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(57) A measuring apparatus includes: a measuring
section which performs an invasive blood pressure
measurement, and which detects that a predetermined
abnormal condition occurs in a blood pressure during the
measurement; a detector which detects whether or not
a zero point calibration is being executed on a transducer
to be used in the measurement; and a notification con-
troller which, in a case where the blood pressure meas-
ured by the measuring section is in the predetermined

abnormal condition, controls whether an alarm is output
or not, based on a detection state of the detector. The
notification controller can select a first mode in which an
alarm sound is output, or a second mode in which the
alarm sound is not output, based on an elapsed time
period from a predetermined timing relating to the zero
point calibration, and an output from the measuring sec-
tion.
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Description
BACKGROUND

[0001] The presently disclosed subject matter relates
to a measuring apparatus and a blood pressure meas-
uring method.

[0002] There is available an invasive blood pressure
measuring method in which a catheter or the like is in-
serted into the blood vessel of the subject to continuously
measure the time varying blood pressure(for example,
see JP-T-2013-517863). The pressure generated in the
blood vessel is converted to an electrical signal by a
transducer which is connected to the catheter. A blood
pressure monitor displays the blood pressure value and
waveform corresponding to the electrical signal which
has been converted by the transducer, to a medical per-
son or the like.

[0003] In an invasive blood pressure measurement, it
is necessary to perform a process called the zero point
calibration for setting a reference value of the measure-
ment. The zero point calibration is performed in the fol-
lowing manner. The transducer is placed in a reference
point. When a pressure acting on the transducer is made
zero (when the catheter is opened to the atmosphere),
the electrical signal indicative of the blood pressure value
is set to have a measurement reference value (for exam-
ple, 0 mmHg).

[0004] In the case where an invasive blood pressure
measurement is performed, it is recommended to output
an alarm indicative of detachment of a catheter attached
to the patient. When referring to the alarm, the medical
person can immediately recognize the catheter detach-
ment.

[0005] In the related-art blood pressure measuring
system, as described above, an alarm function is dis-
posed which, in the case where the situation meets given
conditions, such as that where catheter detachment is
detected, informs the medical person of a predetermined
abnormal condition (for example, a condition where the
pulse cannot be detected, and the mean blood pressure
is equal to or lower than 100 mmHg).

[0006] In the related-art blood pressure measuring
system, however, there is a case where, after the zero
point calibration for setting a reference value of the meas-
urement is performed, an alarm sound is output, for ex-
ample, although when a surgical operation remains un-
der preparation. That is, there is a case where an alarm
sound is wastefully generated after the zero point cali-
bration. In this case, the medical person must perform
an operation of cancelling the alarm sound. This opera-
tion disturbs other preparation works, and therefore is
undesirable.

SUMMARY

[0007] The presently disclosed subject matter may
provide a measuring apparatus and a blood pressure
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measuring method in which an alarm sound can be ad-
equately output even in the case where the zero point
calibration is performed.

[0008] The measuring apparatus may comprise: a
measuring section which is configured to perform an in-
vasive blood pressure measurement, and which is con-
figured to detect that a predetermined abnormal condition
occursinablood pressure during the invasive blood pres-
sure measurement; a detector which is configured to de-
tect whether or not a zero point calibration is being exe-
cuted on a transducer that is to be used in the invasive
blood pressure measurement; and a notification control-
ler which, in a case where the blood pressure measured
by the measuring section is in the predetermined abnor-
mal condition, is configured to control whether an alarm
is output or not, based on a detection state of the detector,
wherein the notification controller can select a first mode
in which an alarm sound is output, or a second mode in
which the alarm sound is not output, based on an elapsed
time period from a predetermined timing relating to the
zero point calibration, and an output from the measuring
section.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 is a diagram of a blood pressure measuring
system including a measuring apparatus of an em-
bodiment.

Fig. 2 is a flowchart illustrating the operation of the
measuring apparatus.

Fig. 3 is a flowchart illustrating the operation of the
measuring apparatus.

Fig. 4 is a flowchart illustrating the operation of the
measuring apparatus.

Fig. 5 is a flowchart illustrating the operation of the
measuring apparatus.

Fig. 6 is a flowchart illustrating the operation of the
measuring apparatus.

Fig. 7 is a conceptual view showing an example of
alarm mode switching in a related-art measuring ap-
paratus.

Fig. 8 is a conceptual view showing an example of
alarm mode switching in the measuring apparatus
of the embodiment.

Fig. 9is a view illustrating an example of alarm mode
switching.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0010] Hereinafter, a measuring apparatus of an em-
bodiment will be described with reference to the drawing.
[0011] Fig. 1is a diagram illustrating the configuration
of a blood pressure measuring system 1 including the
measuring apparatus 10 of the embodiment.

[0012] The blood pressure measuring system 1 can
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invasively measure the blood pressure value of the sub-
ject2. The measuring apparatus 10 of the blood pressure
measuring system 1 may be an apparatus which can
invasively measure the blood pressure. Examples of
such an apparatus are a patient monitor and a defibrilla-
tor. Of course, the measuring apparatus 10 may be con-
figured so as to be able to measure various items (for
example, an electrocardiogram, the respiration curve,
the Sp0O2, and the body temperature) in addition to the
invasive blood pressure.

[0013] Inthe example shown in Fig. 1, the arterial blood
pressure is measured, and a catheter (arterial needle)
21 is inserted into the radial artery of the subject 2. A
transducer 22 is fixed at the level of the heart (the level
corresponding to a half of the chest depth) of the subject
2. The catheter 21 and the transducer 22 are connected
to each other through a monitoring line 23.

[0014] The monitoring line 23 includes a first tube 23a,
asecondtube 23b, a third tube 23c, a three-way stopcock
23d, and an infusion bottle 23e. The first tube 23a con-
nects the catheter 21 to the three-way stopcock 23d. The
second tube 23b connects the transducer 22 to the three-
way stopcock 23d. When the blood pressure is to be
measured, the three-way stopcock 23d connects the first
tube 23a to the second tube 23b to isolate the interiors
of the tubes from the atmosphere. When the zero point
calibration is to be performed, the three-way stopcock
23d performs a plugging operation so as to cause the
transducer 22 to be in contact with the atmosphere. The
third tube 23c connects the infusion bottle 23e to the
transducer 22. The infusion bottle 23e stores a physio-
logical saline solution.

[0015] The transducer 22 is a converting device which
is usedinthe invasive blood pressure measurement. The
transducer 22 outputs an electrical signal corresponding
to the pressure in the blood vessel of the subject 2, the
pressure being transmitted through the physiological sa-
line solution. The measuring apparatus 10 displays the
blood pressure value and waveform corresponding to the
electrical signal, to the user such as a medical person.
[0016] The measuring apparatus 10 includes a con-
troller 11, a notifying section 16, an inputting section 17,
and a displaying section 18. The controller 11 includes
a measuring section 12, a detector 13, a notification con-
troller 14, and a calibrator 15. Furthermore, the controller
11 appropriately includes a secondary storage device
which is not shown, and the like.

[0017] The notifying section 16 outputs voice guidance
oranalarm, and is configured, for example, by a speaker,
a peripheral circuit for the speaker, and the like. The no-
tifying section 16 is not limited to a sound outputting de-
vice, and may be configured, for example, by a device
for visually notifying an alarm, such as an indicator. The
outputting process of the notifying section 16 is controlled
by the notification controller 14 which will be described
later.

[0018] The inputting section 17 is an interface for re-
ceiving a data input performed by the medical person.
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For example, the inputting section 17 is configured by
buttons, knobs, switches, or the like which are disposed
on the case of the measuring apparatus 10. Alternatively,
the inputting section 17 may have a configuration in which
the inputting section is integrated with a display (a liquid
crystal display), as in a touch panel. The inputting section
17 includes buttons for zero point calibration, and all ze-
roing which will be described later.

[0019] Thedisplaying section 18 is configured by a dis-
playing device for displaying various measurement val-
ues and display messages of the measuring apparatus
10, and peripheral circuits (or software). The displaying
section 18 may be a liquid crystal display or indicator
which is disposed on the case of the measuring appara-
tus 10, or a displaying device which is configured so as
to be attachable to and detachable from the measuring
apparatus 10.

[0020] Then, the functions of the various processing
sections in the controller 11 will be described. The con-
troller 11 controls the measuring apparatus 10, appropri-
ately reads out a program from the memory (secondary
storage device) which is not illustrated, and executes it.
The controller 11 performs a display control and the like
in execution of, for example, the zero point calibration.
[0021] Thecalibrator 15 calibrates a measurement ref-
erence value of the blood pressure value which is to be
measured by the measuring apparatus 10. At the timing
of start of the blood pressure measurement, for example,
the zero point calibration is performed on the measuring
apparatus 10. Specifically, the three-way stopcock 23d
is set to be opened to the atmosphere to make the pres-
sure acting on the transducer 22 zero. In this state, the
calibrator 15 performs an internal calibration so that the
electrical signal supplied to the measuring apparatus 10
has a reference value (for example, 0 mmHg).

[0022] The measuring section 12 performs an invasive
blood pressure measurement. Namely, the measuring
section 12 converts the electrical signal output from the
transducer 22 to digital data by means of an A/D conver-
sion process, and calculates the blood pressure value
and the blood pressure waveform based on the convert-
ed digital value. The methods of calculating the blood
pressure value and the blood pressure waveform may
be similar to the technique used in a usual invasive blood
pressure measurement. The calculated blood pressure
value and waveform are displayed on the displaying sec-
tion 18.

[0023] Moreover, the measuring section 12 detects,
during the measurement, that the blood pressure enters
a predetermined abnormal condition. Based on the cal-
culated blood pressure value and waveform, forexample,
the measuring section detects that the predetermined
abnormal condition occurs in the subject 2. The prede-
termined abnormal condition in this case is a condition
which is caused, for example, when the catheter 21 at-
tached to the subject is detached. For example, a con-
dition in which there is no pulse, and the mean blood
pressure is 100 mmHg or lower is continued for a prede-
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termined time period (for example, about 10 seconds).
Also in the case where the blood pressure devices are
inthe occluded state, and the output blood pressure value
exceeds a threshold (for example, 200 to 300 mmHg)
which is set in the measuring apparatus 10, it is detected
that the predetermined abnormal condition occurs.
[0024] The detector 13 detects whether the zero point
calibration is being executed or not. The detector 13 fur-
ther detects a predetermined timing relating to the zero
point calibration. The detection results are notified in real
time from the detector 13 to the notification controller 14.
By using the technique shown in (1) to (3) below, for
example, the detector 13 determines whether the zero
point calibration is being executed or not, or whether it
is the predetermined timing relating to the zero point cal-
ibration or not.

(1) Depression of "zero point calibration/all zeroing" but-
ton

[0025] The detector 13 monitors the input interface (a
button, a knob, a switch, or the like) relating to the zero
point calibration, and, if an operation indicative of execu-
tion of the zero point calibration is performed, determines
that the zero point calibration is being executed.

(2) Execution of process of zero point calibration

[0026] The detector 13 monitors the operation of the
calibrator 15, and, if it is detected that the zero point cal-
ibration is performed (for example, software for the zero
point calibration is executed), determines that the zero
point calibration is being executed. Similarly, the detector
13 monitors the operation of the calibrator 15, and, if it
is detected that the zero point calibration is ended (for
example, the software for the zero point calibration is
ended), determines that the zero point calibration is end-
ed.

(3) Display of message relating to zero point calibration

[0027] The detector 13 monitors displaying instruction
which is issued from the calibrator 15 to the displaying
section 18, and which relates to the execution of the zero
point calibration, or a message display process which is
performed on the displaying section 18, and whichrelates
to the execution of the zero point calibration. Ifthe display
of a message indicating that the zero point calibration is
being executed is detected, the detector 13 determines
that the zero point calibration is being executed. Also in
the case where the display of a zero point calibration
screen on the displaying section 18 is detected, moreo-
ver, the detector 13 determines that the zero point cali-
bration is being executed. In the case where a display of
an end message relating to the zero point calibration is
detected, the detector 13 determines that the zero point
calibration is ended.
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(4) Detection of all zeroing operation

[0028] A detection method relating to all zeroing is
used in the case where aninvasive blood pressure meas-
urement is performed in a plurality of portions by using
aplurality of catheters 21. In the case where an all zeroing
operation (an operation of performing the zero point cal-
ibration in a plurality of portions) by using software is
detected, the detector 13 determines that the zero point
calibration is being executed.

[0029] The notification controller 14 controls the alarm
output which is performed by the notifying section 16,
based on the detection state of the zero point calibration
which is executed by the detector 13, and that of the
predetermined abnormal condition which is performed
by the measuring section 12. Moreover, the notification
controller 14 selects an output mode of the alarm based
on the elapsed time period from the predetermined timing
relating to the zero point calibration, and the blood pres-
sure value and waveform output from the measuring sec-
tion 12.

[0030] The predetermined timing corresponds, for ex-
ample, to timings indicated in following (A) to (F):

(A) a timing when the interface for "zero point cali-
bration" or "all zeroing" is operated;

(B) a timing when the display of a message relating
to the execution of the zero point calibration is start-
ed;

(C) atiming when the zero point calibration is ended;
(D) a timing when the display of a message relating
to the end of the zero point calibration is started;
(E) atiming when the display of the message relating
to the end of the zero point calibration is ended; and
(F) a timing when the predetermined abnormal con-
dition is started.

These predetermined timings are detected by the detec-
tor 13.

[0031] Next, an operation example of the measuring
apparatus 10 in the blood pressure measuring system 1
will be described with reference to Figs. 2 to 6. In the
example, an operation in the case where the zero point
calibration is performed on the measuring apparatus 10
at start of the blood pressure measurement will be de-
scribed.

[0032] When, for example, a zero point calibration but-
ton in the measuring apparatus 10 is depressed, as
shown in Fig. 2, the detector 13 detects that the zero
point calibration is started. When, for example, the soft-
ware for the zero point calibration is ended, moreover,
the detector 13 detects that the zero point calibration is
ended (step S101). In the example, the timing when the
zero point calibration is ended is set as the above-de-
scribed predetermined timing relating to the zero point
calibration.

[0033] Then, the measuring apparatus 10 determines
whether a setting switch for using an alarm sound sup-
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pression mode in which the alarm sound is suppressed
is set to the ON state or not (step S102). If the determi-
nation result is that the setting switch is not set to the
mode in which the alarm sound is suppressed, a state
where a standard alarm mode (an example of the first
mode) is selected is set. In the example, the standard
alarm mode is a mode in which, in the case where the
predetermined abnormal condition is detected, an alarm
message is displayed, and the alarm sound is output.
[0034] Regardless of the ON/OFF state of the setting
switch, the measuring apparatus 10 of the embodiment
is set so that, during a period from the end of the zero
point calibration to, for example, the 30 second elapse,
the alarm message is not displayed, and the alarm sound
is not output (sounded) even in the case where the pre-
determined abnormal condition is detected.

[0035] By contrast, ifit is determined in step S102 that
the setting switch is set to the mode in which the alarm
sound is suppressed, the notification controller 14 checks
at a timing when, for example, 30 seconds have elapsed
from the end of the zero point calibration, whether the
alarm sound suppression mode (an example of the sec-
ond mode) is to be selected or not.

[0036] The alarm sound suppression mode is a mode
in which, in the case where the predetermined abnormal
condition is detected, the alarm sound is suppressed by,
forexample, inhibiting the alarm sound from being output,
or reducing the volume of the alarm sound to a level that
is lower than the volume level in the standard alarm
mode. The alarm message may not or may be displayed.
[0037] AsshowninFig. 3, then, the measuring section
12 calculates the blood pressure value under measure-
ment based on the electrical signal which is output from
the transducer 22 (step S105). The blood pressure value
is the mean blood pressure value which is obtained by
averaging the value output from the transducer 22, over
one second.

[0038] The measuring section 12 counts the number
of the detected pulses (step S106).

[0039] For example, the calculation of the blood pres-
sure value, and the counting of the pulse number are
processes which are started after the end of the zero
point calibration, and which are thereafter performed re-
peatedly and continuously.

[0040] As shown in Fig. 4, then, the notification con-
troller 14 determines whether 30 seconds have elapsed
from the end of the zero point calibration or not (step
S107). If it is determined that 30 seconds have not
elapsed, the control returns to step A in Fig. 3, and the
process are repeated.

[0041] By contrast, it is determined that 30 seconds
have elapsed, the notification controller 14 determines
whether or not the blood pressure value calculated by
the measuring section 12 is equal to or higher than a
second set value (for example, 200 mmHg) which is pre-
viously set (step S108). The second set value may be
set in the range of 150 to 300 mmHg. In the example, a
first set value which will be described later is set to 60
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mmHg. The first set value is set to 60 mmHg in order to
prevent the measurement of the venous pressure in
which pulsation does not appear, from being disturbed.
[0042] If it is determined in step S108 that the blood
pressure value is not equal to or higher than 200 mmHg,
the notification controller 14 determines whether the
blood pressure value is equal to or higher than the first
set value (for example, 60 mmHg) and lower than the
second set value (200 mmHg) or not (step S109). If the
blood pressure value is not equal to or higher than 60
mmHg and lower than 200 mmHg, that is, the blood pres-
sure value is lower than 60 mmHg, the notification con-
troller 14 selects the standard alarm mode (step S110).
[0043] By contrast, it is determined in step S108 that
the blood pressure value is equal to or higher than 200
mmHg, the notification controller 14 selects the alarm
sound suppression mode as shownin Fig. 5 (step S111).
[0044] Then, the notification controller 14 determines
whether or not the blood pressure value under measure-
ment is continuously lowered to less than 200 mmHg for
2 seconds or longer (step S112). If it is determined that
the blood pressure value under measurement is not con-
tinuously lowered to less than 200 mmHg for 2 seconds
or longer, that is, the blood pressure value is maintained
to 200 mmHg or higher, the notification controller 14 de-
termines whether the pulse is continuously detected for
eight beats or more (step S113). A pulse of continuous
eight beats means a pulse in which the time period be-
tween beats is equal to or shorter than two seconds, and
which continues for eight beats. The number of pulses
is set to eight while considering the number of pulses
which can be measured as the physiological signal of the
subject. Ifitis determined that the number of the detected
pulses is smaller than eight beats, the control returns to
step S111, and the alarm sound suppression mode is
maintained. In the case where the situation where the
blood pressure value under measurement is maintained
to 200 mmHg or higher, and the number of detected puls-
es is smaller than eight beats is continued, the alarm
sound suppression mode is continued and prolonged
without being limited by the elapsed time period.

[0045] By contrast, in the case where it is determined
in step S112thatthe blood pressure value is continuously
lowered to less than 200 mmHg for 2 seconds or longer,
the notification controller 14 selects the standard alarm
mode (step S114). Also in the case where itis determined
in step S113 that a pulse of eight beats or more is de-
tected, the notification controller 14 selects the standard
alarm mode (step S114).

[0046] Returning to Fig. 4, in the case where it is de-
termined in step S109 that the blood pressure value is
equal to or higher than 60 mmHg and lower than 200
mmHg, the notification controller 14 selects the alarm
sound suppression mode as shownin Fig. 6 (step S115).
[0047] Then, the notification controller 14 determines
whether the blood pressure value is raised to 200 mmHg
or higher or not (step S116). If it is determined that the
blood pressure valueis notraised to 200 mmHg or higher,
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thatis, the blood pressure value is equal to or higher than
60 mmHg and lower than 200 mmHg, the notification
controller 14 determines whether or not the pulse is con-
tinuously detected for eight beats or more (step S117).
If it is determined that the number of the detected pulses
is smaller than eight beats, the notification controller 14
determines whether or not the blood pressure value is
lowered to 60 mmHg or less (step S118). If it is deter-
mined that the blood pressure value is not lowered to 60
mmHg or less, the notification controller 14 determines
whether 60 seconds (an example of the second set time
period) have elapsed in total from the end of the zero
point calibration or not (step S119). Ifitis determined that
60 seconds have not elapsed, the control returns to step
S115, the processes are repeated, and the alarm sound
suppression mode is maintained.

[0048] By contrast, in the case where it is determined
in step S116 that the blood pressure value is raised to
200 mmHg or higher, the control returns to step S111 of
Fig. 5, and the processes are repeated.

[0049] In the case where it is determined in step S117
that the pulse is detected for eight beats or more, the
notification controller 14 selects the standard alarm mode
(step S120).

[0050] Also in the case where it is determined in step
S118 that the blood pressure value is lowered to less
than 60 mmHg, the natification controller 14 selects the
standard alarm mode (step S120).

[0051] Also in the case where it is determined in step
S119 that the elapsed time period reaches 60 seconds,
the notification controller 14 selects the standard alarm
mode (step S120).

[0052] A part or all of the processes of the controller
11 in the measuring apparatus 10 can be realized as
computer programs which operate in the measuring ap-
paratus 10. For example, the measuring section 12 can
calculate the blood pressure value and the blood pres-
sure waveform with using data which are obtained by
digitizing the electrical signals output from the transducer
22 by the A/D conversion process.

[0053] The programs may be stored by using a non-
transitory computer readable medium of any one of var-
ious types, and then supplied to the 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 re-
cording 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, and a
semiconductor memory (for example, a mask ROM, a
PROM (Programmable ROM), an EPROM (Erasable
PROM), aflash ROM, and a RAM (random access mem-
ory)). 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 electri-
cal signal, an optical signal, and an electromagnetic
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wave. The transitory computer readable medium can
supply the programs to the computer through a wired
communication path such as an electric wire or an optical
fiber, or a wireless communication path.

[0054] In a measuring apparatus which can invasively
measure the blood pressure value, in order to allow the
blood pressure waveform and value to be immediately
displayed at the timing when, after blood pressure devic-
es are assembled, the blood pressure line of the subject
is ensured, a situation sometimes occurs where the zero
point calibration is previously performed, and the blood
pressure devices are set to the occluded state, and wait
for measurement.

[0055] However, a related-art measuring apparatus
has a configuration where, subject only to the elapsed
time period (30 seconds) from the end of the zero point
calibration, amode in which an alarm sound and an alarm
message are not output is switched to that in which the
alarm sound and the alarm message are output, as
shown in Fig. 7.

[0056] In the case where, because of preparation of a
surgical operation or the like, the occluded state is con-
tinued after an elapse of a predetermined time period (30
seconds) from the end of the zero point calibration, there-
fore, a situation sometimes occurs where the pressure
in the blood pressure circuit becomes high to exceed a
threshold which is set in the measuring apparatus, and
an alarm sound (clinically, an error alarm) is generated.
[0057] In the following cases, for example, a so-called
wasteful generation of an alarm sound occurs:

1) the case where the zero point calibration is per-
formed during a preparation period before a surgical
operation, and flashing and closure of a three-way
stopcock are performed;

2) before the subject enters the operating room; and
3) the case where, after completion of the zero point
calibration, a time period for ensuring the intra-arte-
rial line (A line) is prolonged.

[0058] By contrast, the measuring apparatus 10, blood
pressure measuring method, and program in the embod-
iment have the alarm sound suppression mode (the ex-
ample of the second mode) which is selected in the case
where predetermined conditions are satisfied, in addition
to the standard alarm mode (the example of the first
mode) in which the alarm sound and the alarm message
are output. For example, the predetermined conditions
are configured by using the elapsed time from the end
(predetermined timing) of the zero point calibration, and
the output of the measuring section. When the predeter-
mined conditions are set so as to correspond to an ex-
pected artifact state, i.e., noises which are mixable into
an electrocardiogram, occurrence of a so-called wasteful
generation of an alarm sound can be reduced, and the
alarm sound can be output at an appropriate timing. In
the case where the predetermined conditions are not sat-
isfied (in the case where it can be determined that the
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physiological signal of the subject is measured), the
standard alarm mode is selected, and the mode is trans-
ferred from the alarm sound suppression mode to the
standard alarm mode, thereby allowing the alarm sound
to be output.

[0059] Fig. 8 is a conceptual view illustrating an exam-
ple of alarm mode switching along the time sequence. In
the example, for example, a mode in which the alarm
sound and the alarm message are not output is per-
formed irrespective of the output conditions of the meas-
uring section during a period from the end of the zero
point calibration to an elapse of 30 seconds thereafter
as shown in Fig. 8.

[0060] In the case where the blood pressure value is
lower than 60 mmHg at a timing (in the first set time pe-
riod) when 30 seconds have elapsed from the end of the
zero point calibration, the standard alarm mode is select-
ed. In the time period after the timing, the standard alarm
mode is continued irrespective of the output conditions
of the measuring section.

[0061] In the case where the blood pressure value is
equal to or higher than 60 mmHg and lower than 200
mmHg, or equal to or higher than 200 mmHg at the timing
when 30 seconds have elapsed from the end of the zero
point calibration, the alarm sound suppression mode is
selected.

[0062] During a period from the end of the zero point
calibration to a timing when 30 seconds have further
elapsed (from the end of the zero point calibration to a
timingwhen 60 seconds have elapsed), inthe case where
the blood pressure value is equal to or higher than 60
mmHg and lower than 200 mmHg, and the number of
the detected pulses is equal to or larger than eight beats,
the mode is transferred from the alarm sound suppres-
sion mode to the standard alarm mode (see S116, S117,
and S120 in Fig. 6).

[0063] Alsointhe case where the blood pressure value
which has been equal to or higher than 60 mmHg and
lower than 200 mmHg is lowered to less than 60 mmHg,
similarly, the mode is transferred from the alarm sound
suppression mode to the standard alarm mode (see
S116, S117, S118, and S120 in Fig. 6).

[0064] In the case where the blood pressure value is
equal to or higher than 200 mmHg, and the number of
the detected pulses is smaller than eight beats, the alarm
sound suppression mode is maintained (see S112 and
S113in Fig. 5).

[0065] In the case where the blood pressure value is
equal to or higher than 200 mmHg, and the number of
the detected pulses is equal to or larger than eight beats,
the mode is transferred from the alarm sound suppres-
sion mode to the standard alarm mode (see S112, S113,
and S114 in Fig. 5). Also in the case where the blood
pressure value which has been equal to or higher than
200 mmHg is continued to be lower than 200 mmHg for
two seconds, the mode is transferred from the alarm
sound suppression mode to the standard alarm mode
(see S112 and S114 in Fig. 5).
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[0066] In the case where the blood pressure value is
equal to or higher than 60 mmHg and lower than 200
mmHg at a timing (in the second set time period) when
60 seconds have elapsed from the end of the zero point
calibration, the mode is transferred from the alarm sound
suppression mode to the standard alarm mode. In the
time period after the timing, the standard alarm mode is
continued irrespective of the output conditions of the
measuring section.

[0067] In the case where the blood pressure value is
equal to or higher than 200 mmHg at the timing when 60
seconds have elapsed from the end of the zero point
calibration, the alarm sound suppression mode is con-
tinued.

[0068] Inthe time period after the timing when 60 sec-
onds has elapsed from the end of the zero point calibra-
tion, in the case where the blood pressure value is equal
to or higher than 200 mmHg, and the number of the de-
tected pulses is smaller than eight beats, the alarm sound
suppression mode is continued (see S112 and S113 in
Fig. 5).

[0069] In the case where the blood pressure value is
equal to or higher than 200 mmHg, and the number of
the detected pulses is equal to or larger than eight beats,
the mode is transferred from the alarm sound suppres-
sion mode to the standard alarm mode (see S112, S113,
and S114 in Fig. 5). Also in the case where the blood
pressure value which has been equal to or higher than
200 mmHg is continued to be lower than 200 mmHg for
two seconds, the mode is transferred from the alarm
sound suppression mode to the standard alarm mode
(see S112 and S114 in Fig. 5).

[0070] The operation of the measuring apparatus 10
will be described by way of an example (Fig. 9) of a blood
pressure waveform which can be measured during the
zero point calibration. The blood pressure waveform A
illustrated in Fig. 9 is an example of a waveform which
is measured in the case where waiting is performed while
the blood pressure devices are set to the occluded state
after the end of the zero point calibration.

[0071] Inthe example, as described above, the mode
in which both the alarm sound and the message are not
output is executed during 30 seconds after the end of the
zero point calibration. During this time period, therefore,
the alarm sound is not output even when the pressure
acting on the transducer 22 is substantially zero, and the
blood pressure value of the blood pressure waveform A
is in the predetermined abnormal condition (condition of
10 mmHg or lower) as in point B indicated by the arrow.
[0072] At the timing when 30 seconds have elapsed
from the end of the zero point calibration, the blood pres-
sure value of the blood pressure waveform A is equal to
or higher than 60 mmHg and lower than 200 mmHg as
in point C, and therefore the alarm sound suppression
mode is selected.

[0073] During the period from the 30 second elapse
from the end of the zero point calibration to the 60 second
elapse, the blood pressure value of the blood pressure
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waveform A is equal to or higher than 60 mmHg and
lower than 200 mmHg (point D) or equal to or higher than
200 mmHg (point E), and furthermore no pulse is detect-
ed in the example (because waiting is performed while
the blood pressure devices are set to the occluded state).
Therefore, the above-described alarm sound suppres-
sion mode is maintained.

[0074] At the timing when 60 seconds have elapsed
from the end of the zero point calibration, the blood pres-
sure value of the blood pressure waveform A is equal to
or higher than 200 mmHg as in point F, and therefore the
above-described alarm sound suppression mode is con-
tinued.

[0075] In the time period after the timing when 60 sec-
onds have elapsed from the end of the zero point cali-
bration, in the case where the blood pressure value of
the blood pressure waveform A is equal to or higher than
200 mmHg as in point G, and a pulse is not detected, the
above-described alarm sound suppression mode is con-
tinued. After the measurement of the blood pressure of
the subject is started, in the case where the blood pres-
sure value of the blood pressure waveform A is continued
to be lower than 200 mmHg for two seconds as indicated
in region H, the mode is transferred to the standard alarm
mode.

[0076] Even in the case where the zero point calibra-
tion is performed, the apparatus can be selectively con-
trolled as described above so that the alarm sound is
output or suppressed at an appropriate timing. As a re-
sult, itis not necessary for the medical person to perform
an operation of cancelling the alarm sound, and other
preparation works are not disturbed.

[0077] Moreover, one of the plurality of timings relating
to the zero point calibration can be used as the prede-
termined timing which functions as the reference for the
mode selection. Therefore, it is possible adequately de-
sign the conditions for selecting the alarm sound sup-
pression mode.

[0078] Even in the case where the alarm sound sup-
pression mode is selected, and the output of the alarm
sound is suppressed, the alarm message is displayed,
and hence the predetermined abnormal condition can be
checked by seeing the message.

[0079] The invention is not limited to the above-de-
scribed embodiment, and may be adequately subjected
to modification, improvement, and the like. In addition,
the materials, shapes, dimensions, numerical values,
forms, numbers, placement places, and the like of the
components of the above-described embodiment are ar-
bitrary and notlimited insofar as the invention is achieved.
[0080] According to an aspect of the presently dis-
closed subject matter, there is provided a measuring ap-
paratus comprising: a measuring section which is con-
figured to perform an invasive blood pressure measure-
ment, and which is configured to detect that a predeter-
mined abnormal condition occursin a blood pressure dur-
ing the invasive blood pressure measurement; a detector
which is configured to detect whether or not a zero point
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calibration is being executed on a transducer that is to
be used in the invasive blood pressure measurement;
and a notification controller which, in a case where the
blood pressure measured by the measuring section is in
the predetermined abnormal condition, is configured to
control whether an alarm is output or not, based on a
detection state of the detector, wherein the notification
controller can select a first mode in which an alarm sound
is output, or a second mode in which the alarm sound is
not output, based on an elapsed time period from a pre-
determined timing relating to the zero point calibration,
and an output from the measuring section.

[0081] According to an aspect of the presently dis-
closed subjectmatter, thereis also provided a blood pres-
sure measuring method comprising: performing an inva-
sive blood pressure measurement, and detecting that a
predetermined abnormal condition occurs in a blood
pressure during the invasive blood pressure measure-
ment; detecting whether or not a zero point calibration is
being executed on a transducer that is to be used in the
invasive blood pressure measurement; and in a case
where the blood pressure is in the predetermined abnor-
mal condition, controlling whether an alarm is output or
not, based on a detection state, and, in the controlling, a
first mode in which an alarm sound is output, or a second
mode in which the alarm sound is not output is selected
based on an elapsed time period from a predetermined
timing relating to the zero point calibration, and an output
in the measuring step.

[0082] According to the above configurations, in the
case where the elapsed time period from the predeter-
mined timing relating to the zero point calibration, and
the output from the measuring section satisfy predeter-
mined conditions, itis possible to select the second mode
where the alarm sound is not output, and therefore the
alarm sound can be prevented from being wastefully gen-
erated. In the case where the predetermined conditions
are not satisfied, the first mode where the alarm sound
is output is selected, and the alarm sound is generated.
[0083] According to the above configurations, even in
the case where the zero point calibration is performed,
consequently, it is possible to, at an appropriate timing,
allow or suppress an output of an alarm sound. As a
result, the medical person is not required to perform an
operation of cancelling an alarm sound, and other prep-
aration works are not disturbed.

[0084] According to the measuring apparatus and the
blood pressure measuring method of the presently dis-
closed subject matter, an alarm sound can be adequately
output even in the case where the zero point calibration
is performed.

Claims
1. A measuring apparatus comprising:

a measuring section which is configured to per-
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form an invasive blood pressure measurement,
and which is configured to detect that a prede-
termined abnormal condition occurs in a blood
pressure during the invasive blood pressure
measurement;

a detector which is configured to detect whether
or not a zero point calibration is being executed
on atransducer that is to be used in the invasive
blood pressure measurement; and

a notification controller which, in a case where
the blood pressure measured by the measuring
section is in the predetermined abnormal con-
dition, is configured to control whether an alarm
is output or not, based on a detection state of
the detector, wherein

the notification controller can select a first mode
in which an alarm sound is output, or a second
mode in which the alarm sound is not output,
based on an elapsed time period from a prede-
termined timing relating to the zero point cali-
bration, and an output from the measuring sec-
tion.

The measuring apparatus according to claim 1,
wherein

the predetermined timing is one of:

a timing of operating an interface relating to the zero
point calibration; a timing of starting a display of a
message relating to execution of the zero point cal-
ibration; a timing of an end of the zero point calibra-
tion; a timing of starting a display of a message re-
lating to the end of the zero point calibration; and a
timing of ending the display of the message relating
to the end of the zero point calibration.

The measuring apparatus according to claim 1 or 2,
wherein

the elapsed time period has a first set time period,
and a second set time period which is after the first
set time period, and,

in a case where, at a timing of the first set time period,
a blood pressure under measurement is lower than
a first set value, the notification controller is config-
ured to select the first mode.

The measuring apparatus according to claim 3,
wherein,

in a case where, at a timing of the first set time period,
the blood pressure under measurement exists be-
tween the first set value and a second set value which
is larger than the first set value, the notification con-
troller is configured to select the second mode.

The measuring apparatus according to claim 4,
wherein,

in a case where, at a timing of the first set time period,
the blood pressure under measurement is higher
than the second set value, the notification controller
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is configured to select the second mode.

The measuring apparatus according to claim 5,
wherein,

in a case where, at a timing of the second set time
period, the blood pressure under measurement is
higher than the second set value, the notification
controlleris configured to continue the second mode.

The measuring apparatus according to claim 3,
wherein,

in a case where, at a timing of the second set time
period, the blood pressure under measurement ex-
ists between the first set value and a second set val-
ue which is larger than the first set value, the notifi-
cation controller is configured to select the first mode.

The measuring apparatus according to any one of
claims 1 to 7, wherein
the second mode is an alarm sound suppression
mode in which an alarmis not sounded, and analarm
message is displayed,

A blood pressure measuring method comprising:

performing an invasive blood pressure meas-
urement, and detecting thata predetermined ab-
normal condition occurs in a blood pressure dur-
ing the invasive blood pressure measurement;
detecting whether or not a zero point calibration
is being executed on a transducer that is to be
used in the invasive blood pressure measure-
ment; and

in a case where the blood pressure is in the pre-
determined abnormal condition, controlling
whether an alarm is output or not, based on a
detection state, wherein

in the controlling, a first mode in which an alarm
sound is output, or a second mode in which the
alarm sound is not output is selected based on
an elapsed time period from a predetermined
timing relating to the zero point calibration, and
an output in the measuring step.

10. A program which causes a computer to execute:

a measuring step of performing an invasive
blood pressure measurement, and detecting
that a predetermined abnormal condition occurs
in a blood pressure during the invasive blood
pressure measurement;

a detecting step of detecting whether or not a
zero point calibration is being executed on a
transducer that is to be used in the invasive
blood pressure measurement; and

a notification controlling step of, in a case where
the blood pressure measured in the measuring
stepisin the predetermined abnormal condition,
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controlling whether an alarm is output or not,
based on a state detected in the detecting step,
wherein

in the notification controlling step, a first mode

in which an alarm sound is output, or a second 5
mode in which the alarm sound is not output is
selected based on an elapsed time period from
a predetermined timing relating to the zero point
calibration, and an output in the measuring step.

10
11. A non-transitory computer readable recording medi-
um in which a computer program causing a computer
to execute the blood pressure measuring method

according to claim 9 is recorded.
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