a9y United States

US 20140081101A1

12) Patent Application Publication o) Pub. No.: US 2014/0081101 A1

Shirasaki et al. (43) Pub. Date: Mar. 20, 2014
(54) BLOOD PRESSURE MEASUREMENT AG6IB 5/00 (2006.01)
APPARATUS AG6IB 5/1455 (2006.01)
. . . . . (52) US.CL
(75)  Inventors: ?Nz‘;‘;‘aiglﬁjgﬁ’ggg&ggaTak”h' CPC . AGIB 5/02255 (2013.01); AGIB 5/14551
Kuwabara, Osaka (JP); Kazuomi (2013.01); A61B 5/0205 (2013.01); A61B
Kario, Tochigi (JP) 5/4818 (2013.01); A61B 5/6826 (2013.01);
: A61B 5/02416 (2013.01)
(73) Assignees: JICHI MEDICAL UNIVERSITY, USPC e 600/324; 600/490; 600/484
Tochigi (JP); OMRON HEALTHCARE
Co., Ltd., Kyoto (JP)
(21) Appl. No.: 14/116,822 67 ABSTRACT
(22)  PCT Filed: May 16, 2012 A Dblood pressure measurement apparatus for measuring
(86) PCT No.: PCT/IP2012/062506 blood pressure ip a pr.edetennined.period includes a blood
pressure measuring unit for measuring the blood pressure of
§371 (e)(1), a subject, an information acquiring unit for acquiring infor-
(2). (4) Date:  Nov. 11, 2013 mation that is related to variation in blood pressure and
. L. L. changes in a time-series in the predetermined period, a deter-
(30) Foreign Application Priority Data mining unit for determining whether or not the information
May 24, 2011 (JP) woooeeeseesreer 2011-115846  acquired by the information acquiring unit satisfies a prede-
termined condition, and a trigger output unit for, in a case
Publication Classification where the determining unit determines that the predetermined
condition is satisfied, causing the blood pressure measuring
(51) Imt.CL unit to start and execute blood pressure measurement. The
A61B 5/0225 (2006.01) predetermined condition is expressed as a function of time
A61B 5/0205 (2006.01) that varies and is measured in the predetermined period.
T10A
20~ 24 L
A TS |
21~ : 32 5 35 K1OOOA 40
Air Bag — Pégf;‘érre > O%:I}"C?}:f " Display Unit 4~—1A
P33 36 i
H . [Pump Drive Memory Unit
T Pume [« Circuit ||
' i 43
XIS S
50~ L] Exhaust | i [ Valve Drive
507~ T Valve [ Circuit  [¥ 44 /_'46
S| | G T e | el cemmenn) | e
Emitting 4 CPU P Apparatus
Element Light Emitting |, 42
502 Element Drive
) Cireuit | Power
Light Supply Unit
Emitting
Element sl
503~ 33 Opara_';ion
- ni
Toht 51 Amplification and 7
Recaiving » AD %anersion — 45 '
Element ireuit ..,l lel»| SD Memory
External IIF &1 ™" ~ g




US 2014/0081101 A1

Mar. 20,2014 Sheet 1 of 15

Patent Application Publication

L "DId
7 s~ co_m&m.v>cow IN | m:_ZMoom_
e pue uopeoidwy Lc b
un - ™ fmdm
uonesadQ mm\
—7 Juows|g
L Buws
uun Ajlddng . oo , Ew_f._
Jamo IN2JI
— d | eauQuswalg cos
44 < Bunywz 1617 | juswal3
snieJjeddy Ndo Bunuwg
/1
Buisso001d [« uogeordinuiiop [+ 25~ ST o
—~ P wnony  |_E [ eaen | 105
or ™1 aaug anjea [ 1sneuxg ] " o¢
i 8- P pe m
B m m
LI wnoan L dung
U AIoWsy  |e 8AlQ dwind [ H
mm(\ @m,.\ m m,m,\ m
« | wnouo i | sosues |1
vi—Y tc@\nm_amma < | uoneqoso [ | aunssaid [ beg sy
or 0001~ se i ze iz
................. -
.Q\Qhk 144 0c




Patent Application Publication = Mar. 20, 2014 Sheet 2 of 15 US 2014/0081101 A1

[- Probe Housing

503\
|

%

N » To 53

Finger

501_:E 502%
A

FIG. 2

}From 52



Y
-
=
= £ DIH
.=}
(=
<>
< et
> nun _] Nun uondsosy spun 1 Alowep I Hun uopendjed |sas
M uopesad w uonesado > o bojewsup uopelnjeg usbAxp
= 1y 006~ @ vor- 4
Hun uosledwon
apnyd

z N L N wn ku v JNo.10
- fedsig [T [0U0D UoNeUILLISIB( 0z » cmm__w“‘mmmmo
< 0r >m_w_,m_m vioc~  aun #_c% uonenoey | uopesyduwy
5 ! apnyduy aAepA asing [
7 058 inding —— g
= un 1oPPHL coe unaI0D
S 4/ < uoljel8uas) voos- 30010 »] OALIQJ JUBWglg
Ma UONRAIUNLILIOY) | uoneLwoju| Py 107 Bugnwz 14617
R P Aeidsi Jun 103u0)d -z
m \-008 JUSWIAINSEI [SAIT

N N Y uoneinjesg uabAxQ
- Hun > 1NOpESY Hun uonenaen 00z~ 1 woun
£ Alowop |- oemk alnssaid poojg ~ | aAuqg anen
S 6~ T zoL -’ \z¢
= !
= Buissaooid | Iun |oluon Llperlie]
~ BUll obeio)S ainssaid Yno ™ aAug diing
= v~ “o0s |10t  jun [ \9¢
m JUuswiansesp unain
AW vo001 ainssald poojg LoReIdSO
= 0oL~ \cc
W
=
=



Patent Application Publication = Mar. 20, 2014 Sheet 4 of 15 US 2014/0081101 A1

r39

391

391 ~
Measured Data JJ

Storage Portion

397
FIG. 4
3971
-
ID
No. | Time | || | <+ | sBP | DBP | PL
R~ | T(1) *  |sBP(1)|DBP(1)| PL(1)
R~
2 | 12 *  |sBP@2)|DBPQR)| PL(2)

FIG. 5



Patent Application Publication = Mar. 20, 2014 Sheet 5 of 15 US 2014/0081101 A1

( Start )

dl
l

A 4

ST307 ~ TH —THo

SI302~J gmin« 100

)
]
y

A

ST303 ~] i—i+1
ST304~{ Read out Sp02(i)

ST305
? SpO2i )<TH’? SN0

ST306~ YES |

A 4

Measure Blood Pressure

o
«

A 4

ST307 — i—i+1
ST308~] Read out SpO2(i)

ST309 T
—% Sp02(i) < Smin? >

L YES
SI310~{  Smin «<Sp0O2(i)
ST37171~4 TO+Tp

[
ST312~ S

1313~ Read out Sp02
T3~ H<-Smin+V(Tp T0)

ST315

} SpO2( )<TH’? SYES)
ST316 FIG. 6
4 THZTHO? >

NO

YES




Patent Application Publication = Mar. 20, 2014 Sheet 6 of 15 US 2014/0081101 A1

] i)

I

sy rr g @

i 4%

s
_aaOTOTO,TO,O,s,,ry e

- »
I &

KK
D

6% N 10% []20%

'//////////////////////////®°
AN Y

) Q&Q’
O,OOOee

FIG. 7

L eecidacdincdisdacdracsd &°
AAANNNNNNNT

N

T @\6
OSSO ITHTTEH;

L iiddiaidadrididercadss &
AN

azzzzzzzza, &
AMMHHMIIDIDGDGDSD]0]030
S o o o o o
o ©o ©o <

<~

<

[04,] @)€Y Ssadang



Patent Application Publication = Mar. 20, 2014 Sheet 7 of 15 US 2014/0081101 A1

[p] I - Q‘b
-— <
s
)
o N
o~
O -
N ~ | 0‘\,
D N—— 43‘
<
= T K
o
A N N
=1 &
e
o U5)
X ©
© ] Q,“J
3 X
49} O6
NNER
] Vv
X
N I <b' %
N 60
A
Cﬁ I 60{0
<+ éo
T o
< g
q- 0\6
N% Q\
< Vv
O
™ A\
lop) N
4 ) 1
(@) (@) o o
(o8] N —

[sawn}] Juswainsesp 49
JO SuonnN29x3 jo "ON



Patent Application Publication = Mar. 20, 2014 Sheet 8 of 15 US 2014/0081101 A1

Variable
Threshold
Value

Oxygen
Saturation

e

BPIBPBP (BP |BP|BP \BP
BP BP BP BP BP

FIG.T10A

—y
=4

i
=

o2
T4
R

Oxygen
Saturation
Level 1

Variable -
Threshold
Value

BP BP
FIG.10B



Patent Application Publication = Mar. 20, 2014 Sheet 9 of 15 US 2014/0081101 A1

(%)z0ds
o
d o o © o o o o o
- & ® K © O I & & -
o
12
E ©
3 o
== | o1—¢ *—o e S
'E:—‘.
3
£ 18
= <
o
b 1o
o
= o
= —¢ o—NP X g
(=) ™~
-C_:)_q,h
s ‘_EU.
= i_:.~
= | o X
= = o0 XK g

.
]
¥

19:00 20:00 21:00 22:00 23:00

o o ®
m ] om o
AN
e} 2 2 o
= o o
) 2 % »
> ® S
2 IS o
(o] (@ (@] o (@] o (@ O o o
AN o D © < AN (@} e 0} © <t
(a\] N <« - o= Ll -

(FHww) ainssaid poojg (wdq) asind



US 2014/0081101 A1

Mar. 20,2014 Sheet 10 of 15

Patent Application Publication

clL ‘Did
pien | -
faoureiy as [M1™ n_\_\_mEmem_ o JOJUOP l0suag
1t~ =7 < uonexdssy [* MO Iy
Hun — -
vonesado qcs | 905
L~ _ losuesg
~ | ainjeijadws]
yun Alddng
1omod " gy
zt-
snjeseddy Nndod
bu|ssa00.d |- =1 <> qc
UonELLIONl co_um.nucsEEoo foosceees .\
bt HNOUID i ] enen |
9t/ 1 enl@ anjen [T 1sneuyx3 [T
Aot ] 78~ L e m
_/ m _
UM AIOWB | oAug dwnd [ H
oc 95~/ . ee
< - oy | i | Josusg i
q.— :c@\ﬁm_am_n_ - | voneoso [*| aunssaid [ beg 1y
0¥ 0001~ g5 L oze -1z
.................. -
mchk 744 oc



Patent Application Publication = Mar. 20,2014 Sheet 11 of 15 US 2014/0081101 A1

FIG. 13



US 2014/0081101 A1

Mar. 20,2014 Sheet 12 of 15

Patent Application Publication

Y

\ 4

JOJUON
uonelidsay

- ggg

1NouID
BAlIQ aAjep

/¢

vl ‘D4
Hun .| 3un uondeoey » SHUN
uojesadQ - uonelsdQ o]}
1y~ 006
nun - nun
Aedsig [T [oU0D
Aeldsiqg
o~ s
b 058
Hun
nun indino
4/l - uolje.lauss) 19661
UONEIUNWIWIOY) e uoneuwou| _J
5 Aeidsiq qg00¢
rt N ~—1
008 v
— Hun
un »1 JNOpeaYy Hun uonenojen
Aowsiy |- oowk ainssald poolg
L
6€ TR zoL -
Buissad0ild |- Hun joduon
ASWIL abeioig ainssald 4ho
7 ~o00s | o1 pun [°
juawainseay
ainssald poojg
g000L "]

0oL~

Y

JNaJIn
aalg dung

- o¢

1NouID
uoie||IosO

- cg




US 2014/0081101 A1

Mar. 20,2014 Sheet 13 of 15

SL "OId

swll

TPV VYV SV i
SIS I -
T DT e
ISR RN =

Patent Application Publication

0

/ | |leublg
O d N W 7 4 r H O 4 4 Jels a o g v uonesidsay
uonejeyxy

v



Patent Application Publication = Mar. 20,2014 Sheet 14 of 15 US 2014/0081101 A1

Overall
Operation

&
<
y

A

ST40T ~— TH <~ THO

d
<
Y

ST402 — i+ 1
ST403 ~ Read CT(i)

ST404 T
\< CT()>TH? i

)

ST405~ YES ¢

Y

Measure Blood Pressure

P
<

Y

ST406~  CcTm+— CT(i)

ST407 < j—i+1
5T4082 v
i 2
Exhalation Started >@
L YES
ST409 ~ Read CT(i)
ST410~] TO~Tp
v

ST412~f"" Read CT(j)
STHI3~ THe CTm-V(Tp-T0)

ST414 T
\< CT(i) > TH? )YES

ST415 1 NO FIG. 16
—> TH<THO? >
NO

YES




Patent Application Publication = Mar. 20,2014 Sheet 150f 15 US 2014/0081101 A1

( start )

d
hl

ST101 ! -
%witch Operated? >———

ST102 YES [¢
————> Switch Operated?
YES P >
| NO
ST103 ~ i+
ST104~" Read Te(i)
ST105~J Read Tp

ST106~ Update TA1
STI07~]" ypdate TA2

ST108 2
TA1<THor NO
| TA1 -TA2| >ATe?
ST109 4 YES NO
? Tp-T0>AT?  >—b
ST1 10\ J YES ’
Measure Blood Pressure
~ T0-Tp
ST111 J I
End

FIG. 17



US 2014/0081101 Al

BLOOD PRESSURE MEASUREMENT
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a blood pressure
measurement apparatus, and in particular to a blood pressure
measurement apparatus that controls the start timing of blood
pressure measurement.

BACKGROUND ART

[0002] Obstructive sleep apnea (OSA) is a disorder in
which the respiratory tract is physically obstructed during
sleep, and respiration stops for as long as two minutes. Blood
pressure temporarily rises in an apnea attack (referred to
hereinafteras a nocturnal blood pressure surge). For example,
a blood pressure that is normally 120 to 130 mmHg rises to
over 200 mmHg. Accordingly, each time an apnea attack
occurs, there is the risk of sudden death, stroke, or a cardio-
vascular event such as heart failure. The ability to accurately
measure a nocturnal blood pressure surge is therefore in
demand.

[0003] When measuring a nocturnal blood pressure surge,
the blood oxygen saturation level decreases when respiration
stops. In view of this, Patent Literature 1 (JP S62-155829A)
and Non-Patent Literature 1 (A New Technique for Detecting
Sleep Apnea-Related “Midnight” Surge of Blood Pressure,
Shirasaki et al., Hypertens Res Vol. 29, No. 9 (2006), p.
695-702) propose methods in which the blood oxygen satu-
ration level is measured with an oximeter, and blood pressure
measurement is started when the measured blood oxygen
saturation level falls below a set reference.

CITATION LIST
Patent Literature
[0004] Patent Literature 1: JP S62-155829A
Non-Patent Literature
[0005] Non-Patent Literature 1: A New Technique for

Detecting Sleep Apnea-Related “Midnight” Surge of
Blood Pressure, Shirasaki etal., Hypertens Res Vol. 29, No.
9 (2006), p. 695-702

SUMMARY OF INVENTION

Technical Problem

[0006] Patients with severe OSA have several hundred
apnea attacks per night, each of which is accompanied by
hypoxia. Accordingly, in the case where blood pressure mea-
surement is started when the blood oxygen saturation level
falls below a manually set reference as in Patent Literature 1,
blood pressure measurement is performed an very large num-
ber of times with a patient who has severe OSA, and the
subject’s sleep is significantly inhibited.

[0007] Also, in Non-Patent Literature 1, there is an addi-
tional function in which a threshold value is first set to a
relatively high level, the lowest value of the blood oxygen
saturation level that appears after the start of measurement is
successively stored, and blood pressure measurement is per-
formed when the blood oxygen saturation level falls below
the previous lowest value. Doing this enables performing
automatic individual adjustment of the threshold value for a
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range of patients, from mild sufferers to severe sufferers.
However, this method has the problem that if the most severe
low respiration state appears during the initial stage of sleep
in one night, blood pressure measurement will not be pet-
formed at all thereafter.

[0008] An object of the present invention is to provide a
blood pressure measurement apparatus that acquire a pattern
of blood pressure variation over the entitety of a predeter-
mined period.

Solution to Problem

[0009] One aspect of the present invention is a blood pres-
sure measurement apparatus for measuring blood pressure in
a predetermined period, including: a blood pressure measur-
ing unit for measuring the blood pressure of a subject; an
information acquiring unit for acquiring information that is
related to variation in blood pressure and changes in a time-
series in the predetermined period; a determining unit for
determining whether or not the information acquired by the
information acquiring unit satisfies a predetermined condi-
tion; and an execution unit for, in a case where the determin-
ing unit determines that the predetermined condition is satis-
fied, causing the blood pressure measuring unit to start and
execute blood pressure measurement, wherein the predeter-
mined condition is expressed as a function of time that varies
and is measured in the predetermined period.

Advantageous Effects of Invention

[0010] According to the present invention, it is possible to
acquire a pattern of blood pressure variation over the entirety
of a predetermined period.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 shows a hardware configuration of a blood
pressure measurement apparatus according to an embodi-
ment of the present invention.

[0012] FIG. 2 is a diagram showing how a pulse oximeter
according to Embodiment 1 of the present invention is fitted
to a measurement site.

[0013] FIG. 3 shows a functional configuration of a blood
pressure measurement apparatus according to Embodiment 1
of the present invention.

[0014] FIG. 4is a diagram showing an example of content
in a memory unit according to Embodiment 1 of the present
invention.

[0015] FIG. 5is a diagram showing an example of content
in measured data storage portions according to Embodiment
1 of the present invention.

[0016] FIG. 6 is a flowchart of measurement processing
according to Embodiment 1 of the present invention.

[0017] FIG. 71s a graph for describing the rate of change of
threshold value according to Embodiment 1 of the present
invention.

[0018] FIG. 8isa graph for describing the rate of change of
threshold value according to Embodiment 1 of the present
invention.

[0019] FIG. 9is a graph for describing measurement with a
variable threshold value according to Embodiment 1 of the
present invention.

[0020] FIGS. 10A and 10B are graphs for describing mea-
surement with a variable threshold value according to
Embodiment 1 of the present invention, in comparison to
measurement with a fixed threshold value.
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[0021] FIG. 11 is a graph for describing measurement with
a variable threshold value according to Embodiment 1 of the
present invention, in comparison to measurement by ABPM.
[0022] FIG. 12 shows a hardware configuration of a blood
pressure measurement apparatus according to Embodiment 2
of the present invention.

[0023] FIG.13is a diagram showing an external view of an
airflow sensor according to Embodiment 2 of the present
invention.

[0024] FIG. 14 shows a functional configuration of the
blood pressure measurement apparatus according to Embodi-
ment 2 of the present invention.

[0025] FIG. 15 is a timing chart showing a relationship
between a respiration signal and trigger output according to
an embodiment of the present invention.

[0026] FIG. 16 is a flowchart of measurement processing
according to Embodiment 2 of the present invention.

[0027] FIG. 17 is a flowchart of measurement processing
according to Embodiment 3 of the present invention.

DESCRIPTION OF EMBODIMENTS

[0028] Embodiments of the present invention will be
described in detail below with reference to the drawings. Note
that like reference signs in the figures denote corresponding
or the same portions, and redundant descriptions will not be
given for them.

[0029] In these embodiments, information excluding the
blood pressure of a subject is acquired, and a blood pressure
measurement unit is started based on the acquired informa-
tion. The term “start” used here refers to starting blood pres-
sure measurement-related processing performed by the blood
pressure measurement unit.

Embodiment 1

Blood Oxygen Saturation Level

[0030] InEmbodiment 1, the blood oxygen saturation level
of a subject is monitored, and a blood pressure measurement
unit is started based on the blood oxygen saturation level in a
time-series obtained as a result of the monitoring.

[0031] Hardware Configuration

[0032] FIG. 1 shows the hardware configuration of a blood
pressure measurement apparatus 1A according to an embodi-
ment of the present invention. As shown in FIG. 1, the blood
pressure measurement apparatus 1A includes a body unit
10A, a cuff 20 that is wound around a blood pressure mea-
surement site (e.g., upper arm) on the subject, an air tube 24
for connecting the body unit 10A and the cuff 20, and a sensor
unit 50 for fitting on a measurement site for measuring the
blood oxygen saturation level (e.g., fingertip). The body unit
10A and the sensor unit 50 are electrically connected via
wiring 51.

[0033] Thebodyunit 10A is provided with a display unit 40
for displaying measurement results and the like, and an opera-
tion unit 41 for receiving the input of instructions from a user
(typically, the subject). The operation unit 41 includes, for
example, a switch operated to switch the power on/off, a
switch operated to identify the subject, switches operated to
input instructions to start and stop measurement, and a switch
operated to input an instruction to readout and display infor-
mation regarding past measured data. The display unit 40 is
configured by a liquid crystal display or the like.
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[0034] The cuff 20 of the blood pressure measurement
apparatus 1A includes an air bag 21 that is filled with air. The
air bag 21 is connected to an air system 25 built into the body
unit 10A via the air tube 24.

[0035] The air system 25 includes a capacitance type pres-
sure sensor 32 for detecting the pressure inside the air bag 21
(referred to hereinafter as the “cuff pressure”), a pump 33 for
supplying air to the air bag 21, and an exhaust valve 34 that is
opened and closed to allow air to flow into or out of the air bag
21.

[0036] The sensor unit 50 corresponds to a so-called pulse
oximeter. FIG. 2 shows how the pulse oximeter according to
Embodiment 1 of the present invention is fitted to a measure-
ment site. As shown in FIG. 2, the pulse oximeter includes a
probe housing that is fitted to a measurement site that infrared
light easily passes through, such as a fingertip. The probe
housing includes at least two light emitting elements 501 and
502 that emit infrared light having different center wave-
lengths, and a light receiving element 503 that detects the
amount of infrared light that was emitted from the light emit-
ting elements and passed through the measurement site.
[0037] Thebody unit 10A includes a light emitting element
drive circuit 52 that controls the light emitting operation of
the light emitting elements 501 and 502, and an amplification
and A/D (Analog/Digital) conversion circuit 53 that amplifies
the output of the light receiving element 503 separately
according to wavelength and subjects it to A/D conversion.
[0038] The body unit 10A further includes a CPU (Central
Processing Unit) 1000A for performing various types of
arithmetic processing, a power supply unit 42, a memory unit
39 that includes a ROM (Read Only Memory), a RAM (Ran-
dom Access Memory), a non-volatile memory, or the like for
storing various types of data and programs, a timer 43 for
measuring and outputting the current time (year, month, day,
hour, minute, second), a communication I/F (interface) 44
that controls communication with an information processing
apparatus 46 and the CPU 10004, and an external I/F 45 to
and from which various types of recording media such as a
SD memory card (Secure Digital memory card) 47 can be
mounted and removed, and that accesses the mounted record-
ing medium under control of the CPU 1000A. Here, there are
no limitations on the information processing apparatus 46 as
long as it is an apparatus that includes a communication
function, a data processing function, and a function for out-
putting data with a display or the like.

[0039] With regard to the air system 25, the body unit 10A
includes an oscillation circuit 35, a pump drive circuit 36 for
driving the pump 33, and a valve drive circuit 37 for driving
the exhaust valve 34.

[0040] The pump drive circuit 36 controls the driving of the
pump 33 based on a control signal from the CPU 1000A. The
valve drive circuit 37 controls the opening/closing of the
exhaust valve 34 based on a control signal from the CPU
1000A.

[0041] The capacitance value of the pressure sensor 32
changes according to the cuff pressure, and a signal indicating
the capacitance value is output after being amplified by an
amplifier (amplification circuit) built into the pressure sensor
32. Based on the output signal from the pressure sensor 32,
the oscillation circuit 35 outputs a signal whose oscillation
frequency corresponds to the capacitance value of the pres-
sure sensor 32 to the CPU1000A. The CPU1000A detects the
cuff pressure by converting the signal obtained from the oscil-
lation circuit 35 into a pressure.



US 2014/0081101 Al

[0042] Thepower supply unit42 supplies power to the CPU
1000A in accordance with a power on instruction from the
operation unit 41. The CPU 1000A outputs the supplied
power to various units.

[0043] Functional Configuration

[0044] FIG. 3 shows the functional configuration of the
blood pressure measurement apparatus 1A according to
Embodiment 1 of the present invention. FIG. 3 shows the
functional configuration of the CPU 1000A of the blood
pressure measurement apparatus 1A along with circuits in the
periphery thereof. As shown in FIG. 3, the CPU 1000A
includes the following: a blood pressure measurement unit
100; an oxygen saturation level measurement control unit 200
that has an oxygen saturation level calculation unit 204 that
functions as an information acquisition unit for acquiring an
oxygen saturation level as information related to blood pres-
sure variation; a trigger output unit 300 A that outputs a trigger
TR to the blood pressure measurement unit 100; a storage
processing unit 500 for storing data in the memory unit 39; a
readout unit 600 for reading out data from the memory unit
39; a display information generation unit 800 that has a
VRAM (Video Random Access Memory) or the like for gen-
erating display information to be displayed on the display unit
40; a display control unit 850 that has a digital signal process-
ing circuit or the like for controlling the display on the display
unit 40; and an operation reception unit 900 that receives user
operations performed using the operation unit 41 and outputs
instructions (commands) corresponding to the operations to
various units. These units are configured using programs and
data stored in the memory unit 39 and/or circuit modules.
[0045] The oxygen saturation level measurement control
unit 200 has the oxygen saturation level calculation unit 204,
which functions as an information acquisition unit for acquir-
ing an oxygen saturation level as information related to blood
pressure variation.

[0046] The trigger output unit 300A includes a determina-
tion unit 301A for determining whether or not the oxygen
saturation level satisfies a predetermined condition, and has a
function of starting the blood pressure measurement unit 100
and causing blood pressure measurement to be executed with
use of a trigger TR.

[0047] The blood pressure measurement unit 100 includes
a cuff pressure control unit 101 and a blood pressure calcu-
lation unit 102. The cuff pressure control unit 101 adjusts the
cuffpressure in the cuff 20 by controlling the operations of the
pump drive circuit 36 and the valve drive circuit 37. The blood
pressure measurement unit 100 receives an output signal from
the oscillation circuit 35, detects the oscillation frequency of
the received signal, and converts the detected oscillation fre-
quency into a pressure value signal. The blood pressure mea-
surement unit 100 includes an HPF (High Pass Filter) unit that
extracts and outputs a volume pulse wave signal by perform-
ing HPF processing on the pressure value signal, and an LPF
(Low Pass Filter) unit that extracts and outputs a pressure
absolute value signal (referred to hereinafter as the “cuff
pressure signal”) by performing LPF processing on the pres-
sure value signal.

[0048] Theblood pressure calculation unit 102 receives the
volume pulse wave signal that was extracted by the HPF unit,
and performs processing on the received volume pulse wave
signal in accordance with a predetermined procedure so as to
calculate a maximum blood pressure (SBP (Systolic Blood
Pressure)) and a minimum blood pressure (DBP (Diastolic
Blood Pressure)), and also calculates the pulse rate in accor-
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dance with a known procedure. The blood pressure calcula-
tion procedure is envisioned to conform to an oscillometric
method, in which pressure is applied to the measurement site
by the cuff 20 up to a predetermined pressure, and the blood
pressure is measured based on the cuff pressure that is
detected as the pressure is then gradually reduced, but there is
no limitation to the calculation method.

[0049] The oxygen saturation level measurement control
unit 200 includes a clock 201 that outputs a clock signal that
is synchronized with the time output by the timer 43, a pulse
wave amplitude calculation unit 202, a pulse wave amplitude
comparison unit 203, and the oxygen saturation level calcu-
lation unit 204.

[0050] The oxygen saturation level measurement control
unit 200 controls the light emitting element drive circuit 52 at
a timing defined by the clock 201 such that the light emitting
elements 501 and 502 alternatingly emit two wavelengths of
infrared light. Infrared light that passes through the subject
measurement site and arrives at the light receiving element
503 is detected by the light receiving element 503. At that
time, variation in arterial volume that accompanies pulsation
of the intra-arterial pressure is reflected as change in the
amount of transmitted light in the output from the light receiv-
ing element 503. This is called a photoelectric pulse wave
(referred to hereinafter as simply “pulse wave”). When pulse
wave signals are sent from the light receiving element 503 to
the amplification and A/D conversion circuit 53, the pulse
waves for different wavelengths are separately amplified and
subjected to A/D conversion at a timing defined by the clock
201. The A/D converted pulse wave signals are then sent to the
pulse wave amplitude calculation unit 202.

[0051] The pulse wave amplitude calculation unit 202
detects, in units of beats, the pulse waves obtained by the
amplification and A/D conversion circuit 53, and calculates
the amplitudes of the respective pulse waves. The pulse wave
amplitude comparison unit 203 obtains the ratio of the ampli-
tudes of the two wavelengths of pulse waves that were calcu-
lated by the pulse wave amplitude calculation unit 202. The
oxygen saturation level calculation unit 204 calculates the
oxygen saturation level in the blood based on the pulse wave
amplitude ratio that was calculated. The oxygen saturation
level calculation unit 204 then calculates the blood oxygen
saturation level of the subject based on a relationship between
pulse wave amplitude ratios and oxygen saturation levels that
is stored in the memory unit 39 in advance.

[0052] The blood oxygen saturation level is calculated
every five seconds, for example, and the calculated blood
oxygen saturation levels are stored in a time-series that con-
forms to the order of measurement, beginning with the head
address in an internal memory of the CPU 1000A. A pointer
variablei is used to indicate blood oxygen saturation levels in
the internal memory. The internal memory is then initialized
when measurement ends.

[0053] In the present embodiment, the light emitting ele-
ments 501 and 502, the light receiving element 503, the light
emitting element drive circuit 52, the amplification and A/D
conversion circuit 53, and the oxygen saturation level mea-
surement control unit 200 function as an oxygen saturation
level measurement unit for measuring the blood oxygen satu-
ration level. Note that the configuration of the oxygen satu-
ration level measurement unit and the method of calculating
the blood oxygen saturation level that are employed in the



US 2014/0081101 Al

blood pressure measurement apparatus 1A according to the
present invention are not intended to be limited to those
described above.

[0054] Memory Configuration

[0055] FIG. 4is a diagram showing an example of content
in the memory unit 39 according to Embodiment 1 of the
present invention. As shown in FIG. 4, the memory unit 39 has
ameasured data storage portion 391 for each subject. FIG. 5
is a diagram showing an example of content in the measured
data storage portions 391 according to Embodiment 1 of the
present invention.

[0056] As shown in FIG. 5, the measured data storage por-
tions 391 store measured data in a database format. Specifi-
cally, ID data for uniquely identifying the corresponding sub-
ject, and one or more records R are stored. Each record R
includes No. data for uniquely identifying the record, time
data indicating the measurement time, as well as a blood
oxygen saturation level SpO2, a systolic blood pressure SBP,
a diastolic blood pressure DBP, and a pulse rate PL that were
measured (or calculated) at that measurement time.

[0057] Although these types of data are stored in associa-
tion with each other using the records R in FIG. 5, they are not
limited to a storage format that uses the records R, as long as
they can be associated with each other.

[0058] Flowchart

[0059] FIG. 6 is a flowchart of measurement processing
according to Embodiment 1 of the present invention. A pro-
gram that conforms to this flowchart is stored in advance in a
predetermined storage area of the memory unit 39, and func-
tionality that conforms to this processing flowchart is realized
by the CPU 1000A reading out that program from the
memory unit 39 and executing it. Although the measurement
period is the sleep period here, the measurement period is not
limited to the sleep period, and may be any period in which an
apneic state can arise.

[0060] When measurement is to be performed, it is envi-
sioned that the cuff 20 and the sensor unit 50 will be fitted at
respective measurement sites on the subject. Before sleeping,
the subject powers on the blood pressure measurement appa-
ratus 1A, operates a switch for instructing the start of mea-
surement, and operates a switch for instructing the end of
measurement upon getting up.

[0061] The CPU 1000A starts performing processing upon
receiving the measurement start instruction as a result of the
switch operation for starting measurement. The CPU 1000A
monitors whether a measurement end instruction has been
input as a result of a switch operation during processing as
well. If an end instruction is input, processing is forcibly
ended even if processing is being executed.

[0062] When processing is started, the trigger output unit
300A sets a variable TO to the value of 0, and sets a threshold
value TH for evaluating the blood oxygen saturation level to
an initial value THO. It is desirable that the value of the initial
value THO is set such that the blood oxygen saturation level
falls below it even with a mild OSA sufferer who only exhibits
mild apnea attacks, such as being set to around 90% (step
ST301). Next, a variable Smin for storing the minimum value
of the blood oxygen saturation level is set to the physiological
upper limit of 100 (percent) (step ST302). Note that the blood
oxygen saturation level measured for the subject is envisioned
to be less than or equal to this physiological upper limit value
(100%).

[0063] The trigger output unit 300A increments, by 1, the
value of the variable 1 for indicating the blood oxygen satu-
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ration level in the time-series in the internal memory (step
ST303), reads out the blood oxygen saturation level stored at
the address indicated by the variable i from the internal
memory, and sets thereadout blood oxygen saturation level as
the variable SpO2(i) (step ST304).

[0064] The determination unit 301A of the trigger output
unit 300A determines whether or not the value of the blood
oxygen saturation level indicated by the variable SpO2(i) is
lower than the threshold value TH (step ST305). If it is deter-
mined that the blood oxygen saturation level is lower (YES in
step ST305), the procedure moves to the processing of step
ST306, and if it is determined that the blood oxygen satura-
tion level is not lower (NO in step ST305), the procedure
returns to step ST303, and the processing of steps ST303 to
ST305 is repeated.

[0065] Ifitis determined that the value of the blood oxygen
saturation level is lower than the threshold value TH, the
trigger output unit 300A outputs the trigger TR to the blood
pressure measurement unit 100. Upon receiving the trigger
TR, the blood pressure measurement unit 100 is started, and
blood pressure measurement is performed (step ST306).
Measured data is then stored in a measured data storage
portion 391 via the storage processing unit 500.

[0066] Next, the trigger output unit 300A increments the
variable 1 by 1 (step ST307), reads out the next blood oxygen
saturation level indicated by the variable i from the internal
memory, and sets the readout blood oxygen saturation level as
the variable SpO2(i) (step ST308). Next, it is determined
whether the value of the blood oxygen saturation level indi-
cated by the variable SpO2 is lower than the value of the
variable Smin (step ST309). If it is determined that the blood
oxygen saturation level is lower (YES in step ST309), the
value of the variable Smin is updated (step ST310). Specifi-
cally, the variable Smin is set to the value of the blood oxygen
saturation level indicated by the variable SpO2(i) (step
ST310), the variable TO is set to the value of a variable Tp
(step ST311), and then the procedure returns to step ST307,
and the processing of steps ST307 to ST311 is repeated. Note
that the value of the variable Tp is constantly updated using
time data output by the timer 43. Accordingly, the variable Tp
represents the current time.

[0067] On the other hand, if it is determined that the value
of the blood oxygen saturation level indicated by the variable
SpO2(i) is not less than the value of the variable Smin (NO in
step ST309), it is determined that the blood oxygen saturation
level of the subject has started to move to a process of rising.
In other words, it is detected that the blood oxygen saturation
level reached the local minimum value in the processing of
changing in the time-series. When the local minimum value is
detected, the trigger output unit 300A increments the variable
iby 1 (step ST312), reads out the next blood oxygen satura-
tion level indicated by the variable i from the internal
memory, and sets the variable SpO2(i) to the readout blood
oxygen saturation level (step ST313). The trigger output unit
300A then updates the threshold value TH in accordance with
the equation TH=Smin+V(Tp-T0) (step ST314). In this way,
the threshold value TH is calculated (updated) using a feature
value (i.e., local minimum value) extracted in the process in
which the blood oxygen saturation level changes in the time-
series.

[0068] Next, the determination unit 301A of the trigger
output unit 300A determines whether or not the value of the
variable SpO2(i) is lower than the threshold value TH (step
ST315). If it is determined that the value of the variable



US 2014/0081101 Al

Sp02(i) is lower (YES in step ST315), the procedure returns
to step ST306 and processing is executed from that step, and
if it is determined that the value of the variable SpO2(i) is not
lower (NO in step ST315), the threshold value TH and the
initial value THO are compared (step ST316). If it is deter-
mined based on the result of the comparison that the threshold
value TH is higher than or equal to the initial value THO (YES
in step ST316), the procedure returns to step ST301, and
processing is repeated from that step. If it is determined that
the threshold value TH is lower than the initial value THO (NO
in step ST316), the procedure returns to step ST312, and
processing is performed from that step.

[0069] Update of Threshold Value TH

[0070] The following describes a calculation equation for
updating the threshold value TH in step ST314.

[0071] In the present embodiment, operations are realized
such that during a relatively short period of elapsed time from
when the previous (most recent) blood pressure measurement
started, blood pressure measurement is not started in the case
of hypoxia similar in extent to that when blood pressure
measurement was previously performed. and then if a relative
long period elapses, blood pressure measurement is started
even in the case of a lower extent of hypoxia than that when
blood pressure measurement was previously performed. In
other words, even in the case of a relatively low extent of
hypoxia, blood pressure measurement is started if a long time
has elapsed from when the previous blood pressure measure-
ment was started. That is to say, the longer the elapsed time 1s,
the greater the amount of change when the threshold value is
updated. For this reason, in the present embodiment, the
threshold value TH for the blood oxygen saturation level
(variable SpO2(1)) for starting blood pressure measurement is
determined using the equation in step ST314.

[0072] Here, the variable V in the equation represents the
rate of change of threshold value per hour, and is set to 10
(%fhr) for example. Also, in the equation, the variable Tp
represents the current time, and the variable TO represents the
time when the previous blood pressure measurement was
started. Also, according to this equation, if the threshold value
TH is higher than or equal to the initial value THO (90%), the
initial value THO is set as the threshold value TH. Note that
although the time-dependent function is a linear function of
time, the function is not limited to this form.

[0073] InEmbodiment 1, the threshold value TH for deter-
mining whether or not to start blood pressure measurement is
successively re-set using the lowest (local minimum value)
blood oxygen saturation level of the subject. Also, as long as
the lowest blood oxygen saturation level (variable Smin) is
not updated, the threshold value TH is raised in a time-depen-
dent manner in accordance with the above-described equa-
tion. Accordingly, after a long time has elapsed from when the
previous blood pressure measurement started, blood pressure
measurement can be started even if the mildly hypoxic blood
oxygen saturation level is higher than the lowest blood oxy-
gen saturation level (variable Smin). As a result, even if the
lowest blood oxygen saturation level is measured relatively at
the beginning of the period from when measurement starts
until when it ends, blood pressure measurement can still be
performed thereafter, and it is possible to acquire blood pres-
sure measurement data over the entirety of the measurement
period (e.g., the sleep period of the subject).

[0074] Rate of Change of Threshold Value TH

[0075] FIGS. 7 and 8 are graphs for describing the rate of
change of the threshold value according to Embodiment 1 of
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the present invention. The variable V in the equation of above-
described step ST314 represents the rate of change of the
threshold value TH (referred to hereinafter as the “RCOT”).
FIGS. 7 and 8 show the results of a simulation performed by
the inventors using the blood pressure measurement appara-
tus 1A. Based on the results, the rate of change of the thresh-
old value TH was determined to be 10% per hour.

[0076] In this simulation, data on the blood oxygen satura-
tion level measured from 9 people (3 patients with mild OSA,
3 patients with moderate OSA, and 3 patients with severe
OSA) was used to simulate the execution of operations for
starting blood pressure measurement with the RCOT set to
6%, 10%, and 20%.

[0077] First, an apnea attack in which blood pressure mea-
surement should be performed (necessary point) and an apnea
attack in which blood pressure measurement should be
skipped (unnecessary point) were designated in the actual
data on the blood oxygen saturation level obtained from the 9
people. The conditions for the necessary point were that the
attack is an attack that is accompanied by a blood oxygen
saturation level that is the lowest in one night, and that the
attack is an attack that is accompanied by a substantially
equivalent reduction in blood oxygen saturation level after a
long period of 3 hours or more after the minimum blood
oxygen saturation level was measured. The conditions for the
unnecessary point were that the attack is an apnea attack that
is not a long time after the necessary point, regardless of the
amount of reduction in the blood oxygen saturation level. The
simulation was performed for designated apnea attacks at a
total of 114 points (82 necessary points and 32 unnecessary
points) with the RCOT set to 6%, 10%, and 20%. The success
rate was defined as the frequency of operation as designated
(i.e., detection at a necessary point and skipping at an unnec-
essary point), and evaluation was performed for each RCOT
with the allowable range of 90% or more. As a result, the
success rates for the RCOTs of 6%, 10%, and 20% at the
necessary points were 86.6%, 95.1%, and 100.0% respec-
tively (see FIG. 7). The success rate at the unnecessary points
was 100.0% for all of the RCOTs. Accordingly, it was found
that 10% and 20% would be appropriate as the value of the
RCOT evaluated based on the success rate.

[0078] Next, the number of executions of blood pressure
measurement per night was evaluated. Although many apnea
attacks other than those at designated points appeared in the
data on the blood oxygen saturation level measured from the
9 people, the number of executions of blood pressure mea-
surement per night was considered to be 15 or less from a
practical point of view. The reason for this is that with ambu-
latory blood pressure monitoring (ABPM), which is currently
widely used for blood pressure measurement during noctur-
nal sleep, the measurement frequency per hour is generally
often set to 2, and therefore the number of executions of
measurement per night will be 15 to 16 when envisioning a
sleep period of 8 hours.

[0079] The results of the simulation performed using the
RCOTs of 6%, 10%, and 20% were that the number of sub-
jects on which blood pressure measurement was executed 15
times or more was 0 people, 0 people, and 5 people (56%)
respectively (see FIG. 8). Accordingly, it was found that 6%
and 10% are appropriate as the value of the RCOT evaluated
based on blood pressure measurement. Based on the results of
the two simulations described above, the inventors employed
10% as the most appropriate value for the rate of change of
threshold value (variable V).
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[0080] Comparison with Threshold Value (Fixed)

[0081] FIGS. 9, 10A, and 10B are graphs for describing
measurement with a variable threshold value according to
Embodiment 1 of the present invention, in comparison to
measurement with a fixed threshold value. FIGS. 9, 10A, and
10B show the association between change in the blood oxy-
gen saturation level measured in accordance with the elapse
of measurement time and the timing of blood pressure mea-
surement start BP for the same subject.

[0082] FIG. 9 shows the case of Embodiment 1, in which
the threshold value TH is variably set using the rate of change
of threshold value V over the measurement period. FIG. 9
shows that due to the threshold value being calculated using a
feature value extracted in the process in which the blood
oxygen saturation level SpO2 changes in the time-series, that
is to say, using a local minimum value (step ST314), blood
pressure measurement is performed both when the blood
oxygen saturation level is relatively low and when it is rela-
tively high, that s to say, over the entirety of the measurement
period. In contrast, FIG. 10A shows the case where the thresh-
old value is fixed (not changed) as in conventional technol-
ogy, and this graph shows that blood pressure measurement is
started each time hypoxia occurs, and therefore blood pres-
sure measurement is performed a very large number of times.
FIG. 10B shows the case of a method in which the threshold
value is updated using the lowest blood oxygen saturation
level, and it can be seen that if the largest reduction in the
blood oxygen saturation level occurs in the initial stage of the
measurement period, blood pressure measurement will not be
performed thereafter. Accordingly, according to Embodiment
1, blood pressure measurement is started when the blood
oxygen saturation level is low, and blood pressure measure-
ment data can be acquired over the entirety of the measure-
ment period (e.g., the sleep period of the subject).

[0083] Comparison with ABPM

[0084] FIG. 11 is a graph for describing measurement with
a variable threshold value according to Embodiment 1 of the
present invention, in comparison to measurement by ABPM.
This graph was obtained by experimentation performed by
the inventors. The top level in FIG. 11 shows change in the
blood oxygen saturation level measured in the sleep period of
the subject (19:00 to 6:00). In ABPM, blood pressure mea-
surement is performed 2 times per hour. The line graph in this
figure shows change in the blood pressure (systolic blood
pressure SBP) measured using ABPM. According to ABPM,
the blood pressure is measured at a constant interval, regard-
less of change in the blood oxygen saturation level, and there-
fore it is understood that blood pressure measurement is not
performed in synchronization with the timing of a reduction
in the blood oxygen saturation level.

[0085] In contrast, in the case of performing measurement
with the blood pressure measurement apparatus 1A of
Embodiment 1, blood pressure measurement is started each
time the blood oxygen saturation level decreases, as shown by
the black circles plotted in the graph, and it is understood that
as aresult of this, measured data (systolic blood pressure SBP,
diastolic blood pressure DBP, and pulse rate) can be acquired
in synchronization with the timing of a reduction in the blood
oxygen saturation level.

Embodiment 2

[0086] The blood oxygen saturation level of a subject is
dependent on the subject’s respiratory pattern. In view of this,
in Embodiment 2, the subject’s respiration is monitored, and
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the blood pressure measurement unit is started based on
change in respiration (inhalation and exhalation) in a time-
series obtained as a result of the monitoring.

[0087] Blood Pressure Measurement Apparatus

[0088] FIG. 12 shows the hardware configuration of a
blood pressure measurement apparatus 1B according to
Embodiment 2 of the present invention. As shown in FIG. 12,
the blood pressure measurement apparatus 1B and the blood
pressure measurement apparatus 1A are different in that the
blood pressure measurement apparatus 1B includes a body
unit 10B in place of thebody unit 10A and includes an airflow
sensor 50B in place of the sensor unit 50 for measuring the
blood oxygen saturation level. Other configurations of the
blood pressure measurement apparatus 1B will not be
described since they are similar to those of the blood pressure
measurement apparatus 1A, and only the differences will be
described below. Note that although a temperature sensor 48
for measuring the temperature around the blood pressure
measurement apparatus 1B is provided in FIG. 12, details
regarding the temperature sensor 48 will be described later
since it is not an essential requirement for measurement
according to Embodiment 2.

[0089] The body unit 10B includes a respiration monitor
53B in place of the light emitting element drive circuit 52 and
the amplification and A/D conversion circuit 53, and includes
a CPU 1000B in place of the CPU 1000A. Other configura-
tions of the body unit 10B are the same as those of the body
unit 10A, and redundant descriptions will not be given for
them.

[0090] The respiration monitor 53B receives a detection
signal from the airflow sensor 50B, monitors the respiratory
state of the subject based on the received detection signal, and
outputs a respiration signal indicating the monitoring results
to the CPU 1000B.

[0091] FIG. 13 is a diagram showing an external view of the
airflow sensor 50B according to Embodiment 2 of the present
invention. As shown in FIG. 13, the airflow sensor 50B is
fixedly fitted in the vicinity of the subject’s nasal cavity. The
airflow sensor 50B detects the air pressure in the vicinity of
the nasal cavity using a built-in pressure sensor (not shown),
and outputs a detection signal. The air pressure in the vicinity
of the nasal cavity decreases during inhalation, and increases
during exhalation.

[0092] The respiration monitor 53B derives the pattern of
change in air pressure in the vicinity of the nasal cavity based
on the detection signal from the airflow sensor 50B, and
detects inhalation and exhalation through the subject’s nasal
cavity based on the derived pattern of change. Specifically,
patterns of change for normal inhalation and exhalation of a
subject are stored in advance, and inhalation or exhalation is
detected by performing pattern matching with the stored pat-
terns of change and the pattern of change derived during
measurement. The result of the detection is output to the CPU
1000B as the respiration signal. Here, the respiration signal is
avoltage signal, for example, where a positive voltage signal
is output in an inhalation period, and a negative voltage signal
is output in an exhalation period. The respiration monitor 53B
outputs a zero voltage signal in a period determined to be
neither inhalation nor exhalation (i.e., an apneic period) as a
result of the above-described pattern matching.

[0093] Note that it is envisioned that the CPU 1000B
receives the respiration signal output by the respiration moni-
tor 53B once every second, for example, that the respiration
monitor 53B receives the detection signal from the airflow
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sensor 50B at a sufficiently shorter cycle than 1 sec, and that
the airflow sensor 50B detects the air pressure at a cycle that
is shorter than the reception cycle, and outputs the detection
signal.

[0094] FIG. 14 shows the functional configuration of the
blood pressure measurement apparatus 1B according to
Embodiment 2 of the present invention. As shown in F1G. 14,
the CPU 1000B and the CPU 1000A are different in that the
CPU 1000B includes a trigger output unit 300B in place of the
trigger output unit 300A. Other functions will not be
described since they are the same as the functions of the CPU
1000A.

[0095] Thetrigger output unit 300B detects apnea based on
the respiration signal from the respiration monitor 53B, and
outputs the trigger TR for starting blood pressure measure-
ment to the blood pressure measurement unit 100.

[0096] Trigger Output Based on Respiration

[0097] FIG. 15 is a timing chart showing the relationship
between the respiration signal and the output of the trigger TR
according to this embodiment of the present invention. The
trigger output unit 3008 detects apnea upon detecting, based
on the respiration signal, that the time period from when
inhalation started until when the immediately subsequent
exhalation starts is longer than a predetermined time period.
In other words, when inhalation starts, the trigger output unit
300B starts a count up performed by a counter (not shown),
and when exhalation starts, stops the count up performed by
the counter and resets (initializes) the counter value. Note that
the trigger output unit 300B performs the count up operation
with the counter in synchronization with output from the
timer 43.

[0098] Theupperlevelin FIG. 15 shows arespiration signal
that includes inhalation signals A to Q, and the lower level
shows the counter value CT(i) that changes in synchroniza-
tion with the respiration signal. Change in the threshold value
TH is also shown in association with the counter value CT(i).
The downward-facing arrows in FIG. 15 point to time points
when blood pressure measurement started. As shown in FIG.
15, in normal periods in which apnea is not detected, such as
the periods corresponding to the inhalation signals A to C, the
counter value CT(i) remains at a relatively low value, and then
the next occurrence of inhalation starts. However, in an apneic
period such as the period from inhalation corresponding to
the inhalation signal D in FIG. 15 to the start of the immedi-
ately subsequent exhalation, the counter value CT(i) rises to a
very high value since exhalation does not occur in this period.
The trigger output unit 300B changes the threshold value TH
in accordance with the counter value CT(i) that changes in
this way.

[0099] As shown in the figure, the threshold value TH is
first set to the initial value THO when measurement starts, and
then when the counter value CT(i) rises and exceeds the
threshold value TH, the threshold value TH is updated so as to
indicate the same value as the rising counter value CT(i). The
threshold value TH rises to the counter value CT(i) up until
the point in time when the apnea stops due to the start of
subsequent exhalation. Thereafter, the threshold value TH
decreases at a constant rate, and then the decrease stops at the
point in time when the initial value THO is indicated.

[0100] In this way, the rate of increase and decrease of the
threshold value TH is made variable, and therefore for a short
while after severe apnea occurs such as immediately after the
inhalation signal D, a similar level of apnea (apnea immedi-
ately after the inhalation signal G) is overlooked, and then
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when apnea occurs after a sufficient period of time has
elapsed (apnea immediately after the inhalation signal M),
blood pressure measurement is started even if it is mild apnea.
In other words, the longer the elapsed time from blood pres-
sure measurement, the greater the amount of change when the
threshold value is updated.

[0101] Flowchart

[0102] FIG. 16 is a flowchart of measurement processing
according to Embodiment 2 of the present invention. A pro-
gram that conforms to this flowchart is stored in advance in a
predetermined storage area of the memory unit 39, and func-
tionality that conforms to this processing flowchart is realized
by the CPU 1000B reading out that program from the memory
unit 39 and executing it. Although the measurement period is
the subject’s sleep period here, the measurement period is not
limited to the sleep period, and may be any period in which an
apneic state can arise.

[0103] When measurement is to be performed, it is envi-
sioned that the cuff’20 and the airflow sensor 50B will be fitted
at respective measurement sites on the subject. Before sleep-
ing, the subject powers on the blood pressure measurement
apparatus 1B, operates a switch for instructing the start of
measurement, and operates a switch for instructing the end of
measurement upon getting up.

[0104] The CPU 1000B starts performing processing upon
receiving the measurement start instruction as a result of the
switch operation for starting measurement. The CPU 1000B
monitors whether a measurement end instruction has been
input as a result of a switch operation during processing as
well. If an end instruction is input, processing is forcibly
ended even if processing is being executed.

[0105] When processing is started, the trigger output unit
300B sets the threshold value TH, which is for evaluating the
length of the apneic period indicated by the value of the
counter value CT(i), to the initial value THO (step ST401). It
is desirable that the initial value THO is set high enough to not
be reached inanormal respiration cycle, and low enough to be
reached in the case of a mild OSA sufferer who only exhibits
mild apnea attacks, one example being the setting of approxi-
mately 15 seconds.

[0106] The value of the variable iindicating the signal time
is then incremented by 1 (step ST402), and then the time from
the timer 43 is set as the counter value CT (i) that corresponds
to the incremented variable i (step ST403).

[0107] Next, the trigger output unit 300B determines
whether or not the counter value CT(i) is higher than the
threshold value TH (sec) (step ST404). If it is determined that
the counter value CT(i) is higher (YES in step ST404), the
procedure moves to later-described step ST405, and if it is
determined that the counter value CT(i) is lower than or equal
to threshold value TH (NO in step ST404), the procedure
returns to step ST402, and the operations of steps ST402 to
ST404 are repeated.

[0108] The trigger output unit 300B outputs the trigger TR
upon determining that the counter value CT(i) is higher than
the threshold value TH. Accordingly, blood pressure mea-
surement performed by the blood pressure measurement unit
100 is started (step ST405). The trigger output unit 300B also
sets the counter value CT(i) as a variable CTm, which is set to
the maximum value of the counter value (step ST406), and
increments the value of the variable i by 1 (step ST407).
[0109] Thereafter, it is determined whether exhalation by
the subject has started, based on the respiration signal (step
ST408). If it is determined that exhalation has not started (NO
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in step ST408), the procedure returns to step ST406, and
processing is repeated from that step. On the other hand, if it
is determined that exhalation has started (YES in step
ST408), the counter value CT(i) is set as the variable CTm
(step ST409). The value of the variable Tp, which indicates
the current time output by the timer 43 at that point in time, is
set as the variable TO (step ST410).

[0110] The trigger output unit 300B then increments the
value of the variable i by 1 (step ST411), and sets the time
from the timer 43 as the counter value CT(i) that corresponds
to the incremented variable i (step ST412). The threshold
value TH is then re-set in accordance with the equation
TH=CTm-V(Tp-T0) (step ST413), details of which will be
described later.

[0111] Next, the trigger output unit 300B determines
whether or not the counter value CT(i) is higher than the
threshold value TH (step ST414). If it is determined that the
counter value CT(i) is higher (YES in step ST414), the pro-
cedure returns to step ST405, and processing is repeated from
that step. If it is determined that the counter value CT(i) is
lower than or equal to the threshold value TH (NO in step
ST414), it is then determined whether or not the threshold
value TH is lower than the initial value THO (step ST415). If
it is determined that the threshold value TH is lower than the
initial value THO (YES in step ST415), the procedure returns
to step ST401, and processing is repeated from that step. Ifit
is determined that the threshold value TH is higher than or
equal to the initial value THO (NO in step ST415), the pro-
cessing of steps ST411 to ST415 is repeated.

[0112] The following describes the equation used to update
the threshold value TH in step ST413. In Embodiment 2,
operations are realized such that if not very much time has
elapsed from when the previous blood pressure measurement
started, blood pressure measurement is not started when
apnea continues for a duration similar to that when blood
pressure measurement was previously performed, and then if
a certain time period has elapsed, blood pressure measure-
ment is started even if the apnea that occurs is more mild (the
apneic period is shorter) than that when blood pressure mea-
surement was previously performed. In other words, the
determination of whether or not blood pressure measurement
is to be started regardless of how mild the apnea is, is depen-
dent on the amount of time that has elapsed from when the
most recent (immediately previous) blood pressure measure-
ment started. In view of this, the aforementioned equation is
used such that the updating of the threshold value TH that is
referenced in order to start blood pressure measurement (the
value for evaluating the length of the apneic period (value of
the counter value CT(i)) is dependent on the amount of time
that has elapsed from when blood pressure measurement
started.

[0113] Thevariable V in the equation represents the rate of
change of the threshold value TH per hour. Also, if the thresh-
old value TH calculated by this calculation equation is less
than the initial value THO (YES in step ST415), the initial
value THO is set as the threshold value TH (step ST401). Note
that although the time-dependent function is a linear function
of time here as shown by the equation, the function is not
limited to this form.

Embodiment 3

[0114] With a blood pressure measurement apparatus of
Embodiment 3, attention is placed on the fact that the blood
pressure changes rapidly when there is a change in the envi-
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ronmental temperature around the subject during measure-
ment, and operations are performed such that, based on tem-
perature data in a time-series obtained by measuring the
ambient temperature, blood pressure measurement is
executed after a certain time period has elapsed from when a
rapid change in temperature occurred.

[0115] The blood pressure measurement apparatus of
Embodiment 3 is configured such that the trigger output umt
300B of the blood pressure measurement apparatus 1B in
FIG. 14 receives a temperature signal from the temperature
sensor 48 instead of receiving a signal from the respiration
monitor 53B. The temperature sensor 48 measures the envi-
ronmental temperature around the blood pressure measure-
ment apparatus 1B, and outputs a temperature signal to the
trigger output unit 300B. The airflow sensor 50B of the blood
pressure measurement apparatus 1B is removably attached to
the apparatus. When the airflow sensor 50B is not attached,
the trigger output unit 300B receives the temperature signal
from the temperature sensor 48.

[0116] FIG. 17 is a flowchart of measurement processing
according to Embodiment 3 of the present invention. A pro-
gram that conforms to this flowchart is stored in advance in a
predetermined storage area of the memory unit 39, and func-
tionality that conforms to this processing flowchart is realized
by the CPU 1000B reading out that program from the memory
unit 39 and executing it. Note that the later-described variable
TO is a variable set to the time when the most recent blood
pressure measurement started, and is set to the initial value of
0 when measurement starts in the flowchart of FIG. 17.
[0117] When measurement is to be performed, it is envi-
sioned that the cuff 20 will be fitted at a measurement site on
the subject. Before sleeping, the subject powers on the blood
pressure measurement apparatus 1B, operates a switch for
instructing the start of measurement, and operates a switch for
instructing the end of measurement upon getting up.

[0118] The CPU 1000B starts performing processing upon
receiving the measurement start instruction as a result of the
switch operation for starting measurement. The CPU 1000B
monitors whether a measurement end instruction has been
input as a result of a switch operation during processing as
well. If an end instruction is input, processing is forcibly
ended even if processing is being executed.

[0119] The CPU 1000B then monitors whether an opera-
tion for starting measurement was performed using the mea-
surement start switch (step ST101), and when such an opera-
tion is performed (YES in step ST101), subsequent
processing is started. Next, it is monitored whether or not an
operation for ending measurement was performed using the
measurement stop switch (step ST102). If the operation for
stopping measurement was performed, all operations are
ended, and if that operation has not been performed, various
variables are initialized, and the procedure moves to the next
processing (step ST103).

[0120] The trigger output unit 300B increments the vari-
able 1, which represents the temperature data time-series, by 1
(step ST103), sets the environmental temperature indicated
by the temperature signal from the temperature sensor 48 as a
variable Te(i) (step ST104), and sets the current time, which
is based on the time data from the timer 43, as the variable Tp
(step S105). Here, the interval at which the trigger output unit
300B reads the temperature signal from the temperature sen-
sor 48 is set to 5 sec, for example.

[0121] Next, the trigger output unit 300B uses later-de-
scribed Equation 1 and Equation 2 to update variables TA1
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and TA2, which are set as values for evaluating whether a
rapid change occurred in the environmental temperature
(steps ST106 and ST107).

[0122] The following describes the calculation equations
used to update the values of the variables TA1 and TA2 in
steps ST106 and ST107. In Embodiment 3. operations are
realized such that blood pressure measurement is executed
after a certain time has elapsed from when a rapid change
occurred in the environmental temperature. A certain time
period is allowed to elapse in consideration of the time
required for abody’s blood pressure to react to a rapid change
in temperature. The variable TA 1 represents the average value
of the environmental temperature since a certain time period
ago that includes the environmental temperature at that point
in time, and the variable TA1 is calculated using Equation 1.
The variable TA2 represents the average value of the environ-
mental temperature measured in a time period of the same
length as that with the variable TA1, at a time before the
variable TA1, and is calculated using Equation 2.

Equation 1
i Equation 1
TAlL = Z Te(j)/ N
==y
Equation 2
N Equation 2
TA2 = Z Te(j)/ N
==
[0123] The variable N in Equations 1 and 2 represents the

number of pieces of environmental temperature data used in
order to calculate the average value, and can be any value. For
example, the value of the variable N is 120 in the case where
the trigger output unit 300B receives the temperature signal
from the temperature sensor 48 every 5 sec (i.e., the environ-
mental temperature data is acquired at a S-sec interval), and
the length of the time period for calculating the average value
is 10 minutes.

[0124] The trigger output unit 300B determines whether or
not the conditional expression (TAI<TH) OR (ITAl-
TA2I>ATe) holds (step ST108).

[0125] This conditional expression represents an expres-
sion for determining whether the average value TA1 of the
environmental temperature since a certain time period ago
that includes the environmental temperature at that time is
lower than the pre-set threshold value TH, or whether the
absolute value of the difference between the variables TA1
and TA2 is higher than a pre-set threshold value ATe. If it is
determined that the conditional expression does not hold (NO
in step ST108), the processing of steps ST102 to ST108 is
repeated.

[0126] If it is determined that the conditional expression
holds (YES in step ST108), the trigger output unit 300B
compares the variable TO with the variable Tp set to the
current time based on the time data received from the timer
43, and determines whether or not the conditional expression
Tp-TO0>AT holds (step ST109). Here, the variable AT repre-
sents the time period for which the start of blood pressure
measurement is prohibited, which is a pre-set time period.
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[0127] 1If the trigger output unit 300B determines that the
conditional expression does not hold (NO in step ST109), the
procedure returns to step ST102, and processing is repeated
from there.

[0128] On the other hand, if it is determined that the con-
ditional expression holds (YES in step ST109), the trigger
output unit 300B outputs the trigger TR to the blood pressure
measurement unit 100. Accordingly, blood pressure measure-
ment is started (step ST110). When blood pressure measure-
ment is started, the trigger output unit 300B sets the current
time indicated by the variable Tp as the variable TO (step
ST111). Thereafter, the procedure returns to step ST102, and
processing is repeated from there until the measurement stop
switch is operated.

[0129] In Embodiments 1 to 3 described above, ambient
environment information and physiological information that
is related to the subject’s body but excludes the blood pres-
sure were given as examples of information related to blood
pressure variation, that is to say, information indicating the
factor (event) causing the blood pressure variation. Although
blood oxygen saturation level and respiratory pattern were
given as examples of physiological information, and ambient
temperature was given as an example of ambient environment
information, these are merely examples, and other types of
information may be applied.

Embodiment 4

[0130] A measuring method conforming to any of the flow-
charts in the above-described embodiments can be provided
as a program. Such a program can be provided in the form of
a program product that is recorded on a computer-readable
recording medium such as a flexible disk, a CD-ROM, a
ROM, a RAM, or a memory card that is supplied to a com-
puter. Alternatively, the program can be provided in the form
of being recorded on a recording medium such as a hard disk
built into a computer. The program can also be provided by
downloading via a network. For example, in the configuration
shown in FIG. 1, the blood pressure measurement apparatus
1A that includes the CPU 1000A and has the functionality of
a computer can be supplied with the program using any of
various types of recording media, such as the SD memory
card 47. The CPU 1000A reads out the program stored on the
recording medium via the external I/F 45 and executes it.
[0131] The program product that is provided is installed in
aprogram storage unit such as a hard disk, and is read out and
executed by a CPU. Note that the program product includes
the program itself and the recording medium on which the
program is recorded.

[0132] The embodiments disclosed here are to be consid-
ered as examples in all respects and not as limiting in any way.
The scope of the present invention is defined by the claims,
not the above description, and all changes that come within
the meaning and range of equivalency of the claims are
intended to be embraced therein. Also, all possible combina-
tions of the embodiments described above are intended to be
embraced in the present invention.

REFERENCE SIGNS LIST

[0133] 1A, 1B Blood pressure measurement apparatus
[0134] 46 Information processing apparatus

[0135] 48 Temperature sensor

[0136] 50 Sensor unit

[0137] 50B Airflow sensor
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[0138] 100 Blood pressure measurement unit
[0139] 300A, 300B Trigger output unit
[0140] 391 Measured data storage portion
1. A blood pressure measurement apparatus for measuring
blood pressure in a predetermined period, comprising:
a blood pressure measuring unit that measures the blood
pressure of a subject;
an information acquiring unit that acquires information
that is related to variation in blood pressure and changes
in a time-series in the predetermined period,
adetermining unit that determines whether or not the infor-
mation acquired by the information acquiring unit sat-
isfies a predetermined condition; and
a trigger output unit that, in a case where the determining
unit determines that the predetermined condition is sat-
isfied, causes the blood pressure measuring unit to start
and execute blood pressure measurement,
wherein the predetermined condition is expressed as a
function of time that varies and is measured in the pre-
determined period.
2. The blood pressure measurement apparatus according to
claim 1,
wherein the predetermined condition includes a threshold
value,
wherein the determining unit compares the threshold value
and a value indicated by the information acquired by the
information acquiring unit,
wherein the trigger output unit causes the blood pressure
measuring unit to start and execute blood pressure mea-
surement based on a result of the comparison, and
wherein the function is a function that changes the thresh-
old value in accordance with the length of elapsed time
from when the blood pressure measuring unit was most
recently started.
3. The blood pressure measurement apparatus according to
claim 2, wherein the determining unit acquires a feature value
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based on a value indicated by the information in a process of
change in the time-series, and calculates the threshold value
using the feature value.

4. The blood pressure measurement apparatus according to
claim 3, wherein the function is a function that sets an amount
of change of the threshold value higher the longer the elapsed
time is.

5. The blood pressure measurement apparatus according to
claim 3, wherein the information acquired by the information
acquiring unit indicates physiological information excluding
the blood pressure of the subject.

6. The blood pressure measurement apparatus according to
claim 5, wherein the physiological information includes a
blood oxygen saturation level of the subject.

7. The blood pressure measurement apparatus according to
claim 6, wherein the feature value indicates a local minimum
value of the blood oxygen saturation level.

8. The blood pressure measurement apparatus according to
claim 6, wherein a rate of change of the threshold value in
accordance with the length of the elapsed time is 10% per
hour.

9. The blood pressure measurement apparatus according to
claim 5, wherein the physiological information includes a
respiratory pattern of the subject.

10. The blood pressure measurement apparatus according
to claim 9, wherein the feature value indicates the length of an
apneic period.

11. The blood pressure measurement apparatus according
to claim 1, wherein the information acquired by the informa-
tion acquiring unit indicates an environmental condition at
the time of blood pressure measurement.

12. The blood pressure measurement apparatus according
to claim 11, wherein the environmental condition indicates
the ambient temperature with respect to the subject at the time
of blood pressure measurement.

* ok % k&
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