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7) ABSTRACT

Herein disclosed is a monitor, including: a measurement sec-
tion that acquires measured values of a plurality of parameters
showing a health state of a living body; a classification setting
section that classifies a relationship among the measured
values of the plurality of parameters into a plurality of types
of detection states; a status setting section that respectively
assigns any of a plurality of types of alarm statuses to the
plurality of types of detection states; a state specifying section
that specifies one of the plurality of types of detection states
on the basis of the measured values acquired by the measure-
ment section; and an annunciation section that outputs an
alarm corresponding to the alarm status assigned to the speci-
fied detection state.
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MONITOR

BACKGROUND OF THE INVENTION

[0001] The invention relates to a monitor with an annunci-
ating section that acquires a measured value of a parameter
representing a state of a living body and that outputs an alarm
when the measured value fulfills a predetermined condition.

[0002] A known apparatus of this type defines a plurality of
types of alarm statuses on a per-parameter-basis and annun-
ciates any of the plurality of types of alarm statuses on the
basis of the thus-acquired measured value of the parameter
(see; for instance, Patent Document 1). Here, the alarm status
is an indicator that represents an emergence response accord-
ing to a risk level of a symptom. A high priority (Crisis), a
middle priority (Warning), and a low priority (Advisory) are
named as examples of the alarm status.

[0003] For instance, in a neonatal intensive care unit
(NICU), a low birth weight infant (a weight of less than 2500
grams) undergoes apnea (apnea of prematurity) with great
frequency for reasons of immaturity of a respiratory center
that is frequently fraught with hypoxia and bradycardia. They
might bring on disabilities in a brain that is in the course of
development or impair functions of internal organs, which
may seriously affect a life or bring on long-term serious
prognostic influence. Therefore, in order to monitor emer-
gence of hypoxia and bradycardia and enable performance of
a prompt, appropriate response, measuring arterial oxygen
saturation (SpO2) and a heart rate is important. Alarm sta-
tuses employed at this time include; for instance, a middle
priority is given to a case where a lower limit value of SpO2
falls below 85% that indicates hypoxia, whilst a high priority
is given to a case where the lower limit value falls below 75%
that suggests hypercyanosis (profound anoxemia). Further, a
middle priority is also given to a case when the lower limit
value of the heart rate falls below 100 bpm that suggests slight
bradycardia, whereas a high priority is given to a case where
the lower limit value falls below 80 bpm that suggests high
bradycardia.

[0004] [Patent Document 1] JP-2011-78562

[0005] A symptom called “hypoxic bradycardia” that
shows a reduction in heart rate in a hypoxic state requires a
high-priority response. The symptom is defined as a state in
which the lower limit value of SpO2 falls below 85% and in
which the lower limit value of the heart rate falls below 100
bpm. However, in relation to the defined alarm status of each
of the parameters, both SpO2 and the heart rate correspond to
the middle priority. For this reason, if monitoring depends
solely on an annunciated alarm status, a delay will arise in
finding hypoxic bradycardia, or the symptom will be consid-
ered as a transient symptom despite the fact that hypoxic
bradycardia which requires high priority response is in reality
under development.

SUMMARY

[0006] This invention provides a monitor enabling a health-
care worker to take a response appropriate for an emergency
even ina case of asymptom in which a plurality of parameters
showing a health state of a living body are relevant to each
other.
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[0007] Ttis therefore an aspect of the invention to provide a
monitor comprising;

[0008] a measurement section configured to acquire mea-
sured values of a plurality of parameters indicating a health
state of a living body;

[0009] aclassification setting section configured to classify
a relationship among the measured values of the plurality of
parameters into a plurality of types of detection states;
[0010] a status setting section configured to respectively
assign any of a plurality of types of alarm statuses to the
plurality of types of detection states;

[0011] a state specifying section configured to specify one
of the plurality of types of detection states on the basis of the
measured values acquired by the measurement section; and
[0012] an annunciation section configured to output an
alarm corresponding to the alarm status assigned to the speci-
fied detection state.

[0013] By means of such a configuration, an alarm status
appropriate for a health state of the living body can be
assigned on the basis of a relationship between measured
values of a plurality of parameters acquired by the measure-
ment section. Even in a state in which a symptom will be
difficult to detect if a priority is determined on the basis of
only an alarm status set for each of the parameters, a quick
response to a symptom and a treatment appropriate for the
symptom canbe taken because appropriate alarm statuses can

be assigned.

[0014] The monitor may further comprise:

[0015] a display section; and

[0016] a display control section configured to display on

the display section a coordinate system formed from a plu-
rality of coordinate axes assigned to the plurality of param-
eters, wherein

[0017] assignment of the alarm statuses is carried out by
use of the coordinate system.

[0018] By means of such a configuration, a relationship
among measured values of a plurality of parameters become
obvious at a glance. Therefore, a domain in a coordinate
system corresponding to a detection state that needs alarm
status setting or a correction is intuitively grasped, and setting
and correction work can be smoothly performed.

[0019] The display control section may be configured to
display at least one of indices corresponding to the measured
values in the coordinate system.

[0020] By means of such a configuration, a current health
state of the living body can be intuitively grasped by means of
a positional relationship between the domains assigned pre-
determined alarm statuses.

[0021] The display control section may be configured to
change at least one of a color, brightness, and a shape of the
index according to a time when the measurement section
acquired the measured value.

[0022] By means of the configuration, a shift in the health
state of the living body can be intuitively grasped by means of
the positional relationship between the domains assigned the
predetermined alarm statuses.

[0023] Themonitor may further comprise a data specifying
section configured to specify at least one of the indices,
wherein

[0024] the display control section is configured to cause the
display section to display a moment-to-moment change in the
measured value so as to include a time when the measurement
section acquired the measured value corresponding to an
index specified by the data specifying section.

[0025] By means of the configuration, a worrisome index is
specified on the index display screen that inevitably displays
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measured values which are chronologically discrete, whereby
measured values that are chronologically continual before
and after the measured value can be displayed. A more
detailed examination of the measured data becomes possible.
Further, specifying the index can be carried out on the basis of
a positional relationship between the index and the domain
assigned the predetermined alarm status. Hence, measure-
ment data can be intuitively and efficiently checked.

[0026] Requirements for demarcation among the plurality
oftypes of classified detection states may be made variable by
the classification setting section.

[0027] By means of the configuration, it is possible to set
alarm statuses appropriate for an individual difference of the
living body that is a monitoring target.

[0028] The plurality of types of detection states may be
classified according to a threshold value set for each of the
plurality of parameters. The plurality of types of detection
states may be classified according to a ratio of measured
values of the plurality of parameters. The plurality of types of
detection states may be classified according to a relationship
curve between measured values of the plurality of param-
eters.

[0029] The plurality oftypes of alarm statuses may include
a high priority (Crisis), a middle priority (Warning), a low
priority (Advisory), and a non-alarm status.

[0030] The plurality of parameters may be able be selected
from a parameter group including a cardiac rate, a frequency
of pulse, arterial oxygen saturation, oxyecoia partial pressure,
carbon dioxide partial pressure, a concentration of carbon
dioxide at end-expiration, a concentration of inspired carbon
dioxide, blood pressure, a breathing rate, brain pressure, body
heat, an ST value, Apnea (a period of cessation of respiration),
FiO2 (an expiratory oxygen concentration), an amount of
circulating blood, a cardiac output, a BIS value (a bispectral
index), a concentration of anesthetic gas, a vent airflow, an
expiratory airflow, a SV (single stroke volume), SVV (a coef-
ficient of fluctuation in single stroke volume), PPV (a coeffi-
cient of fluctuation in pulse pressure), SPV (coefficient of
fluctuation in blood pressure in contraction stage), and PI
(pulse rate).

[0031] It is another aspect of the invention to provide a
monitor comprising:

[0032] ameasurement section configured to acquire a mea-
sured value of a first parameter and a measured value of a
second parameter that represent a health state of a living
body;

[0033] aclassification setting section configured to classify
arelationship between a measured value of the first parameter
and a measured value of the second parameter into a plurality
of types of detection states by means of at least one threshold
value pertinent to the first parameter and at least one threshold
value pertinent to the second parameter;

[0034] a status setting section configured to assign any of
the plurality of types of alarm statues respectively to the
plurality of types of detection states;

[0035] astatus specifying section configured to specify one
of the plurality of types of detection states according to the
measured value acquired by the measurement section;

[0036] an annunciation section configured to output an
alarm corresponding to an alarm status assigned to the speci-
fied detection state;

[0037] adisplay section;
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[0038] a display control section configured to cause the
display section to display a coordinate plane formed from
coordinate axes assigned to the first parameter and the second
parameter, wherein

[0039] assignment of the alarm statuses is configured to be
carried out by use of the coordinate plane.

[0040] By means of the configuration, an alarm status
appropriate for a health state of the living body can be
assigned on the basis of a relationship between two measured
values acquired by the measurement section. Even ina state in
which a symptom will be difficult to detect if a priority is
determined on the basis of only an alarm status set for each of
the parameters, an appropriate alarm status can be assigned.
Hence, a quick response to a symptom and a treatment appro-
priate for the symptom can be taken. In particular, assignment
of alarm statuses are carried out with reference to threshold
values of the respective parameters by use of the coordinate
plane, and hence significant classification can be set through
intuitive operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a functional block diagram showing a
configuration of a monitor according to an embodiment of the
invention;

[0042] FIGS. 2A and 2B are diagrams showing an example
of an alarm status setting screen and a measured value display
screen that are displayed in a display section of the monitor;
[0043] FIGS. 3A and 3B are diagrams showing another
example of the alarm status setting screen to be displayed in
the display section of the monitor;

[0044] FIG. 41is a diagram showing an example of a screen
for checking a moment-to-moment change in a measured
value which is displayed on the display section of the moni-
tor;

[0045] FIGS.5A and 5B are diagrams showing still another
example of the alarm status setting screen to be displayed in
the display section of the monitor; and

[0046] FIG. 6is a diagram showing yet another example of
the alarm status setting screen to be displayed in the display
section of the monitor.

DETAILED DESCRIPTION OF EMBODIMENTS

[0047] An embodiment of the invention is hereunder
described in detail by reference to the accompanying draw-
ings.

[0048] FIG. 1 is a functional block diagram showing a
configuration of a monitor 10 of an embodiment of the inven-
tion. The monitor 10 is equipped with a measurement section
11, a control section 12, a storage section 13, a display section
14, a command input section 15, and an annunciation section
16.

[0049] A living body 20 wears various sensors 21, such as
electrodes and cuffs, and measured signals pertinent to a
plurality of parameters showing a health state of the living
body 20 are input to the measurement section 11. The mea-
surement section 11 acquires the measured values of the
parameters. In the following descriptions, explanations are
given to a case where a measured value of a heart rate and a
measured value of arterial oxygen saturation are acquired as
a plurality of parameters.

[0050] The control section 12 is an arithmetic processing
circuit equipped with an arithmetic processing element, like a
CPU, and memory, like RAM and ROM, and controls entire
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operation of the monitor 10. Various operations and functions
of the control section 12 to be described below can be imple-
mented by means of operation of hardware, such as a circuitry
element, operation of software like a program stored in the
arithmetic processing element, or a combination thereof.
[0051] The storage section 13 is connected in a communi-
cable way with the control section 12. At least some of the
measured values acquired by the measurement section 11 are
stored as measurement data 31 in the storage section 13 by
way of the control section 12. The respective pieces of mea-
surement data 31 are stored in association with time informa-
tion 32 that shows measured times.

[0052] The display section 14 is a display provided on a
front side of the monitor. The display section 14 is connected
in acommunicable way to the control section 12. The control
section 12 has a display control section 17 as a functional
element. The display control section 17 displays in real time
on the display section 14 a measured signal input to the
measurement section 11.

[0053] The command input section 15 is connected in a
communicable way to the control section 12. The command
input section 15 is configured as a man-machine interface by
way of which the user inputs a command and made up of
buttons, switches, a mouse, a keyboard, and others. At least a
portion of the display section 14 can also be configured as a
touch panel or so as to act as a portion of the command input
section 15.

[0054] The annunciation section 16 is connected in a com-
municable way to the control section 12. The control section
12 has a status specifying section 18 as a functional element.
When determining that the living body 20 to be monitored is
in a predetermined health state, the status specifying section
18 outputs an alarm to the annunciation section 16. An alarm
status representing response emergency is previously defined
in connection with each of predetermined health states. The
annunciation section 16 outputs an alarm assigned an alarm
status, thereby annunciating an emergency to a user.

[0055] The alarm output is carried out in at least one of a
visual way (a message display, a mark display, light emission,
and the like) and an audible way (a beep sound, an announce-
ment, and the like). The annunciation section 16 is connected
in a communicable way to the display section 14. The display
control section 17 outputs at least some of visual alarms by
utilization of the display section 14.

[0056] A method for setting an alarm status is now
described. When a command for effecting a shift to an alarm
status setting mode is issued by way of the command input
section 11, the display control section 17 causes the display
section 14 to display a status setting screen 40 shown in FIG.
2A.

[0057] The status setting screen 40 includes a coordinate
plane 41 including a horizontal axis assigned to a heart rate
(hereinafter abbreviated as “HR”) and a vertical axis assigned
to arterial oxygen saturation (hereinafter indicated as SpO2).
First to third threshold setting lines 51, 52, and 53 that extend
in a direction orthogonal to the horizontal axis and fourth to
sixth threshold setting lines 61, 62, and 63 that extend in a
direction orthogonal to the vertical axis are displayed on the
coordinate plane 41. As a result of the first to third threshold
value setting lines 51, 52, and 53 crossing the fourth to sixth
threshold value setting lines 61, 62, and 63, a total of 16
domains A to P are defined on the coordinate plane 41.
[0058] The first threshold value setting line 51 is for setting
a threshold value of a maximum HR value and set to 160 bpm
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in the illustrated example. When a measured HR value is the
threshold value or more, a fast pulse is suspected in a moni-
toring target, and hence an alarm status of the threshold value
of the maximum HR value is given a middle priority (Warn-
ing).

[0059] The second threshold value setting line 52 is for
setting a first threshold value of a minimum HR value and set
to 100 bmp in the illustrated example. When the measured HR
value is the threshold value or less, slight bradycardia is
suspected in the monitoring target, and hence an alarm status
of the first threshold value of the minimum HR value is given
a middle priority.

[0060] Thethird threshold value setting line 53 is for setting
a second threshold value of the minimum HR value and set to
80 bmp in the illustrated example. When the measured HR
value is the threshold value or less, profound bradycardia is
suspected in the monitoring target, and hence an alarm status
of the second threshold value of the minimum HR value is
given a high priority (Crisis).

[0061] When the measured HR value falls within a range
between the first threshold value setting line 51 and the sec-
ond threshold value setting line 52, the health state of the
monitoring target is deemed as being normal, and an alarm
status of this case is taken as a non-alarm status.

[0062] The fourth threshold value setting line 61 is for
setting a threshold value of a maximum SpO2 value and set to
95% in the illustrated example. When a measured SpO2 value
is the threshold value or more, retinopathy of prematurity
attributable to hyperoxemia is suspected in a monitoring tar-
get, and hence an alarm status of the threshold value of the
maximum SpO2 value is given a low priority (Advisory).
[0063] The fifth threshold value setting line 62 is for setting
a first threshold value of a minimum SpO2 value and set to
85% in the illustrated example. When the measured HR value
is the threshold value or less, hypoxia is suspected in the
monitoring target, and hence an alarm status of the first
threshold value of the minimum SpO2 value is given a middle
priority.

[0064] The sixth threshold value setting line 63 is for set-
ting a second threshold value of the minimum SpO2 value and
set to 75% in the illustrated example. When the measured
SpO2 value is the threshold value or less, hypercyanosis is
suspected in the monitoring target, and hence an alarm status
of the second threshold value of the minimum SpO2 value is
given a high priority.

[0065] When the measured SpO2 value falls within a range
between the fourth threshold value setting line 61 and the fifth
threshold value setting line 62, the health state of the moni-
toring target is deemed as being normal, and an alarm status of
this case is taken as a non-alarm status.

[0066] In the embodiment, in addition to setting alarm sta-
tuses appropriate for measured values of the respective
parameters, relationships among the plurality of measured
values of the parameters are sorted into a plurality of types of
detection states. The alarm statuses are assigned to the plu-
rality of types of detection states, respectively.

[0067] As mentioned above, the coordinate plane 41 is
segmented into the 16 domains A to P by means of the six
threshold value setting lines 51 to 53 and 61 to 63. Since a
range of each of the domains is specified as coordinates
involving measured HR values and measured SpO2 values,
the range can be deemed as a detection state based on a
relationship between HR and SpO2. Put another way, the
plurality of types of detection states are sorted according to
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the threshold values defined in connection with HR and
SpO2. Each of the domains is assigned any of the alarm
statuses (the high priority, the middle priority, the low prior-
ity, and the non-alarm).

[0068] Forinstance, the domains A, E, I, and M enclosed by
broken lines X are domains where measured HR values come
to the second threshold value of the minimum value or less. In
the domains A, E, and 1, alarm statuses of measured SpO2
values are assigned the low priority, the non-alarm status, and
the middle priority. However, the alarm statuses of the mea-
sured HR values are assigned the high priority. For these
reasons, the higher alarm status is prioritized, and the high
priority is assigned to the domains A, E, and L.

[0069] Likewise, the domains M, N, O, and P enclosed by
broken lines Y are domains where measured SpO2 values
come to the second threshold value of the minimum value or
less. In the domains N, O, and P, alarm statuses of measured
HR values are assigned the middle priority, the non-alarm
status, and the middle priority. However, the alarm statuses of
the measured SpO2 values are assigned the high priority. For
these reasons, the higher alarm status is prioritized, and the
high priority is assigned to the domains N, O, and P.

[0070] Alarm status assignment is carried out by means of
the display control section 17 displaying the domains in pre-
determined colors. In the embodiment, the high priority is
displayed in red; the middle priority is displayed in yellow;
the low priority is displayed in blue; and the non-alarm status
is displayed in white.

[0071] Thedomains 1, J, M, and N enclosed by broken lines
7 are domains where the measured HR value comes to the
first threshold value of the minimum value or less and where
the measured SpO2 value comes to the first threshold value of
the lower limit value or less. In this state, hypoxic bradycardia
is suspected in the monitoring target, and the original high
priority reaction is required. The region J is to be originally
displayed in yellow because of an overlap between the
domains assigned middle priority alarm statuses of HR and
SpO2. However, the domain T is assigned a high priority
alarm status and displayed in red.

[0072] Theuserassigns an alarm status for each domain by
use of the command input section 15 while viewing the coor-
dinate plane 41 of the status setting screen 40 displayed on the
display section 14 by the display control section 17. Specifi-
cally, the command input section 15 and the display control
section 17 act as a classification setting section and a status
setting section of the invention.

[0073] For instance, the display control section 17 first
displays the respective domains in colors corresponding to
alarm statuses of higher priority levels in accordance with
alarm statuses set for HR and SpO2, respectively. The
domains B, D, F, H, and K are assigned alarm statuses of
middle priority levels according to the rule and displayed in
yellow. In addition, as in the case with the domain J, a domain
whose priority level needs to be changed on the basis of a
relationship between a plurality of parameters is specified,
and a desired alarm status is assigned to the domain.

[0074] By means of the configuration, an alarm status
appropriate for a health state of the monitoring target can be
assigned on the basis of a relationship between measured
values of a plurality of parameters acquired by the measure-
ment section. Even in a state in which a symptom will be
difficult to detect if a priority is determined on the basis of
only an alarm status set for each of the parameters like, in
particular, the domain J, an appropriate alarm status can be
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assigned. Hence, a quick response to a symptom and a treat-
ment appropriate for the symptom can be taken.

[0075] Since an alarm status is assigned by use of the coor-
dinate plane 41 displayed on the display section 14, a rela-
tionship among measured values of a plurality of parameters
become obvious at a glance. Therefore, a domain (a detection
state) that needs alarm status setting or a correction is intu-
itively grasped, and setting and correction work can be
smoothly performed.

[0076] The control section 12 sets the thus-set alarm sta-
tuses as setting information 33 into the storage section 13.
The control section 12 reads the alarm status as required, and
the alarm status is used for a setup change or a reset to an
initial state, which will be descried later.

[0077] When a shift to a measurement mode is commanded
by way of the command input section 15, the display control
section 17 causes the display section 14 to display a measured
value display screen 42, such as that shown in FIG. 2B. The
first to sixth threshold value setting lines 51 to 53 and 61 to 63
are hidden in the measured value display screen 42 displayed
on the display section 14, and the coordinate plane 41 sepa-
rated by color according to the assigned alarm statuses is also
displayed. Although omitted from the drawings, an HR mea-
sured signal waveform and an SpO2 measured signal wave-
form, which are input to the measurement section 11, are
displayed on the display section 14 in real time.

[0078] The display control section 17 displays an index 43
corresponding to the measured value acquired by the mea-
surement section 11 within the coordinate plane 41. FIG. 2B
shows a case where a measured HR value is 135 bpm and a
measured SpO2 value is 87%. The index 43 showing a current
health state of the living body 20 is displayed at a point on the
coordinate plane 41 where coordinates are defined by the
measured values.

[0079] By means of such a configuration, the current health
state of theliving body 20 can be intuitively grasped by means
of a positional relationship among the domains assigned the
predetermined alarm statuses.

[0080] The display control section 17 is configured so as to
display a plurality of indices within the coordinate plane 41
and change a color of each of the indices in accordance with
a point of time when the measurement section 11 acquires a
measured value. Specifically, an index 43a representing a
value measured at a given time in the past is displayed, in the
coordinate plane 41, in color that differs from the color of the
index 43 that shows the current measured value. The value
measured at a given time in the past is acquired by means of
the display control section 17 reading the measurement data
31 stored in the display section 13. The display control sec-
tion 17 can specify corresponding measurement data 31 by
reference to the time information 32 associated with the mea-
surement data 31.

[0081] A display mode ofthe index 43 based on a measure-
ment time is not limited to a color change. In addition to or in
place of the color change, at least one of brightness and shape
of the index 43 can be changed.

[0082] By means of such a configuration, a shift in the
health state of the living body 20 can be intuitively grasped by
means of a positional relationship among the domains
assigned the predetermined alarm statuses. For instance, in
the case of the example shown in FIG. 2B, it is possible to
obviously recognize at a glance an increase in HR and a drop
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in SpO2 and that the health state of the living body 20 become
closer to a domain assigned the alarm state of a middle pri-
ority level.

[0083] Subsequently, when the measured HR value and the
measured SpO2 value shift to a state indicated by an index
435, the status specifying section 18 provided in the control
section 12 as a functional element determines that the mea-
sured values enter the domain K shown in FIG. 2A and causes
the annunciation section 16 to output a predetermined alarm
corresponding to the alarm status of a middle priority level
assigned to the domain.

[0084] Specifically, in accordance with the measured val-
ues acquired by the measurement section 11, the status speci-
fying section 18 specifies one of a plurality of types of detec-
tion states corresponding to the respective domains A to P on
the coordinate plane 41. The annunciation section 16 outputs
an alarm corresponding to the alarm status assigned to the
thus-specified detection state.

[0085] The measured value display screen 42 displayed on
the display section 14 can be deemed as one mode of an alarm
output from the annunciation section 16. For instance, the
health state of the living body 20 indicated by the index 43
shown in FIG. 2B is normal, and an alarm, such as that output
in response to the index 434, is not output. However, this state
can also be deemed as a state in which a detection state
corresponding to the domain G is specified by the status
specifying section 18 and in which an alarm status assigned to
the state, or the non-alarm status, is being annunciated by way
of the measured value display screen 42. As a result of the
index 43 approaching the domain assigned the alarm status,
the user can be notified of the fact that the possibility of
occurrence of an alarm is now increasing. The expression
“alarm output” referred to in connection with the invention is
used so as to imply such a case.

[0086] The command input section 15 is arranged so as to
be able to change positions of the first through sixth threshold
value setting lines 51 to 53 and 61 to 63 shown in FIG. 2A.
Ranges of the respective domains A to P defined on the
coordinate plane 41 can thereby be changed. Put another
word, requirements for a demarcation among the plurality of
types of detection states corresponding to the respective
divided domains A to P are changeable.

[0087] FIGS. 3A and 3B are diagrams for explaining a case
where demarcation requirements are changed by use of the
past measurement data 31. The display control section 17
reads a predetermined amount of measurement data 31 stored
in the past in the storage section 13 and displays the thus-read
measurement data in the coordinate plane 41 of the status
setting screen 40 displayed on the display section 14 as shown
in FIG. 3A. An index corresponding to a predetermined
amount of value measured in the past forms an aggregation
44. A color of indices that form the aggregation 44 shows a
time when the measured values are acquired, and newer mea-
sured values are displayed in thicker colors.

[0088] FIG. 3B shows a state in which the first threshold
value of the minimum HR value indicated by the second
threshold value setting line 52 is changed from 100 bpm to
120 bpm. In the state shown in FIG. 3 A, a small portion of the
aggregation 44 belongs to the domain F assigned the alarm
status of middle priority level. However, the state shown in
FIG. 3B represents that one-half or more of the aggregation
44 belongs to the domain F.

[0089] For instance, when a drop in heart rate of the living
body 20 that is a monitoring target arises at a comparatively
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high heart rate, an alarm status of middle priority level might
not be appropriately annunciated at the setting of the thresh-
old value shown in FIG. 3A. Changing the threshold value,
such as that shown in FIG. 3B, is performed in such a case,
whereby the health state of the monitoring target will be
appropriately annunciated. Further, the demarcation of the
domain J also approaches the aggregation 44, and hence the
certainty of annunciation of hypoxic bradycardia assigned a
higher response priority increases.

[0090] Conversely, when an alarm is frequently annunci-
ated despite absence of a symptom that needs a response, a
conceivable countermeasure is to adjust a required threshold
value so as to avoid the aggregation 44. Frequency of an
unwanted alarm can be reduced, which is preferable in view
of development acceleration care (developmental care).
[0091] As above, the configuration of the embodiment
makes it possible to set alarm statuses appropriate for an
individual difference of the living body 20 that is a monitoring
target. Furthermore, the threshold values are changed by
changing the ranges of the respective domains A to P accord-
ing to the position of the index displayed on the coordinate
plane 41. Hence, intuitive operation is possible.

[0092] Thecommand input section 15 is configured so as to
be able to specify at least one of indices included in the
displayed aggregation 44. The display control section 17 is
configured so as to display, on the display section 14,
moment-to-moment changes in the measured value such that
a measured value corresponding to the specified index
includes the time when the measured value corresponding to
the specified index was acquired by the measurement section
11. In other words, the command input section 15 and the
display control section 17 act as a data specifying section of
the invention.

[0093] For instance, as shown in FIG. 4, when one index
44a belonging to the aggregation 44 is specified by a cursor
45, the display section 14 displays a waveform check screen
46 that shows, as waveforms, an HR measured value and an
SpO2 measured value that belong to predetermined periods
around atime “t” at which the measured values corresponding
to the index 44a were acquired.

[0094] Specifically, the display control section 17 refers to
time information 32 stored in the storage section 13 and
specifies the measurement data 31 at time “t”” In addition,
measurement data 31 corresponding to predetermined peri-
ods around the time “t” are specified. The display control
section 17 reads the thus-specified measurement data 31 from
the storage section 31, generating waveform display data and
displaying the data on the waveform check screen 46.
[0095] 1In the configuration, a worrisome index is specified
on the index display screen that inevitably displays measured
values which are chronologically discrete, whereby measured
values that are chronologically continual before and after the
measured value can be displayed. A more detailed examina-
tion of the measured data becomes possible. Further, speci-
fying the index can be carried out on the basis of a positional
relationship between the index and the domain that is formed
in the coordinate plane 41 and that corresponds to the alarm
status. Hence, measurement data can be intuitively and effi-
ciently checked.

[0096] The embodiment is intended for making the inven-
tion easy to comprehend and not for limiting the invention. It
is obvious that the invention can be changed or modified
without departing the gist of the invention and also include
equivalents.



US 2014/0012096 Al

[0097] The parameters that represent the health state of the
living body 20 and that are acquired by the measurement
section 11 are not limited to a heart rate and arterial oxygen
saturation. In addition to them, other parameters can also be
selected so as to differ from each other from a parameter
group including a frequency of pulse, oxyecoia partial pres-
sure, carbon dioxide partial pressure, a concentration of car-
bon dioxide at end-expiration, a concentration of inspired
carbon dioxide, blood pressure, a breathing rate, brain pres-
sure, body heat, an ST value, Apnea (a period of cessation of
respiration), FiO2 (an expiratory oxygen concentration), an
amount of circulating blood, a cardiac output, a BIS value (a
bispectral index), a concentration of anesthetic gas, a vent
airflow, an expiratory airflow, a SV (single stroke volume),
SW (acoefficient of fluctuation in single stroke volume), PPV
(coefficient of fluctuation in pulse pressure), SPV (coefficient
of fluctuation in blood pressure in contraction stage), and PI
(pulse rate).

[0098] The horizontal axis and the vertical axis of the coor-
dinate plane 41 are not limited to the heart rate and the arterial
oxygen saturation, respectively. A parameter group consist-
ing of parameters selected from the above are appropriately
assigned to the vertical and horizontal axes.

[0099] If there are acquired measured values including a
significant difference, such as a measured value of arterial
oxygen saturation acquired from the right hand and a mea-
sured value of arterial oxygen saturation acquired from the
left hand or a measured value of arterial oxygen saturation
acquired from a superior limb and a measured value of arterial
oxygen saturation acquired from an inferior limb, parameters
of the same type can be deemed and selected as “plural
parameters.” The thus-selected parameters of the same type
that provide a different meaning are assigned to the horizontal
axis and the vertical axis of the coordinate plane 41, respec-
tively.

[0100] FIG.5A shows an example of a status setting screen
70 to be displayed on the display section 14 when the con-
centration of carbon dioxide in aspirated air and arterial oxy-
gen saturation are selected as a plurality of parameters. Four
threshold value setting lines 72 to 75 are displayed on a
coordinate plane 71 defined by a horizontal axis assigned to
the concentration of carbon dioxide and a vertical axis
assigned to arterial oxygen saturation. Domains assigned to a
total of nine detection states are partitioned on the coordinate
plane 71 as a result of crossing each other. As in the case with
the embodiment, alarm statues are assigned to the respective
domains and displayed in predetermined colors.

[0101] A plurality of types of detection states based on a
relationship among measured values of a plurality of param-
eters do not always need to be defined on the basis of thresh-
old values set on the respective parameters. As shown in FIG.
5B, the detection states can also be partitioned in accordance
with a ratio among measured values of the selected param-
eters.

[0102] The drawing shows an example of a status setting
screen 80 to be displayed on the display section 14 when a
cardiac rate and blood pressure in a contraction stage are
selected as a plurality of parameters. Four threshold value
setting lines 82 to 85 that extend from the point of origin at
predetermined gradients are displayed on a coordinate plane
81 formed from a horizontal axis assigned to the cardiac rate
and a vertical axis assigned to the blood pressure in a con-
traction stage. Gradients of the respective threshold value
setting liens correspond to a ratio of a measured value of the
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cardiac rate to a measured value of the blood pressure in the
contraction stage. Domains assigned to a total of five detec-
tion states are defined on the coordinate plane 81 by means of
the threshold value setting lines 82 to 85 corresponding to
ratio values 0of 0.5, 1.0, 1.5, and 2.0. As in the case with the
embodiment, the alarm statuses are assigned to the respective
domains and displayed in predetermined colors.

[0103] A plurality of types of detection states based on a
relationship among measured values of a plurality of param-
eters can also be partitioned on the basis of an oxygen disso-
ciation curve or a relationship curve among measured values
like a heart function curve shown in FIG. 6. In the embodi-
ment, domains assigned to a plurality of detection states are
defined on a coordinate plane 91 by means of a heart function
curve. Alarm statuses of high priority level are assigned to
domains located below a curve C1. Alarm statuses of middle
or low priority level are assigned to domains located between
curves C1 and C2. The domains are divided by color as in the
case with the embodiment, and the domains are omitted from
FIG. 6.

[0104] Parameters showing a health state of the living body
20 acquired by the measurement section 11 are not limited to
two types. Three different types of parameters can also be
selected. and a coordinate space formed from coordinate axes
assigned to the respective parameters can also be displayed on
the display section 14. In this case, the coordinate space is
divided into a plurality of domains on the basis of a relation-
ship among measured values of the three types of parameters,
and alarm statuses can be assigned to the respective domains.
Further, at least one index showing the measured value can be
displayed in the coordinate space.

[0105] Assignment of the alarm statuses always needs to be
performed by use of an orthogonal coordinate system. A
relationship between measured values of a plurality of param-
eters is classified according to a plurality of types of detection
states. If any of the plurality of types of alarm statuses can be
assigned to the plurality of types of detection states, an appro-
priate coordinate system and an appropriate display mode can
be adopted.

[0106] So long as the annunciation section 16 can output
the alarm corresponding to the assigned alarm status, the
coordinate plane 41 used in setting statuses do not always
need to be displayed on the display section 14 during mea-
surement of parameters of the living body.

What is claimed is:

1. A monitor comprising;

a measurement section configured to acquire measured
values of a plurality of parameters indicating a health
state of a living body;

a classification setting section configured to classify a rela-
tionship among the measured values of the plurality of
parameters into a plurality of types of detection states;

a status setting section configured to respectively assign
any of a plurality of types of alarm statuses to the plu-
rality of types of detection states;

a state specifying section configured to specify one of the
plurality of types of detection states on the basis of the
measured values acquired by the measurement section;
and

an annunciation section configured to output an alarm cor-
responding to the alarm status assigned to the specified
detection state.
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2. The monitor according to claim 1, further comprising:

a display section; and

a display control section configured to display on the dis-

play section a coordinate system formed from a plurality
of coordinate axes assigned to the plurality of param-
eters, wherein

assignment of the alarm statuses is carried out by use of the

coordinate system.

3. The monitor according to claim 2, wherein the display
control section is configured to display at least one of indices
corresponding to the measured values in the coordinate sys-
tem.

4. The monitor according to claim 3, wherein the display
control section is configured to change at least one of a color,
brightness, and a shape of the index according to a time when
the measurement section acquired the measured value.

5. The monitor according to claim 3, further comprising a
data specifying section configured to specify at least one of
the indices, wherein

the display control section is configured to cause the dis-

play section to display a moment-to-moment change in
the measured value so as to include a time when the
measurement section acquired the measured value cor-
responding to an index specified by the data specifying
section.

6. The monitor according to claim 1, wherein requirements
for demarcation among the plurality of types of classified
detection states are made variable by the classification setting
section.

7. The monitor according to claim 1, wherein the plurality
of types of detection states are classified according to a
threshold value set for each of the plurality of parameters.

8. The monitor according to claim 1, wherein the plurality
of types of detection states are classified according to a ratio
of measured values of the plurality of parameters.

9. The monitor according to claim 1, wherein the plurality
of types of detection states are classified according to a rela-
tionship curve between measured values of the plurality of
parameters.

10. The monitor according to claim 1, wherein the plurality
of types of alarm statuses include a high priority (Crisis), a
middle priority (Warning), a low priority (Advisory), and a
non-alarm status.
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11. The monitor according to claim 1, wherein the plurality
of parameters can be selected from a parameter group includ-
ing a cardiac rate, a frequency of pulse, arterial oxygen satu-
ration, oxyecoia partial pressure, carbon dioxide partial pres-
sure, a concentration of carbon dioxide at end-expiration, a
concentration of inspired carbon dioxide, blood pressure, a
breathing rate, brain pressure, body heat, an ST value, Apnea
(a period of cessation of respiration), FiO2 (an expiratory
oxygen concentration), an amount of circulating blood, a
cardiac output, a BIS value (a bispectral index), a concentra-
tion of anesthetic gas, a vent airflow, an expiratory airflow, a
SV (single stroke volume), SVV (a coefficient of fluctuation
in single stroke volume), PPV (a coefficient of fluctuation in
pulse pressure), SPV (coefficient of fluctuation in blood pres-
sure in contraction stage), and PI (pulse rate).

12. A monitor comprising:

a measurement section configured to acquire a measured
value of a first parameter and a measured value of a
second parameter that represent a health state of a living
body;

a classification setting section configured to classify a rela-
tionship between a measured value ofthe first parameter
and a measured value of the second parameter into a
plurality of types of detection states by means of at least
one threshold value pertinent to the first parameter and at
least one threshold value pertinent to the second param-
eter;

a status setting section configured to assign any of the
plurality of types of alarm statues respectively to the
plurality of types of detection states;

a status specifying section configured to specify one of the
plurality of types of detection states according to the
measured value acquired by the measurement section;

an annunciation section configured to output an alarm cor-
responding to an alarm status assigned to the specified
detection state;

a display section;

a display control section configured to cause the display
section to display a coordinate plane formed from coor-
dinate axes assigned to the first parameter and the second
parameter, wherein

assignment of the alarm statuses is configured to be carried
out by use of the coordinate plane.
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