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RESPIRATORY MONITORING SYSTEM AND
RESPIRATORY MONITORING METHOD

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Korean Patent Application No. 2015-0090518,
filed in the Korean Patent Office on Jun. 25, 2015, the entire
contents of which are incorporated herein by reference.

FIELD

[0002] The present disclosure relates to a respiratory
monitoring technology, and more particularly, to a system
and method for monitoring respiration of a critical patient on
a breathing machine basis.

BACKGROUND

[0003] In general, an urgent critical patient is classified on
a disease type basis and is treated in an intensive care unit.
In every type of the intensive care unit, a respiratory
treatment is regarded as an indispensable important treat-
ment process.

[0004] The respiratory treatment for a critical patient is
necessarily performed on a pathophysiological basis for a
disease that causes an acute respiratory failure. For this
purpose, an arterial blood gas analysis, a pulmonary com-
pliance check, and the like are applied.

[0005] Since a critical patient usually suffers from weak
spontaneous breathing or has a coma, it is necessary to
forcibly induce breathing. Accordingly, it is very important
to continuously monitor a respiratory flow and a respiratory
signal of a critical patient and accurately check a respiratory
status.

[0006] In the case of a patient in cardiac arrest, if artificial
cardiopulmonary resuscitation is taken as soon as cardio-
pulmonary arrest occurs, a survival rate can increase two or
three times. Therefore, an initial emergency treatment deter-
mines convalescence.

[0007] In general, it takes at least 10 minutes or longer
until a rescuer arrives at an accident site depending on an
emergency status. If a long time elapses after ventricular
fibrillation, or a first-aid patient suffers from suffocation
cardiac arrest (asphyxial arrest), the patient may already
have hypoxia. Therefore, it is more important to apply an
artificial respiration amount and an artificial respiration
method suitable for a patient’s status or condition.

[0008] In the respiratory flow measurement techniques
known in the art, a flow detection element is positioned in
the middle of a flow path, and the gas flow is converted into
a pressure or other types of physically measurable variables.
[0009] However, since a critical patient spits secretions
such as saliva or bloody phlegm from time to time, the flow
detection element may be polluted by a high humidity of the
measurement gas or foreign substances, and this may affect
a measurement characteristic. In addition, since the flow
detection element also acts as a resistor to the gas flow, it
may also obstruct respiration of a critical patient having a
very slow respiration rate of 500 mL/sec or lower.

[0010] In order to prevent such an accident, as illustrated
in FIG. 1A, in a respiratory monitoring device (pneumot-
achometer) of the prior art, a respiratory gas flow is com-
puted by arranging a fluid resistor as a flow detection
element having a fine mesh or an array of capillaries in
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parallel with a gas flow path, and a differential pressure is
measured between both ends of the fluid resistor while the
gas flow passes therethrough.

[0011] However, in the pneumotachometer of the prior art,
the flow is obstructed by foreign substances such as moisture
or secretions accumulated in the fluid resistor, and this
generates an unstable measurement result. In addition, since
the fluid resistor naturally hinders a respiratory flow, the
pneumotachometer of the prior art is not suitable for a
critical patient who has weak respirations and is usually
employed for a one-time lung function test.

[0012] As illustrated in FIG. 2B, in the pneumotachometer
of the prior art, a respiratory flow rotates a turbine or a
propeller in the middle of the gas flow path, and the rotation
number thereof is measured to compute the respiratory flow
rate.

[0013] However, the pneumotachometer of the prior art
has poor dynamic characteristics and is not allowed to
perform bidirectional respiration measurement. Further-
more, accumulation of secretions or saliva in a rotational
shaft obstructs rotation of the turbine and degrades accuracy
in the flow measurement. Therefore, it is difficult to use the
pneumotachometer of the prior art for a critical patient who
discharges an amount of secretions.

[0014] As illustrated in FIG. 3C, in another respiratory
monitoring device (hot-wire anemometer) of the prior art,
heat energy lost by a gas flow passing through a hot wire is
measured on the basis of a temperature change to compute
the respiration.

[0015] However, in the hot-wire anemometer of the prior
art, it is necessary to maintain a constant temperature while
an electric current flows as much as the lost heat energy.
Therefore, a device structure becomes complicated and has
a large size. In addition, since it sensitively responds to
secretions or saliva, it is necessary to additionally install a
filter or a heater. Therefore, the hot-wire anemometer of the
prior art is employed in a certain expensive flow sensor
model.

SUMMARY

[0016] In view of the aforementioned problems, it is an
object of the present invention to provide a critical patient
respiratory monitoring system and a method of monitoring
respiration information of a patient in a breathing machine.
[0017] According to an aspect of the present invention,
there 1s provided a respiratory monitoring system including:
a first sensing tube provided in a respiratory flow tube
serving as a flow passage of a breathing machine and
provided with at least a first directional hole opened in a
respiratory flow direction; a second sensing tube provided
with at least a second directional hole corresponding to the
first directional hole and provided in the vicinity of the first
sensing tube; a first sensing element configured to detect a
first dynamic pressure (P,) using a differential pressure
between gas flows from the first and second sensing tubes;
a second sensing element configured to detect a second
dynamic pressure (P,,) using a differential pressure between
gas flows from the first and second sensing tubes, the second
sensing element having sensitivity lower than that of the first
sensing element and a sensing range wider than that of the
first sensing element; and a computation unit configured to
compute patient’s respiration information including a tidal
inspiratory volume and a tidal expiratory volume using the
first and second dynamic pressures, wherein the computa-
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tion unit computes the respiration information using a lower
flow rate (F,) if the lower flow rate (F;) computed from the
first dynamic pressure is smaller than a preset threshold
value, and the computation unit computes the respiration
information using a higher flow rate (F,;) computed from the
second dynamic pressure if the lower flow rate (F;) is
greater than the threshold value.

[0018] According to another aspect of the present inven-
tion, there is provided a respiratory monitoring method
using a respiratory monitoring system having a first sensing
tube provided in a respiratory flow tube serving as a flow
passage of a manual breathing machine and provided with at
least a first directional hole opened in a respiratory flow
direction, a second sensing tube provided with a second
directional hole corresponding to the first direction hole and
provided in the vicinity of the first sensing tube, a first
sensing element configured to detect a first dynamic pressure
(P;) using a differential pressure between gas flows from the
first and second sensing tubes, a second sensing element
configured to detect a second dynamic pressure (P,;) using
a differential pressure between gas flows from the first and
second sensing tubes, the second sensing element having
sensitivity lower than that of the first sensing element and a
sensing range wider than that of the first sensing element,
and a computation unit, the respiratory monitoring method
including: computing patient’s respiration information
including a tidal inspiratory volume and a tidal expiratory
volume using the first and second dynamic pressures,
wherein the respiration information is computed using a
lower flow rate (F;) if the lower flow rate (F;) computed
from the first dynamic pressure is smaller than a preset
threshold value, and the respiration information is computed
using a higher flow rate (F,) computed from the second
dynamic pressure if the lower flow rate (F;) is greater than
the threshold value.

[0019] According to the present invention, it is possible to
provide respiratory information under various respiratory
conditions of a critical patient using a breathing machine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The foregoing and additional features and charac-
teristics of this disclosure will become more apparent from
the following detailed description considered with the ref-
erence to the accompanying drawings, wherein:

[0021] FIGS. 1A, 1B and 1C are diagrams illustrating
respiratory monitoring systems of the prior art;

[0022] FIG. 1D is a diagram for describing a principle of
bidirectional flow measurement according to an embodi-
ment of the invention;

[0023] FIGS. 2A, 2B, 2C, 2D and 2E are diagrams illus-
trating a respiratory monitoring system according to an
embodiment of the invention;

[0024] FIG. 2F is a diagram illustrating a zero-point
correction unit according to an embodiment of the invention;
[0025] FIG. 2G is a graph illustrating a respiratory signal
according to an embodiment of the invention;

[0026] FIGS.2H and 21 are diagrams illustrating a display
unit according to an embodiment of the invention;

[0027] FIG. 2] is a diagram illustrating another exemplary
structure of first and second sensing tubes according to an
embodiment of the invention;

[0028] FIG. 2K is a photograph of the respiratory moni-
toring system according to an embodiment of the invention;
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[0029] FIG. 3A is a flowchart illustrating a respiratory
monitoring method according to an embodiment of the
invention;

[0030] FIGS. 3B and 3C are graphs illustrating respiratory
signals according to an embodiment of the invention;
[0031] FIG. 4A is a graph illustrating a correlation
between a first dynamic pressure and a flow rate according
to an embodiment of the invention;

[0032] FIG. 4B is a graph illustrating a correlation
between a second dynamic pressure and a flow rate accord-
ing to an embodiment of the invention; and

[0033] FIG. 4C is a graph obtained by using an exemplary
characteristic expression of the respiratory signal according
to an embodiment of the invention.

DETAILED DESCRIPTION

[0034] Hereinafter, preferred embodiments of the inven-
tion will be described in detail with reference to the accon-
panying drawings. It is noted that like reference numerals
denote like elements throughout overall drawings. In addi-
tion, descriptions of well-known apparatus and methods
may be omitted so as to not obscure the description of the
representative embodiments, and such methods and appara-
tus are clearly within the scope and spirit of the present
disclosure. The terminology used herein is only for the
purpose of describing particular embodiments and is not
intended to limit the invention. As used herein, the singular
forms “a,” “an,” and “the” may be intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It is further to be noted that, as used herein, the
terms “comprises,” “comprising,” “include,” and “includ-
ing” indicate the presence of stated features, integers, steps,
operations, units, and/or components, but do not preclude
the presence or addition of one or more other features,
integers, steps, operations, units, and/or components, and/or
combination thereof.

[0035] Before description of specific examples of the
present invention, a principle of computing inspiratory and
expiratory volumes using a pitot tube will be described with
reference to FIG. 1D.

[0036] Referring to FIG. 1D, a pitot tube as a small-
diameter cylindrical flow sensing tube is positioned in
parallel with a gas flow, and pressure sensors are connected
to measure a pressure P. The pressure P includes a static
pressure Py intrinsic to the gas flow and a dynamic pressure
P, generated by a motion of the gas flow (P=P,+P;). A
differential pressure P, (=P,~Py) between a pair of pres-
sure sensors of the pitot tube arranged in symmetry is
measured only for the dynamic pressure P, relating to a flow
velocity u because the static pressure Pg 1s compensated
when there is no energy loss between two positions. Here,
“u,” denotes a flow velocity when the gas flows from the left
to the right, and “P,” denotes a pressure when the gas flows
from the left to the right. Similarly, “uz” and “Pz” denote a
flow velocity and a pressure, respectively, when the gas
flows from the right to the left. In addition, the reference
signs of the dynamic pressure P, can also be represented by
using the left or right flow direction (for example, a respi-
ration flow can be classified into expiratory and inspiratory
flows).

[0037] The respiratory flow can be expressed by a time-
dependent rate of change of the volume of the moving gas.
Therefore, assuming that the cross-sectional area A of the
gas flow tube is constant, the flow velocity u is proportional
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to a respiratory flow rate F. Accordingly, the respiratory flow
rate F can be obtained by measuring the dynamic pressure
P,.

F= d_V —A-u [Formula 1]
dr
[0038] By integrating the respiratory flow rate F using the

following Formula 2, it is possible to obtain patient’s tidal
inspiratory and expiratory volumes. Based on this principle,
according to the present invention, a patient’s tidal inspira-
tory volume [mL] is computed by integrating the respiratory
flow rate during an inspiratory period, and a patient’s tidal
expiratory volume [mL] is computed by integrating the
respiratory flow rate during an expiratory period.

V(y=JF(£)dr [mL]

[0039] The preferred embodiments of the present inven-
tion will now be described with reference to the accompa-
nying drawings. FIGS. 2A to 2E are diagrams illustrating a
respiratory mouitoring system according to an embodiment
of the invention. FIG. 2F is a diagram illustrating a zero-
point correction unit according to an embodiment of the
invention. FIG. 2G is a graph illustrating a respiratory signal
according to an embodiment of the invention. FIGS. 2H and
21 are diagrams illustrating a display unit according to an
embodiment of the invention. FIG. 2] is a diagram illustrat-
ing another exemplary structure of first and second sensing
tubes according to an embodiment of the invention. FIG. 2K
1s a photograph of the respiratory monitoring system accord-
ing to an embodiment of the invention.

[0040] Referring to FIGS. 2A to 2D, the respiratory moni-
toring system according to an embodiment of the invention
includes a first sensing tube 211, a second sensing tube 212,
a third sensing tube 213, a filter 230, a first sensing element
221, a second sensing element 222, a third sensing element
223, a fourth sensing element 224, a signal extraction
electronic circuit 240 a computation unit 250, a zero-point
correction unit 280, a display unit 270, and a memory unit
260. The entire structure of the respiratory monitoring
system according to an embodiment of the invention may be
configured as illustrated in FIG. 2K. Referring to FIG. 2K,
the first sensing tube 211, the second sensing tube 212, the
third sensing tube 213, the first sensing element 221, the
second sensing element 222, and the third sensing element
223 may constitute a respiratory flow sensor.

[0041] The first and second sensing tubes 211 and 212 is
provided in a respiratory flow tube as a flow passage
between an endo-tube and an ambu-bag of a breathing
machine and has first and second directional holes opened
depending on the respective respiratory flow direction. Spe-
cifically, the first and second sensing tubes 211 and 212 are
cylindrical tubes having a diameter equal to or smaller than
14 of that of the respiratory flow tube. The first and second
sensing tubes 211 and 212 are installed perpendicularly to a
flow direction of the respiratory flow tube and have a
plurality of first and second directional holes opened to face
the corresponding respiratory flow.

[0042] Forexample, the first and second sensing tubes 211
and 212 are obtained by perforating first and second direc-
tional holes to a stainless cylindrical tube having an outer
diameter of 1 mm and an inner diameter of 0.5 mm. The first
and second sensing tubes 211 and 212 have a length exceed-

[Formula 2]
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ing the diameter of the respiratory flow passage and may be
fixed to the respiratory flow tube not to vibrate (refer to
FIGS. 2C and 2D). Note that the first and second directional
holes may be opened oppositely to each other in parallel
with the respiratory flow direction.

[0043] In this case, the closed ends of the first and second
sensing tubes 211 and 212 may be fixed to an inner wall of
the respiratory flow tube, and the opened ends thereof may
be connected to the first and second sensing elements 221
and 222 through an outer wall of the respiratory flow tube.
Note that one-side ends of the first and second silicon tubes
are connected to the other-side ends of the first and second
sensing tubes 211 and 212, respectively, and the other-side
ends of the first and second silicon tubes are bisected and
connected to the first and second sensing elements 221 and
222, respectively (refer to FIG. 2E). Typically, the flow
velocity increases in the center of the respiratory flow tube,
and the flow velocity decreases in the vicinity of the inner
wall of the respiratory flow tube. According to the present
invention, dynamic pressures at each representative points
are physically averaged by perforating a plurality of sensing
holes to the cylindrical flow sensing tube and connecting
each pitot tube to each other just like a single pitot tube. On
the basis of this strategy, it is possible to improve accuracy
in the flow rate measurement. Furthermore, according to the
present invention, the first and second cylindrical sensing
tubes 211 and 212 have an outer diameter of approximately
1 mm so that they occupy a significantly small area in the
cross-sectional area perpendicular to the respiratory flow
tube. Therefore, it is possible to minimize a variation in the
measurement characteristic caused by secretions discharged
from an urgent critical patient from time to time.

[0044] The third sensing tube 213 is to measure an internal
pressure of the respiratory flow tube. The third sensing tube
213 has one opened end and is installed in the respiratory
flow tube through the wall of the respiratory flow tube. The
other end of the third sensing tube 213 is opened and is
connected to the third sensing element 223.

[0045] The filter 230 is installed in a chamber provided
between the endo-tube of the breathing machine and the first
to third sensing tubes 211 to 213 and filtrates secretions such
as saliva or bloody phlegm from the endo-tube inserted into
apatient’s respiratory tract in order to prevent contamination
of the first to third sensing tubes 211 to 213.

[0046] The first sensing element 221 detects a first
dynamic pressure using a differential pressure between the
gas flows from the first and second sensing tubes 211 and
212. In this case, the first sensing element 221 may be a
differential pressure sensor having a sensitivity higher than
that of the second sensing element 222 capable of measuring
a pressure corresponding to a general artificial respiration
range of 0 to 2 L/sec.

[0047] The second sensing element 222 detects a second
dynamic pressure using a differential pressure between the
gas flows from the first and second sensing tubes 211 and
212. In this case, the second sensing element 222 may be a
differential pressure sensor having a sensitivity lower than
that of the first sensing element 221 capable of measuring a
pressure of a high flow rate of -3 to +4 L/sec corresponding
to the artificial respiration range of an urgent critical patient.
Note that the inspiratory flow is denoted by a positive sign
(+), and the expiratory flow is denoted by a negative sign (-)
considering a characteristic of the respiratory flow direction.
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[0048] The third sensing element 223 detects an internal
pressure of the respiratory flow tube using a gas flow from
the third sensing tube 213. In this case, the third sensing
element 223 may be a pressure sensor capable of measuring
an internal pressure of the respiratory flow tube with respect
to the atmospheric pressure.

[0049] The fourth sensing element 224 is installed in the
vicinity of the endo-tube of the breathing machine to mea-
sure a carbon dioxide concentration.

[0050] The signal extraction electronic circuit 240 is con-
nected to each output of the first to third sensing elements
221 to 223 and has first to third amplifiers 241 to 243 and an
analog-digital (A/D) converter 245.

[0051] The first amplifier 241 receives a first electric
signal corresponding to the first dynamic pressure, amplifies
the electric signal with a first gain, and outputs the amplified
first electric signal. In this case, the first gain may be set to
a value at which the first electric signal having a magnitude
corresponding to a respiratory flow rate of 0.4 to 0.7 L/sec
of a patient who can make a weak spontaneous respiration
at the event of artificial respiration can be transformed to a
voltage level of the computation unit 250.

[0052] The second amplifier 242 receives a second electric
signal corresponding to the second dynamic pressure, ampli-
fies the second electric signal with a second gain, and
outputs the amplified second electric signal. In this case, the
second gain may be set to a value at which a signal having
a magnitude corresponding to a flow rate of -3 to 4 L/sec
that may be instantaneously provided to an urgent critical
patient can be transformed to a voltage level of the compu-
tation unit 250.

[0053] The third amplifier 243 receives a third electric
signal corresponding to the internal pressure of the respira-
tory flow tube, amplifies the third electric signal with a third
gain, and outputs the amplified third electric signal. In this
case, the third gain may be set to a value at which the
amplified third electric signal corresponding to the internal
pressure of the respiratory flow tube can be transformed to
a voltage level that can be detected by the computation unit
250.

[0054] The A/D converter 245 receives each output of the
first to third amplifiers 241 to 243 and converts each
received values into digital levels of the computation unit
250. The A/D converter 245 may be embedded in the
computation unit 250. In this case, the A/D converter 245
may be omitted.

[0055] The computation unit 250 receives each output of
the first to third amplifiers 241 to 243 or the digital values
obtained by converting the output values of the first to third
amplifiers 241 to 243 and computes patient’s respiration
information including a tidal inspiratory volume and a tidal
expiratory volume.

[0056] The computation unit 250 may include at least one
processing unit. For example, the processing unit may be a
central processing unit (CPU), a graphic processing unit
(GPU), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA), or the like. The
computation unit 250 may be provided with a plurality of
cores.

[0057] The computation unit 250 computes a respiratory
period including the inspiratory period and the expiratory
period. Then, tidal inspiratory and expiratory volumes V,
and V. can be computed by applying a simple mensuration-
by-parts method to the flow rates of the inspiratory and
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expiratory periods as expressed in Formula 3. Here, “T,”
denotes a sampling interval of the flow rate and may be set
to, for example, 0.01 [sec].

V=03EF [Formula 3]
[0058] In this case, the computation unit 250 may compute
the tidal inspiratory volume V, by summing absolute values
of the higher and lower flow rates used in computation of the
inspiratory volume for the inspiratory period, multiplying
the sum by a sampling interval, and converting the multi-
plication result into a milliliter scale [mL] as expressed in
the following Formula 4 (refer to FIG. 2G).

Tgr [Formula 4]
Vi=+Ts XZ [ FLl
Tst

[0059] Inaddition, the computation unit 250 may compute
the tidal expiratory volume V by summing absolute values
of the higher and lower flow rates used in computation of the
expiratory volume for the expiratory period, multiplying the
sum by a sampling interval, and converting the multiplica-
tion result into a milliliter scale [ml.] as expressed in the
following Formula 5 (refer to FIG. 2G).

TeE [Formula 5]
Vg = _TSXZ [ Fril
Tsg

[0060] In this case, the patient’s respiration information
contains at least one of a maximum value P,MAX of the
internal pressure of the respiratory tract for the inspiratory
period (=T, to Tx,), a maximum flow rate FMAX for the
inspiratory period, an inspiratory time T, [sec], an expiratory
time Ty [sec], a ratio VRATIO between the tidal expiratory
and inspiratory volumes, a respiration number per minute
BPM [breaths/minute], a ratio Etol between the expiration
and inspiratory periods, a respiratory period T +T, [sec], a
carbon dioxide concentration [%] at the end of expiration,
and an operational status. Here, the operational status
includes information on the operational status of the com-
putation unit 250 during a zero point correction, an opera-
tion, or a boot-up procedure.

[0061] Note that the computation unit 250 may compute
the inspiratory time T, by calculating “Tg.-Tg,” and may
compute the expiratory time T by calculating “T.~T.”

[0062] Furthermore, the computation unit 250 obtains the
maximum flow rate for the inspiratory period by selecting a
maximum value out of the higher and lower flow rates for
the inspiratory period as expressed in the following Formula

FMAX=Max(Fp 1) [Formula 6]
[0063] The computation unit 250 can obtain a maximum
value of the internal pressure of the respiratory tract for the
inspiratory period using the internal pressure of the respi-
ratory flow tube from the third sensing element 223. In
addition, a carbon dioxide concentration at the end of the
expiration can be obtained using the carbon dioxide con-
centration sensed by the fourth sensing element 224.
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[0064] The process of computing the patient’s respiration
information in the computation unit 250 will be described
below more specifically with reference to FIG. 3A.

[0065] The zero-point correction unit 280 is means for
removing offset pressures of the first to third sensing ele-
ments 221 to 223. Specifically, the zero-point correction unit
280 has an external switch 283 and first and second open/
close portions 281 and 282. The first open/close portion 281
is manipulated when the external switch 283 is manipulated,
so that the first and second sensing tubes 211 and 212 are
connected to each other. When the second open/close por-
tion 282 is manipulated, the third sensing tube 212 is
connected to the atmospheric pressure.

[0066] Note that the first and second open/close portions
281 and 282 may be opened during zero point correction and
may be closed in other cases. For example, the first and
second open/close portions 281 and 282 may be configured
such that the silicon tube is closed or opened when the
external switch 283 is manipulated as illustrated in FIG. 2F.
[0067] Note that the computation unit 250 can compute
the pressure offsets for the lower flow pressure F,, the higher
flow pressure P,,, and the internal pressure P, of the respi-
ratory tract using the internal pressure of the respiratory flow
tube and the first and second dynamic pressures detected
when the first and second open/close portions 281 and 282
are opened by the zero-point correction unit 280.

[0068] The display unit 270 may display at least one type
of the patient’s respiration information in response to an
instruction of the computation unit 250 as illustrated in FIG.
2H or 21

[0069] The memory unit 260 stores the patient’s respira-
tion information computed by the computation unit 250. The
memory unit 260 may store the patient’s respiration infor-
mation on a time basis in a restorable format.

[0070] For example, the memory unit 260 may include a
volatile memory (such as a random-access memory (RAM)),
a non-volatile memory (such as a read-only memory (ROM)
and a flash memory), or a combination thereof.

[0071] Meanwhile, in the embodiment described above,
the first and second cylindrical sensing tubes 211 and 212
perpendicular to the respiratory flow tube have been exem-
plified. However, the first and second sensing tubes 211 and
212 may have any other shape. For example, the first and
second sensing tubes 211 and 212 may have a cross shape as
illustrated in FIG. 2] so that the flow rate of the horizontal
direction as well as the flow rate of the vertical direction can
be averaged.

[0072] Specifically, each sensing tube may be formed by
connecting first and second cylindrical tubes having pas-
sages connected to each other in a cross shape. Both closed
ends of the first cylindrical tube are fixed to the inner wall
of the respiratory flow tube, and one opened end of the
second cylindrical tube is fixed to the inner wall of the
respiratory flow tube. The other end thereof may penetrate
through the outer wall of the respiratory flow tube and may
be connected to the first and second sensing elements 211
and 212.

[0073] In this manner, the system according to an embodi-
ment of the invention may be applied as a small-sized
patient’s respiration information monitoring unit having a
smart phone size to a manual type breathing machine usually
employed before a patient transfer to a hospital or when a
patient’s position is changed in a hospital. As a result, the
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system according to an embodiment of the invention may be
helpful to monitoring of an urgent critical patient.

[0074] According to an embodiment of the invention, a
flow rate change inside a breathing machine is measured
using a pair of pressure sensing elements having different
sensitivities to differentiate the flow measurement range into
two categories. As a result, it is possible to measure a
maximum respiratory flow range that may be generated
instantly as well as a general respiratory flow range. In
addition, in a low flow range, it is possible to improve
measurement accuracy using a high-sensitive pressure sen-
sor. Accordingly, according to an embodiment of the inven-
tion, it is possible to support continuous monitoring of
respiration information for an urgent cardiopulmonary arrest
patient who have a respiratory flow change of 3 L/sec at
maximum as well as a patient who can make a weak
spontaneous respiration of 1.5 L/sec or lower.

[0075] According to an embodiment of the invention, it is
possible to provide parameters such as a maximum internal
pressure of the respiratory tract for the inspiratory period or
a carbon dioxide concentration at the end of expiration. In
addition, it is possible to prevent a rescuer from excessively
pumping the ambu-bag as high as patient’s pulmonary
alveoli are damaged. Furthermore, it is possible to effec-
tively operate a breathing machine in consideration of a
patient’s respiratory status.

[0076] According to an embodiment of the invention, it is
possible to accurately analyze a patient’s status by accumu-
lating respiratory signals for a long period of time. Further-
more, it is possible to support establishment of database
based on the analysis result or establishment of a guideline
in consideration of various patient’s conditions.

[0077] A respiratory monitoring method according to an
embodiment of the invention will now be described with
reference to FIGS. 3A to 3C. FIG. 3A is a flowchart
illustrating a respiratory monitoring method according to an
embodiment of the invention. FIGS. 3B and 3C are graphs
illustrating respiratory signals according to an embodiment
of the invention.

[0078] Referring to FIG. 3A, when it is detected that the
external switch 283 is manipulated for a certain period of
time (for example, 1 second) in step S300, the computation
unit 250 computes the pressure offsets (that is, zero points
P o, P, and P,,) for the lower flow pressure P,, the higher
flow pressure P, and the internal respiratory tract pressure
P, in step S310. Specifically, the computation unit 250
computes average values Py, Py, and P, of the endo-tube
pressure and the first and second dynamic pressures as the
pressure offsets. In addition, the computation unit 250
computes a standard deviation S, of the average value P, , of
the second dynamic pressure and sets N, times of the S,
value as a threshold. Here, “N,” may be set to “5.”

[0079] The computation unit 250 checks whether or not
the computed pressure offsets are allowable in step S320.
For example, the computation unit 250 may determine that
the pressure offsets are allowable if any one of the computed
pressure offsets does not exceed a preset threshold range (for
example, *1 [cmH,0]).

[0080] If the computed pressure offsets are allowable, the
computation unit 250 outputs an alarm sound for notifying
an operable state in step S330.

[0081] As a user presses a start button (YES in step S340),
the computation unit 250 starts accumulation of the signals
Py, Py, and P so that the signal values P, Py, and P, for
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computing respiration information are computed using the
pressure offsets Py, Py, and P in step S350. Specifically,
the computation unit 250 may regard values obtained by
subiracting the pressure offsets P, Py, and P, from the
accumulated values P, Py, and P, , as the signal values P,
P, and P; for computing respiration information.

[0082] The computation unit 250 computes the flow rates
F,; and F; using the signal values P, and P, for computing
respiration information in step S360.

[0083] The computation unit 250 accumulates the com-
puted internal endo-tube pressure P, and the flow rates I,
and F, in the memory unit 260 in step S370.

[0084] As illustrated in FIG. 3B, in step S375, the com-
putation unit 250 detects an initial time point at which a
condition “P;=+N;S,” is satisfied and determines it as an
inspiration start point SI. In addition, the time of this
moment is set as an inspiratory period start time T,
Furthermore, the computation unit 250 detects an initial time
point at which a condition “P;=-N,S,” is satisfied and
determines it as an expiration start point SE. In addition, the
time of this moment is set as an expiratory period start time
T, Furthermore, the time point immediately before the
expiration start point SE is set as inspiration end point EI (or
TEI)'

[0085] In this case, at the first cycle after computation of
the zero point, the computation unit 250 computes the tidal
inspiratory volume by integrating the lower flow rate F; for
the inspiratory period and computes the tidal expiratory
volume by integrating the lower flow rate F; of the expira-
tory period in step S380.

[0086] Then, in step S385, the computation unit 250
detects a time point SI at which the condition “P;=+N,S;”
is satisfied again (in the next cycle) and determines it as an
inspiration start point of the next respiratory period. In
addition, the time point immediately before this moment is
set as an expiration end EE (or Txz). The process is repeated.
In this case, the computation unit 250 may reset the tidal
inspiratory volume computed in the first cycle and the
formula V(t) for computing the tidal expiratory volume. In
this case, the computation unit 250 may accumulate the tidal
inspiratory volume and the tidal expiratory volume of the
previous cycle in the memory unit 260 as necessary. As
illustrated in FIG. 3C, the computation unit 250 computes
the tidal inspiratory volume and the tidal expiratory volume
using the lower flow rate F, at the second and subsequent
cycles after computation of the zero point if the computed
flow rate does not exceed a preset threshold value. In
addition, the computation unit 250 computes the tidal
inspiratory volume and the tidal expiratory volume by
partially applying the higher flow rate F to the flow rate
exceeding the threshold value.

[0087] Meanwhile, if it is determined in step S320 that at
least one of the computed pressure offsets is not allowable,

the computation unit 250 may output an error message in
step S390.

[0088] If it is detected that a user presses an END button
in the processes described above, the computation unit 250
may interrupt accumulation of the respiratory signals. If it is
detected that the external switch 283 is manipulated in the
middle of signal accumulation, the process may return to
step S310. The start button and the end button described
above may be provided separately from the external switch
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283. Alternatively, the external switch 283, the start button,
and the end button may be classified depending on the
number of manipulation.

[0089] In this manner, according to the present invention,
it is possible to detect a respiratory period including inspi-
ration (T, to T,,) and expiration (T, to T,..) by repeatedly
detecting the inspiration and expiration start points.

[0090] In this case, a principle of the respiratory period
computation is similar to the principle of the Schmitt trigger
circuit. Therefore, it is impossible that the respiratory period
has solely an inspiratory period or an expiratory period.

[0091] Flow rate computation accuracy of the respiratory
monitoring system according to an embodiment of the
invention will now be described with reference to FIGS. 4A
to 4C. FIG. 4A is a graph illustrating a correlation between
the first dynamic pressure and the flow rate according to an
embodiment of the invention. FIG. 4B is a graph illustrating
a correlation between the second dynamic pressure and the
flow rate according to an embodiment of the invention. FIG.
4C is a graph obtained by using an exemplary characteristic
expression of the respiratory signal according to an embodi-
ment of the invention.

[0092] First, an experimental method for measuring the
correlation between the dynamic pressure and the flow rate
will be described in brief. In this experiment, a standard
connector and an endo-tube are connected sequentially to
the left side of the respiratory flow sensor, and a standard
flow generator instead of the ambu-bag is connected to the
right side in order to enable a quantitative respiratory flow.

[0093] Note that the standard flow generator has a cylin-
drical main body having a constant inner diameter and a
servomotor (for example, model No. CSDIJ-10BX2, pro-
duced by Samsung FElectronics Co. Ltd., South Korea)
driven to generate any constant gas flow. In addition, a linear
displacement sensor (For example, model No. LTM600S,
produced by Gefran, Italy) is connected to a driving shaft of
the servomotor so that a position (volume V) signal depend-
ing on a syringe movement is output continuously. As a
result, it is possible to accurately measure the amount of the
gas passing through the sensor. In addition, when the piston
of the standard flow generator moves from the right to the
left, the gas is discharged through the respiratory gas flow
sensor and the endo-tube to simulate an inspiratory state of
real respiration. In contrast, when the syringe moves from
the right to the left, an expiration state is reflected.

[0094] In this case, while the flow is maintained con-
stantly, the volume V is changed linearly. Therefore, the
gradients F of the volume V for an interval in which the
volume V is constantly increased or decreased were com-
puted, and they are plotted along the x-axis in FIGS. 4A and
4B.In FIGS. 4A and 4B, the y-axis denotes an average of the
first and second dynamic pressures generated in the same
interval as that used in the computation of the gradient F
(refer to the red line in FIGS. 4A and 4B).

[0095] For the interval in which the outputs of the first and
second sensing elements are increased or decreased con-
stantly, a correlation between the first dynamic pressure and
the gradient F and a correlation between the second dynamic
pressure and the gradient F were computed through a
quadratic function fitting. As a result, a correlation coefli-
cient was 0.999 or greater. Characteristic expressions com-
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puted based thereupon were obtained as expressed in For-
mulas 7 and 8 and the red lines of FIGS. 4A and 4B.

P, (+)=1.68F2+0.01F

Py (-)=—1.88F2+0.03F [Formula 7]
P{+)=1.80F?-0.09F,
Pr{=)=1.81F240.11F [Formula 8]

[0096] If the first and second flow rates (indicated by the
circles in FIGS. 4A and 4B) computed by the computation
unit 250 from the first and second dynamic pressures are
compared with the pressures computed from the Formulas 7
and 8 described above (red lines in FIGS. 4A and 4B), it is
recognized that the flow rate corresponding to the first
dynamic pressure is saturated approximately at “2 I/sec,”
and the flow rate corresponding to the second dynamic
pressure is saturated approximately at “3.6 L/sec.”

[0097] Therefore, if the computed pressure is lower than
1.5 L/sec, the computation unit 250 according to an embodi-
ment of the invention computes the respiratory flow rate by
applying the first dynamic pressure to Formula 7. In con-
trast, if the computed pressure exceeds 1.5 L/sec, that may
be generated in emergency, the respiratory flow rate can be
computed by applying the first dynamic pressure to Formula
7 for a flow rate of 1.5 L/sec or lower and applying the
second dynamic pressure to Formula 8 for a flow rate
exceeding 1.5 L/sec (refer to FIG. 4C). Therefore, it is
possible to compute the respiratory flow up to a high flow
rate range using conditional formula application. As a result,
according to the present invention, it is possible to easily
compute the respiratory flow rate across the entire range of
the artificial respiratory flow.

[0098] The standard respiration information and the res-
piration information measured using Fornulas 4 and 5 were
compared for inspiratory and expiratory periods according
to an embodiment of the invention. As a result, as shown in
the following Table 1, it is recognized that very accurate
measurement can be performed within a mean relative error
of 3%. Note that the resultant values of Table 1 were
obtained under an exemplary experimental environment,
and the measurement values may be changed depending on
the experimental environment.

TABLE 1
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are not to be construed as limiting. Any addition, omission,
substitution, or modification may be possible without
departing from the spirit or scope of the present invention.
Accordingly, the invention is not to be considered as being
limited by the foregoing description, and is only limited by
the scope of the appended claims.

What is claimed is:

1. A respiratory monitoring system comprising:

a first sensing tube provided in a respiratory flow tube
serving as a flow passage of a breathing machine and

provided with at least a first directional hole opened in
a respiratory flow direction;

a second sensing tube provided with at least a second
directional hole corresponding to the first directional
hole and provided in the vicinity of the first sensing
tube;

a first sensing element configured to detect a first dynamic
pressure (F;) using a differential pressure between gas
flows from the first and second sensing tubes;

a second sensing element configured to detect a second
dynamic pressure (P,;) using a differential pressure
between gas flows from the first and second sensing
tubes, the second sensing element having sensitivity
lower than that of the first sensing element and a
sensing range wider than that of the first sensing
element; and

a computation unit configured to compute patient’s res-
piration information including a tidal inspiratory vol-
ume and a tidal expiratory volume using the first and
second dynamic pressures,

wherein the computation unit computes the respiration
information using a lower flow rate (F;) if the lower
flow rate (F,) computed from the first dynamic pressure
is smaller than a preset threshold value, and

the computation unit computes the respiration informa-
tion using a higher flow rate (F,;) computed from the
second dynamic pressure if the lower flow rate (F;) is
greater than the threshold value.

2. The respiratory monitoring system according to claim
1, further comprising:

Inspiratory Expiratory Inspiratory Expiratory

Designed  Volume  Volume  Standard  Volume — Volume Inspiration Expiration
Waveform L) (L) Waveform L) (L) % e % e
#1 1.590 -1.149 +1 1.600 -1.181 -0.625 -2.710
#2 1.621 -1.275 +2 1.597 -1.278 1.503 -0.235
#3 1.538 -0.978 +3 1.475 -1.070 4.271 -8.598
#4 1.504 -1.466 +4 1.530 -1.460 1.699 0.411
#5 1.582 -1.297 +3 1.592 -1.314 -0.628 -1.294
#6 1.496 -1.282 +6 1.524 -1.296 -1.837 -1.080
Mean (1 % el) 1.761 2.388
SD 1.338 3.166
[0099] In this manner, according to an embodiment of the a first amplifier configured to amplify a first electric signal

invention, it is possible to easily provide patient’s respira-
tion information with high accuracy using characteristic
equations.

[0100] While preferred embodiments of the invention
have been described and illustrated hereinbefore, it should
be understood that they are only for exemplary purposes and

corresponding to the first dynamic pressure with a first
gain and provide the amplified first electric signal to the
computation unit; and

a second amplifier configured to amplify a second electric
signal corresponding to the second dynamic pressure
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with a second gain and provide the amplified second
electric signal to the computation unit,

wherein the computation unit computes the patient’s

respiration information using an output of the first
amplifier or an output of the second amplifier.

3. The respiratory monitoring system according to claim
1, wherein the first and second sensing tubes are cylindrical
tubes installed perpendicularly to the flow direction between
an endo-tube and an ambu-bag of the breathing machine,
and

one-side ends of the first and second sensing tubes are

fixed to an inner wall of the respiratory flow tube, and
the other-side ends thereof are connected to the first and
second sensing elements through an outer wall of the
respiratory flow tube.

4. The respiratory monitoring system according to claim
1, wherein the first and second sensing tubes are formed by
bonding first and second cylindrical tubes having passages
connected to each other in a cross shape,

both closed ends of the first cylindrical tube are fixed to

an inner wall of the respiratory flow tube,

one opened end of the second cylindrical tube is fixed to

the inner wall of the respiratory flow tube, and

the other opened end of the second cylindrical tube is

connected to the first and second sensing elements
through an outer wall of the respiratory flow tube.

5. The respiratory monitoring system according to claim
1, further comprising a fourth sensing element that detects a
carbon dioxide concentration in the respiratory flow tube,

wherein the computation unit computes a carbon dioxide

concentration at the end of expiration included in the
respiration information using information detected by
the fourth sensing element.

6. The respiratory monitoring system according to claim
1, further comprising a third sensing element provided in the
respiratory flow tube to measure an internal pressure of the
respiratory flow tube,

wherein the computation unit computes a maximum respi-

ratory tract internal pressure for an expiratory period
included in the respiration information using the inter-
nal pressure of the respiratory flow tube.

7. The respiratory monitoring system according to claim
1, further comprising an open/close portion for connecting
or disconnecting the first and second sensing tubes,

wherein the computation unit computes a high-gain pres-

sure offset and a low-gain pressure offset using first and
second dynamic pressures detected when the first and
second sensing tubes are connected using the oper/
close portion, and

the computation unit computes the patient’s respiration

information using a result of correcting the lower flow
rate and the higher flow rate on the basis of the
high-gain pressure offset and the low-gain pressure
offset.

8. The respiratory monitoring system according to claim
1, wherein the computation unit

determines a time point at which the lower flow rate is

equal to or higher than a positive (+) value of a value
obtained by multiplying a zero-point average value (S;)
of the first dynamic pressure for a certain period of time
by a factor “N,” (where “N,” denotes a natural number
equal to or greater than “1”) as an inspiration start
point,
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determines a time point at which the lower flow rate is
equal to or lower than “~S,xN,” as an expiration start
point, and

computes the respiration information including the tidal
expiratory volume and the tidal inspiratory volume
using the lower flow rate regardless a result of com-
parison between the higher flow rate and the threshold
value in a respiratory period started at the first inspi-
ration start point after computation of the zero-point
average value.

9. The respiratory monitoring system according to claim
1, further comprising a display unit configured to display the
respiration information.

10. The respiratory monitoring system according to claim
1, wherein the respiration information includes at least one
of a maximum respiratory tract internal pressure (P, MAX)
during an inspiratory period (t=T; to T,), a maximum flow
rate (FMAX) during an inspiratory period, an inspiration
time (T,), an expiration time (Tj), a ratio (VRATIO)
between a tidal expiratory volume and a tidal inspiratory
volume, a breathing number per minute (BPM), a ratio
(Etol) between the expiratory period and the inspiratory
period, a respiratory period (T +T;), a carbon dioxide con-
centration [%] at the end of expiration, and an operational
status of the computation unit.

11. The respiratory monitoring system according to claim
1, wherein the computation unit computes the tidal inspira-
tory volume by summing absolute values of the higher flow
rates computed during the inspiratory period or a flow rate
used in computation of respiration information out of the
higher flow rates and multiplying the sum of the absolute
values by a sampling interval, and

the computation unit computes the tidal expiratory vol-
ume by summing absolute values of the flow rates
computed during the expiratory period and used in
computation of the respiration information and multi-
plying the sum of the absolute values by a sampling
interval.

12. A respiratory monitoring method using a respiratory

monitoring system having

a first sensing tube provided in a respiratory flow tube
serving as a flow passage of a manual breathing
machine and provided with at least a first directional
hole opened in a respiratory flow direction,

a second sensing tube provided with a second directional
hole corresponding to the first direction hole and pro-
vided in the vicinity of the first sensing tube,

a first sensing element configured to detect a first dynamic
pressure (P,) using a differential pressure between gas
flows from the first and second sensing tubes,

a second sensing element configured to detect a second
dynamic pressure (P,) using a differential pressure
between gas flows from the first and second sensing
tubes, the second sensing element having sensitivity
lower than that of the first sensing element and a
sensing range wider than that of the first sensing
element, and

a computation unit,
the respiratory monitoring method comprising:

computing patient’s respiration information including a
tidal inspiratory volume and a tidal expiratory volume
using the first and second dynamic pressures,
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wherein the respiration information is computed using a
lower flow rate (F;) if the lower flow rate (F;) com-
puted from the first dynamic pressure is smaller than a
preset threshold value, and

the respiration information is computed using a higher
flow rate (F) computed from the second dynamic
pressure if the lower flow rate (F;) is greater than the
threshold value.

13. The respiratory monitoring method according to claim

12, wherein the computing includes

determining a time point at which the lower flow rate is
equal to or higher than a positive (+) value of a value
obtained by multiplying a zero-point average (S;) of
the first dynamic pressure for a certain period of time
by a factor “N,” (where “N,” denotes any natural
number equal to or greater than “1”) as an inspiration
start point,

determining a time point at which the lower flow rate is
equal to or lower than “-S,;xN,” as an expiration start
point, and

computing the respiration information including the tidal
expiratory volume and the tidal inspiratory volume
using the lower flow rate regardless of a result of
comparison between the higher flow rate and the
threshold value in a respiratory period started at the first
inspiration start point after computation of the zero-
point average.

Dec. 29, 2016



patsnap

TRAFROE) TR MR A S0 3R 458 60 I R 45 500 75 5%
NIF(2E)E US20160374592A1 AVIEEN 2016-12-29
HiES US15/174355 2016-06-06
BHE (T RR)AGE) BAERZZAR = LS EER
LHEHEFEMD)AGE) BIAKRZZER=LESIEEM
¥R &8 A LEE IN KWANG
PARK MI JUNG
KIM KYUNG OK
CHA EUN JONG
KIM KYUNG AH
KA LEE, IN KWANG
PARK, Ml JUNG
KIM, KYUNG OK
CHA, EUN JONG
KIM, KYUNG AH
IPCH#%S AB1B5/091 A61B5/00 A61B5/087 A61M16/00 A61B5/08 A61B5/03 A61M16/08 A61M16/04
CPCH#S AB61B5/091 A61M16/0875 A61B5/7278 A61M16/04 A61M16/0078 A61M2205/75 A61B5/03 A61B5/742

A61B5/087 A61M2016/0027 A61M2230/432 A61B5/082 A61B5/097 A61M16/0084 A61M2016/0036

i £ 1020150090518 2015-06-25 KR
SAEBEE Espacenet USPTO
RE(R)

—MERENRS , SF  F-ERE  RECTFRRES , A REE
DR FEATFONE-FOAFE_ERE , REEL -5
F-EAANENE-—E@L,E-—ERTh , BTRAREE-MNE=
RRENSRENEZERNE—3E (PL ) B-ERBTH, ATH
RAREE-MBE_LRENSRCEANEERMNE=FE (PH ) ;itHE
B, WEBNERAFE-—DSEINE-_FISENTEREIVRSE
MBSHSENBENFRES.

Anba

"bi’lg PL

e et e o e et o

L Fudo
J ~Tibe

Uonpect/
Disconnect

48

(Zr.mm:cl‘f
Discomect

/¥ /1 Atmopspheric
o Pressure

a8



https://share-analytics.zhihuiya.com/view/1b6fd523-bbcf-4565-b865-a045b0989925
https://worldwide.espacenet.com/patent/search/family/057600820/publication/US2016374592A1?q=US2016374592A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160374592%22.PGNR.&OS=DN/20160374592&RS=DN/20160374592

