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(54) MEASURING DEVICE, METHOD AND COMPUTER PROGRAM TO CONTROL INVASIVE 
BLOOD PRESSURE MEASUREMENT ALARMS

(57) A measuring device includes a measuring part
that performs an invasive blood pressure measurement
using a transducer and detects that a blood pressure
measured by the invasive blood pressure measurement
becomes a predetermined abnormal state during the in-
vasive blood pressure measurement, a detecting part

that detects whether or not a zero-point calibration of the
transducer is being carried out, and a notification control
part that controls whether or not to output an alarm based
on a detection state of the detecting part when the blood
pressure becomes the predetermined abnormal state.
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Description

BACKGROUND

[0001] The present invention relates to a measuring
device, a method of measuring a blood pressure and a
program.
[0002] An invasive blood pressure measuring method
is known in which a catheter or the like is inserted in a
blood vessel of a subject so that a blood vessel varied
from moment to moment is continuously measured (e.g.,
see JP-A-2013-517863). A pressure generated inside
the blood vessel is converted to an electrical signal by a
transducer connected to the catheter. Such a blood pres-
sure manometer displays a blood pressure value or blood
pressure waveform, which corresponds to an electrical
signal converted by the transducer, to medical personnel
or the like.
[0003] In the invasive blood pressure measurement, a
processing referred to as a zero-point calibration for de-
fining a measurement reference value is necessary. The
zero-point calibration is carried out by arranging the
transducer at a reference point and then defining, as the
measurement reference value (e.g., 0 mmHg), an elec-
trical signal corresponding to a blood pressure value
when a pressure applied on the transducer is set to zero
(the catheter is exposed to the atmosphere).
[0004] And now, when the invasive blood pressure
measurement is performed, outputting of an alarm for
notifying separation of the catheter attached to a patient
is recommended. Medical personnel can instantly rec-
ognize separation of the catheter by referring to the
alarm.
[0005] As described above, in such a blood pressure
measuring system, a function of detecting separation of
the catheter and then outputting an alarm are required.
[0006] This function is configured so that the alarm is
outputted after a predetermined period of time (e.g.,
about 10 seconds) passes since a predetermined abnor-
mal state (for example, a state where there is no detected
pulse and an average blood pressure is 10 mmHg or
less) has been caused.
[0007] However, when medical personnel carry out the
zero-point calibration, this situation is likely to be decided
as the abnormal state as described above. In this case,
the alarm is outputted every time the zero-point calibra-
tion is carried out. Namely, there is a problem in that
useless ringing of alarm is increased.
[0008] The problem is illustrated as in Fig. 5. Fig. 5 is
a view showing a blood pressure fluctuation and an
alarming operation when the zero-point calibration is car-
ried out during a blood pressure measurement. Even
while medical personnel carry out the zero-point calibra-
tion, an alarm is rung after a blood pressure drop (t31)
has been detected (t32). Namely, useless ringing of
alarm is occurred.
[0009] Accordingly, the present invention has been
made keeping in mind the above problems, and a main

object thereof is to provide a measuring device, a method
of measuring a blood pressure and a program, which can
output a proper alarm even if a zero-point calibration is
being carried out.

SUMMARY

[0010] According to an aspect of the present invention,
a measuring device includes a measuring part that per-
forms an invasive blood pressure measurement and de-
tects that a blood pressure measured by the invasive
blood pressure measurement becomes a predetermined
abnormal state during the invasive blood pressure meas-
urement, a detecting part that detects whether or not a
zero-point calibration of the transducer used is being car-
ried out, and a notification control part that controls
whether or not to output an alarm based on a detection
state of the detecting part when the blood pressure be-
comes the predetermined abnormal state.
[0011] The detecting part detects whether or not the
zero-point calibration is being carried out. Also, the meas-
uring part measures a blood pressure value and detects
a predetermined abnormal state of the blood pressure.
The notification control part controls ringing of alarm
based on both of a carrying-out situation of the zero-point
calibration and a state of the blood pressure. Thus, it is
possible to avoid a situation where an alarm is rung during
the zero-point calibration (in other words, useless ringing
of alarm is occurred).
[0012] The present invention can provide a measuring
device, a method of measuring a blood pressure and a
program, which can output a proper alarm even if a zero-
point calibration is being carried out.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

Fig. 1 is a block diagram showings configurations of
a blood pressure measuring system 1 according to
an embodiment 1.
Fig. 2 is a conceptual view showing a method of de-
tecting a zero-point calibration by a detecting part 13
according to the embodiment 1.
Fig. 3 is a conceptual view showing a ringing control
of alarm by a notification control part 14 according
to the embodiment 1.
Fig. 4 is a conceptual view showing a sounding con-
trol of alarm by the notification control part 14 ac-
cording to the embodiment 1.
Fig. 5 is a conceptual view showing an aspect of
alarm rung in a typical measuring device.

DETAILED DESCRIPTION OF EMBODIMENTS

<Embodiment 1>

[0014] Embodiments of the present invention will be
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now described with reference to the accompanying draw-
ings. Fig. 1 is a block diagram showing configurations of
a blood pressure measuring system I according to the
present embodiment. The blood pressure measuring
system 1 is configured to invasively measure a blood
pressure value of a subject 2. The blood pressure meas-
uring system 1 has a measuring device 10. The meas-
uring device 10 is preferable if the device can invasively
measure a blood pressure, and for example, corresponds
to a patient monitor, defibrillator or the like. It will be ap-
parent that the measuring device 10 may have configu-
rations capable of performing various measurements
(such as body temperature measurement, SpO2, elec-
trocardiogram, and breath curve), in addition to the inva-
sive blood pressure measurement.
[0015] A shown example is a case of measuring an
artery pressure, in which a catheter (artery needle) 21 is
inserted in a radial artery of the subject 2. A transducer
22 is fixed at a height of a heart of the subject 2 (i.e., a
height of a location corresponding to a half of a chest
thickness). The catheter 21 and the transducer 22 are
connected to a monitoring line 23.
[0016] The monitoring line 23 includes a first tube 23a,
a second tube 23b, a third tube 23c, a three-way stopcock
23d and a fluid bottle 23e. The first tube 23a connects
the catheter 21 with the three-way stopcock 23d. The
second tube 23b connects the transducer 22 with the
three-way stopcock 23d. The three-way stopcock 23d
connects the first tube 23a with the second tube 23b to
block out the atmosphere during measuring of a blood
pressure. Also, the three-way stopcock 23d is plugged
to expose the transducer 22 to the atmosphere during
being carried out of a zero-point calibration. The third
tube 23c connects the fluid bottle 23e with the transducer
22. The fluid bottle 23e contains a heparin-containing
saline solution.
[0017] The transducer 22 is a transducer used to inva-
sively measure a blood pressure. The transducer 22 out-
puts an electrical signal corresponding to a pressure in
a blood vessel of the subject 2 transmitted thereto
through the heparin-containing saline solution. The
measuring device 10 displays a blood pressure value or
blood pressure waveform, which corresponds to the elec-
trical signal, to a user such as medical personnel.
[0018] The measuring device 10 has a control unit 11,
a notification unit 16, an input unit 17 and a display unit
18. The control unit 11 includes a measuring part 12, a
detecting part 13, a notification control part 14 and a cal-
ibrating part 15. Also, the measuring device 10 appropri-
ately has a secondary memory device and the like, not
shown.
[0019] The notification unit 16 is intended to output a
voice guidance or alarm and for example is constituted
of a speaker, a speaker-peripheral circuit and the like.
Alternatively, the notification unit 16 is not limited to out-
putting a sound, but may be configured to visually notify
a warning, for example, as in an indicator. The output
processing of the notification unit 16 is controlled by the

notification control unit 14, as described below.
[0020] The input unit 17 is an interface for receiving a
data input from medical personnel. For example, the in-
put unit 17 is buttons, knobs, switches and the like pro-
vided on a housing of the measuring device 10. Also, the
input unit 17 may be configured to be integrated with a
display device (liquid crystal display) as in a touch panel.
The input unit 17 includes button for a zero-point calibra-
tion and buttons for an all-zero processing as described
below.
[0021] The display unit 18 includes a display device
and a peripheral circuit (or software) for displaying vari-
ous measurement values or display messages of the
measuring device 10. The display unit 18 may be a liquid
crystal display or an indicator provided on the housing of
the measuring device 10 and also may be a display de-
vice removably provided on the measuring device 10.
[0022] Next, operations of each of processing parts in
the control unit 11 will be described. The control unit 11
is intended to control the measuring device 10 and is
configured to appropriately read out and execute a pro-
gram from a memory unit (secondary memory device)
not shown. For example, the control unit 11 performs a
displaying control during being carried out of a zero-point
calibration.
[0023] The calibrating part 15 corrects a measurement
reference value for a blood pressure value to be meas-
ured by the measuring device 10. At a point of time, such
as starting of a blood pressure measurement, a zero-
point calibration of the measuring device 10 is performed.
Specifically, the three-way stopcock 23d is switched to
an exposed state to the atmosphere, so that a pressure
applied on the transducer 22 becomes zero. The cali-
brating part 15 performs an internal calibration so that an
electrical signal inputted to the measuring device 10 in
such a state is set to as a reference value (e.g., 0 mmHg).
[0024] The measuring part 12 performs an invasive
blood pressure measurement. Namely, the measuring
part 12 calculates a blood pressure value or blood pres-
sure waveform of the subject 2 on the basis of data ob-
tained by digitally converting the electrical signal output-
ted from the transducer 22. A method for calculating the
blood pressure value or blood pressure waveform is pref-
erably identical to a technique in a typical invasive blood
pressure measurement. The calculated blood pressure
value or blood pressure waveform is displayed on the
display unit 18.
[0025] Also, the measuring part 12 detects that the
subject 2 is in a predetermined abnormal state on the
basis of the calculated blood pressure value or blood
pressure waveform. Herein, the predetermined abnormal
state is a state where separation of the catheter 21 from
the patient is occurred or the like. For example, the pre-
determined abnormal state is a case where a state in
which there is no pulse and an average blood pressure
value is 10 mmHg or less is continued during a prede-
termined period of time or more (e.g., about 10 seconds).
[0026] The detecting part 13 detects whether or not

3 4 



EP 3 017 756 A1

4

5

10

15

20

25

30

35

40

45

50

55

the zero-point calibration is being carried out. For exam-
ple, the detecting part 13 decides whether or not the zero-
point calibration is being carried out in accordance with
the following technique.

(1) Pushing of a "zero-point calibration/all-zero" button

[0027] The detecting part 13 monitors an input inter-
face (button, knob, or switch) associated with the zero-
point calibration, thereby deciding that the zero-point cal-
ibration is being carried out when an operation thereof
indicating that the zero-point calibration is carried out is
performed.

(2) Executing of a zero-point calibration processing

[0028] The detecting part 13 monitors operation of the
calibrating part 15, thereby detecting that the zero-point
calibration is being carried out (e.g., a software for the
zero-point calibration is being executed).

(3) Displaying of a message related to the zero-point cal-
ibration

[0029] The detecting part 13 monitors a displaying in-
struction, which is sent from the calibrating part 15 to the
display unit 18 and is related to that the zero-point cali-
bration is being carried out, or a message displaying
processing in the display unit 18 related to that the zero-
point calibration is being carried out. Further, the detect-
ing part 13 decides that the zero-point calibration is being
carried out when a massage indicating that the zero-point
calibration is being carried out is displayed. Also, the de-
tecting part 13 decides that the zero-point calibration is
being carried out when a dedicated screen for the zero-
point calibration is displayed on the display unit 18. In
addition, the detecting part 14 decides that the zero-point
calibration has been ended when an ending massage of
the zero-point calibration is displayed.

(4) Detection of an all-zero operation

[0030] A detecting method related to the all-zero is
used in a case where a plurality of catheters 21 are used
to perform an invasive blood pressure measurement at
a plurality of locations. The detecting part 13 decides that
the zero-point calibration is being carried out when the
all-zero operation (operation of being carried out the ze-
ro-point calibration at the plurality of locations) by a soft-
ware is detected.
[0031] An operation image of the detecting part 13 is
newly described with reference to Fig. 2. Fig. 2 is an
example of a blood pressure waveform representing fluc-
tuation of blood pressure values measured by the inva-
sive blood pressure measurement. At time t1, the detect-
ing part 13 detects that the zero-point calibration is being
carried out when a button for the "zero-point calibration"
or an interface for the "all-zero operation" is operated.

Also, at a time t2, the detecting part 13 detects that the
zero-point calibration is being carried out when a mes-
sage related to that the zero-point calibration is being
carried out is displayed from the display unit 18.
[0032] It is assumed that the zero-point calibration is
ended at a time t3. At a time t4, the detecting part 13
decides that the zero-point calibration has been ended
when a message ("zero-point calibration completion",
"change in zero value", "outside of zero value range" or
the like) related to ending of the zero-point calibration is
displayed. Also, at a time t5, the detecting part 13 decides
that the device has returned to a normal measurement
when displaying the massage related to ending of the
zero-point calibration is ended.
[0033] The foregoing is the method of detecting that
the zero-point calibration is being carried out by the de-
tecting part 13. Alternatively, the detecting part 13 may
employ any other detecting techniques so long as it is
possible to detect that the zero-point calibration is being
carried out. The detecting part 13 notifies whether or not
the zero-point calibration is being carried out to the noti-
fication control part 14 in real time.
[0034] Again referring to Fig. 1, the notification control
part 14 controls outputting of alarm by the notification
unit 16 on the basis of a detection state of the zero-point
calibration by the detecting part 13 and a detection state
of the predetermined abnormal state by the measuring
part 12. Next, a control image will be described with ref-
erence to Figs. 3 and 4.
[0035] Fig. 3 is a conceptual view showing a first op-
eration example of the notification control part 14. The
measuring part 12 continuously measures a blood pres-
sure value or blood pressure waveform. The measuring
part 12 detects that an average blood pressure value
becomes 10 mmHg or less and there is no detected pulse
(t11). Also, the measuring part 12 detects that a prede-
termined period of time (e.g., 10 seconds) passes since
there has been no longer a pulse and the average blood
pressure value has become 10 mmHg or less (a prede-
termined value or less). At the approximately same time,
the detecting part 12 detects that the zero-point calibra-
tion is being carried out in accordance with the foregoing
technique.
[0036] At a time t12, the notification control part 14 de-
cides that the zero-point calibration is being carried out,
although the state where there is no pulse and the aver-
age blood pressure value is 10 mmHg or less is continued
during a predetermined period of time or more. Because
the zero-point calibration is being carried out, the notifi-
cation control part 14 controls alarm related to separation
of the catheter not to be rung at the time t12 (alarm OFF).
[0037] Alternatively, the notification control part 14
may control the alarm in consideration of the zero-point
calibration at the timing (t11) at which there is no longer
a pulse and the average blood pressure value becomes
10 mmHg or less. However, a case where a blood pres-
sure value is temporarily dropped but the blood pressure
waveform is raised due to operation of the circulator of
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the subject 2 has to be considered. Thus, outputting of
the alarm is preferably controlled after a predetermined
period of time passes since the average blood pressure
value has become the predetermined value or less as
shown in Fig. 3 (t12).
[0038] The notification control part 14 again controls
the alarm at a timing (t13) after a predetermined period
of time (after 30 seconds in the present example) from a
predetermined timing. At the time t13, the measuring part
12 detects that the average blood pressure value is 10
mmHg or more or there is a pulse. Namely, the measuring
part 12 detects that the blood pressure returns to a typical
blood pressure state. Accordingly, at the time t13, the
notification control part 14 decides that the current state
is a normal state and thus controls the alarm not to be
rung (alarm OFF).
[0039] Meanwhile, the predetermined timing (timing at
which the 30-second counting is started) may be a timing
of t1 to t5 in Fig. 2 as described above, t11 in Fig. 3 or
the like. Namely, the predetermined timing corresponds
for example to the followings.

(A) An operating timing of interfaces for the "zero-
point calibration" or the "all-zero".
(B) Starting displaying a message related to that the
zero-point calibration is being carried out.
(C) Ending of the zero-point calibration,
(D) Starting displaying a message related to ending
of the zero-point calibration.
(E) Ending displaying the message related to ending
of the zero-point calibration.
(F) Initiating of the predetermined abnormal state
(t11 in Fig. 3).

[0040] The 30 seconds means a period of time suffi-
cient to end the zero-point calibration, and thus 25 sec-
onds or the like may be employed. In other words, the
operations as described above are as follows. The meas-
uring part 12 decides whether or not the average blood
pressure value becomes again the predetermined ab-
normal state after suppressing the alarm by the zero-
point calibration (t13 in Fig. 3 and t2 in Fig. 4 as described
below). The notification control part 14 controls an alarm
not to be rung when the average blood pressure value
is decided as being in a normal state. Alternatively, the
notification control part 14 may control the alarm to be
rung if the average blood pressure value is decided as
becoming again the predetermined abnormal state.
[0041] Fig. 4 is a conceptual view showing a second
operation example of the notification control part 14. The
measuring part 12 detects that an average blood pres-
sure value becomes 10 mmHg or less and there is no
detected pulse (t21). Also, the measuring part 12 detects
that a state where there is no pulse and the average blood
pressure value is 10 mmHg or less is continued during
a predetermined period of time (e.g., 10 seconds) (t22).
However, at the time t22, the notification control part 14
controls an alarm related to separation of the catheter

not to be rung, because the zero-point calibration is being
carried out (alarm OFF).
[0042] The notification control part 14 also controls the
alarm at a timing (t23) after 30 seconds from the prede-
termined timing. The detecting part 13 notifies to the no-
tilication control part 14 that the zero-point calibration is
still being carried out. Also, the measuring part 12 notifies
to the notification control part 14 that the average blood
pressure value is still 10 mmHg or less. Because the
average blood pressure value is still lower, the notifica-
tion control part 14 controls the alarm to be rung even if
it is decided that the zero-point calibration is being carried
out (t23, alarm ON). In this way, the notification control
part 14 controls the alarm to be outputted when the av-
erage blood pressure value is still lower even if some
time passes after suppressing the alarm.
[0043] The foregoing is the detailed operation of the
notification control part 14. In this way, the notification
control part 14 controls ringing of alarm depending on
whether or not the zero-point calibration is being carried
out. Meanwhile, if not shown, the notification control part
14 rings an alarm about a typical separation of the cath-
eter if the average blood pressure value becomes 10
mmHg or less while detection of the zero-point calibration
is not carried out. Also, although a threshold value of the
average blood pressure value is described as10 mmHg
in the foregoing description, the present invention may
employ any other values if the values have a gap from
average blood pressure values of healthy people.
[0044] Next, the effects of the measuring device 10
according to the present embodiment will be described.
As described above, the detecting part 13 detects wheth-
er or not the zero-point calibration is being carried out.
Also, the measuring part 12 measures a blood pressure
value and detects the predetermined abnormal state. The
notification control part 14 controls ringing of alarm based
on both of a carrying-out situation of the zero-point cali-
bration and a state of the blood pressure. Thus, it is pos-
sible to avoid a situation where an alarm is rung during
the zero-point calibration (in other words, useless ringing
of alarm is occurred).
[0045] Also, the notification control part 14 rings alarm
if a state where the zero-point calibration is being carried
out is continued during a predetermined period of time
(i.e., t23 in Fig. 4) (alarm ON). Thus, medical personnel
can recognize separation of the catheter 21 during car-
rying out of the zero-point calibration or forgetting return-
ing the three-way stopcock 23.
[0046] In the foregoing, the invention achieved by the
present inventors has been described in detail based on
the embodiments, but it will be apparent that the present
invention is not limited to the embodiments described
above and various modifications thereof can be made
without departing from the spirit thereof.
[0047] Meanwhile, some or all of the processing of the
control unit I1 in the measuring device 10 may be em-
bodied as computer programs which are operated in the
measuring device 10. For example, the measuring part
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12 calculates a blood pressure value or blood pressure
waveform using data digitalized by A/D-converting a
blood pressure signal outputted from the transducer 22.
[0048] Herein, the program can be stored using various
types of non-transitory computer readable media and be
supplied to a computer. The non-transitory computer
readable media include various types of tangible storage
media. Examples of non-transitory computer readable
media include magnetic recording media (e.g., a flexible
disk, a magnetic tape, a hard disk drive), magneto-optical
recording media (e.g., a magneto-optical disk), CD-ROM
(Read Only Memory), CD-R, CD-R/W, semiconductor
memories (e.g., mask ROM, PROM(Programmable
ROM), EPROM(Erasable PROM), flash ROM, RAM(ran-
dom access memory)). Also, the program may be sup-
plied to the computer by various types of transitory com-
puter readable media. Examples of transitory computer
readable media include electrical signals, optical signals
and electromagnetic waves. The transitory computer
readable media can supply the program to the computer
through a wire communication path, such as electric
wires or optic fibers, or a wireless communication path.

Claims

1. A measuring device, comprising:

a measuring part that performs an invasive
blood pressure measurement using a transduc-
er and detects that a blood pressure measured
by the invasive blood pressure measurement
becomes a predetermined abnormal state dur-
ing the invasive blood pressure measurement;
a detecting part that detects whether or not a
zero-point calibration of the transducer is being
carried out; and
a notification control part that controls whether
or not to output an alarm based on a detection
state of the detecting part when the blood pres-
sure becomes the predetermined abnormal
state.

2. The measuring device according to claim 1, wherein
the measuring part detects, as the predetermined
abnormal state, a state where, during the invasive
blood pressure measurement, there is no detected
pulse and an averaged blood pressure value is a
predetermined value or less.

3. The measuring device according to claim 1, wherein
the measuring part detects, as the predetermined
abnormal state, case where a state in which, during
the invasive blood pressure measurement, there is
no detected pulse and an averaged blood pressure
value is a predetermined value or less is continued
during a predetermined period of time or more.

4. The measuring device according to any one of claims
I to 3, wherein the notification control part suppress-
es outputting an alarm if the blood pressure meas-
ured by the measuring part is in the predetermined
abnormal state and the zero-point calibration is being
carried out, and outputs an alarm if the blood pres-
sure is still in the predetermined abnormal state after
a predetermined period of time from a predetermined
timing.

5. The measuring device according to claim 4, wherein
the predetermined timing is any one of an operation
timing of a interface for the zero-point calibration, a
timing of starting displaying a message related to
that the zero-point calibration is being carried out,
an ending timing of the zero-point calibration, a tim-
ing of starting displaying a message related to ending
of the zero-point calibration, and a timing of ending
displaying of the message related to ending of the
zero-point calibration.

6. The measuring device according to any one of claims
1 to 3, wherein the notification control part suppress-
es outputting an alarm if the blood pressure meas-
ured by the measuring part is in the predetermined
abnormal state and the zero-point calibration is being
carried out, and thereafter outputs an alarm if the
blood pressure measured by the measuring part is
decided as becoming again the predetermined ab-
normal state.

7. A method of measuring a blood pressure, compris-
ing:

performing an invasive blood pressure meas-
urement using a transducer;
detecting that a blood pressure becomes a pre-
determined abnormal state during the invasive
blood pressure measurement;
detecting whether or not a zero-point calibration
of the transducer is being carried out; and
controlling whether or not to output an alarm
based on a detection state of the zero-point cal-
ibration when the blood pressure becomes the
predetermined abnormal state.

8. A program for executing a process by a computer,
the process comprising:

performing an invasive blood pressure meas-
urement using a transducer;
detecting that a blood pressure becomes a pre-
determined abnormal state during the invasive
blood pressure measurement;
detecting whether or not a zero-point calibration
of the transducer is being carried out; and
controlling whether or not to output an alarm
based on a detection state of the zero-point cal-
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ibration when the blood pressure becomes the
predetermined abnormal state.
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异常状态时基于检测部分的检测状态控制是否输出警报的通知控制部
分。
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