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FIG. 4




US 2019/0328987 A1

Oct. 31,2019 Sheet 5 of 8

Patent Application Publication

\
\

,,M \ g5 o1
S

.
3 |

—— mm
VA P—

0G 9OI4

as 9ld

4G 9OId




NOLIVTIIN3A ©VE 40 INDINHOAL
as- 40 ALINVINHONEY 40 A4ILON
SYILINVYYY NOLLYTLLNIANOILYHIHSIY
40 SANTVA INJWFHNSYIN AV 14SIA

US 2019/0328987 A1

¢a3103130 Si
NOILYTIINIA ©VE 40 3NDINHOAL
40 ALITYINHONEY ANV G3NHO4d3d S
NOILVTILNGA ©VE ONILdNOHd
NOLLYOIHILON

SHALINYHYA NOILYTILNIANOILYHIdS TS
40 SANTVA INIWFHNSVYIN AVIdSId

S TYWHONEY SI 31vY
351Nd ANY GILOWONd S1 SIA0YLOTTE
593 40 NOLLYOITddY

Oct. 31,2019 Sheet 6 of 8

@ms(m aNg

- ¢ANIL 40 GOIM3d
NIAID O ISdV13 FH04389 d3LveH3dO LON
7S SINOLING dOLS

1S J1YNOIZN 40 H1HIG WO¥S
INIWFHNSYAN NI LHVLS

es—( ana

9 OId

Patent Application Publication



US 2019/0328987 A1

Oct. 31,2019 Sheet 7 of 8

Patent Application Publication

dal ‘old

d/ 9Old

V., "Old

e AP
80:L0° G

e mwu
did

T mmu

WILUIAUY

Aepadly

oy

gp

W
N ep

P

¢e-00

N K

Ad

e m m.w

0<-00

RS T




US 2019/0328987 A1

Oct. 31,2019 Sheet 8 of 8

Patent Application Publication

a3d NI dn LHOIN TYWHONEY TYINHONGY TVYNHONEY
MOTTIA NI AN LHOIT TYWHON TYINHONEY TYWHONEY
JONVHO NI d0} LHOIT TYINHONEY TYWHON TYWHONEY
3N19 NI i LHOIT TYWHON TYIWHON TYNHONEY
ONBNBNLLIOI - - THON
G¢ dOLYOIANI H3LAANVEV] QYIHL | H313AVHYd ANODJJS | d3L3NVHVYd LSHI4
8 9Old

G 38vD

¥ ISVO

€ 3dSvD

¢ 3ASVD

} 9SVO



US 2019/0328987 Al

PATIENT TREATMENT SYSTEM AND
MONITORING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Application No.
2018-087334 filed on Apr. 27, 2018, the contents of which
are incorporated herein by reference.

TECHNICAL FIELD

[0002] The presently disclosed subject matter relates to a
patient treatment system and a monitoring device.

BACKGROUND ART

[0003] In hypoventilation or respiratory arrest, a resusci-
tation bag which is called an Ambu bag or a Jackson Rees
bag is widely used. A rescuer causes a mask of a resuscita-
tion bag to cover an area of a subject extending from the oral
cavity to the nasal cavity, and presses the resuscitation bag
connected to the mask, to perform ventilation.

[0004] Patent Literature 1 discloses a technique relating to
ventilation using a resuscitation bag. A respiratory condition
display apparatus disclosed in Patent Literature 1 calculates
normal or abnormal values of respiratory parameters during
ventilation, based on physical indices (the body weight, the
age, the sex, and the like), and displays together measure-
ment values and normal values (or abnormal values) of the
respiratory parameters.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: JP-A-2017-055965
SUMMARY OF INVENTION
[0006] As necessary, a neonate who has been just born is

subjected to rapid emergency treatment after the body con-
dition is adequately known. In order to perform rapid
emergency treatment, it is more desirable to manage the
condition of the neonate with consideration of also param-
eters other than those relating to the respiration. This prob-
lem occurs not only in a neonate, but also in an infant.
[0007] In view of the circumstances, it is an object of the
presently disclosed subject matter to provide a patient treat-
ment system and monitoring device which enable the con-
dition of a patient to be more correctly managed.

[0008] A mode of the patient treatment system of the
presently disclosed subject matter is

[0009] a neonatal treatment system including a ventilation
medical apparatus, and a monitoring device which is con-
figured so as to be connectable to the ventilation medical
apparatus, wherein

[0010] the monitoring device measures a first parameter
derived from a heart rate of a neonate, from a signal of a first
sensor which is connected to the monitoring device, and, in
a case where an abnormality of measurement information of
the first parameter is detected, notifies of first information
prompting ventilation by the ventilation medical apparatus.
[0011] According to the configuration, in the case where
the first parameter derived from the heart rate is abnormal,
notification prompting ventilation is performed. In the case
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where the measurement information of the first parameter is
abnormal, ventilation is prompted, whereby ventilation can
be started at an adequate timing. Since ventilation is started
at an adequate timing, the condition of a patient can be more
correctly managed.

[0012] According to the presently disclosed subject mat-
ter, it is possible to provide a patient treatment system and
monitoring device which enable the condition of a patient to
be more correctly managed.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 illustrates the configuration of a neonate
treatment system 1 of Embodiment 1.

[0014] FIG. 2 is an external view of a monitoring device
10 of Embodiment 1, as viewed from the front side.
[0015] FIG. 3 is a block diagram illustrating the electrical
configuration of the monitoring device 10 of Embodiment 1.
[0016] FIG. 4 is an external view illustrating the configu-
ration of a ventilation bag 20 in Embodiment 1.

[0017] FIGS. 5A to 5E illustrate specific operation
examples of the neonate treatment system 1 of Embodiment
L.

[0018] FIG. 6 is a flowchart illustrating the operation of
the monitoring device 10 of Embodiment 1.

[0019] FIGS. 7A to 7D illustrate examples of a display on
a display 11 in Embodiment 1.

[0020] FIG. 8 illustrates an example of a lighting/blinking
pattern of an indicator 25 in a modification of Embodiment
L.

DESCRIPTION OF EMBODIMENTS

[0021] Hereinafter, an embodiment of the presently dis-
closed subject matter will be described with reference to the
drawings. FIG. 1 illustrates the configuration of a neonate
treatment system 1 of the embodiment. The neonate treat-
ment system 1 may include a monitoring device 10, and a
ventilation bag 20 which is detachably attached to the
monitoring device 10. The neonate treatment system 1 is a
mode of the patient treatment system which is used in
management of the condition of a patient, and particularly
effective in management of the condition of a neonate. The
neonate treatment system 1 is particularly useful in, for
example, respiratory management which is started from the
birth of a neonate.

[0022] The monitoring device 10 can be deemed as
equivalent to a simple patient monitor, and connected with
various vital signs sensors (such as ECG electrodes, a child
cuff, and a body temperature probe) via connectors. The
monitoring device 10 acquires vital signs signals from the
vital signs sensors to acquire measurement information
(measurement waveforms and values of the blood pressure,
the heart rate, an ECG, the body temperature, the arterial
oxygen saturation, and the like) of various vital signs from
the vital sings signals. In the embodiment, the monitoring
device 10 is connected with ECG electrodes 30-1 to 30-N,
and the ventilation bag 20. The ECG electrodes 30-1 to 30-N
are examples of the sensor (the first sensor) for acquiring
measurement information of a heart rate-derived parameter
(for example, the pulse rate, and this will be referred to also
as the first parameter). Although, in the embodiment, the
monitoring device 10 is wire connected to the ECG elec-
trodes 30-1 to 30-3 (in the following description, in the case
where the electrodes 30-1 to 30-3 are not particularly
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distinguished from each other, the electrodes will be denoted
to simply by 30), and the ventilation bag 20, a configuration
may be employed where various kinds of information are
acquired by wireless communication connection from the
ECG electrodes 30 (the first sensor) and the ventilation bag
20. The number of the ECG electrodes 30 which are
connected to the monitoring device 10 may be arbitrary.
[0023] FIG. 2 illustrates an image which is obtained by
viewing the monitoring device 10 from the front side. As
illustrated in FIG. 2, the monitoring device 10 has, on the
housing, a display 11, and an indicator 12 (the second
indicator). The monitoring device 10 may further have
connectors 13-1, 13-2 which are connected with the ECG
electrodes 30 and the ventilation bag 20.

[0024] The display 11 is a so-called liquid crystal display,
and may be a touch display which can be operated by the
user (medical person). Measurement values and waveforms,
and the like of various vital signs can be displayed on the
display 11.

[0025] The indicator 12 is, for example, an LED lamp, and
blinks or lights up in accordance with the skillfulness of bag
ventilation by the ventilation bag 20, and normalities/abnor-
malities of various vital signs. The blinking and lighting
operations of the indicator 12 will be described in detail later
with reference to FIGS. 5A to 5E, etc.

[0026] The monitoring device 10 may include the connec-
tors 13-1, 13-2 which are to be connected with vital signs
sensors (in the following description, in the case where the
connectors 13-1, 13-2 are not particularly distinguished
from each other, the connectors will be referred to simply as
the connectors 13). In the embodiment, the connector 13-1
is connected with the ECG electrodes 30-1 to 30-3, and the
connector 13-2 is connected with the ventilation bag 20. The
number of the connectors 13 which are disposed in the
monitoring device 10 may be arbitrary.

[0027] The electrical configuration of the monitoring
device 10 will be described with reference to FIG. 3. FIG.
3 is a block diagram illustrating the electrical configuration
of the monitoring device 10.

[0028] The monitoring device 10 may include the display
11, the indicator 12, the connectors 13, an operation inter-
face 14, a speaker 15, a memory 16, a hard disk drive 17, a
processor 18, and a timer 19. The monitoring device 10 may
further include a wireless interface WF for wireless com-
munication. The wireless interface WF is an interface for
transmitting and receiving data to and from an arbitrary
other device, and enables, for example, data communication
according to a wireless LAN standard.

[0029] As described above, the connectors 13 are inter-
faces for connecting with the ECG electrodes 30 and the
ventilation bag 20. The connectors 13 supply signals
received from the ECG electrodes 30 and the ventilation bag
20, to the processor 18.

[0030] The user (mainly, a medical person such as the
doctor or the nurse) operates the operation interface 14 to
perform various input operations. The operation interface 14
is configured by buttons, knobs, a rotary selector, keys, or
the like which are disposed on, for example, the housing of
the monitoring device 10. As described above, the operation
interface 14 may be integrated with the display 11 (namely,
configured as a touch display). An example of the operation
interface 14 is a start button for monitoring or an alarm
cancellation button. An input through the operation interface
14 is supplied to the processor 18.
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[0031] The speaker 15 outputs various notification sounds
such as an alarm sound. The speaker 15 performs notifica-
tion under control of the processor 18.

[0032] The memory 16 is primary storage means which
functions as a working area when the processor 18 executes
a program. The hard disk drive 17 stores various programs
(including a system software and various application soft-
ware) and data (such as pulse rate information). The hard
disk drive 17 may be incorporated in the monitoring device
10, or externally disposed.

[0033] The processor 18 (the controller) controls the
operation of the monitoring device 10. Specifically, the
processor 18 performs: a measurement process based on the
signals acquired from the ventilation bag 20 and the ECG
electrodes 30; recording of measurement information (mea-
surement waveforms and values) of the vital signs in the
hard disk drive 17; control of a display on the display 11,
control of lighting/blinking of the indicator 12; control of
outputting a sound from the speaker 15; and the like.
Moreover, the processor 18 transmits an instruction signal to
the ventilation bag 20, thereby controlling blinking and
lighting up operations of an indicator 25 (the first indicator)
of the ventilation bag 20 which will be described later.
[0034] The process of the processor 18 is realized by
developing and executing a program which is read from the
hard disk drive 17, on the memory 16. The control of a
display on the display 11, that of lighting/blinking of the
indicator 12, and that of outputting a sound from the speaker
15 will be specifically described later with reference FIGS.
5A to 5E.

[0035] The programs may be stored by using a non-
transitory computer readable medium of any one of various
types, and then supplied to a computer. The non-transitory
computer readable medium includes tangible storage media
of various types. Examples of the non-transitory computer
readable medium are a magnetic recording medium (for
example, a flexible disk, a magnetic tape, and a hard disk
drive), a magneto-optical recording medium (for example, a
magneto-optical disk), a CD-ROM (Read Only Memory), a
CD-R, a CD-R/W, a semiconductor memory (for example, a
mask ROM, a PROM (Programmable ROM), an EPROM
(Erasable PROM), a flash ROM, and a RAM (random access
memory)). Alternatively, the programs may be supplied to
the computer by means of a transitory computer readable
medium of any one of various types. Examples of the
transitory computer readable medium include an electrical
signal, an optical signal, and an electromagnetic wave. The
transitory computer readable medium can supply the pro-
grams to the computer through a wired communication path
such as an electric wire or an optical fiber, or a wireless
communication path.

[0036] A part of processes of the processor 18, and periph-
eral processes may be realized by electronic circuits which
are not illustrated. The processes of the processor 18, such
as display of vital signs are performed in the same or similar
manner as those in a usual patient monitor.

[0037] The timer 19 measures the time under control of
the processor 18. For example, the timer 19 measures the
time in accordance with pressing of the start button.
[0038] Then, the configuration of the ventilation bag 20
will be described with reference to FIGS. 1 and 4. Together
with this, also techniques for calculating various parameters
by the processor 18 will be described. The ventilation bag 20
may have a flexible mask portion 21, a flow path 22, and a
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bag 23. The ventilation bag 20 is one kind of ventilation
medical apparatus which applies positive pressure ventila-
tion on a neonate. Examples of the ventilation bag are an
Ambu bag and a Jackson Rees bag. In a ventilation medical
apparatus, positive pressure ventilation in the patient such as
a neonate is performed manually or automatically (semi-
automatically). An example of the ventilation medical appa-
ratus is a concept including a T-piece connected to a pressure
source, or a respirator. In the following, the description will
be made assuming that the ventilation bag 20 is a so-called
Ambu bag.

[0039] The flexible mask portion 21 is a portion which is
to be contacted with an area of the rescuee such as a neonate
extending from the oral cavity to the nasal cavity. The bag
23 is an air bag which is to be pressed by the user (medical
person). When the user presses the bag 23, the bag deflates,
and the air is sent into the flexible mask portion 21 through
the flow path 22.

[0040] The flow path 22 is a flow path through which,
when the bag 23 is pressed, the air is sent from the bag 23
into the flexible mask portion 21. A backflow valve and a
hepafilter may be disposed in the flow path 22.

[0041] The flow path 22 may include a sensor 24 (the
second sensor) and the indicator 25 (the first indicator). The
sensor 24 acquires information of a fluid (gas) flowing
through the flow path 22, and may be a flow sensor or a
pressure sensor.

[0042] The indicator 25 and the sensor 24 are configured
s0 as to able to transmit and receive data (signals) to and
from the monitoring device 10. In the embodiment, the
ventilation bag 20 transmits and receives data to and from
the monitoring device 10 via cables 26. The monitoring
device 10 and the ventilation bag 20 may be configured so
as 10 be able to transmit and receive data by wireless
communication. In this case, the ventilation bag 20 may
include a battery, a control device (a processor, a memory,
and a storage device), and the like, and have a wireless
communication function. In the case where the monitoring
device 10 and the ventilation bag 20 are wire connected to
each other, a power source may be supplied from the
monitoring device 10 to the ventilation bag 20.

[0043] Although, in the embodiment, it is assumed that the
sensor 24 is configured by both a flow sensor and a pressure
sensor, the sensor may be configured by only one of the two
sensors, or by another kind of sensor. The flow sensor
acquires the amount of air flowing toward the subject, and
that of air flowing out from the side of the subject. The
pressure sensor acquires information of the degrees of the
pressures of the inspiration and the expiration. The infor-
mation is supplied to the processor 18 of the monitoring
device 10 via the cables 26.

[0044] The above-described processor 18 calculates mea-
surement information of a parameter (referred to also as a
second parameter) relating to bag ventilation, by using the
information of the air amount, and that of the degrees of the
pressures, or measurement information of a parameter (re-
ferred to also as a third parameter) relating to respiration of
a neonate. Examples of the parameter relating to bag ven-
tilation are the leak rate and the ventilation rate. Examples
of the parameter relating to respiration are the PIP (Peak
Inspiratory Pressure) and the PEEP (Positive End-Expira-
tory Pressure).

[0045] For example, the processor 18 calculates the dif-
ference between the amount of the air flowing toward the
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subject, and that of the air flowing out from the side of the
subject, and further calculates the leak rate which indicates
the rate of air leaking from the flexible mask portion 21,
based on the difference. In the same or similar manner, the
processor 18 calculates the ventilation rate and the ventila-
tion amount from the information of the flow sensor, by
using techniques which are employed in the field of usual
bag/mask ventilation.

[0046] The processor 18 further calculates the PIP and the
PEEP by using pressure information. The processor 18 may
calculate the values of the PIP and the PEEP based on
whether the pressure is due to the expiration or not, and the
degree of the pressure, by using known techniques.

[0047] Alternatively, the sensor 24 may acquire informa-
tion for calculating the partial pressure of carbon dioxide in
the so-called expiration. The processor 18 calculates a
so-called capnogram by using the information and a known
technique.

[0048] The processor 18 may detect airway blockage (one
kind of conditions of a neonate) of a neonate by using the air
flow information acquired by the flow sensor, and the
pressure information of the pressure sensor. For example,
the processor 18 may detect airway blockage by an arbitrary
comparison process in which both the expiration amount and
the detected pressure are used.

[0049] The sensor 24 is not required to be disposed in the
flow path 22, and may be disposed in the flexible mask
portion 21.

[0050] The indicator 25 is, for example, an LED lamp, and
configured so as to be able to light up, blink, and light off in
accordance with an instruction signal supplied from the
monitoring device 10. The indicator 25 notifies of informa-
tion (the second information) relating to the skillfulness of
bag ventilation by the ventilation bag 20, by means of
blinking or lighting up.

[0051] Then, a specific operation example of the neonate
treatment system 1 will be described with reference to FIGS.
5Ato SE. In the description of FIGS. 5A to SE, the operation
of the monitoring device 10 is controlled mainly by the
processor 18.

[0052] In the case where a neonate is born, the neonate
treatment system 1 performs operations of supporting an
appropriate respiration management and the like. It is widely
known that, in the case where a neonate is born, when the
neonate does not cry or breathe within about 20 seconds of
the birth, it is desirable to perform manual ventilation.
[0053] At the timing when a neonate is born, therefore, the
user (medical person) executes a start event (FIG. 5A). In the
embodiment, the start event is an operation in which the user
presses the start button that is one kind of the operation
interface 14. The monitoring device 10 measures a given
period of time (for example, 20 seconds) after the execution
of the start event.

[0054] The user may manually measure the given period
of time by using a stopwatch or the like. However, it is
preferred to manage the condition of a neonate together with
the elapsed time period after the birth of the neonate, and
therefore a mode in which the above-described start event is
executed is more preferred.

[0055] When the neonate starts to cry or breathe, the user
presses a stop button (one kind of the operation interface 14)
(FIG. 5B). The pressing of the stop button is one kind of an
inputting operation for notifying that the neonate is normal.
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When the stop button is pressed before passage of the given
period of time, the monitoring device 10 ends the time
measurement.

[0056] When the stop button is not pressed even after
passage of the given period of time from the birth of the
neonate, by contrast, the monitoring device 10 performs a
notification prompting measurement of a vital sign param-
eter (the first parameter) derived from the heart rate of the
neonate (FIG. 5C). In the example described below, it is
assumed that the vital sing parameter derived from the heart
rate of the neonate is the pulse rate.

[0057] For example, the processor 18 may cause the
display 11 to perform a display for prompting attachment of
the ECG electrodes 30, or the indicator 12 to light up in blue
(the color indicating attachment of the ECG electrodes 30)
(in FIG. 5C, slant hatching). Moreover, the processor 18
may transmit an instruction signal instructing the indicator
25 to light up in a predetermined color. Furthermore, the
processor 18 may output an alarm sound (the first alarm
sound) for prompting application of the ECG electrodes 30,
from the speaker 15 (FIG. 5C).

[0058] The indicators 12, 25 are not required to light up,
but to blink. The lighting/blinking may be performed in an
arbitrary color.

[0059] Inaccordance with the notification prompting mea-
surement of the pulse rate, the user applies the ECG elec-
trodes 30 to the neonate. The processor 18 measures the
pulse rate based on the vital signs signals acquired from the
ECG electrodes 30, and causes the display 11 to display the
measured pulse rate. The measurement of the pulse rate is
desired to be performed for about 8 to 13 seconds.

[0060] The processor 18 compares the measured pulse rate
with a predetermined threshold (in the following descrip-
tion, 60), and, if the pulse rate is 60 or more (the pulse rate
is normal), ends the notification prompting measurement of
the pulse rate (for example, lighting up of the indicators 12,
25).

[0061] If the pulse rate is smaller than 60, by contrast, the
monitoring device 10 notifies of information (the first infor-
mation) prompting bag ventilation in which the ventilation
bag 20 is used (FIG. 5D). For example, the processor 18 may
change the blue lighting of the indicator 12 to yellow
lighting. Moreover, the processor 18 may transmit an
instruction signal for changing the blue lighting of the
indicator 25 to yellow lighting, to the ventilation bag 20,
thereby changing the lighting color of the indicator 25.
Furthermore, the processor 18 may cause the display 11 to
display a message of “Perform bag ventilation.”

[0062] In the same or similar manner, the processor 18
may output an alarm sound (the second alarm sound) for
prompting bag ventilation, from the speaker 15 (FIG. 5D).
When the alarm sound (the first alarm sound) for prompting
application of the ECG electrodes 30 is differentiated from
the alarm sound (the second alarm sound) for prompting bag
ventilation, it is possible to clearly notify of a situation
where the neonate must be treated, or that where a next
action is required.

[0063] Of course, the processor 18 may notify of infor-
mation prompting bag ventilation by using a combination of
the display on the display 11, the lighting/blinking of the
indicator 12 and/or the indicator 25, and the output from the
speaker 15.

[0064] After the notification prompting bag ventilation,
the processor 18 acquires sensing information which is
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acquired by the sensor 24 disposed in the ventilation bag 20.
The sensing information is, for example, information (a
signal) acquired by the pressure sensor, and information (a
signal) acquired by the flow sensor. The processor 18
calculates, from these sets of information, measurement
information (measurement values and waveforms) of
parameters relating to bag ventilation. The parameters relat-
ing to bag ventilation include, for example, the ventilation
thythm (number of manual ventilations/minute), the leak
rate (the rate of the leaking amount to the air supply
amount), and the like.

[0065] The processor 18 further calculates measurement
information (measurement values and waveforms) of
parameters relating to respiration of the subject from sensing
information of the sensor 24. Examples of the parameters
relating to respiration are the PIP and PEEP which are
described above, occurrence of airway blockage, and the
partial pressure of carbon dioxide in the expiration.

[0066] The processor 18 detects the information (the sec-
ond information) relating to the skillfulness of the bag
ventilation by the ventilation bag 20 based on the parameter
(the second parameter) relating to bag ventilation. For
example, the processor 18 calculates the information relat-
ing to the skillfulness of bag ventilation from a measurement
value relating to the mask leak, that of the ventilation
rhythm, and the like. The information indicating the skill-
fulness of bag ventilation has, in the simplest case, two
values of “The technique for bag ventilation is normal” and
“It is necessary to improve the technique for bag ventila-
tion.” When at least one of the ventilation rhythm and the
leak amount is abnormal, for example, the processor 18
calculates “It is necessary to improve the technique for bag
ventilation” as the information indicating the skillfulness of
bag ventilation. An abnormality of the ventilation rhythm or
the leak amount may be detected, for example, by compar-
ing the measurement value with the threshold.

[0067] The processor 18 notifies of the information (the
second information) indicating the skillfulness of bag ven-
tilation. Specifically, the processor 18 notifies of the infor-
mation (the second information) by using the display on the
display 11, the lighting/blinking of the indicator 12 and/or
the indicator 25, the sound output from the speaker 15, or a
combination of these sets of information. For example, the
processor 18 may perform the notification by causing the
indicator 25 to light up in a color indicating the normal state
(for example, white) or in a color indicating the abnormal
state (for example, vellow). As illustrated in FIG. 5E,
characters “Leak” are displayed on the display 11. Specific
examples of the display on the display 11 will be described
with reference to FIGS. 7A to 7D.

[0068] Then, the operation of the neonate treatment sys-
tem 1 will be again described with reference to the flowchart
of FIG. 6. In the case where a neonate is born, the moni-
toring device 10 starts the time measurement in response to
the pressing of the start button (S1).

[0069] In the case where the stop button is pressed before
elapse of the given period of time (for example, 20 seconds)
(S2: No), the monitoring device 10 determines that the
neonate is in a normal respiration state, and ends the process
(S3).

[0070] In the case where the stop button is not pressed
even after passage of the given period of time (S2: Yes), by
contrast, the monitoring device 10 performs notification
prompting application of the ECG electrodes 30 (notification
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prompting measurement of the pulse rate), and then mea-
sures the pulse rate (S4). If the pulse rate is not abnormal
(S4: No), the monitoring device 10 determines that the
neonate is in the normal state, and ends the process (S5).

[0071] If the pulse rate is abnormal (S4: Yes), the moni-
toring device 10 notifies of information (the first informa-
tion) prompting bag ventilation by the ventilation bag 20
(86). The notification may be performed, for example, by
displaying the message of “Perform bag ventilation” on the
display 11, or by causing the indicator 12 and/or the indi-
cator 25 to light up (or blink) in a predetermined color.

[0072] The monitoring device 10 detects an abnormality
of the technique of bag ventilation based on the signal
acquired by the sensor 24 which is attached to the ventilation
bag 20 (S6). If an abnormality of the technique of bag
ventilation is not detected (S6: No), the monitoring device
10 causes the display 11 to display the measurement value
of the pulse rate (an example of the first parameter), that of
the PIP (an example of the third parameter), that of the
ventilation rate (an example of the second parameter), and
the like (S7). Measurement values which are displayed on
the display 11 are not limited to those above described.
Alternatively, the monitoring device 10 may cause the
indicator 12 to light up or blink in a color indicating that bag
ventilation is normal.

[0073] If an abnormality of the technique of bag ventila-
tion is detected (S6: Yes), by contrast, the monitoring device
10 causes the display 11 to display the measurement values
of the pulse rate, the PIP, and the ventilation rate (S7). In
addition to the above, the monitoring device 10 notifies of
information of the skillfulness of bag ventilation (the second
information, and, in this case, information informing that the
skillfulness of bag ventilation must be improved). The
information indicating the skillfulness of bag ventilation
may be notified by lighting/blinking/color change of the
indicators 12, 25, or a message indicting it may be displayed
on the display 11.

[0074] Then, examples of the display on the display 11
will be described with reference to FIGS. 7Ato 7D. FIG. 7A
illustrates an example of a display on the display 11 which
is performed at 20 seconds after the birth of the neonate. As
illustrated, an elapsed time d1 (00:20) after the start event is
displayed, and also a display d2 for prompting application of
the ECG electrodes 30 is displayed.

[0075] FIG. 7B illustrates an example of a display which
is performed after the pulse rate is measured. As illustrated,
the elapsed time d1 (00:32) after the start event, d3 (HR=52
bpm) indicating the pulse rate, and d4 (PPV) prompting bag
ventilation by the ventilation bag 20 are displayed.

[0076] FIG. 7C illustrates a first example of a display
which is performed during execution of bag ventilation. The
elapsed time d1 (00:51) after the start event, d3 (HR=59
bpm) indicating the pulse rate, d5 (Rhythm=53/min) indi-
cating the ventilation rhythm, and dé (PIP=20 ¢mH20)
indicating the measurement value of the PIP are displayed.
In addition to the above, d7 indicating that many leaks occur
in bag ventilation is displayed.

[0077] FIG. 7D illustrates a second example of the display
which is performed during execution of bag ventilation. The
elapsed time d1 (01:08) after the start event, d3 (HR=58
bpm) indicating the pulse rate, d5 (Rhythm=48/min) indi-
cating the ventilation rhythm, and dé (PIP=22 ¢mH20)
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indicating the measurement value of the PIP are displayed.
In addition to the above, d8 indicating airway blockage is
displayed.

[0078] Then, effects of the neonate treatment system 1 of
the embodiment will be described. When the pulse rate (an
example of the first parameter) is abnormal, the monitoring
device 10 performs notification prompting bag ventilation.
This enables bag ventilation to be started at an adequate
timing, and the respiration state of the neonate can be rapidly
improved.

[0079] After bag ventilation is started, the monitoring
device 10 notifies of information relating to the skillfulness
of bag ventilation (the second information). This enables bag
ventilation to be appropriately performed.

[0080] The monitoring device 10 notifies of information
relating to the skillfulness of bag ventilation by lighting up
or blinking of the indicator 25 (the first indicator). In the case
where the skillfulness of bag ventilation is notified by the
indicator 25 disposed in the ventilation bag 20, when the
gaze of the user is simply turned to the hands performing the
technique of bag ventilation, it is possible to know the
skillfulness.

[0081] Moreover, the monitoring device 10 may notify of
information relating to the skillfulness of bag ventilation by
lighting up or blinking of the indicator 12. According to the
configuration, when the gaze of the user is simply turned to
the monitoring device 10, it is possible to know the skill-
fulness of bag ventilation while referring to the display 11 on
which other vital signs information is displayed.

[0082] Inthe case where there is no an inputting operation
for notifying that the neonate is normal even after passage of
the given period of time from the start event, the monitoring
device 10 performs notification prompting the measurement
of the pulse rate (the first parameter). According to the
configuration, the measurement of the pulse rate can be
rapidly started, and the neonate can be quickly treated.

(Modification 1)

[0083] Then, a modification relating to the lighting up and
blinking operations of the indicator 25 will be described.
Although, in the above-described embodiment, after bag
ventilation is performed, only the skillfulness (the second
information) of bag ventilation is notified by lighting up and
blinking of the indicators 12, 25, the invention is not limited
to this. For example, the processor 18 may transmit, to the
ventilation bag 20, an instruction signal which causes at least
one of the lighting up or blinking/lighting color/blinking
color/blinking speed of the indicator 25 to be changed, in
accordance with a combination of the determination of
whether the measurement information of the second param-
eter is abnormal or not, and that of whether the measurement
information of the parameter (the third parameter) relating to
respiration is abnormal or not. The modification will be
described with reference to FIG. 8.

[0084] In the modification of FIG. 8, in the case where the
pulse rate (the first parameter) is normal, the processor 18
does not cause the indicator 25 to light up or blink (Case 1).
[0085] Inthe case where the pulse rate (the first parameter)
is abnormal, and the other parameters (the second and third
parameters) are normal, the processor 18 causes the indica-
tor 25 to light up in blue (a color indicating that bag
ventilation is continuously necessary) (Case 2).

[0086] Inthe case where the pulse rate (the first parameter)
and the parameter (the third parameter) relating to respira-
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tion are abnormal, the processor 18 causes the indicator 25
to light up in orange (a color indicating that bag ventilation
is continuously necessary, and the respiration state is not
good) (Case 3).

[0087] Inthe case where the pulse rate (the first parameter)
and the parameter (the second parameter) relating to bag
ventilation are abnormal, the processor 18 causes the indi-
cator 25 to light up in yellow (a color notifying that bag
ventilation is continuously necessary, and the technique of
bag ventilation must be improved) (Case 4).

[0088] In the case where the all parameters are abnormal,
the processor 18 causes the indicator 25 to light up in red (a
color notifying that the condition of the neonate is serious,
and the technique of bag ventilation must be improved)
(Case 5).

[0089] In the case where, as described above, the lighting
pattern of the indicator 25 is changed by a combination of
the measurement information of the parameters, when the
user simply gazes the hands performing bag ventilation, the
user can know both the body condition of the neonate and
the skillfulness of bag ventilation.

(Modification 2)

[0090] The processor 18 may cause the indicator 25 to
notify of information relating to the skillfulness of bag
ventilation, and the indicator 25 to notify of an ideal
ventilation speed. For example, the processor designates the
information (the second information) indicating the skillful-
ness of bag ventilation, by the lighting color of the indicator
25, and transmits an instruction signal designating the ideal
timing of bag ventilation by means of the blinking timing, to
the ventilation bag 20. In response to this, the indicator 25
blinks in a lighting color and timing which are designated.
The ideal timing of bag ventilation may be set by default, or
may be set through the operation interface 14.

[0091] In the case where the state is where the technique
of bag ventilation is not required to be improved, specifi-
cally, the processor 18 causes the indicator 25 to light up in
white (the color indicating that the technique of bag venti-
lation is normal), and to blink at the ideal ventilation speed.
In the case where the state is where the technique of bag
ventilation is required to be improved, by contrast, the
processor 18 causes the indicator 25 to light up in yellow
(the color indicating that the technique of bag ventilation is
abnormal), and to blink at the ideal ventilation speed.
[0092] Therefore, the user can know the ideal ventilation
speed together with the skillfulness of the technique of bag
ventilation.

(Modification 3)

[0093] A modification relating to the lighting/blinking
controls of the indicators 12, 25 will be described. In the
modification, it is assumed that information notified by the
indicator 12 is different from that notified by the indicator
25.

[0094] In the modification, the indicator 25 is used only
for notifying of the information (the second information)
indicating the skillfulness of bag ventilation. The processor
18 calculates the information indicating the skillfulness of
bag ventilation, by using the above-described method. In the
case where the technique of bag ventilation is not required
to be improved, the processor 18 does not cause the indicator
25 to light up or blink (or causes the indicator to light up in
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white (which is the color indicating that the technique is
normal). In the case where the technique of bag ventilation
is required to be improved, by contrast, the processor 18
causes the indicator 25 to light up in, for example. yellow.
[0095] On the other hand, the indicator 12 is used for
notifying of the measurement information (measurement
values and waveforms) of the vital signs. The vital signs
include the pulse rate (the measurement information of the
first parameter) and the parameter (the third parameter)
relating to the respiration such as the PIP. In the case where
the measurement information of the vital signs is abnormal,
the processor 18 causes the indicator to light up or blink in
a color attracting attention such as red.

[0096] According to the configuration, information of the
skillfulness of bag ventilation, and the condition of the
neonate can be correctly notified while distinguishing the
information and the condition from each other. The above-
described notification patterns (the lighting colors) are mere
examples, and the processor 18 is requested to change at
least one of lighting or blinking/lighting color/blinking
color/blinking speed of the indicator 25, thereby notifying of
information of the skillfulness of bag ventilation, and the
condition of the neonate while distinguishing them from
each other.

[0097] Although, in the above, the invention conducted by
the inventors has been specifically described based on the
embodiment, the presently disclosed subject matter is not
limited to the above-described embodiment, and it is a
matter of course that various changes can be made without
departing from the scope of the presently disclosed subject
matter.

[0098] In the above description, for example, the pulse
rate is detected based on the vital signs signals acquired from
the ECG electrodes 30. The presently disclosed subject
matter is not limited to this. The monitoring device 10 may
be connected with an arbitrary sensor (the first sensor) which
acquires measurement information of a parameter derived
from a heart rate. For example, a SpO2 probe may be
connected to the monitoring device 10, and the pulse rate
may be calculated based on the pulse waveform. The param-
eter is not limited to the pulse rate, and the monitoring
device 10 may perform notification prompting ventilation by
the ventilation bag 20 based on measurement information
(measurement values and waveforms) of other parameters
(such as the heart sound) derived from the heart rate.
[0099] As described above, the ventilation bag 20 is an
example of the ventilation medical apparatus, and may be a
T-piece connected to an insufflation pressure source. In the
case where a T-piece is used in place of the ventilation bag
20, the T-piece has a configuration which is identical with or
similar to that of the sensor 24 or the indicator 25, and
therefore a knob for adjusting the air (the gas) to be sent to
the neonate, and the like. Also in this case, the T-piece and
the monitoring device 10 may be requested to perform
operations which are similar to or same as the described
above configuration.

[0100] For example, the monitoring device 10 performs
notification prompting measurement of the pulse rate, after
an elapsed given time from the start event, and, when an
abnormality of the pulse rate is detected, performs notifica-
tion prompting ventilation by the T-piece. Also with respect
to the skillfulness of ventilation by a T-piece (for example,
an abnormality of the ventilation amount due to inadequate-
ness of a setting of the ventilation amount which has been
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conducted by dial setting), the notification may be per-
formed through the indicator 25 disposed in the T-piece.
Even in this case (not in bag ventilation, but in ventilation
by the T-piece), when such notification is performed, the
user can know the adequateness of the ventilation which is
performed by using the T-piece.
[0101] Although, in the above, the description has been
made under assumption that the neonate treatment system 1
mainly treats a neonate who has been just born, the presently
disclosed subject matter may be applied to condition man-
agement of, for example, an infant. Namely, the neonate
treatment system 1 is a mode of the patient treatment system.
Even in the case where an infant is targeted, the monitoring
device 10 and the ventilation bag 20 may operate in a
substantially same or similar manner as the above-described
operation.
What is claimed is:
1. A patient treatment system comprising;
a ventilation medical apparatus, and
a monitoring device which is configured so as to be
connectable to the ventilation medical apparatus,
wherein the monitoring device measures a first parameter
derived from a heart rate of a patient, from a signal of
a first sensor which is connected to the monitoring
device, and, in a case where an abnormality of mea-
surement information of the first parameter is detected,
notifies of first information prompting ventilation by
the ventilation medical apparatus.
2. The patient treatment system according to claim 1,
wherein,
after the notification of the first information, the moni-
toring device notifies of second information indicating
skillfulness of ventilation detected based on a signal
which is sent from a second sensor disposed in the
ventilation medical apparatus.
3. The patient treatment system according to claim 2,
wherein
the ventilation medical apparatus includes a first indicator
which is configured so as to be able to light up or blink,
and
the monitoring device transmits an instruction signal
notifying of the second information to the ventilation
medical apparatus, and causes the first indicator to light
up or blink.
4. The patient treatment system according to claim 1,
wherein
the monitoring device has a second indicator on a hous-
ing, and causes the second indicator to light up or blink,
thereby notifying of the first information.
5. The patient treatment system according to claim 2,
wherein
the ventilation medical apparatus includes a first indicator
which is configured so as to be able to light up or blink,
and
the monitoring device has a second indicator which is
configured so as to be able to light up or blink, on a
housing,
the monitoring device transmits an instruction signal
notifying of the second information, to the ventilation
medical apparatus, thereby causing the first indicator to
light up or blink, and
the monitoring device causes the second indicator to light
up or blink, based on whether or not measurement
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information of vital signs which is calculated from a
vital signs signal that is supplied to the monitoring
device.
6. The patient treatment system according to claim 1,
wherein,
in a case where, even after an elapse of a given time from
a start event, there is no input of informing of a
normality of the patient, the monitoring device pet-
forms notification prompting measurement of the first
parameter.
7. The patient treatment system according to claim 6,
wherein,
in a case where, even after an elapse of the given time
from the start event, there is no input informing of a
normality of the patient, the monitoring device outputs
a first alarm sound, and,
in a case where measurement information of the first
parameter is abnormal, the monitoring device outputs a
second alarm sound.
8. The patient treatment system according to claim 2,
wherein
the monitoring device calculates measurement informa-
tion of a second parameter relating to ventilation based
on the signal which is sent from the second sensor, and
calculates the second information based on the mea-
surement information of the second parameter.
9. The patient treatment system according to claim 2,
wherein
the monitoring device has a display on a housing, and
the monitoring device displays, on the display, measure-
ment information of the first parameter, measurement
information of a second parameter relating to ventila-
tion that is calculated based on the signal which is
acquired from the second sensor, and measurement
information of a third parameter relating to respiration
that is calculated based on a vital signs signal which is
acquired from the second sensor.
10. The patient treatment system according to claim 3,
wherein
the monitoring device
calculates measurement information of a second param-
eter relating to ventilation that is calculated based on
the signal which is acquired from the second sensor,
and measurement information of a third parameter
relating to respiration that is calculated based on a vital
signs signal which is acquired from the second sensor,
and
transmits the instruction signal for changing at least one
of lighting up or blinking/lighting color/blinking color/
blinking speed of the first indicator based on a combi-
nation of whether the measurement information of the
second parameter is abnormal or not, and whether the
measurement information of the third parameter is
abnormal or not.
11. The patient treatment system according to claim 3,
wherein
the monitoring device transmits the instruction signal to
the ventilation medical apparatus, the instruction signal
designating the second information by means of a
lighting color of the first indicator, and designating an
ideal timing of ventilation by means of a blinking
timing.
12. The patient treatment system according to claim 1,
wherein
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the ventilation medical apparatus is a positive pressure

ventilation device.

13. A monitoring device which is configured so as to be
connectable to a ventilation medical apparatus, the moni-
toring device comprising:

a display; and

a controller,

wherein the controller measures a first parameter derived

from a heart rate of a patient, from a signal of a sensor
which is connected to the monitoring device, and in a
case where an abnormality of measurement informa-
tion of the first parameter is detected, the controller
displays, on the display, first information prompting
ventilation by the ventilation medical apparatus.

14. The patient treatment system according to claim 12,
wherein

the positive pressure ventilation device includes an Ambu

bag, a Jackson Rees bad, a flow inflating bag, a bag
valve mask, or T-piece.

I I T T
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