold
limits may also be determined according to individual breath
characteristic of the patient being monitored, such as for
example: newborns (lower threshold limit of below 40
BPM), infants (lower threshold limit of below 30 BPM),
preschool children (lower threshold limit of below 15 BPM),
children (lower threshold limits, of below 10 BPM). For
adults, the alarm lower threshold limits may be any number
in the range of 4 t0 20 BPM, and when the respiratory rate
is lower than the threshold limit, an alarm may be set off.

According to some exemplary preferred embodiments,
the threshold may be determined at 6 BPM. The threshold
may be 8 BPM; the threshold may be 10 BPM; the threshold
may be 12 BPM.

According to some embodiments, the device may further
include a monitor displaying the breath related parameters
being measured, as well as the breath related values accord-
ing to which the averaging time and alarm limits are
calculated and determined. The monitor may further display
any parameter useful for the health care provider in tracking
the patient’s breath and medical condition. Such parameters
may include, for example, alarm threshold limits, breath-
averaging time, period length (time/number of breaths) over
which the average was determined, which breaths were
weighted during the measurements period and the average
determination. The displaying monitor of the device may be
integrally formed with the device. The displaying monitor be
may functionally connected to the device. The visual display
may be presented in the form of a graphic presentation,
numerical presentation or any combination thereof. Such a
visual display is important for the health care provider to



US 9,974,465 B2

31

track the averaging time, alarm limits and measured param-
eters that were used for the calculation, so that the level of
reliability/consistency of the real-time measurements may
be assessed.

While a number of exemplary aspects and embodiments

have been discussed above, those of skill in the art will
recognize certain modifications, permutations, additions and
sub-combinations thereof. It is therefore intended that the

following appended claims and claims hereafter introduced

be interpreted to include all such modifications, permuta-
tions, additions and sub-combinations as are within their
true spirit and scope.

EXAMPLES 15

Example 1

Several clinical trials performed on several hundreds of 20

patients in a pain management environment have clearly

shown the reality that increasing averaging time reduces
false (non-clinically significant) alarms. This is also proven
for reducing alarm thresholds (for low limit alarms and vice

versa for high limit alarms). However, increasing averaging 25
times and said periods, together with reduced alarm limits,
may save annoying false alarms but promotes late reactions
to important events. Table 1 summarizes test results from
such a study:
30
TABLE 1
Number of non-clinically significant alarms as a function of
alarm threshold limit and averaging time.
Average time 33
(sec.)
Alarm Limit (BPM) 30 60 90 120
6 121 39 18 9
8 325 1356 74 41 40
10 531 301 172 122
12 848 470 260 188
45
Example 2

Several clinical trials performed on several hundreds of
patients in sleep labs have clearly shown the reality that
increasing averaging time reduces false (non-clinically sig-

50
nificant) alarms. This is also proven for reducing alarm
thresholds (for low limit alarms and vice versa for high limit
alarms). Table 2 summarizes test results from such a study:

TABLE 2 55
Number of non-clinically significant alarms as a function
of alarm threshold limit and averaging time.
Average time

(sec.) 60

Alarm Limit (BPM) 30 60 90 120

6 684 254 155 105

8 1186 572 318 208

10 1821 921 518 —
12 2852 1627 938 — 65
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Example 3

Sample Calculations of Breath Related Values

3.1. Calculation of Breath Cycle Variance and Breath Cycle
Dispersion:

Respiratory rate is measured over a time period of 30
seconds. During the 30 seconds, three breath cycles are
measured and timed as 12, 8 and 10 seconds long. According
to the formula described above herein, the variance will
equal:

02=(S (-2 N=((12-10)%+(8-102+(10-10)2)/
3=2.666.

(Since this is the entire population, the formula used is
slightly different from that used when having only a sample).
In order to obtain the dispersion value according to these
calculations, the variance is divided by the mean, that is
0*=2.666/10=26.6%. The 26.6% may now be used as a
level of dispersion for that group of breath cycles measured.
A high value will define high dispersion. For example, if we
predefine that we only display a new, updated value of the
respiratory rate when the dispersion is lower than 25%, in
this example, the result is outside the range; hence we have
to continue gathering more data:

If, for example, the next cycle is 11 seconds, then: The
new calculated variance value is: o”=(Z(x—1)*)/N=((12-
10.25Y%+(8-10.25)*+(10-10.25)*+(11-10.25)/4=2.187, and
the dispersion is o*/u=2.187/10.25=21.3%. (The mean
changed to 10.25 after the fourth cycle is included in the
calculations). Since the result, 21.3%, is lower than the
predetermined limit of 25%, the new, updated respiratory
rate value: 10.25/60=5.8 BPM (or rounded as 6 BPM) is
displayed.

3.2. Calculation of Breath Cycle Standard Deviation and
Breath Cycle Dispersion:

Respiratory rate is measured over a time period of 30
seconds. During the 30 seconds, three breath cycles are
measured and timed as 12, 8 and 10 seconds long. According
to the formula described above herein, the variance will
equal: P =(Z(x-W?)N=((12-10y*+(8-10)*+(10-10)*)/3=
2.666 and the standard deviation (Sdev.) will thus equal the
Square Root of o® (v2.666)=1.632. The dispersion value
according to this calculation is: Sdev/u=1.632/10=16.3%.
The 16.3% may now be used as a level of dispersion for that
group of breath cycles measured. A high value will define
high dispersion. For example, if we predefine that we only
display a new, updated value of the respiratory rate when the
dispersion is lower than 15%, in this example, the result is
outside the range; hence we have to continue gathering more
data:

If, for example, the next cycle is 11 seconds, then: the
new calculated variance value is: “*=(Z(x—1)?)/N=((12-
10.25)+(8-10.25)*+(10-10.25)*+(11-10.25)/4=2.187; the
standard deviation would be: Sdev.=Square Root of
0’(V2.187)=1.47; and the dispersion would be: Sdev/
1=1.47/10.25=14.4%. Since the result, 14.4%, is lower than
the predetermined limit of 15%, the new, updated respiratory
rate value: 10.25/60=5.8 BPM (or rounded as 6 BPM) is
displayed.

What we claim is:

1. A medical monitoring device for dynamically deter-
mining a breath related parameter, the medical monitoring
device comprising:

a medical sensor configured to measure the breath related

parameter of a patient and generate a plurality of data
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during breath cycles of the patient over time, wherein

the medical sensor comprises a CO, sensor;

processor communicatively coupled to the medical

sensor and configured to:

repeatedly receive the plurality of data measured during
the breath cycles from the medical sensor; and

for each new breath cycle received:

average the plurality of data measured during n number
of the breath cycles over time to determine an
average breath related parameter; wherein the aver-
age breath related parameter is a weighted average of
the plurality of data measured during the breath
cycles over time, and wherein n is at least 2;

determine a breath related value associated with the
plurality of data measured for the n number of the
breath cycles over time, wherein the breath related
value is indicative of the reliability of the plurality of
data measured, and wherein the breath related value
1s a variance, standard deviation, or variability index
for the plurality of data measured,

compare the breath related value to a predetermined
breath related value threshold wherein the processer
adjusts a time period to n+1 number of the breath
cycles and re-averages the breath related parameter
based on data measured for n+1 number of the breath
cycles over time in response to the breath related
value being above the predetermined breath related
value threshold, wherein the n+1 breath cycles cor-
respond to the last n+1 breath cycles of the breath
cycles associated with the updated average breath
related parameter, and
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wherein the processer does not adjust the time period of
the breath cycles and displays the average breath
related parameter determined during the n number of
the breath cycles over time in response to the breath
related value being below the predetermined breath
related value threshold, and wherein the average
breath related parameter is determined using the last
n number of breath cycles of the breath cycles
associated with the plurality of data measured over
time; and

output an alarm associated with a medical condition of
the patient in response to the average breath related
parameter being outside a range of first predeter-
mined alarm threshold.

2. The device according to claim 1, further comprising a
sampler adapted to sample the breath related parameter.

3. The device according to claim 1, wherein the processor
is further adapted to trigger the alarm when the averaged
breath related parameter is at or below a second predeter-
mined alarm threshold.

4. The device according to claim 1, wherein said proces-
sor is further adapted to trigger the alarm when the averaged
breath related parameter is at or above a third predetermined
alarm threshold.

5. The device of claim 1, wherein the breath related
parameter comprises: respiratory rate, CO, waveform,
EtCO,, pulmonary index, or any combination thereof.

6. The device according to claim 1, wherein the medical
monitoring device is a capnograph.

L S S T
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