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(57) ABSTRACT

A blood viscosity measurement device has a flow rate calcu-
lating section that calculates a flow rate of blood flowing
through a blood vessel of a living body. An inner diameter
calculating section calculates an inner diameter of the blood
vessel. A blood pressure data acquiring device acquires blood
pressure data corresponding to a blood pressure of the blood
vessel. A viscosity calculating section calculates a viscosity
of the blood flowing through the blood vessel using each of
the calculated flow rate, the calculated inner diameter, and the
acquired blood pressure data.

4 Claims, 11 Drawing Sheets
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BLOOD VISCOSITY MEASUREMENT
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a blood viscosity measure-
ment device and, more specifically, to a blood viscosity mea-
surement device which non-invasively measures the viscosity
of human blood.

2. Description of the Related Art

Inspection of a health condition has been broadly carried
out by use of blood, but not only a numeric value of a blood
component butalso a flow ofblood, that is, rheology (fluidity)
of blood are important for correct inspection.

Moreover, one of indexes indicating the rheology of blood
is blood viscosity. In general, the viscosity is referred to as
“fluidity or adhesion of blood”.

Heretofore, the viscosity of the blood sampled from human
body has been measured with a measurement device, a vis-
cometer or the like using a micro channel.

However, there are problems that qualification is required
for performing a method involving the sampling of the blood
and that it is difficult to check the flow of blood on a daily
basis.

To solve the problems, in recent years, there has been
proposed a device which measures a flow rate of blood non-
invasively (i.e., without incising a living body or sticking a
needle) in Japanese Patent Application Laid-Open No. 2003-
204964 by the present applicant.

In this technology, the flow rate of the blood is non-inva-
sively measured from a change amount of frequency of a
reflected wave obtained by transmitting an ultrasonic wave to
the blood. Since the blood flows in a certain direction, the
ultrasonic wave reflected by the blood changes in frequency
owing to Doppler effect. The flow rate of the blood can be
obtained from the amount of this frequency change.

Moreover, in the technology of Japanese Patent Applica-
tion Laid-Open No. 2003-204964, waves reflected in two
different directions are received, and an angle (direction in
which the blood flows) formed between a sensor and a blood
vessel can be measured from the change amounts of the
frequencies of these reflected waves. Furthermore, the flow
rate is more correctly obtained in consideration of the mea-
sured angle. The viscosity can be estimated from the mea-
sured flow rate of the blood.

However, while carrying out investigations, it has been
found that the flow rate of the blood depends on not only the
viscosity of the blood but also a thickness of the blood vessel.

That is, the flow rate of even the blood having a low vis-
cosity is reduced in a thin blood vessel, and the flow rate of
even the blood having a high viscosity increases in a thick
blood vessel.

Therefore, it has been newly found that not only the flow
rate but also the thickness of the blood vessel need to be
measured and considered in order to evaluate the viscosity of
the blood more correctly.

An object of the present invention is to measure a flow rate
of'blood and a thickness of blood vessel in deciding a viscos-
ity of blood.

SUMMARY OF THE INVENTION

To achieve the above-described object, according to the
present invention, there is provided a blood viscosity mea-
surement device comprising: flow rate measurement means
for measuring a flow rate of blood flowing through a blood
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vessel; inner diameter measurement means for measuring an
inner diameter of the blood vessel corresponding to the mea-
sured flow rate; and viscosity determining means for deter-
mining a viscosity of the blood by use of the measured flow
rate and inner diameter (first constitution).

The first constitution may further comprise blood pressure
acquiring means for acquiring a blood pressure of the blood
vessel corresponding to the measured flow rate, and the vis-
cosity determining means may determine the viscosity by use
of the acquired blood pressure (second constitution).

In the second constitution, the viscosity determining
means may determine the viscosity by use of maximum val-
ues of the measured flow rate, the inner diameter, and the
acquired blood pressure (third constitution).

In the second or third constitution, the blood pressure
acquiring means may acquire the measured blood pressure
with a time difference from a time when the flow rate and the
inner diameter are measured (fourth constitution).

The first to fourth constitutions may comprise: continuous
wave transmitting means for transmitting continuous waves
from the surface of a living body to the blood; and continuous
wave receiving means for receiving a wave reflected by the
blood among the transmitted continuous waves, and the flow
rate measurement means calculates the flow rate by means of
frequency change amounts of the received reflected waves
having two directions (fifth constitution).

The first to fifth constitutions may comprise: pulse wave
transmitting means for transmitting pulse waves from the
surface of the living body to the blood vessel; and pulse wave
receiving means for receiving a reflected wave reflected by
the blood vessel among the transmitted pulse waves, and the
inner diameter measurement means calculates the inner
diameter of the blood vessel by use of the received pulse wave
(sixth constitution).

The sixth constitution may comprise: a surge transmission
element which transmits a surge from the living body surface
into the living body; and element driving means for selec-
tively generating the continuous wave and the pulse wave in
the surge transmission element. When the element driving
means switches the generations of the continuous wave and
the pulse wave in the surge transmission element, the surge
transmission element transmits the continuous wave to be
used by the flow rate measurement means and the pulse wave
to be used by the inner diameter measurement means (seventh
constitution).

The second to seventh constitutions may comprise con-
stant input accepting means for accepting input of a constant,
and the viscosity determining means calculates the viscosity
by means of an equation 1=kxR>xP/V wherein 1| denotes the
viscosity, V denotes the flow rate, R denotes the inner diam-
eter, P denotes the blood pressure, and k denotes the constant
(eighth constitution).

According to the present invention, the flow rate of the
blood and the thickness of the blood vessel can be measured
to determine the viscosity of the blood.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a sensor unit of a blood
viscosity measurement device;

FIG. 2 is an explanatory view of a principle to measure a
flow rate of blood;

FIG. 3 is an explanatory view of a principle to measure an
inner diameter of a blood vessel;

FIG. 4 is a block diagram showing a constitution of the
blood viscosity measurement device;
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FIG. 51s a diagram showing a change of the flow rate of the
blood with elapse of time;

FIG. 6 is an explanatory view of calibration of the blood
viscosity measurement device;

FIG. 7 is a flowchart showing a procedure for measuring a
viscosity with the blood viscosity measurement device;

FIG. 8 is a sectional view showing a structure of a sensor
unit in a viscosity measurement device of Modification 1;

FIG. 9 is a block diagram showing a constitution of the
blood viscosity measurement device of Modification 1;

FIG. 10 is an explanatory view of switching of an ultra-
sonic wave mode in Modification 1;

FIG. 11 is a sectional view showing a structure of a sensor
unit in a viscosity measurement device of Modification 2;

FIG. 12 is a block diagram showing a constitution of the
viscosity measurement device of Modification 2;

FIG. 13 is an explanatory view of switching of an ultra-
sonic wave mode in Modification 2;

FIG. 14 is an explanatory view showing a principle in a
modification of a method of measuring a blood vessel inner
diameter;

FIG. 15 is a diagram showing a reflected pulse wave in the
modification of the method of measuring the blood vessel
inner diameter; and

FIG. 16 is a graph showing experiment data in the modifi-
cation of the method of measuring the blood vessel inner
diameter.

DESCRIPTION OF REFERENCE NUMERALS

1 sensor unit,

2 circuit unit

3 calculation unit

4 output unit

10 transmitting/receiving element
11 transmitting/receiving element
12 transmitting/receiving element
13 base bottom section

14 skin

15 matching section

18 inside of living body

20 blood vessel

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Outline of Embodiment

Inthe present embodiment, a blood viscosity measurement
device substitutes a flow rate of blood, a thickness of a blood
vessel, and a blood pressure into a predetermined calculation
formula to calculate a viscosity of the blood.

The flow rate of the blood is obtained from a change
amount (Doppler shift) of frequency ofa reflected continuous
wave obtained by transmitting a continuous ultrasonic wave
to a blood flow. A measurement method proposed in Japanese
Patent Application Laid-Open No. 2003-204964 is utilized.

As to the thickness of the blood vessel, a pulse ultrasonic
wave 1s transmitted to the blood vessel, and an inner diameter
of the blood vessel is obtained from the pulse wave (echo)
reflected by an inner wall of the blood vessel.

On the other hand, a value measured with a general blood
pressure gauge or the like is utilized as the blood pressure.

The blood viscosity measurement device inputs, into a
calculation formula described later, a maximum flow rate, a
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maximum inner diameter, and a maximum blood pressure
among the values acquired as described above to calculate the
viscosity of the blood.

Here, areason why the maximum values are used is that the
flow rate of the blood and the inner diameter of the blood
vessel are maximized at a maximum blood pressure, and
therefore the corresponding value can be acquired from these
fluctuating values.

In the blood viscosity measurement device of the present
embodiment, an ultrasonic wave transmitting/receiving ele-
ment for measuring the blood flow rate and an ultrasonic wave
transmitting/receiving element for measuring the inner diam-
eter of the blood vessel can be incorporated in the same
sensor, and the blood flow rate and the blood vessel inner
diameter of the same portion can be measured simulta-
neously. This can improve a measurement precision of the
blood viscosity.

Moreover, in the present embodiment, the blood viscosity
measurement device can non-invasively measure the blood
viscosity, and can be miniaturized. Therefore, a user can
check a blood condition at home or in another place in daily
life, and can readily take care of health.

Details of Embodiment

FIG. 1 shows a sensor unit of a blood viscosity measure-
ment device, FIG. 1A shows a sectional view of the sensor
unit, and FIG. 1B shows a bottom (face which comes in
contact with human body) of the sensor unit.

Moreover, FIG. 1A shows skin 14, living body 18, and
blood vessel 20 to which a sensor unit 1 has been attached.

The sensor unit 1 is a sensor which detects a flow rate of
blood and a thickness (inner diameter) of the blood vessel,
and is attached to, for example, human wrist, finger tip, arm or
the like.

To be more specific, the sensor unit 1 is formed into, for
example, a sack shape, so that the user’s finger tip is inserted
into the unit, or the sensor unit 1 is attached to a band to be
attached to the wrist or arm.

Furthermore, the sensor unit 1 or a measurement system
described later can be incorporated into a wristwatch. In this
case, the wristwatch can be switched to a time measurement
mode and a blood viscosity measurement mode, and the user
can measure the viscosity in the blood viscosity measurement
mode while the wristwatch is attached to the user’s wrist as
such.

The sensor unit 1 is constituted of: a transmitting and
receiving element 10 including a transmitting element 10a
and a receiving element 105; a transmitting and receiving
element 11 including a transmitting element 11 and a receiv-
ing element 115; a transmitting and receiving element 12
including a transmitting element 12 and a receiving element
12b; a matching section 15 and the like. The transmitting
elements 10a, 11a, and 12a constitute a surge transmitting
element, and the receiving elements 105, 115, and 125 con-
stitute a surge receiving element.

A base bottom section 13 is constituted of a single member
made of a resin or the like, and holds the transmitting and
receiving elements 10, 11, and 12 in predetermined positions
in a face having such a direction as to come into the human
body.

Each of the elements constituting the transmitting and
receiving elements 10, 11, and 12 is constituted of a piezo-
electric element, and are used in transmitting and receiving
ultrasonic waves.

Among them, the transmitting and receiving elements 10
and 12 are used in measuring the flow rate of the blood, and
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the transmitting and receiving element 11 is used in measur-
ing the inner diameter of the blood vessel.

To be more specific, in the transmitting and receiving ele-
ment 10, the transmitting element 10a transmits a continuous
ultrasonic wave (hereinafter referred to simply as the continu-
ous wave) to the living body 18. This continuous wave is
reflected by the blood flowing through the blood vessel 20,
and 1s received by the receiving element 104.

The frequency of the reflected continuous wave changes
with Doppler effect due to the flow rate of the blood, and the
flow rate of the blood can be obtained using a change amount
(Doppler shift) of this frequency.

Similarly, in the transmitting and receiving element 12, the
continuous wave transmitted from the transmitting element
12a 1s reflected by the blood flowing through the blood vessel
20, and received by the receiving element 125.

As described later in detail, the transmitting and receiving
elements 10 and 12 are fixed at predetermined angles in the
base bottom section 13, and transmit the continuous waves to
the blood vessel 20 in different directions. Accordingly, an
angle formed by the sensor unit 1 and the blood vessel 20 can
be calculated, and the flow rate of the blood can be calculated
more correctly.

On the other hand, in the transmitting and receiving ele-
ment 11, the transmitting element 11a transmits a pulse wave
due to the ultrasonic wave (hereinafter referred to simply as
the pulse wave) to the living body 18. This pulse wave is
reflected by outer and inner walls of the blood vessel 20, and
received by the receiving element 115. The sensor unit 1 can
detect the pulse wave reflected by the blood vessel 20 in this
mannet.

The matching section 15 is disposed on faces of the trans-
mitting and receiving elements 10, 11, and 12 onan ultrasonic
wave transmitting and receiving side.

The matching section 15 is constituted of an ultrasonic
wave transmitting medium such as a resin, and constitutes an
acoustic matching layer which adjusts impedances of the
sensor unit 1 and the living body 18.

Specifically, the matching section 15 is preferably consti-
tuted of a medium having an approximately intermediate
impedance between impedances of the transmitting and
receiving elements 10 to 12 and the living body 18.

When changes of the impedance in a transmission path of
the ultrasonic wave are reduced in this manner, the reflection
ofthe ultrasonic wave can be reduced between the sensor unit
1 and the living body 18, and a transmission efficiency of the
ultrasonic wave can be improved.

Next, there will be described a measurement principle of
the flow rate of the blood flowing through the blood vessel 20
with reference to FIG. 2.

FIG. 2A shows a relation between an angle of the sensor
unit 1 and that of the blood vessel 20 in FIG. 1, and FIG. 2B
is a diagram showing extracted angle relations including an
angle relation between the transmitting and receiving ele-
ments 10 and 12.

As shown, the transmitting and receiving elements 10, 11,
and 12 are disposed to measure the flow rate of the blood and
the inner diameter of the blood vessel 20 in the same portion
of the blood vessel 20.

Moreover, it is assumed that an angle formed between a
direction in which the transmitting and receiving element 11
transmits the pulse wave and the blood vessel 20 is y, and an
angle formed between a direction in which the transmitting
and receiving element 10 transmits the continuous wave and
the blood vessel 20 is 0.

20

25

35

40

45

60

65

6

It is also assumed that angles formed by the transmitting
and receiving elements 10 and 12 with respect to the surface
of the living body 18 are . and p, respectively.

When the angles are set as described above, and it is
assumed that a change amount of frequency detected by the
transmitting and receiving element 10 is Af1 and thata change
amount of frequency detected by the transmitting and receiv-
ing element 12 is Af2, these change amounts are given by the
following equations (1) and (2):

Af1=2xvxcos OxF/e (1); and

AR=2xvxcos(B+a+P)xF/e 2).

In the above equations (1) and (2), ¢ denotes an acoustic
velocity in the living body 18, which is about 1530 [m/s].
Moreover, F denotes the frequency of the ultrasonic wave
transmitted to the inside of the living body 18, and v denotes
the flow rate of the blood. From the equations (1) and (2), 0 is
represented by the following equation (3).

tan 0=(Af2/Afl-cos(6+a+P))c (3).

When 6 is obtained once, this canbe applied to the equation
(1) to obtain the flow rate v of the blood.

Moreover, v can be obtained by the following equation (4),
and this is used in calculating the inner diameter of the blood
vessel.

y=0+a. (4)

As described above, the flow rate v of the blood vessel 20
and the angles 8 and y (directions in the living body 18)
formed between the blood vessel 20 and the sensor unit 1 can
be calculated from the change amount of the frequency
detected by the transmitting and receiving elements 10 and
12.

Next, there will be described a principle to measure the
inner diameter of the blood vessel with reference to FIG. 3.

Here, it is assumed that a positional relation between the
sensor unit 1 and the blood vessel 20 is as shown in FIG. 2A.

FIG. 3A shows a pulse wave transmitted by the transmit-
ting element 11a, and FIG. 3B shows a reflected pulse wave
received by the receiving element 115. In either drawing, the
ordinate indicates a size of pulse by means of a voltage, and
the abscissa indicates time. Time axes of FIGS. 3A and 3B are
matched.

When the transmitting element 11q transmits a pulse wave
22 to the inside of the living body 18, reflected pulse waves
23a to 23d reflected by the blood vessel 20 are received by the
receiving element 115,

The pulse waves are reflected by the outer and inner walls
of a portion on a sensor unit 1 side of the blood vessel 20, and
those of a portion of the blood vessel facing this portion, and
they are received in this order. Since the blood vessel 20 has
a tubular shape, the reflected pulse wave reflected by a side
face of the blood vessel is diffused in the living body 18.

Therefore, it is seen that the reflected pulse wave 23a is
reflected by a portion of the outer wall of the blood vessel 20
close to the skin 14, the reflected pulse wave 235 is reflected
by a portion of the inner wall of the blood vessel 20 close to
the skin 14, the reflected pulse wave 23¢ is reflected by a
portion of the inner wall of the blood vessel 20 distant from
the skin 14, and the reflected pulse wave 234 is reflected by a
portion of the blood vessel 20 distant from the skin 14.

As described above, the reflected pulse waves 235 and 23¢
are reflected from the inner wall of the blood vessel 20.
Assuming that a time difference from a time when reflected
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pulse 235 is received until the pulse wave 23¢ is received is At,
the inner diameter R is represented by the following equation

(5):

R=cxArxsin y/2 3),
wherein y is obtained by the equation (4), and At is measured
to thereby calculate the inner diameter of the blood vessel 20.

Next, a system constitution of the blood viscosity measure-
ment device will be described with reference to a block dia-
gram of FIG. 4.

As shown in FIG. 4, the blood viscosity measurement
device of the present embodiment is constituted of the sensor
unit 1, a circuit unit 2, a calculation unit 3, and an output unit
4,

The circuit unit 2 is a functional unit which drives the
sensor unit 1 and which transmits the signal detected by the
sensor unit 1 to the calculation unit 3, and is constituted of a
continuous driving circuit 31, a receiving circuit 32, a receiv-
ing circuit 33, a pulse driving circuit 34, a receiving circuit 35
and the like.

The continuous driving circuit 31 is connected to the trans-
mitting elements 10a and 124, and drives these elements to
generate the continuous wave. The frequency of the continu-
ous wave driven by the continuous driving circuit 31 is gen-
erally about 10 to 20 [MHz], and set to 15 [MHz] as an
example here. The continuous driving circuit 31 constitutes
continuous wave transmitting means.

When the frequency of the ultrasonic wave heightens, a
resolution thereof increases, but a distance by which the wave
permeates the living body 18 shortens. Conversely, when the
frequency lowers, the distance by which the wave permeates
the living body 18 lengthens, but the resolution lowers. There-
fore, an appropriate frequency is selected in consideration of
these properties.

The receiving circuit 32 is connected to the receiving ele-
ment 105, and receives the reflected continuous wave of the
continuous wave output from the transmitting element 10a to
output the wave to the calculation unit 3.

The receiving circuit 33 is connected to the receiving ele-
ment 125, and receives the reflected continuous wave of the
continuous wave output from the transmitting element 124 to
output the wave to the calculation unit 3.

The receiving circuits 32 and 33 constitute continuous
wave receiving means.

The pulse driving circuit 34 is connected to the transmitting
element 11a, and drives the element to generate the pulse
wave. An interval of the pulse generated by the pulse driving
circuit 34 is set to about 1 [msec]. The pulse driving circuit 34
constitutes pulse transmitting means.

The pulse driving circuit 35 is connected to the receiving
element 115, and receives the reflected pulse wave of the
pulse wave output from the transmitting element 11a to out-
put the wave to the calculation unit 3. The receiving circuit 35
constitutes pulse receiving means.

A time interval from a time when the transmitting element
11a generates the pulse until the reflected pulse returns is
generally about 20 to 30 [psec]. When a pulse generation
interval is set to be sufficiently longer than this interval, the
next pulse can be prevented from being generated before the
reflected pulse wave is received. Consequently, it is possible
to identify a time when the pulse wave from which the
received reflected pulse wave is derived is transmitted.

Itis to be noted that although not shown, filters are disposed
between the receiving elements 105 to 125 and the circuit unit
2, respectively, and the reflected wave obtained from the
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transmitting element other than the corresponding transmit-
ting element is prevented from being received.

The calculation unit 3 is constituted of frequency change
amount detecting sections 41, 42, a flow rate output section
43, an inner diameter calculating section 44, a viscosity cal-
culating section 45 and the like.

The frequency change amount detecting section 41 is con-
nected to the receiving circuit 32, and acquires, from the
receiving circuit 32, the frequency of the reflected continuous
wave detected by the receiving element 105.

Moreover, the frequency change amount detecting section
41 compares the frequency of the continuous wave transmit-
ted from the transmitting element 10a to the living body 18
with that of the reflected continuous wave acquired from the
receiving circuit 32, and detects the change amount of the
frequency in the transmitting and receiving element 10.

The frequency change amount detecting section 41 may
store the frequency of the continuous wave transmitted from
the transmitting element 104, or acquire the frequency from
the continuous driving circuit 31.

The frequency change amount detecting section 42 is con-
nected to the receiving circuit 33, and acquires, from the
receiving circuit 33, the frequency of the reflected continuous
wave detected by the receiving element 125.

Moreover, the section detects the change amount of the
frequency in the transmitting and receiving element 12 in the
same manner as in the frequency change amount detecting
section 41.

The flow rate output section 43 acquires, from the fre-
quency change amount detecting section 41, the change
amount of the frequency in the transmitting and receiving
element 10, and acquires, from the frequency change amount
detecting section 42, the change amount of the frequency in
the transmitting and receiving element 12.

Moreover, the flow rate output section 43 substitutes these
values into the equations (3) and (4) to calculate v (flow rate
of blood) of the blood flow, 8, and y. The flow rate output
section 43 constitutes the flow rate measurement means.

The inner diameter calculating section 44 is connected to
the receiving circuit 35, and acquires the reflected pulse wave
from the receiving circuit 35 to calculate the inner diameter of
the blood vessel 20.

The inner diameter calculating section 44 detects At from
the data output from the receiving circuit 35, and substitutes
this value into the equation (5) to calculate the inner diameter.
The angle y required for the inner diameter calculation is
acquired from the flow rate output section 43. The inner
diameter calculating section 44 constitutes inner diameter
measurement means.

The viscosity calculating section 45 acquires the flow rate
of the blood from the flow rate output section 43, acquires the
inner diameter of the blood vessel 20 from the inner diameter
calculating section 44, and acquires blood pressure data 47
from the outside to calculate the viscosity of the blood by use
of these data. The viscosity calculating section 45 constitutes
viscosity determining means.

As to the blood pressure data 47, a user inputs the value
measured using a general blood pressure gauge. Therefore,
the calculation unit 3 can be provided with a user interface
such as a keyboard for inputting a numeric value. Alterna-
tively, the calculation unit may be connected to the blood
pressure gauge via the interface.

It is to be noted that in the present embodiment, the vis-
cosity is calculated using a maximum blood pressure as
described later, and at least the maximum blood pressure is
input as the blood pressure data 47. The calculation unit 3 is
provided with blood pressure acquiring means in this manner.
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Here, there will be described a principle on which the
viscosity calculating section 45 calculates the viscosity of the
blood.

FIG. 5A is a diagram showing a change of the flow rate
acquired by the viscosity calculating section 45 from the flow
rate output section 43 with elapse of time. It is to be noted that
the ordinate shows the flow rate, and the abscissa shows the
time.

As shown in the drawing, the flow rate detected by the flow
rate output section 43 vertically pulsates along with heartbeat.

The viscosity calculating section 45 acquires maximum
value Vmax of the flow rate from flow rate data acquired from
the flow rate output section 43. The maximum value of the
flow rate for acquiring Vmax may be any of the maximum
values detected every heartbeat. It is to be noted that the
maxinum flow rate is extracted from the flow rate data every
heartbeat, and averaged to obtain Vmax.

FIG. 5B is a diagram showing a change of the inner diam-
eter acquired by the viscosity calculating section 45 from the
inner diameter calculating section 44 with elapse of time. It is
to be noted that the ordinate shows the flow rate, and the
abscissa shows the time. Furthermore, a time axis is matched
with that of FIG. 5A. The inner diameter of the blood vessel
20 fluctuates with the heartbeat. The change of the blood flow
is associated with that of the inner diameter in such a manner
that the inner diameter is maximize when the blood flow is
maximized.

The viscosity calculating section 45 acquires a maximum
value Rmax of the inner diameter from inner diameter data
acquired from the inner diameter calculating section 44. It is
10 be noted that the maximum value of the inner diameter for
acquiring Rmax is a value at a time which agrees with that of
Vmax of FIG. 5A.

Accordingly, the viscosity calculating section 45 can
acquire the maximum value Rmax of the inner diameter cor-
responding to the maximum value Vmax of the blood flow.

It is to be noted that the maximum value may be extracted
as Rmax from the inner diameter data and averaged for use.

A time required for measuring the viscosity is about ten
seconds, and a condition of the blood flow does not change
largely for the time. Therefore, the inner diameter Rmax of
the blood vessel does not have to be set to the value atthe same
time as that of Vmax, and another inner diameter maximum
value may be set to Rmax.

It is supposed that the blood pressure at a time when the
blood flow rate is Vmax and the inner diameter is Rmax is a
maximum blood pressure. Therefore, the viscosity calculat-
ing section 45 acquires the maximum blood pressure from the
blood pressure data 47 as a blood pressure Pmax at a time
when Vmax and Rmax are acquired.

It is to be noted that in the present embodiment, the flow
rate and the inner diameter are measured separately from the
measuring of the blood pressure. Therefore, the changes of
the flow rate and the inner diameter due to the blood pressure
measurement do not have to be considered.

In the measuring of the blood pressure, changes are gener-
ated in the blood flow by oppressing arms. Therefore, the
blood pressure is preferably measured after measuring the
flow rate and the inner diameter.

The viscosity calculating section 45 acquires Vmax, Rmax,
and Pmax in this manner, and substitutes the values into the
following equation (6) to calculate viscosity 1 of the blood.

N=hx(Rmax)*xPmax/Fmax (6),

wherein k denotes a constant.
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It 1s to be noted that the maximum values of the flow rate,
the inner diameter, and the blood pressure are used in viscos-
ity calculation of the equation (6). When the maximum values
are used, it is easy to acquire corresponding values of the flow
rate, inner diameter, and blood pressure. That is, it is supposed
that when the flow rate is maximized, the inner diameter and
the blood pressure are maximized. Therefore, the inner diam-
eter and the blood pressure at a time when the flow rate
reaches its maximum value may be set as the maximum inner
diameter and the maximum blood pressure, respectively.

The equation (6) is a generally established equation with-
out depending on these maximum values. When the inner
diameter and the blood pressure at a certain flow rate are
known, they may be substituted into the equation (6) to obtain
the viscosity.

Here, the equation (6) is estimated from the Hagen Poi-
seuille equation, and obtained by the present inventors.

The Hagen Poiseuille equation is an equation to obtain the
flow rate in a case where Newton fluid flows through a tube
having a certain radius R, and is given by the following
equation (7):

V=R?x(P1-P2)/(4xnx{) @,
wherein P1 denotes a pressure of the fluid at a certain point on
anupstream side, P2 denotes a pressure of the fluid ata certain
point on a downstream side, 1 denotes a distance between two
points, and 1| denotes a viscosity.

According to the Hagen Poiseuille equation (7), the vis-
cosity of the fluid is proportional to a sectional area of a
transport tube and the pressure of the fluid, and is inversely
proportional to the flow rate. Therefore, the equation (6) to
obtain the viscosity has been found.

The constant k introduced by the equation (6) can be used
in calibrating the measured value of the viscosity 1.

That s, when the user sets k as described later with refer-
ence to FIG. 6, the value of the viscosity measured by a
medical institution or the like can be matched with the value
measured by the blood viscosity measurement device of the
present invention. This respect will be described later in more
detail.

Moreover, the viscosity calculating section 45 outputs the
value m of the viscosity calculated by the equation (6) to the
output unit 4.

The calculation unit 3 is provided with hardware such as a
central processing unit (CPU), a read only memory (ROM), a
random access memory (RAM), and an electrically erasable
and programmable ROM (EEPROM) in order to calculate the
viscosity M as described above.

The CPU is a central processing unit, and performs various
types of calculation processing, controls the whole calcula-
tion unit 3, and controls the transmission/reception of the data
with respect to the circuit unit 2 or the output unit 4 in
accordance with programs stored in the ROM, the RAM, the
EEPROM and the like.

The ROM is a read-only storage medium in which a param-
eter, a program and the like for allowing the calculation unit 3
to function are basically stored. The CPU initializes the blood
viscosity measurement device by use of the parameter, pro-
gram and the like at a time when the device is started.

The RAM is a storage medium which is readable and
writable as needed. The RAM provides an area for storing the
data acquired from the receiving circuits 32 and 33 and the
inner diameter calculating section 44, for example, when the
CPU calculates the viscosity of the blood, or provides a work-
ing area, when the viscosity is calculated using the data stored
in these areas.
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The EEPROM is a ROM in which the data can be rewritten
or deleted later by an electric operation.

In the present embodiment, in addition to an operating
system which is a basic program for operating the calculation
unit 3, a blood viscosity calculation program for calculating
the viscosity of the blood and the like, a value of the constant
k for use in the equation (6) is stored in the EEPROM.

The CPU executes a blood viscosity program to thereby
constitute, as software, functional sections of the frequency
change amount detecting section 41, the frequency change
amount detecting section 42, the inner diameter calculating
section 44, the flow rate output section 43, the viscosity
calculating section 45 and the like.

Moreover, the calculation unit 3 is provided with a large-
capacity storage medium such as a hard disk, and accumu-
lates user’s daily viscosities.

Furthermore, the calculation unit 3 is provided with an
input/output interface, and outputs viscosity data to an exter-
nal computer or read the data or the program from the outside.

Inaddition, the calculation unit 3 is provided with a storage
medium driving device for driving an external storage
medium constituted of a flexible disk, a magnetic optical disk,
a semiconductor memory and the like, so that the viscosity
data is written into these external storage mediums, or the
data or the program written in the external storage medium is
read.

The above-described constitution is one example of a hard-
ware constitution of the calculation unit 3, and does not limit
the constitution of the calculation unit 3. Any constitution
may be used as long as the frequency change amount detect-
ing section 41 to the viscosity calculating section 45 are
formed.

Moreover, an output of the sensor unit 1 is analog data, and
data processed by the calculation unit 3 is digital data. There-
fore, the analog data needs to be sampled and converted into
the digital data in a certain stage. This may be performed by
the circuit unit 2 or the calculation unit 3.

Next, the output unit 4 will be described. The output unit 4
1s provided with a result display section 49, and the viscosity
1 output from the viscosity calculating section 45 is dis-
played.

The display device is constituted of, for example, a liquid
crystal display, a plasma display, a CRT display and the like,
and a value of  1s displayed in a numeric value. The value of
1 may be displayed using a graph, another diagram, a symbol
or the like.

Next, one example of calibration of the constant k will be
described by use of a graph of FIG. 6.

The ordinate of FIG. 6 indicates a size of a value of vis-
cosity measured with another blood viscosity measurement
device installed in the medical institution or the like, and the
abscissa indicates a size of a value of viscosity measured with
the present blood viscosity measurement device.

Moreover, on the graph, there are plotted values measured
with both of the devices with respect to samples of fluids
having different viscosities.

Points are plotted linearly in this manner. Therefore, the
value of the constant k can be appropriately set to perform the
calibration so that the values measured with both of the
devices agree with each other.

Therefore, for example, the user measures the viscosity
with the blood viscosity measurement device installed in the
medical institution regularly visited by the user, and with the
present blood viscosity measurement device. When the con-
stant k is set and stored so that both of the values are equal, the
viscosity can be measured with the only present blood vis-
cosity measurement device from that time.
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There are several methods of measuring the viscosity of the
blood, and the measured value sometimes differs with the
measurement method and the blood viscosity measurement
device.

Therefore, the device is provided with a function of cali-
brating the measured value in this manner. Accordingly, the
present blood viscosity measurement device can be adjusted
so as to correspond to a specific blood viscosity measurement
device, and the viscosity of the blood can be measured at
home on the same constitutions as those of the regularly
visited hospital.

It is to be noted that a designed and determined default
value is stored at a time when the present blood viscosity
measurement device is shipped.

Next, there will be described a procedure of viscosity mea-
surement by the present blood viscosity measurement device
with reference to a flowchart of FIG. 7.

First, the calculation unit 3 drives the sensor unit 1 to start
measurement of the flow rate with the transmitting and
receiving elements 10 and 12 and measurement of the inner
diameter with the transmitting and receiving element 11 (step
5).

Next, the circuit unit 2 receives these measured values from
the sensor unit 1, and outputs them to the calculation unit 3.
The calculation unit 3 receives these measured values from
the circuit unit 2, and stores them in a storage device such as
the RAM (step 10).

This processing to store the measured values in a storage
device is continued while the measured values required for
the measurement of the viscosity are accumulated (e.g., about
ten seconds), and completed (step 15).

Next, the calculation unit 3 accepts the input of the blood
pressure value from the user, and acquires and stores the value
(step 20).

Next, the calculation unit 3 specifies the maximum blood
pressure value, the maximum flow rate, and the maximum
inner diameter from the stored measured values (step 25), and
calculates the viscosity by use of these measured values (step
30). The calculated viscosity is output from the output unit 4.

The present embodiment has been described above. The
following effects can be obtained in the present embodiment.

(1) The viscosity of the blood can be non-invasively mea-
sured.

(2) Since the viscosity is obtained in consideration of the
flow rate of the blood and the thickness (inner diameter) of the
blood vessel, the viscosity can be measured more correctly.

(3) Since the maximum values of the blood pressure, the
flow rate, and the inner diameter are specified to measure the
viscosity, the viscosity can be calculated using the corre-
sponding values of the blood pressure, the flow rate, and the
inner diameter.

(4) The constant k can be set to calibrate the measured
value.

(5) Since any of the sensor unit 1, the circuit unit 2, the
calculation unit 3, and the output unit 4 can be miniaturized,
they can be installed at home so that the user can readily
measure the viscosity. The device may be attached to the wrist
watch to measure the viscosity as needed.

It is to be noted that in the present embodiment, the vis-
cosity is calculated using the flow rate, the inner diameter, and
the pressure as parameters, but the calibration can be per-
formed so as to obtain a rough viscosity value by use of the
flow rate and the inner diameter without using the pressure. In
this case, for example, Pmax can be included in k in the
equation (6) to thereby calculate the viscosity.

Inthis case, an erroras muchas a blood pressure fluctuation
is generated in the measured value of the viscosity, but the
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blood pressure does not largely fluctuate in a short time.
Therefore, the device is effective in a case where transition of
the viscosity is roughly measured over the short time.

Moreover, in the present embodiment, the ultrasonic wave
is used in measuring the flow rate of the blood or the inner
diameter of the blood vessel, but the surge for the measure-
ment is not limited to the ultrasonic wave, and the measure-
ment may be performed by use of, for example, another surge
of laser or the like.

(Modification 1)

Next, Modification 1 of the present embodiment will be
described.

F1G. 8 is a sectional view showing a structure of a sensor
section of a blood viscosity measurement device in Modifi-
cation 1.

1n Modification 1, a continuous wave and a pulse wave are
selectively generated by a transmitting and receiving element
11, and the transmitting and receiving element 11 is provided
with both of a function of measuring a flow rate of blood and
a function of measuring an inner diameter of a blood vessel.

1tis to be noted that in the following description, functional
sections corresponding to those of the above-described
embodiment are denoted with the same reference numerals,
and description of the same operation as that of the embodi-
ment is simplified or omitted.

A transmitting and receiving element 10 sends a continu-
ous ultrasonic waveto a living body 18 in the same manner as
in the embodiment, and a change of a frequency of the blood
flowing through a blood vessel 20 is continuously measured
over a measurement time.

When the measurement is started, the transmitting and
receiving element 11 sends the continuous wave to the living
body 18 for a certain time, and thereafter sends the pulse
wave.

On the basis of the continuous wave sent from the trans-
mitting and receiving element 11 for a certain time, and the
continuous wave transmitted from the transmitting and
receiving element 10, an angle 6 of the blood vessel 20 which
1s required for the measurement of the blood flow is calcu-
lated in accordance with the equation (3). After 0 is once
obtained, a detected value in the transmitting and receiving
element 10 can be applied to the equation (1) to calculate the
flow rate of the blood.

Moreover, the inner diameter of the blood vessel 20 can be
measured by means of the pulse wave subsequently sent after
the continuous wave from the transmitting and receiving ele-
ment 11.

The measured value required for the calculation of the
angle 8 of the blood vessel 20 can be acquired in this manner
while the transmitting and receiving element 11 sends the
continuous wave. Therefore, the viscosity can be thereafter
measured by means of the pulse wave send from the trans-
mitting and receiving element 11 and the continuous wave
sent from the transmitting and receiving element 10.

Next, there will be described a system constitution of the
blood viscosity measurement device of Modification 1 with
reference to a block diagram of F1G. 9.

The blood viscosity measurement device of Modification 1
is constituted of a sensor unit 1, a circuit unit 2, a calculation
unit 3, and an output unit 4.

A continuous driving circuit 31 is connected to a transmit-
ting element 10a, and is connected to a transmitting element
12a via a switch circuit 51.

Moreover, a pulse driving circuit 34 is connected to the
transmitting element 12q via the switch circuit 51.

The switch circuit 51 is a circuit which selects a circuit to
drive the transmitting element 12a. The switch circuit 51 can
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be switched to drive the transmitting element 12a with the
continuous driving circuit 31 or the pulse driving circuit 34.

Moreover, when the transmitting element 124 is driven by
the continuous driving circuit 31, the continuous wave is
transmitted to the living body 18. When the element is driven
by the pulse driving circuit 34, the pulse wave is transmitted.

As described above, the continuous driving circuit 31, the
pulse driving circuit 34, and the switch circuit 51 constitute
element driving means for selectively generating the continu-
ous wave and the pulse wave.

A receiving circuit 33 is connected to a receiving element
125 via a switch circuit 52, and a receiving circuit 35 is also
connected to the receiving element 126 via the switch circuit
52.

The switch circuit 52 is a circuit which selects the receiving
circuit to receive a reflected wave detected by the receiving
element 12b. The switch circuit 52 can be switched so that the
receiving circuit 33 or 35 receives the reflected wave.

The circuit unit 2 synchronously switches the switch cir-
cuits 51 and 52. When the transmitting element 124 is driven
by the continuous driving circuit 31, the receiving element
125 is connected to the receiving circuit 33. When the trans-
mitting element 124 is driven by the pulse driving circuit 34,
the receiving element 125 is connected to the receiving circuit
35

Therefore, when the transmitting element 12a transmits
the continuous wave, the reflected continuous wave received
by the receiving element 124 is output to a frequency change
amount detecting section 42 via the receiving circuit 33.
When the transmitting element 12a transmits the pulse wave,
a reflected pulse wave received by the receiving element 125
is output to an inner diameter calculating section 44 via the
receiving circuit 35.

In this manner, the circuit unit 2 switches the transmitting
and receiving element 12 to a continuous wave mode and a
pulse wave mode, and the element is used in measuring both
of the flow rate of the blood and the inner diameter of the
blood vessel.

F1G.10 is an explanatory view ofthe switching of the mode
of the ultrasonic wave transmitted from the transmitting and
receiving element 12 during the measurement of the viscos-
ity.

In F1G. 10, the ordinate indicates a size of an output of a
transmitted wave in terms of a voltage, and the abscissa
indicates time.

As shown in F1G. 10, the circuit unit 2 of Modification 1
drives the transmitting and receiving element 12 in the con-
tinuous wave mode for time T1 from a time when the mea-
surement is started. Thereafter, the element is drivenin a pulse
wave mode for time T2. Moreover, the mode is switched
again to the continuous wave mode, and continued for time
T3.

In Modification 1, as one example, T1 and T3 are set to
about one second, and T2 is set to about ten seconds. A pulse
wave interval is about 0.1 [msec] in the pulse wave mode.

1t is to be noted that although not shown, the transmitting
and receiving element 10 transmits the continuous wave from
the start of the measurement until the end of the measurement.

The blood viscosity measurement device of Modification 1
calculates 0 by use of signals from the transmitting and
receiving elements 10 and 12 for T1 after the end of the
measurement.

Moreover, the blood viscosity measurement device of
Modification 1 measures the flow rate of the blood in response
to the signal from the transmitting and receiving element 10
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for time T2, and measures the inner diameter of the blood
vessel 20 in response to the signal from the transmitting and
receiving element 12.

Moreover, the blood viscosity measurement device of
Modification 1 measures 8 again for time T3, and confirms
whether or not the value 6 agrees with the value measured in
the time T1.

When 6 agrees with the value, the calculation unit 3 of
Modification 1 calculates the viscosity by use of 8. When 6
does not agree, the viscosity is calculated using an average
value of 0, or 0 is measured again.

In Modification 1 described above, the sensor unit 1 can be
provided with only two transmitting and receiving elements
(transmitting and receiving elements 10 and 12).

Therefore, manufacturing costs of the blood viscosity mea-
surement device can be reduced.

(Modification 2)

Next, Modification 2 of the present embodiment will be
described.

FIG. 11 is a sectional view showing a structure of a sensor
unit ofa blood viscosity measurement device in Modification
2.

Modification 2 is similar to Modification 1 in that a trans-
mitting element 11« is driven in a continuous wave mode and
a pulse wave mode. However, a transmitting element 10a is
not disposed, and transmission of a continuous wave from the
transmitting element 10a is not performed.

The transmitting element 11a alternately transmits the con-
tinuous wave and a pulse wave to a living body 18, for
example, every 0.1 [msec].

Inthe blood viscosity measurement device of Modification
2, when the transmitting element 11a transmits the continu-
ous wave, the continuous wave reflected by a blood flow is
received by receiving elements 105, 115, and a flow rate of
blood is obtained from change amounts of frequencies of
these received reflected continuous waves.

Inthe blood viscosity measurement device of Modification
2, when the transmitting element 11a transmits the pulse
wave, the pulse wave reflected by a blood vessel 20 is received
by the receiving element 115, and an inner diameter of the
blood vessel 20 is measured using this wave. It is to be noted
that the transmitting element 11a may receive the reflected
pulse wave to thereby measure the inner diameter of the blood
vessel 20.

Next, there will be described a system constitution of the
blood viscosity measurement device of Modification 2 with
reference to a block diagram of FI1G. 12.

The blood viscosity measurement device of Modification 2
is constituted of a sensor unit 1, a circuit unit 2, a calculation
unit 3, and an output unit 4.

A continuous driving circuit 31 is connected to a transmit-
ting element 124 via a switch circuit 51.

Moreover, a pulse driving circuit 34 is connected to the
transmitting element 12a via the switch circuit 51.

The switch circuit 51 is a circuit which selects a circuit to
drive the transmitting element 12a. The switch circuit 51 can
be switched to drive the transmitting element 12a with the
continuous driving circuit 31 or the pulse driving circuit 34.

Moreover, when the transmitting element 12a is driven by
the continuous driving circuit 31, the continuous wave is
transmitted to the living body 18. When the element is driven
by the pulse driving circuit 34, the pulse wave is transmitted.

A receiving circuit 33 is connected to a receiving element
125 via a switch circuit 52, and a receiving circuit 35 is also
connected to the receiving element 125 via the switch circuit
52.

The switch circuit 52 s a circuit which selects the receiving
circuit to receive a reflected wave detected by the receiving
element 12b. The switch circuit 52 can be switched so that the
receiving circuit 33 or 35 receives the reflected wave.
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The circuit unit 2 synchronously switches the switch cir-
cuits 51 and 52. When the transmitting element 124 is driven
by the continuous driving circuit 31, the receiving element
125 is connected to the receiving circuit 33. When the trans-
mitting element 12a is driven by the pulse driving circuit 34,
the receiving element 125 is connected to the receiving circuit
35

Therefore, when the transmitting element 124 transmits
the continuous wave, the continuous wave received by the
receiving element 105 is output to a frequency change amount
detecting section 41 via the receiving circuit 32. On the other
hand, the reflected continuous wave received by the receiving
element 125 is output to a frequency change amount detecting
section 42 via the receiving circuit 33. Accordingly, the flow
rate of the blood is calculated.

Moreover, when the transmitting element 12a transmits the
pulse wave, a reflected pulse wave is received by the receiving
element 125, and output to an inner diameter calculating
section 44 via the receiving circuit 35. Accordingly, the inner
diameter of the blood vessel 20 is calculated.

In this manner, the circuit unit 2 switches the transmitting
and receiving element 12 to a continuous wave mode and a
pulse wave mode, and the element is used in measuring both
of the flow rate of the blood and the inner diameter of the
blood vessel.

FIG.13 is an explanatory view ofthe switching of the mode
of the ultrasonic wave transmitted from the transmitting and
receiving element 12 during the measurement of the viscos-
ity.

In FIG. 13, the ordinate indicates a size of an output of a
transmitted wave in terms of a voltage, and the abscissa
indicates time.

As shown in FIG. 13, the circuit unit 2 of Modification 2
switches the pulse wave mode and the continuous wave mode
every time T4 after start of measurement, and the measure-
ment of the flow rate of the blood and that of the inner
diameter of the blood vessel 20 are alternately performed. T4
is, for example, about 0.1 [msec].

As described above, in Modification 2, while the flow rate
of the blood is measured, the inner diameter of the blood
vessel 20 cannot be measured. Conversely, while the inner
diameter of the blood vessel 20 is measured, the flow rate of
the blood cannot be measured. That is, the flow rate of the
blood and the inner diameter of the blood vessel 20 cannot be
measured at the same time.

However, it is not easily supposed that the flow rate of the
blood and a condition of the blood vessel 20 largely change
during the measurement for about ten seconds. Therefore,
even when the flow rate of the blood and the inner diameter of
the blood vessel 20 are alternately measured every T4, the
correct viscosity can be measured.

Moreover, it is possible to omit the oscillation element 10a
of Modification 1 from the sensor unit 1, and costs can be
further reduced.

(Modification of Method of measuring Blood Vessel Inner
Diameter)

In the above-described embodiment and Modifications 1,
2, the inner diameter of the blood vessel 20 is calculated by
means of the equation (5). Here, there will be described
another method of measuring the inner diameter of the blood
vessel 20.

Here, the inner diameter of the blood vessel 20 is estimated
utilizing the fact that the thicker the blood vessel 20 is, the
more intense a reflected pulse wave becomes.

FIG. 14 is a sectional view showing a sensor unit 1 of FIG.
1 viewed from the blood vessel 20.

A pulse wave transmitted from a transmitting and receiving
element 11 hits the blood vessel 20, and is reflected. When an
area of a portion 60 of the blood vessel 20 facing the sensor
unit 1 is broader, intensity of the reflected pulse wave
increases.
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Ingeneral, since the blood vessel 20 has a tubular shape, the
intensity of the reflected pulse wave is associated with the
thickness of the blood vessel 20. When a measurement por-
tion is specified, an individual difference of a blood vessel
wall thickness is supposed to be small. Therefore, the inten-
sity of the reflected pulse wave can be associated with the
inner diameter of the blood vessel 20.

In the present modification, FIG. 15A shows the pulse
wave transmitted from a transmitting element 11a, and FIG.
15B shows a reflected pulse wave received by a receiving
element 115.

In either drawing, the ordinate indicates intensity in terms
ofavoltage, and the abscissa indicates time. Both of time axes
are matched.

In FIG. 15B, AV denotes the intensity of the pulse wave
reflected by the portion 60 of the blood vessel 20. In the
present modification, the thickness of the blood vessel is
obtained from AV.

When a relation between the intensity of the reflected pulse
wave and the inner diameter of the blood vessel 20 is statis-
tically analyzed using many samples, and organized into a
database, the inner diameter of the blood vessel 20 can be
estimated from the intensity of the reflected pulse wave.

Itis to be noted that it is also possible to estimate the inner
diameter of the blood vessel 20 by use of the pulse wave
reflected by the inner wall of the blood vessel 20.

FIG. 16 is a graph showing plotted measured voltages of
pulse waves reflected by tubes submerged into water and
having different thicknesses. The ordinate indicates the out-
put voltage of the reflected pulse wave, and the abscissa
indicates the tube diameter.

As shown, an output voltage of about 0.1 [mVpp] is
obtained with respect to a tube having a tube diameter of 0.5
[mm], and an output voltage of about 0.3 [mVpp] is obtained
with respect to a tube having a tube diameter of 1.0 [mm].

Similarly, when the tube diameter increases to 2.0 [mm]
and 3.0 [mm], the output voltage of the reflected pulse wave
increases.

Moreover, these data substantially linearly exist. It is there-
fore possible to estimate the tube diameter from the output
voltage of the reflected pulse wave.

It is considered that a similar relation is established
between the diameter of the blood vessel 20 and the output
voltage of the reflected pulse wave, and it is possible to
estimate a blood vessel diameter from the voltage of the
reflected pulse wave.

What is claimed is:

1. A blood viscosity measurement device comprising:

flow rate measurement means for measuring a flow rate of
blood flowing through a blood vessel of a living body;

inner diameter measurement means for measuring an inner
diameter of the blood vessel corresponding to the mea-
sured flow rate;

blood pressure acquiring means for acquiring a blood pres-
sure of the blood vessel at a time different from a time
when the flow rate of the blood flowing through the
blood vessel and the inner diameter of the blood vessel
are measured; and

viscosity determining means for determining a viscosity of
the blood flowing through the blood vessel using maxi-
mum values of the measured flow rate, the measured
inner diameter, and the acquired blood pressure of the
blood vessel.

2. A blood viscosity measurement device comprising:

a flow rate measurement section that measures a flow rate
of blood flowing through a blood vessel of a living body;
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an inner diameter measurement section that measures an
inner diameter of the blood vessel corresponding to the
measured flow rate;

a blood pressure acquiring section that acquires a blood
pressure of the blood vessel corresponding to the mea-
sured flow rate;

a viscosity determining section that determines a viscosity
of the blood flowing through the blood vessel using
maximum values of the measured flow rate, the mea-
sured inner diameter, and the acquired blood pressure of
the blood vessel,

a surge transmission element that selectively transmits one
of continuous waves and pulse waves from a surface of
the living body into the living body; and

a circuit unit that selectively generates the continuous
waves and the pulse waves in the surge transmission
element;

wherein when the circuit unit switches between the gen-
eration of the continuous waves and the pulse waves in
the surge transmission element, the surge transmission
element transmits the continuous waves to be used by
the flow rate measurement section and the pulse waves to
be used by the inner diameter measurement section.

3. A blood viscosity measurement device comprising:

a flow rate processing section that calculates a flow rate of
blood flowing through a blood vessel of a living body;

an inner diameter processing section that calculates an
inner diameter of the blood vessel;

a blood pressure data acquiring device that acquires blood
pressure data corresponding to a blood pressure of the
blood vessel; and

a viscosity processing section that calculates a viscosity of
the blood flowing through the blood vessel using a maxi-
mum values of the calculated flow rate, the calculated
inner diameter, and the acquired blood pressure data;

wherein the blood pressure data acquiring device acquires
the blood pressure data separately and independently
from the calculation of the flow rate of blood by the flow
rate processing section and the calculation of the inner
diameter of the blood vessel by the inner diameter pro-
cessing section; and

wherein the blood pressure data acquiring device acquires
the blood pressure data after the flow rate processing
section calculates the flow rate of the blood and the inner
diameter processing section calculates the inner diam-
eter of the blood vessel.

4. A blood viscosity measurement device comprising:

a flow rate processing section that calculates a flow rate of
blood flowing through a blood vessel of a living body in
accordance with an amount of change of a frequency of
a continuous ultrasonic wave transmitted to the blood
flow and reflected by the blood flow;

an inner diameter processing section that calculates an
inner diameter of the blood vessel in accordance with a
pulse ultrasonic wave transmitted to the blood vessel and
reflected by an inner wall of the blood vessel;

a blood pressure data acquiring device that acquires blood
pressure data corresponding to a blood pressure of the
blood vessel; and

a viscosity processing section that calculates a viscosity of
the blood flowing through the blood vessel using maxi-
mum values of the calculated flow rate, the calculated
inner diameter, and the acquired blood pressure data.
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