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7) ABSTRACT

A blood pressure measurement apparatus includes a blood
pressure monitor measuring a subject’s blood pressure, a
finger cuff, a pulse wave detector and a pulse rate calculator
operative to continuously measure a pulse rate serving as
physiological information other than blood pressure, a pulse
rate storage storing the continuously measured pulse rate,
and a comparator and determiner determining from a pre-
vious, continuous pulse rate stored in the pulse rate storage
that a currently measured pulse rate is close to a specified
level relative to a range in variation of a pulse rate unique to
the subject. When the comparator and determiner deter-
mines that the currently measured pulse rate corresponds to
the specified level, the blood pressure monitor is instructed
to start blood pressure measurement.




Patent Application Publication Aug. 25,2005 Sheet 1 of 10 US 2005/0187480 A1
FIG1A 1
3 /
4~ DISPLAY )

7--{CONSOLE[-{UNIT = |---mmmmmmmmmm oo o

N i

! CPU ;
1|[CALCULATORfi~71 !

UPPER : BLOOD PRESSURE 16 5
ARM GUFF [ MONITOR :
i i g SRS |

i | YBLOOD PRESSURE| ! !

| |STORAGE | TIMER A i

N 15 = | 10
FINGER | _i|.| PULSE WAVE PULSE RATE COMPARATOR & || i
CUFF | | | DETEGTOR CALCULATOR DETERMINER | |
! ~14 | !

i |13 12~ \l! 15 ) !

: PULSE RATE | |

i STORAGE !

___________________________________________________________________________




Patent Application Publication Aug. 25,2005 Sheet 2 of 10 US 2005/0187480 A1

FIG.2

! %
- --r----, :7—\‘
1 /’/
______ Sy
I !
¢ !
g
I
!
'l
(l 67
[
Iy
Vo
Ly
14
LAY
------ LAY
[N
} A} \\
_},__L_-_\,-\...—
\\
FIG.3




Patent Application Publication Aug. 25,2005 Sheet 3 of 10 US 2005/0187480 A1

FIG4

PULSE RATE STORAGE
(OPERAT]ON (START) ) (DURING SLEEP)

ST1 '
' START
OPERATION?

YES

ST2
DETECT PULSE WAVE

ST3 ~ l
CALCULATE PULSE RATE

ST4~, Vv
STORE PULSE RATE

STS
STOP
OPERATION?

YES

ST6 ~.
CALCULATE MAXIMUM, MINIMUM, AVERAGE

END



Patent Application Publication Aug. 25,2005 Sheet 4 of 10 US 2005/0187480 A1

FIG.5

BLOOD PRESSURE
MEASUREMENT OPERATION
(START)

ST101
» START
OPERATION? N
YES

ST102

DETECT PULSE WAVE

ST103 J/
CALCULATE PULSE RATE

ST106
CLOSE TO
S AVERAGE?
YES

ST107
MEASURE BLOOD PRESSURE
ST108 ~, \|,

STORE BLOOD PRESSURE
VALUE AND DATE & TIME

S

T109 ;
STOP
OPERATION? N
YES




Patent Application Publication Aug. 25,2005 Sheet 5 of 10 US 2005/0187480 A1

FIG.6

3
/ PULSE RATE BLOOD PRESSURE TIME \

MAXIMUM VALUE 162 / 95 7:06 AM

(>102) 158 / 94 7:23 AM

AVERAGE VALUE 142/ 74 0:15 AM

140 / 76 5:20 AM

(76~86)

144 / 78 5:25AM

MINIMUM VALUE 123 / 68 3:12 AM

(<58) 118 / 65 3:20 AM

PULSE RATE AVERAGE:80  STANDARD DEVIATION: 11
FREQUENCY
58 80 102
\ _ ' PULSE RATE /
FIG.7 4 3 o /
DISPLAY , 9

--{CONSOLE |-{ UNIT ~ [r-------======-==========oo- e :
7~ !
i CPU i
t{[CALCULATOR}{~71 . :
5 : !
UPPER : BLOOD PRESSURE 16 :
ARM CUFF|; | [MONITOR ;
e N 9 ;
¢ '\ BLOOD ‘ !
| | PRESSURE <- TIMER ;
. l STORAGE | | L | | 10
FINGER 1! \I/Dvlj\bséE OXYGEN SATURATION| _|cOMPARATOR & I
! LEVEL CAL TOR [ ~|DETERMINER i
CUFF | "1 bEtecToR CULA N DE | |E
| 13 12A A
A OXYGEN SATURATION i
; [ LEVEL STORAGE i
T 1



Patent Application Publication Aug. 25,2005 Sheet 6 of 10 US 2005/0187480 A1
FIG.8
1B
3
4 < /
DISPLAY 2
r---{CONSOLE{-{ UNIT  [---=------=-=---- e :
N |
! CPU |
i [[CALCULATORJ-71 :
5 i 8 :
UPPER ARM L BLOOD PRESSURE 16 ;
CUFF ! [ LMONITOR |
I i Sy -9 |
R BLOOD ! !
: | |PRESSURE TIMER ;
. STORAGE | ! :
6 . — — e 10 ;
FINGER |. | |PULSE ARTERIAL _| COMPARATOR& || !
CUFF T |WAVE ELASTICITY DETERMINER | |
! | DETECTOR CALCULATOR \ | |
. ARTERIAL K
L ELASTICITY ||
- STORAGE ¥



Patent Application Publication Aug. 25,2005 Sheet 7 of 10 US 2005/0187480 A1
FIG.9 o
4 - : /
DISPLAY 2

~--{GONSOLE[-{ UNIT [ === Srmmmnm e
E :
Al CPU i
' [CALCULATORI-71 |
> i -8 |
UPPER ARM | BLOOD PRESSURE 16 |
| CUFE : MONITOR |
S e B |
. | "BLooD |
| PRESSURE(‘J.- TIMER |
iy | [stomace | |L_—_1 | 0 ];
ISTANGER || e |l iteEREncE |- CONPARATOR &
CUFF 1"\ | ~IDETEGTOR| >|CALCULATOR \ k
o < I
62 s PULSE F’ULSE\'LWAVE i el
2ND FINGERLL_{ >1wAVE VELOCITY K
CUFE | . |DETECTOR| |CALGULATOR |
122 9~ 18 i
N PULSE WAVE !
- VELOCITY §
o STORAGE ||



Patent Application Publication Aug. 25,2005 Sheet 8 of 10 US 2005/0187480 A1

FIG.10
1D
4 <3 /
1 | DispLAY 2
~--{CONSOLE[{ UNIT | [--r-sresrmrmrememsonosrmsmsaea el
N |
i|__cry E
 [CALCULATOR}-71 |
UPPER ARM | | BLOOD PRESSURE 16 |
CUFF T [LMonTo |
ot | = i
|| BLOOD i |
i . |PRESSUREf®—T TIMER |
_ .| [STORAGE | | 10 |
6 £ —— = - —
FINGER || [PioF AR COMPARATOR &) | ;
GUFE__Tt| |DETECTOR|  |CALCULATOR DETERMINER | |
13 120~ | 14D oo |
! | ARTERIAL o
H COMPLIANCE |
2 STORAGE |



Patent Application Publication Aug. 25,2005 Sheet 9 of 10 US 2005/0187480 A1

FIG.11 E
4~ =3 /
DISPLAY 9

Al o S
- CONSOLE |{ it i
= |
i CPU E
 |ICALCULATORI-71 ;
5\ E /8 E
UPPER ARM L. BLOOD PRESSURE 16 ;
CUFF ; MONITOR ;
S By s !
] ] ] 9 !
'] BLOOD 1 ; ;
| PRESSURE[<t{ TIMER !
91 ! STORAGE | |b—oo—ro |10
respraTioN]! | [RespiraTion| [RESPIRATORY| [:oumpaRATOR & | :
SENSOR || PETECTOR. CYCLE | DETERMINER |
IR |CALCULATOR |
| % 24~ 2 18 | E
| RESPIRATORY |
| CYCLE |
N STORAGE |



Patent Application Publication Aug. 25,2005 Sheet 10 of 10  US 2005/0187480 A1l

FIG.12 _,
- 1F
3 /
4~
DISPLAY 2

r=~{CONSOLE|-{ UNIT  f-=-m=mmmmmmmm e fommmn ey
BVEN é
| ___oPU |
' |[CALCULATOR}-71 |
5\ E -8 i
UPPER ARM |- BLOOD PRESSURE |_ 16 |
CUFF ! MONITOR i
| 9 |
1 yBLOOD | | i
|| |PRESSURE[={ TIMER :
5 il STORAGE I-_._—__-_-__' _____ _11—_—| i
FINGER Lo lvive __|WAVEFORM COMPARATOR & | !
curr [T >|WAVE >IFEATURE _ —>[ETERMINER || |
| (DETECTOR] |CALCULATOR |
. < i
13 F— § S 14F VY
1 WAVEFORM !
; FEATURE »
| STORAGE ||

....................................................................



US 2005/0187480 Al

BLOOD PRESSURE MEASUREMENT APPARATUS
AND METHOD

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates generally to blood
pressure measurement apparatuses and methods and particu-
larly to such apparatuses and methods driven by variation in
physiological information other than blood pressure to deter-
mine when blood pressure measurement should be per-
formed.

[0003]

[0004] In recent years a study using a mobile 24-hour
blood pressure monitor (hereinafter referred to as “ambula-
tory blood pressure monitoring” (ABPM)) is revealing that
in addition to daytime blood pressure, nighttime blood
pressure is important in cardiovascular risk prediction and
high blood pressure treatment. More specifically, if indi-
vidual blood pressure information indicated by a blood
pressure value attained when individual physiological con-
dition varies during sleep, is obtained, the information
would help to accurately assess individual cardiovascular
risk and can thus be exploited in blood pressure control
treatment.

[0005] The ABPM is characterized in that it is capable of
measuring a subject’s blood pressure intermittently for
example for every 15 or 30 minutes and thus monitoring
variation in blood pressure, whether or not the subject is
sleeping or not, to serve as one of means for obtaining the
above described blood pressure information.

[0006] In reality, however, it is difficult to apply the
ABPM to general patients. First of all, the ABPM is expen-
sive. Accordingly, it is affordable by only a limited number
of medical facilities and accordingly, only a limited number
of the ABPM can be used, so that in reality, it is used for only
a limited number of patients. Furthermore, the measurement
is repeated at intervals of a prescribed period of time.
Accordingly in the measurement patients have their mea-
surement sites, such as his/her upper arm, occluded and the
apparatus also causes noise as it operates, which prevent the
patients from sleeping, and they often feel uncomfortable or
reject to use it. In addition, there is also a report that the
uncomfortable feeling or mental stress varies a blood pres-
sure value so that the actual blood pressure value can
inaccurately be measured, as described for example in Calvo
C, et al. Further evaluation of the ambulatory monitoring
pressor effect (“ABPM effect”) in patients with essential
hypertension, J. Am. Hypertension, Vol. 16 No. 5, 2003,
Lopez J E, Implications of the “ABPM effect” in hyperten-
sive patients: Changes in the dipping pattern of blood
pressure variability, J. Am. Hypertension, Vol. 16 No. 5,
2003, Hermida R C, Sampling requirements for ambulatory
blood pressure monitoring in the diagnosis of hypertension,
J. Am. Hypertension, Vol. 16 No. 5, 2003, Stenchjem A E,
Gender and age differences in variability of ambulatory
daytime pulse pressure, J. Am. Hypertension, Vol. 16 No. 5,
2003.

[0007] Furthermore, the ABPM is borrowed from medical
facilities and used, rather than owned by an individual
patient. As such, there is also a report that it is not used
frequently and can thus provide insufficiently reliable mea-

1. Field of the Invention

2. Description of the Background Art
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surement, as described for example by Murakami et. al.,
“Novelty Effect, Holiday Effect and Weekly Variation of
7-day Ambulatory (24-Hour) BP of Hypertensives” Circu-
lation Journal, Japanese Circulation Society, Vol. 67, 2003.

[0008] In contrast, home-used blood pressure monitors
recently, increasingly used do not have these disadvantages
of the ABPM. However, they do not have a function
capturing blood pressure variation.

[0009] Furthermore, there is also provided one that starts
to measure blood pressure or similar biological information
when it detects a stable condition during sleep, as described
for example in Japanese Patent Laying-Open No. 8-131408.

[0010] Furthermore, there is also proposed a technique
driven by a relative variation in pulse rate to start a blood
pressure monitor, as described for example in Japanese
Patent Laying-Open Nos. 62-155829 and 2-23940.

[0011] Blood pressure measurement employing the tech-
niques of the ABPM as described in the above documents
other than the Japanese patent applications still have diffi-
culty in reproducing a resultant measurement. Japanese
Patent Laying-Open No. 8-131408 describes a method in
which the fact is noted that when a person is sleeping his/her
body movement is reduced and in response to a detection
signal of a vibration sensor detecting body movement, when
to start blood pressure measurement is timed. In other
words, the measurement is not started as timed as based on
variation in physiological information, and cannot provide a
medically required blood pressure value reflecting variation
in physiological information.

[0012] Japanese Patent Laying-Open Nos. 62-155829 and
2-23940 still have the following issue to be addressed: there
is no concept that specifies a subject-unique physiological
information variation range and physiological information’s
temporal variation is simply referred to for example to start
a blood pressure monitoring. As such, they cannot capture
blood pressure value in maximum, center and minimum
ranges of physiological information and hence medically
important.

SUMMARY OF THE INVENTION

[0013] The present invention contemplates a blood pres-
sure measurement apparatus and method which allows blood
pressure measurement to be performed only when physi-
ological information presents a subject unique variation to
ensure necessary information in amount, quality and the like
to collect blood pressure information.

[0014] To achieve the above object the present invention
in one aspect provides a blood pressure measurement appa-
ratus including: a blood pressure measurement portion mea-
suring a subject’s blood pressure; a subject’s physiological
information measurement portion measuring physiological
information of a type excluding the subject’s blood pressure;
and a determination portion determining whether a level of
the physiological information as measured by the physi-
ological information measurement portion for measurement
of the subject’s blood pressure is close to a specified level
relative to a range in variation of a level of a series of the
physiological information as measured by the physiological
information measurement portion over a predetermined
period of time and stored. When the determination portion
determines that the level of the physiological information as



US 2005/0187480 Al

measured is close to the specified level, the blood pressure
measurement portion is initiated.

[0015] Thus the blood pressure measurement portion is
initiated to measure blood pressure only when a level of
physiological information of a type other than blood pres-
sure, as measured from a subject by the physiological
information measurement portion for blood pressure mea-
surement, is close to a specified level relative to a range in
variation of a level of a series of physiological information
as previously measured from the subject and stored.

[0016] A range in variation of physiological information
unique to a subject can previously be measured and stored
and thus understood, and blood pressure measurement can
be performed only when the subject’s physiological infor-
mation is close to a specified level relative to the range in
variation of a level as measured of a series of physiological
information previously stored. Blood pressure measurement
can thus be performed only when the physiological infor-
mation presents a variation unique to the subject. This can
provide blood pressure measurement ensuring necessary
information in both amount and quality.

[0017] Preferably, the physiological information is that of
a type associated with cardiovascular risk that allows a
measurement which does not prevent the subject from
sleeping.

[0018] Preferably, the physiological information is one of
heart rate and pulse rate.

[0019] Blood pressure measurement can be preformed
only when the subject’s heart rate or pulse rate level as
measured is close to a specified level relative to a range in
variation of a level as measured of a series of heart rate or
pulse rate previously stored.

[0020] Preferably, the physiological information is blood
oxygen saturation level.

[0021] Blood pressure measurement can be preformed
only when the subject’s blood oxygen saturation level as
measured is close to a specified level relative to a range in
variation of a level as measured of a series of blood oxygen
saturation levels previously stored.

[0022] Preferably, the physiological information is that
associated with arterial elasticity.

[0023] Blood pressure measurement can be preformed
only when the subject’s information associated with arterial
elasticity as measured is close to a specified level relative to
a range in variation of a level as measured of a series of
information associated with arterial elasticity previously
stored.

[0024] Preferably, the information associated with arterial
elasticity is pulse wave velocity.

[0025] Blood pressure measurement can be preformed
only when the subject’s pulse wave velocity as measured is
close to a specified level relative to a range in variation of
a level as measured of a series of pulse wave velocity
previously stored.

[0026] Preferably, the information associated with arterial
elasticity is arterial compliance.

[0027] Blood pressure measurement can be preformed
only when the subject’s arterial compliance as measured is
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close to a specified level relative to a range in variation of
a level as measured of a series of arterial compliance
previously stored.

[0028] Preferably, the physiological information is one of
respiratory cycle and respiratory rate.

[0029] Blood pressure measurement can be preformed
only when the subject’s respiratory cycle or respiratory rate
as measured is close to a specified level relative to a range
in variation of a level as measured of a series of respiratory
cycle or respiratory rate previously stored.

[0030] Preferably, the physiological information is a varia-
tion in a feature of a waveform of a signal obtained by
measuring an intra-arterial volume derived from a variation
in pulsation attributed to intra-arterial pressure.

[0031] Blood pressure measurement can be performed
only when a level as measured in variation of the above
described waveform feature of a subject, is close to a
specified level relative to a range in variation of a level as
measured of a series of the waveform feature’s variation
previously stored.

[0032] Preferably, the specified level is at least one of an
average, a maximum and a minimum of levels in the range
as measured.

[0033] Blood pressure measurement can be performed
only when the subject’s physiological information transi-
tions to one of the average, maximum and minimum levels.
This can provide blood pressure measurement ensuring
necessary information in both amount and quality.

[0034] Preferably, the determination portion includes a
calculation portion calculating an average value and a stan-
dard deviation of measured values of the series of physi-
ological information previously stored, and when the physi-
ological information measured for the blood pressure
measurement provides a value exceeding a value obtained
from the average value and standard deviation calculated by
the calculation portion, the determination portion determines
that the value is close to a maximum one in the range of
values of the series of physiological information as mea-
sured.

[0035] Blood pressure measurement can be performed
only when a measured value of the subject’s physiological
information exceeds a value obtained as based on an average
value and a standard deviation of measured values of a series
of physiological information, as calculated, and is close to a
maximum one in the range in variation of measured values
of the series of physiological information.

[0036] Preferably, the determination portion includes a
calculation portion calculating an average value and a stan-
dard deviation of measured values of the series of physi-
ological information previously stored, and when the physi-
ological information measured for the blood pressure
measurement provides a value smaller than a value obtained
from the average value and standard deviation calculated by
the calculation portion, the determination portion determines
that the value is close to a minimum one in the range of
values of the series of physiological information as mea-
sured.

[0037] Blood pressure measurement can be performed
only when a measured value of the subject’s physiological
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information drops below a value obtained as based on an
average value and a standard deviation of measured values
of a series of physiological information, as calculated, and is
close to a minimum one in the range in variation of mea-
sured values of the series of physiological information.

[0038] Preferably, the determination portion includes a
calculation portion calculating an average value and a stan-
dard deviation of the series of physiological information
previously stored, and when the physiological information
measured for the blood pressure measurement provides a
value existing between prescribed upper and lower limits
obtained from the average value and standard deviation
calculated by the calculation portion, the determination
portion determines that the value is close to an average one
in the range of values of the series of physiological infor-
mation as measured.

[0039] Blood pressure measurement can be performed
only when a measured value of the subject’s physiological
information exists between prescribed upper and lower
limits obtained from the average value and standard devia-
tion of measured values of a series of physiological infor-
mation, as calculated, and is close to an average one in the
range in variation of measured values of the scries of
physiological information.

[0040] Preferably, the blood pressure measurement appa-
ratus further includes a physiological information storage
portion for storing a series of the physiological information
in level as measured by the physiological information mea-
surement portion for a predetermined period of time, the
physiological information storage portion intermittently or
continuously storing the physiological information in level
as measured for the predetermined period of time.

[0041] Thus the physiological information storage portion
can store previously over a predetermined period of time a
level of a series of physiological information as measured by
the physiological information measurement portion. The
measured level can be stored over a predetermined period of
time intermittently or continuously. If it is stored intermit-
tently, a smaller memory capacity can be used than when it
is stored continuously.

[0042] Preferably, the blood pressure measurement appa-
ratus further includes: a blood pressure storage portion
correlating and storing a blood pressure value measured
whenever the blood pressure measurement portion provides
measurement, temporal information indicating when the
blood pressure is measured, and information of the specified
level determined by the determination portion; and a display
portion displaying a content of the blood pressure storage
portion.

[0043] As a resultant blood pressure measurement a mea-
sured blood pressure value can each be displayed, correlated
with temporal information indicative of when the blood
pressure measurement is performed and information of a
specified relative level determined by the determination
portion.

[0044] As a result, a blood pressure value measured at a
timing of a variation unique to the subject’s physiological
information, the measurement’s time, and a specified rela-
tive level presented in the measurement by the physiological
information can be correlated and thus presented.
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[0045] This enables the subject to assess and control
his/her blood pressure and can help doctors to determine a
course of diagnosis/treatment associated with high blood
pressure and other similar cardiovascular risks.

[0046] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIGS. 1A and 1B show a block configuration and
an appearance, respectively, of a blood pressure measure-
ment apparatus of a first embodiment.

[0048] FIG. 2 shows an example of a structure of a finger
cuff.
[0049] FIG. 3 represents an example of a waveform of a

pulse wave signal.

[0050] FIG. 4 is a flow chart of a pulse rate storage stage
in accordance with the first embodiment.

[0051] FIG. 5 is a flow chart of a blood pressure mea-
surement stage in accordance with the first embodiment.

[0052] FIG. 6 shows an example of displaying a resultant
measurement in accordance with the first embodiment.

[0053] FIGS. 7, 8 and 9 are block diagrams showing
configurations of the present blood pressure measurement
apparatus of second, third and fourth embodiments, respec-
tively.

[0054] FIG. 10 is a block diagram showing another con-
figuration of the present blood pressure measurement appa-
ratus of the fourth embodiment.

[0055] FIGS. 11 and 12 are block diagrams showing
configurations of the present blood pressure measurement
apparatus of fifth and sixth embodiments, respectively.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0056] First Embodiment
[0057] The present embodiment is based on variation in

pulse rate, a type of continuous physiological information
other than blood pressure, to time when blood pressure
measurement should be started, as medically required.
While pulse rate is herein used, it may be replaced with heart
rate, which corresponds to a similar physiological phenom-
enon. If heart rate is used, an electrocardiograph is sepa-
rately required.

[0058] Adopting a pulse rate or a heart rate as an index to
time when blood pressure measurement should be started,
has the following significance: a pulse rate or a heart rate is
an index of the sympathetic nervous system’s activity level
and its increase is associated with a cardiovascular event
risk. When a pulse rate or a heart rate varies, the sympathetic
nervous system also varies. Accordingly, the blood pressure
level at the time is specified and measured to attempt to
obtain a novel blood pressure index that leads to cardiovas-
cular risk prediction.
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[0059] Note that while the present embodiment adopts as
the continuous physiological information a pulse rate based
on variation in volume of a digital artery, other types of
physiological information, i.e., blood oxygen saturation
level, vascular elasticity level, pulse wave velocity, and the
like, as will be described hereinafter, may be used.

[0060] Description of Configuration

[0061] With reference to FIGS. 1A and 1B, a blood
pressure measurement apparatus 1 includes: a console 4
operated to provide a variety of instructions to a blood
pressure measurement system, a system detecting continu-
ous physiological information, and blood pressure measure-
ment apparatus 1; a display unit 3 displaying a variety of
information including resultant measurement; and a central
processing unit (CPU) 7 intensively controlling and moni-
toring them.

[0062] The blood pressure measurement system includes a
cuff 5 arranged external 1o a casing 2 indicated by a dotted
line and wound around a subject’s upper arm in blood
pressure measurement, a blood pressure monitor 8 con-
nected to cuff § via an air tube and operative in response to
a pressure signal detected from cuff 5 to measure blood
pressure and output a blood pressure value, a timer 9
counting time to output temporal information including a
date and a time, and a blood pressure storage 11 receiving a
blood pressure value from blood pressure monitor 8§ to
correlate each value with the temporal information output
from timer 9 and store them. Blood pressure monitor 8 and
cuff § will not be described as they are configured as well
known. In accordance with an operation of console 4 by a
user the contents of blood pressure storage 11 are read and
displayed by display unit 3.

[0063] Console 4 includes a power supply switch 41
operated to turn on/off a power supply for blood pressure
measurement apparatus 1, a measurement start switch 42
operated to issue instruction to start or stop measurement, a
memory call switch 43 operated to issue instruction to read
from the storage to display information of the storage at
display unit 3, and a mode switch 44 operated to switch a
mode of operation.

[0064] The continuous physiological information detec-
tion system includes a finger cuff 6 arranged external to
casing 2 and attached to a subject’s finger to continuously
detect a pulse wave, a pulse wave detector 13 receiving a
pulse wave signal from finger cuff 6 to recognize the pulse
wave for each single beat, a pulse rate calculator 14 receiv-
ing an output from pulse wave detector 13 to calculate a
pulse rate based on the received output, a pulse rate storage
12 storing the pulse rate calculated by pulse rate calculator
14, and a comparator and determiner 15 comparing the pulse
rate stored in pulse rate storage 12 with the currently
measured pulse rate and making a decision therefrom, and
driven by the decision to output a start signal 16 instructing
blood pressure monitor 8 to start blood pressure measure-
ment.

[0065] In FIG. 1, blood pressure storage 11 and pulse rate
storage 12, which are configured of memory, and pulse wave
detector 13, pulse rate calculator 14 and comparator and
determiner 15, which are provided in the form of a program,
configure a processor 10. CPU 7 controls access to blood
pressure storage 11 and pulse rate storage 12 and also
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controls execution of the program of pulse wave detector 13,
pulse rate calculator 14 and comparator and determiner 15.
CPU 7 has a calculator 71 provided in the form of a program
executed by CPU 7.

[0066] For a pulse wave sensor for blood pressure mea-
surement apparatus 1 a variety of configurations and struc-
tures can be applied. Herein, finger cuff 6 shown in FIG. 2
is for example adopted. Finger cuff 6 is configured to include
a cylindrical cuff 67, and a light emitting element 65 and a
light receiving element 66 incorporated in cuff 67. When a
subject has finger cuff 6 attached on his/her finger and light
emitting element 65 illuminates the finger for example with
an infrared beam of light, the finger transmits beam, which
is detected by light receiving element 66. The finger’s
arterial volume repeats to increase and decrease in accor-
dance with pulsation of blood pressure, and the amount (or
intensity) of infrared radiation, which is more absorbable by
blood hemoglobin, that is transmitted through the finger
varies as the finger’s arterial volume varies. Light receiving
element 66 outputs to pulse wave detector 13 a variation in
amount of the infrared radiation transmitted through the
finger and received. The variation is represented for example
by a signal representative for example of a variation in
voltage. This signal is referred to as a pulse wave signal,
such as shown for example in FIG. 3.

[0067] Pulse wave detector 13 receiving the pulse wave
signal recognizes for each single beat the pulse wave’s rising
point (indicated in FIG. 3 by an arrow) represented by the
pulse wave signal. Then, pulse rate calculator 14 measures
a temporal interval AT between adjacent rising points of the
pulse wave and calculates the number of beats per unit time,
1.e., a pulse rate.

[0068] Pulse rate storage 12 can store pulse rate for
example over a plurality of days. Furthermore, comparator
and determiner 15 connects pulse rate storage 12, pulse rate
calculator 14 and blood pressure monitor 8 together and
compares a previous pulse rate stored in pulse rate storage
12 with a current pulse rate transmitted from pulse rate
calculator 14 to determine whether the subject’s current
pulse rate is around a specified range relative to the previous
pulse rate’s variation range, more specifically, whether it is
around a maximum value, an average value, or a minimum
value. If a decision is made that the current pulse rate is
around such a specified range, start signal 16 is output to
blood pressure monitor 8. Blood pressure monitor 8 receives
start signal 16 and responsively starts blood pressure mea-
surement.

[0069]

[0070] In the present embodiment blood pressure mea-
surement apparatus 1 is used in three stages, i.c., 1) the stage
of measuring a pulse rate for a prescribed period of time to
store data of a plurality of pulse rates to obtain a subject
unique pulse rate variation range (the “pulse rate storage
stage™), 2) the stage of measuring blood pressure, as based
on the distribution of the data of the plurality of pulse rates
stored, when a currently measured pulse rate approaches a
specified range within the subject unique variation range
(the “blood pressure measurement stage”), and 3) the stage
of reading and outputting (or displaying) the stored pulse
rate data and blood pressure data for study.

Description of Operation

[0071] One important medical object of the present inven-
tion is to measure blood pressure at an instant during sleep



US 2005/0187480 Al

when a physiological variation occurs. Accordingly, in the
following description, for better understanding, the pulse
rate storage and blood pressure measurement stages are both
performed as blood pressure measurement apparatus 1 is
used during sleep. While it is noted herein that it is known
that blood pressure varies with autonomic nerve activity and
that autonomic nerve activity during sleep and blood pres-
sure variation attributed thereto have a medical significance,
and blood pressure measurement apparatus 1 is accordingly
used during sleep, although it may not be used during sleep.
Note herein that autonomic nerve activity is obtained from
physiological information for example of a type associated
with cardiovascular risk.

[0072]

[0073] With reference to FIG. 4, the pulse rate storage
step’s operation will be described. A program in accordance
with the FIG. 4 flow chart is stored in a memory (not shown)
associated with CPU 7, and read and executed by CPU 7.

[0074] This stage only stores pulse rate data obtained by
measuring a pulse wave. Accordingly, the user simply has
finger cuff 6 attached thereon and operates mode switch 44
of console 4 to switch blood pressure measurement appara-
tus 1 to enter a pulse rate data storage mode and initiate
blood pressure measurement apparatus 1. Note that blood
pressure measurement apparatus 1 may be adapted to switch
to enter a storage mode automatically performing a pulse
rate data storage operation when there is no pulse rate data
stored. In this scenario, finger cuff 6 is attached on a
subject’s finger for the sake of illustration.

[0075] For example if the latter storage mode is entered
and measurement start switch 42 is operated to start blood
pressure measurement apparatus 1, at step (ST) 1 CPU 7
recognizes that blood pressure measurement apparatus 1 is
started in the storage mode. In subsequent ST2 CPU 7
instructs pulse wave detector 13 to detect a pulse wave’s
rising point for each beat from a pulse wave signal obtained
from a pulse wave sensor of finger cuff 6. Then at ST3 CPU
7 instructs pulse rate calculator 14 to calculate a pulse rate
for each beat (an amount converted to the number of beats
of the pulse wave per unit time), and CPU 7 goes to ST4 to
store data representing the pulse rate to pulse rate storage 12.
Then at subsequent STS CPU 7 determines whether the user
operates console 4 to stop blood pressure measurement
apparatus 1 as he/she has got up. If not, CPU 7 returns to
ST2 and thereafter ST2-ST4 are repeated for a pulse wave
signal detected. Continuously detected pulse rate data can
thus be stored to pulse rate storage 12.

[0076] If blood pressure measurement apparatus 1 is
stopped, CPU 7 goes to ST6 to cause calculator 71 to
calculate maximum, minimum and average pulse rates from
the series of pulse rate data stored in pulse rate storage 12,
stores data thereof to pulse rate storage 12, and thereafter
ends the pulse rate storage operation.

[0077] In the above description, a pulse rate is stored for
each beat to pulse rate storage 12. In general, however, a
pulse wave has a cycle varying for each beat as the cycle is
affected for example by arrhythmia, respiratory variation,
and the like. As such, there is also a concern that such may
result in a current, qualitative, physiological condition rep-
resented inaccurately to some extent. This can be resolved
simply by providing pulse rate calculator 14 with an aver-
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aging function. More specifically, it can be done simply by
adapting pulse rate calculator 14 to perform a moving
averaging process on pulse rate data calculated for each beat
for a few beats. For 5-point moving average, for example,
the pulse rate for a beat of interest and those for the
immediately preceding two beats and the immediately fol-
lowing two beats for a total of five beats are averaged out
and stored as an average value in pulse rate of the beat of
interest to pulse rate storage 12. This is a well-known
averaging process and accordingly will not be described in
detail.

[0078] Furthermore, while in the FIG. 4 procedure a pulse
rate is continuously detected and its data is stored to pulse
rate storage 12, the pulse rate may be detected intermittently
at intervals of a prescribed period of time and stored to pulse
rate storage 12.

[0079]

[0080] With reference to FIG. 5, the blood pressure mea-
surement stage’s operation will be described. A program in
accordance with the FIG. 5 flow chart is stored to a memory
(not shown) associated with CPU 7, and read and exccuted
by CPU 7.

[0081] In this stage, blood pressure is measured around a
specified relative level in a pulse rate variation range during
sleep, i.e., around maximum, average and minimum pulse
rate values in the range, as based on pulse rate data obtained
at the pulse rate storage stage and stored to pulse rate storage
12, and resultant, measured blood pressure data is stored to
blood pressure storage 11. If blood pressure data are thus
accumulated in blood pressure storage 11 over one night (or
while the subject sleeps once), the present stage’s operation
will also be performed at the subsequent night (or the next
time when the subject sleeps).

Operation of Blood Pressure Measurement Stage

[0082] Herein the FIG. 4 procedure is followed and pulse
rate storage 12 has pulse rate data, and maximum, minimum
and average values previously stored therein for the sake of
illustration.

[0083] Initially, a subject has finger cuff 6 and upper arm
cuff § attached thereto for pulse rate measurement and blood
pressure measurement, respectively, and operates the con-
sole 4 mode switch 44 to set a mode of operation of the
blood pressure measurement stage and operates measure-
ment start switch 42 to start blood pressure measurement
apparatus 1.

[0084] Initially CPU 7 goes to ST101 to recognize that
blood pressure measurement apparatus 1 is started in the
mode of operation of the blood pressure measurement stage.
CPU 7 then goes to STs 102 and 103 to perform a pulse wave
detection process and a pulse rate calculation process,
respectively. These processes will not specifically be
described as they are identical to an operation performed at
the pulse rate storage stage including the averaging process
previously described.

[0085] CPU 7 then goes to the following steps STs 104-
106 to instruct comparator and determiner 15 to operate. In
response, comparator and determiner 15 compares pulse rate
data calculated from a currently measured pulse wave with
a distribution of pulse rate data previously stored in pulse
rate storage 12 to determine whether the pulse rate indicated
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by the pulse rate data indicates a value close to the maximum
value, the minimum value or the average value.

[0086] Whether the pulse rate indicates a value close to the
maximum value may be determined as follows: if pulse rate
storage 12 has N previous pulse rate data stored therein and
represented by PR (1), PR (2), . . ., PR (N), their average
value PRav and standard deviation PRsd are calculated by
the following expressions:

N (0
PRav = Z PR()/N
i=1

ol —
(]
N

PRsd =

N
{PR(i) = PRav}* /N | .
=1

i

[0087] If a current pulse rate is represented by PR (0),
whether PR (0) indicates a value close to the maximum
value is determined by whether the following expression:

PR (0)>PRav+2-PRsd (3)
[0088] is established (ST104).

[0089] Expression (3) means that when a current pulse rate
exceeds a previous pulse rate average value plus the stan-
dard deviation multiplied by two a decision is made that the
current pulse rate indicates a value close to the maximum
value. A similar concept is applied to determine that the
current pulse rate PR (0) indicates a value close to the
minimum value by that the following equation:

PR (0)<PRav-2:PRsd “
[0090] is established (ST105).

[0091] Furthermore, a decision made at ST106 as to
whether the current pulse rate PR (0) indicates a value close
to the average is made by whether pulse rate PR (0) falls
within a range in value having upper and lower limits with
a previous pulse rate average value serving as a center. This
decision for example follows the following expression:

PRav-0.2:-PRsd<PR (0)<PRav+0.2 PRsd 5).

[0092] If none of the STs 104-106 conditions are estab-
lished, CPU 7 goes to a subsequent ST109. If any of the
conditions is established, then CPU 7 goes to ST107. At
ST107, comparator and determiner 15 outputs start signal 16
to blood pressure monitor 8, and blood pressure monitor 8
accordingly measures the subject’s blood pressure. Subse-
quently at ST108 CPU 7 correlates with each other an
obtained blood pressure measurement or systolic and dias-
tolic blood pressure value data, a date, a time and other
similar temporal information supplied from timer 9, a cur-
rent pulse rate’s data, and information of whether the current
pulse rate is around the maximum value, the minimum value
or the average value, and stores them to blood pressure
storage 11.

[0093] At subsequent ST109 CPU 7 determines whether
console 4 is operated to stop the measurement. This is
determined for example by whether measurement start
switch 42 is operated. If not then CPU 7 returns to ST102
and the subsequent process is similarly repeated. If the
operation to stop the measurement is performed, the series
of steps ends.
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[0094] For a period from ST101, performed to start blood
pressure measurement apparatus 1, through to ST109, per-
formed to stop it, whenever STs 102 and 103 are performed
to measure to a pulse rate a decision is made as to when to
measure blood pressure or blood pressure is measured.
Alternatively, a pulse rate may be measured during a pre-
scribed period of time after blood pressure measurement
apparatus 1 is started and before it is stopped, and for each
measured pulse rate a decision as to when to measure blood
pressure may be made or blood pressure may be measured.

[0095] In the above description, an operation storing to
pulse rate storage 12 a pulse rate continuously measured at
the blood pressure measurement stage is not included and
the pulse rate is used simply to time when blood pressure
monitor 8 should be started for blood pressure measurement.
If the blood pressure measurement operation, and storing
pulse rate data to pulse rate storage 12, as performed in the
pulse rate storage stage, are simultaneously performed,
however, data stored indicating the subject’s pulse rate
variation range can be more reliable. This can be achieved
simply by further introducing a step after the FIG. 5 ST103
to perform a process to store a pulse rate.

[0096]

[0097] In this operation the data stored in the FIG. 4 pulse
rate storage stage and the FIG. 5 blood pressure measure-
ment stage to pulse rate storage 12 and blood pressure
storage 11 are read by CPU 7 in response to memory call
switch 43 being operated, and blood pressure data is dis-
played by display unit 3, as correlated with pulse rate
variation.

[0098] Tt is displayed for example as shown in FIG. 6.
Initially, display unit 3 has a screen with an upper portion
displaying a blood pressure value and its measurement time
correlated with each other, as categorized in the form of a list
by whether a pulse rate associated with the measured blood
pressure falls within the maximum value’s range, the aver-
age value’s range, or the minimum value’s range. While
blood pressure is measured, more than one pulse rate may
satisfy a condition corresponding to any of the ranges of the
maximum, average and minimum values, respectively, and
any blood pressure values measured whenever that condition
is established and their measurement times are displayed.

[0099] Furthermore on the same screen at a lower portion
is displayed a distribution of a pulse rate obtained at the
pulse rate storage stage, as processed by CPU 7, statistically
and diagrammatically. The horizontal axis represents pulse
rate, and all data’s frequency graph (a histogram) and the
average, maximum and minimum values’ threshold values,
as indicated in the graph by vertical broken lines, and a pulse
rate average and a pulse rate standard deviation by numeri-
cal representation are displayed.

[0100] In the present embodiment a pulse rate is continu-
ously monitored as physiological information associated
with a risk for cardiovascular system that allows a measure-
ment which does not prevent a subject from sleeping, and
when the physiological information presents a desired varia-
tion, i.e., when the pulse rate indicates a value close to the
maximum, minimum or average value, the subject’s blood
pressure is measured and the resultant, measured blood
pressure level and variation are presented via display unit 3
to help the subject to assess and control his/her blood

Data Read Operation
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pressure for himself/herself and doctors to select among
antihypertensive treatments to allow earlier, optimal antihy-
pertensive control and treatment. A resultant measurement
and a treatment that is selected are for example as follows:

[0101] In FIG. 6 at the lower portion the histogram
indicates a distribution of a pulse rate used as information to
start blood pressure measurement, and threshold value infor-
mation indicating a level for which a blood pressure mea-
surement is started as the pulse rate increases/decreases to
the level. It can be understood that if threshold values are
spaced closely relative to the distribution, a large amount of
data exist outer than that, and blood pressure measurement
has frequently been initiated, and that in contrast, if the
threshold values are spaced too wide, blood pressure mea-
surement has not been initiated as often as expected, or
blood pressure value data is insufficient.

[0102] In FIG. 6 at the upper portion the list shows blood
pressure values as measured by the start operation indicated
by the data at the lower portion. While the pulse rate’s
increase/decrease only provides no more than a conjecture
that blood pressure increases/decreases, the upper portion’s
blood pressure value records and presents an extent to which
it has in effect increased/decreased. Doctors can understand
from this information for example whether an antihyperten-
sive drug effectively/ineffectively works, when blood pres-
sure increased/decreased, and other information to more
specifically understand morbidity so that they can optimally
prescribe drugs in amount, type and the like.

[0103]

[0104] In the present embodiment, variation in blood
oxygen saturation level, a type of continuous physiological
information other than blood pressure, is referred to to time
when to start measurement of blood pressure, as medically
required.

[0105] Adopting blood oxygen saturation level as an index
to time when blood pressure measurement should be started,
has the following significance: blood oxygen saturation level
drops when sleep apnea syndrome or similar no- or shallow-
breathing occurs. After breathing stops, a blood pressure
level rapidly increases. Accordingly, the blood pressure at
the time is measured to attempt to obtain a novel blood
pressure index leading to cardiovascular risk prediction.

[0106]

[0107] FIG. 7 shows in a block a configuration of a blood
pressure measurement apparatus 1A of the second embodi-
ment. Blood pressure measurement apparatus 1 of FIG. 1A
and blood pressure measurement apparatus 1A differ in that
blood pressure measurement apparatus 1 includes pulse rate
storage 12, pulse rate calculator 14 and comparator and
determiner 15, whereas blood pressure measurement appa-
ratus 1A instead includes an oxygen saturation level storage
12A, an oxygen saturation level calculator 14A, and a
comparator and determiner 15A. The other components are
identical to those of blood pressure measurement apparatus

1.

[0108] Blood oxygen saturation level is obtained as fol-
lows: finger cuff 6 pinches a finger tip and light emitting
element 65 emits two types of light different in wavelength
to expose the finger thereto. The finger transmits light, which
is received by light receiving element 66 and its variation in

Second Embodiment
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amount is detected by pulse wave detector 13 as a pulse
wave signal and therefrom oxygen saturation level calcula-
tor 14A following a known procedure calculates a blood
oxygen saturation level. The calculated blood oxygen satu-
ration level’s data is sequentially stored to oxygen saturation
level storage 12A and when the measurement completes,
relative, maximum, average and minimum blood oxygen
saturation level values’ data are calculated, similarly as has
been described in the first embodiment, and stored to oxygen
saturation level storage 12A. Comparator and determiner
15A compares a currently measured blood oxygen saturation
level with the maximum, average and minimum values
stored in oxygen saturation level storage 12A and in accor-
dance therewith outputs start signal 16. Thereafter, blood
pressure measurement is performed in a procedure similar to
that described in the first embodiment.

[0109]

[0110] In the present embodiment, arterial elasticity varia-
tion, a type of continuous physiological information other
than blood pressure, is referred to to time when to start
measurement of blood pressure, as medically required.

[0111] Adopting arterial elasticity as an index to time
when blood pressure measurement should be started, has the
following significance: for people of advanced age, an
increase in systolic blood pressure directly links to a risk of
apoplexy and such increase in level depends on arterial
elasticity. Increased vascular elasticity provides a rapidly
increased blood pressure level, and the blood pressure level
at the time is measured to attempt to obtain a novel blood
pressure index leading to cardiovascular risk prediction.

[0112]

[0113] FIG. 8 shows in block a configuration of a blood
pressure measurement apparatus 1B of the present embodi-
ment. The FIG. 1A blood pressure measurement apparatus
1 and blood pressure measurement apparatus 1B differ in
that the former includes pulse rate storage 12, pulse rate
calculator 14 and comparator and determiner 15, whereas
the latter instead includes an arterial elasticity storage 12B,
an arterial elasticity calculator 14B, and a comparator and
determiner 15B. The other components are identical to those
of blood pressure measurement apparatus 1.

[0114] Arterial elasticity indicates a level in elasticity of a
peripheral arteries and can be detected from an amount of a
feature of a reflected wave obtained as a wave of blood
pressure delivered from a heart is reflected by the peripheral
arteries. The amount of the feature of the reflected wave can
be calculated by arterial elasticity calculator 14B in a known
procedure from a waveform of a pulse wave output from
pulse wave detector 13. The calculated amount of the feature
is sequentially stored as arterial elasticity to arterial elastic-
ity storage 12B and when the measurement completes,
relative, maximum, average and minimum values’ data are
calculated, similarly as has been described in the first
embodiment, and stored to arterial elasticity storage 12B.
Comparator and determiner 15B compares a currently mea-
sured arterial elasticity’s data with the maximum, average
and minimum values’ data stored in arterial elasticity stor-
age 12B and in accordance with a result thereof outputs start
signal 16. Thereafter, blood pressure measurement is per-
formed through a procedure similar to that described in the
first embodiment.

Third Embodiment

Configuration
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[0115] Fourth Embodiment

[0116] In the present embodiment, of pulse wave velocity
or arterial compliance, a type of continuous physiological
information other than blood pressure, a variation in pulse
wave velocity or arterial compliance is referred to to time
when to start measurement of blood pressure, as medically
required.

[0117] Adopting pulse wave velocity, arterial compliance
or the like as an index to time when blood pressure mea-
surement should be started, has the following significance;
it is known that pulse wave velocity, arterial compliance and
the like are associated with a cardiovascular event risk.
When pulse wave velocity, arterial compliance or the like
increases in level, the current blood pressure level is mea-
sured to attempt to obtain a novel blood pressure index
leading to cardiovascular risk prediction.

[0118]

[0119] FIG. 9 shows in a block a configuration of a blood
pressure measurement apparatus 1C of the present embodi-
ment that utilizes pulse wave velocity. The FIG. 1A blood
pressure measurement apparatus 1 and blood pressure mea-
surement apparatus 1C differ in that the former includes
finger cuff 6, whereas the latter instead includes first and
second cuffs 61 and 62 attached to a site for measurement to
output a pulse wave signal, and that processor 10 includes
blood pressure storage 11, pulse wave detectors 131 and 132
receiving pulse wave signals from the first and second cuffs
61 and 62, respectively, to detect a pulse wave for each beat,
a pulse wave time difference calculator 17 receiving pulse
waves from pulse wave detectors 131 and 132 to calculate
the pulse waves’ time difference, a pulse wave velocity
calculator 18 using the calculated time difference and a
distance between different measurement sites to calculate a
pulse wave velocity data, a pulse wave velocity storage 19
sequentially storing the calculated pulse wave velocity data,
and a comparator and determiner 15C. The other compo-
nents are identical to those of blood pressure measurement
apparatus 1. Measuring a pulse wave velocity requires
attaching the first and second cuffs 61 and 62 at sites for
measurement spaced by a distance. Accordingly, the first and
second cuffs 61 and 62 are attached for example to a
subject’s upper arm and a finger associated therewith, or
his/her upper arm and lower extremity. If the first and second
cuffs 61 and 62 are attached to predetermined sites, their
distance can uniquely be specified as the sites have therebe-
tween a distance which does not significantly vary between
individuals. Note that a distance between sites for measure-
ment may be designated by inputting it via a key.

[0120] When the pulse wave velocity data is calculated
and completely stored to pulse wave velocity storage 19,
relative, maximum, average and minimum values’ data are
calculated, similarly as has been described in the first
embodiment, and stored to pulse wave velocity storage 19.
Comparator and determiner 15C compares a currently mea-
sured pulse wave velocity data with those of the maximum,
average and minimum values stored in pulse wave velocity
storage 19 and in accordance with a result thereof outputs
start signal 16. If thereafter, blood pressure measurement is
performed through a procedure similar to that described in
the first embodiment.

[0121] FIG. 10 shows in a block a configuration of a blood
pressure measurement apparatus 1D of the present embodi-
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ment. The FIG. 1A blood pressure measurement apparatus
1 and blood pressure measurement apparatus 1D differ in
that the former includes pulse rate storage 12, pulse rate
calculator 14 and comparator and determiner 15, whereas
the latter instead includes an arterial compliance storage
12D, an arterial compliance calculator 14D, and a compara-
tor and determiner 15D. The other components are identical
to those of blood pressure measurement apparatus 1.

[0122] Arterial compliance can be calculated from a blood
pressure waveform recorded from a finger continuously, i.e.,
a pulse waveform based on a pulse wave signal detected
from finger cuff 6. This calculation’s procedure is known
and will not be described. Arterial compliance calculator
14D calculates arterial compliance’s data, which is sequen-
tially stored to arterial compliance storage 12D, and when
the measurement completes, relative, maximum, average
and minimum values’ data are calculated, similarly as has
been described in the first embodiment, and stored to arterial
compliance storage 12D. Comparator and determiner 15D
compares a currently measured arterial compliance’s data
with those of the maximum, average and minimum values
stored in arterial compliance storage 12D, and in accordance
with a result thereof outputs start signal 16. Thereafter,
blood pressure measurement is performed through a proce-
dure similar to that described in the first embodiment.

[0123] Fifth Embodiment

[0124] In the present embodiment, a variation in respira-
tory cycle, a type of continuous physiological information
other than blood pressure, is referred to to time when to start
measurement of blood pressure, as medically required.

[0125] Adopting respiratory cycle has an index to time
when to start blood pressure measurement, has the following
significance: respiratory cycle in nighttime serves as an
index of sleep apnea syndrome and in wakefulness it is
significantly affected by mentally stressed condition. A
blood pressure level provided when a respiratory cycle
varies is measured to attempt to obtain a novel blood
pressure index leading to cardiovascular risk protection.
While a respiratory cycle is herein employed, it may be
replaced with a respiration rate of frequency. Its significance
is the same as that of respiratory cycle.

[0126]

[0127] FIG. 11 shows in a block a configuration of a blood
pressure measurement apparatus 1E of the present embodi-
ment that utilizes respiratory cycle. The FIG. 1A blood
pressure measurement apparatus 1 and blood pressure mea-
surement apparatus 1E differ in that the former has finger
cuff 6 whereas the latter instead has a respiration sensor 21,
and that processor 10 includes blood pressure storage 11, a
respiration detector 22 detecting a subject’s respiration, a
respiratory cycle calculator 23 calculating data of the cycle
of the respiration detected by respiration detector 22, a
respiratory cycle storage 24 storing the calculated respira-
tory cycle data, and a comparator and determiner 15E. The
other components are identical to those of blood pressure
measurement apparatus 1.

[0128] When the respiratory cycle data is calculated and
completely stored to respiratory cycle storage 24, relative,
maximum, average and minimum values’ data are calcu-
lated, similarly as has been described in the first embodi-
ment, and stored to respiratory cycle storage 24. Comparator
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and determiner 15E compares a currently measured respi-
ratory cycle data with those of the maximum, average and
minimum values stored in respiratory cycle storage 24, and
in accordance with a result thereof outputs start signal 16.
Thereafter, blood pressure measurement is performed
through a procedure similar to that described in the first
embodiment.

[0129] Sixth Embodiment

[0130] In the present embodiment a variation in blood
pressure waveform, a type of continuous physiological
information other than blood pressure, is referred to to time
when to start measurement of blood pressure, as medically
required.

[0131] Blood pressure waveform corresponds to a wave-
form of a signal obtained by measuring a physical quantity
derived from an arterial variation attributed to arterial,
internal pressure or an amount of blood flowing through an
artery. Adopting blood pressure waveform as an index to
time when to start blood pressure measurement, has the
following significance: a blood pressure waveform has a
large amount of biological information affected by periph-
eral vascular systolic level and cardiac function. By analyz-
ing the waveform, an index (an augmentation index (Al) for
example, is obtained, and when the index varies, blood
pressure is measured to attempt to obtain a novel blood
pressure index leading to cardiovascular risk prediction.

[0132]

[0133] FIG. 12 shows in a block a configuration of a blood
pressure measurement apparatus 1F of the present embodi-
ment. The FIG. 1 blood pressure measurement apparatus 1
and blood pressure measurement apparatus 1F differ in that
the former includes pulse rate storage 12, pulse rate calcu-
lator 14 and comparator and determiner 15, whereas the
latter instead includes a waveform feature storage 12F, a
waveform feature calculator 14F and a comparator and
determiner 15F. The other components are identical to those
of blood pressure measurement apparatus 1.
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[0134] The amount of a feature such as Al of a blood
pressure waveform, ie., a waveform of a pulse wave
detected by pulse wave detector 13, can be calculated by
waveform feature calculator 14F through a known procedure
from the waveform of the pulse wave output from pulse
wave detector 13. Data of the amount of the feature calcu-
lated is sequentially stored to waveform feature storage 12F
and when the measurement completes, relative, maximum,
average and minimum values’ data are calculated, similarly
as has been described in the first embodiment, and stored to
waveform feature storage 12F. Comparator and determiner
15F compares data of an amount of a feature of a waveform
currently measured with those of the maximum, average and
minimum values stored in waveform feature storage 12F,
and in accordance with a result thereof outputs start signal
16. Thereafter, blood pressure measurement is performed
through a procedure similar to that described in the first
embodiment.

[0135] In the above embodiments blood pressure is mea-
sured only at a temporal point medically required as based
on physiological information of a type other than blood
pressure so that if the measurement is performed for a
sleeping subject, the subject can minimally be prevented
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from sleeping, and blood pressure information required for
diagnosis can be obtained without sacrificing it in quantity,
quality and the like.

[0136] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What is claimed is:
1. A blood pressure measurement apparatus comprising:

blood pressure measurement means for measuring a sub-
ject’s blood pressure;

physiological information measurement means for mea-
suring physiological information of a type excluding
said subject’s blood pressure; and

determination means for determining whether a level of
said physiological information as measured by said
physiological information measurement means for
measurement of said subject’s blood pressure is close
to a specified level relative to a range in variation of a
level of a series of said physiological information as
measured by said physiological information measure-
ment means over a predetermined period of time and
stored, wherein when said determination means deter-
mines that the level of said physiological information
as measured is close to said specified level, said blood
pressure measurement means is initiated.

2. The blood pressure measurement apparatus of claim 1,
wherein said physiological information is one of heart rate
and pulse rate.

3. The blood pressure measurement apparatus of claim 1,
wherein said physiological information is blood oxygen
saturation level.

4. The blood pressure measurement apparatus of claim 1,
wherein said physiological information is information asso-
ciated with arterial elasticity.

5. The blood pressure measurement apparatus of claim 4,
wherein said information associated with arterial elasticity is
pulse wave velocity.

6. The blood pressure measurement apparatus of claim 4,
wherein said information associated with arterial elasticity is
arterial compliance.

7. The blood pressure measurement apparatus of claim 1,
wherein said physiological information is one of respiratory
cycle and respiratory rate.

8. The blood pressure measurement apparatus of claim 1,
wherein said physiological information is a variation in a
feature of a waveform of a signal obtained by measuring an
intra-arterial volume derived from a variation in pulsation
attributed to intra-arterial pressure.

9. The blood pressure measurement apparatus of claim 1,
wherein said specified level is at least one of an average, a
maximum and a minimum of levels in said range as mea-
sured.

10. The blood pressure measurement apparatus of claim 1,
wherein:

said determination means includes calculation means for
calculating an average value and a standard deviation
of measured values of said series of physiological
information previously stored; and
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when said physiological information measured for said
blood pressure measurement provides a value exceed-
ing a value obtained from said average value and said
standard deviation calculated by said calculation
means, said determination means determines that the
provided value is close to a maximum one in said range
of values of said series of physiological information as
measured.

11. The blood pressure measurement apparatus of claim 1,

wherein:

said determination means includes calculation means for
calculating an average value and a standard deviation
of measured values of said series of physiological
information previously stored; and

when said physiological information measured for said
blood pressure measurement provides a value smaller
than a value obtained from said average value and said
standard deviation calculated by said calculation
means, said determination means determines that the
provided value is close to a minimum one in said range
of values of said series of physiological information as
measured.

12. The blood pressure measurement apparatus of claim 1,

wherein:

said determination means includes calculation means for
calculating an average value and a standard deviation
of said series of physiological information previously
stored; and

when said physiological information measured for said
blood pressure measurement provides a value existing
between prescribed upper and lower limits obtained
from said average value and said standard deviation
calculated by said calculation means, said determina-
tion means determines that the provided value is close
to an average one in said range of values of said series
of physiological information as measured.
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13. The blood pressure measurement apparatus of claim 1,
further comprising physiological information storage means
for storing a series of said physiological information in level
as measured by said physiological information measurement
means for a predetermined period of time, said physiological
information storage means intermittently or continuously
storing said physiological information in level as measured
for said predetermined period of time.

14. The blood pressure measurement apparatus of claim 1,
further comprising:

blood pressure storage means correlating and storing a
blood pressure value measured whenever said blood
pressure measurement means provides measurement,
temporal information indicating when the blood pres-
sure is measured, and information of said specified
level determined by said determination means; and

display means displaying a content of said blood pressure
storage means.
15. Ablood pressure measurement method comprising the
steps of:

measuring physiological information of a type other than
a subject’s blood pressure; and

determining whether a level of said physiological infor-
mation as measured at the step of measuring for mea-
surement of said subject’s blood pressure is close to a
specified level relative to a range in variation of a level
of a series of said physiological information as mea-
sured at the step of measuring over a predetermined
period of time and stored, wherein when a decision is
made at the step of determining that the level of said
physiological information as measured is close to said
specified level, a measurement of said subject’s blood
pressure starts.
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