US 20100312110A1

12) Patent Application Publication (o) Pub. No.: US 2010/0312110 A1l

a9y United States

Suzuki et al. 43) Pub. Date: Dec. 9, 2010
(54) ULTRASONOGRAPH (52) US.CL oo e 600/443
(75) Inventors: Takao Suzuki, Kanagawa (IP);
Hisashi Hagiwara, Kanagawa (JP); (37) ABSTRACT

Makoto Kato, Kanagawa (IP),
Yoshinao Tan-naka, Kanagawa
(P)

Correspondence Address:

MARK D. SARALINO (PAN)

RENNER, OTTO, BOISSELLE & SKLAR, LLP
1621 EUCLID AVENUE, 19TH FLOOR
CLEVELAND, OH 44115 (US)

An ultrasonic diagnostic apparatus according to the present
invention includes: a transmitting section 102 driving an
ultrasonic probe; a receiving section 103 receiving an ultra-
sonic echo, produced by getting an ultrasonic wave reflected
by a subject, at the probe to generate a received signal; a tissue
tracking section 105 for tracking the motion of each tissue of
the subject based on the received signal and outputting loca-
tion tracking information; a radius and wall thickness calcu-
lating section calculating the radius and wall thickness of the
blood vessel; a tissue attribute value calculating section 108

(73) Assignee: Panasonic Corporation - . : ‘ daii
calculating radial and circumferential elasticities of the vas-
(21)  Appl. No.: 12/160,447 cular wall of the vessel based on information about the blood
pressure of the subject provided externally, the tracking infor-
(22) PCT Filed: Jan. 10, 2007 mation, and the radius and wall thickness of the vessel; and a
display section 107 presenting the radial and circumferential
(86) PCT No.: PCT/JP2007/050126 elasticities. While the transmitting section and the receiving
section are transmitting or receiving the ultrasonic wave, the
§ 371 (c)(1), tissue attribute value calculating section calculates the radial
(2), (4) Date: Jul. 22,2010 elasticities one after another based on the tracking informa-
tion and the information about the blood pressure, and the
(30) Foreign Application Priority Data display section presents the radial elasticities. But while the
transmission and reception of the ultrasonic waves are sus-
Jan. 11,2006 (JP) e 2006-003913 pended, the tissue attribute value calculating section calcu-
. . . lates the circumferential elasticity based on the tracking infor-
Publication Classification mation, the information about the blood pressure, and the
(51) Int.CL radius and wall thickness of the blood vessel and the display
A6IB 8/14 (2006.01) section presents the circumferential elasticities.
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ULTRASONOGRAPH

TECHNICAL FIELD

[0001] The present invention generally relates to an ultra-
sonic diagnostic apparatus, and more particularly relates to an
ultrasonic diagnostic apparatus for calculating the elasticity
ofasubject’s tissue based on a tracking waveform obtained by
tracking the motion of the tissue.

BACKGROUND ART

[0002] Anultrasonic diagnostic apparatus is used to make a
noninvasive checkup on a subject by irradiating him or her
with an ultrasonic wave and analyzing the information con-
tained in its echo signal. For example, a conventional ultra-
sonic diagnostic apparatus that has been used extensively
converts the intensity of an echo signal into its associated
pixel luminance, thereby presenting the subject’s structure as
atomographic image. In this manner, the internal structure of
the subject can be known.

[0003] Meanwhile, some people are attempting recently to
track the motion of a subject’s tissue more precisely and
evaluate the strain and the elasticity, viscosity or any other
physical (attribute) property of the tissue mainly by analyzing
the phase of the echo signal.

[0004] Patent Document No. 1 discloses a method for
tracking a subject’s tissue highly precisely by calculating the
magnitude of instantaneous displacement of a local region of
the subject based on the phase difference ofanultrasonic echo
signal to be transmitted and received at regular intervals and
by summing the magnitudes of displacements together. Here-
inafter, a method for tracking a subject’s tissue as disclosed in
Patent Document No. 1 will be described with reference to
FIG. 3. Suppose ultrasonic pulses are transmitted toward the
same location of a subject at regular intervals AT and received
signals, generated by converting the resultant echo signals
into electrical signals, are identified by y(t) and y(t+AT),
respectively, where t represents the receiving time when the
transmitting time is zero. The echo signal obtained from a
measuring point, which is located at a distance (or depth) x
from the probe, and its receiving time tx satisfy the following
Equation (1), in the case where C is the sonic velocity.

r=x/(Cr2) o)

[0005] Inthiscase, supposing the phase difference between
y(tx) and y(tx+AT) is A6 and the center frequency of the
ultrasonic wave around tx is f, the magnitude of displacement
Ax of the measuring point during this interval AT is repre-
sented by the following Equation (2):

Ax=-C-AO/4nf @

[0006] The location X' of the measuring point after the
interval AT has passed is given by adding the magnitude of
displacement Ax, given by Equation (2), to the original mea-
suring point x as in the following Equation (3):

X'=x+Ax (3)

[0007] By performing this calculation repeatedly, the loca-
tion of the measuring point in the subject can be tracked. For
example, if the receiving time of the echo reflected from the
location X' is tx' and the received signal that has been trans-
mitted and received next is y(t+2AT), the location x" of the
measuring point in 2AT can be calculated based on the phase
difference between y(tx'+AT) and y(tx'+2AT) by Equations
(1) and (2).
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[0008] Patent Document No. 2 further develops the method
of Patent Document No. 1 into a method of calculating the
elasticity of a subject’s tissue (e.g., an arterial vascular wall,
in particular). According to this method, first, an ultrasonic
wave is transmitted from a probe 101 toward the blood vessel
222 of a subject 230 as shown in FIG. 4(a). And the echo
signals, reflected from measuring points A and B on the
vascular wall of the blood vessel 222, are analyzed by the
method of Patent Document No. 1, thereby tracking the
motions ofthe measuring points A and B. FIG. 4(b) shows the
tracking waveforms TA and TB of the measuring points A and
B along with an electrocardiographic complex ECG.

[0009] As shown in FIG. 4(b), the tracking waveforms TA
and TB have the same periodicity as the electrocardiographic
complex ECG, which shows that the artery dilates and con-
tracts in sync with the cardiac cycle of the heart. More spe-
cifically, when the electrocardiographic complex ECG has
outstanding peaks called “R waves”, the heart starts to con-
tract, thus pouring vascular flow into the artery and raising the
blood pressure. As aresult, the vascular wall is dilated rapidly.
That is why soon after the R wave has appeared on the elec-
trocardiographic complex ECG, the artery dilates rapidly and
the tracking waveforms TA and TB rise steeply, too. After
that, however, as the heart dilates slowly, the artery contracts
gently and the tracking waveforms TA and TB gradually fall
to their original levels. The artery repeats such a motion
cyclically.

[0010] The difference between the tracking waveforms TA
and TB is represented as a waveform W showing a variation
in thickness between the measuring points A and B. Suppos-
ing the maximum variation of the thickness variation wave-
form is AWand the reference thickness between the measur-
ing points A and B during initialization (i.e., the end of the
diastole) is Ws, the magnitude of maximum strain e between
the measuring points A and B is calculated by the following
Equation (4):

e=AW/Ws (4)

[0011] Asthisstrainis caused due to the difference between
the blood pressures applied to the vascular wall, the elasticity
Er between the measuring points A and B is given by the
following equation (5), assuming that AP is the blood pres-
sure difference at this time.

Er=AP/e=AP-Ws/AW (5)

[0012] Therefore, by measuring the elasticity Er for mul-
tiple spots on a tomographic image, an image representing the
distribution of elasticities can be obtained. If an atheroma 220
has been created in the vascular wall of the blood vessel 222
as shown in FIG. 4(a), the atheroma 220 and its surrounding
vascular wall tissue have different elasticities. That is why if
an image representing the distribution of elasticities is
obtained, important information can be obtained in inspect-
ing the attribute of the atheroma (e.g., how easily the
atheroma may rupture, among other things).

[0013] The elasticity thus obtained is called the “radial
elasticity of blood vessel”. A cylindrical vascular wall has
three types of elasticities—not only the radial elasticity Erbut
also a circumferential elasticity EQ and axial elasticity Ez.
The elasticity Er obtained by the method of Patent Document
No. 2 is the radial elasticity of a vascular wall. In the radial
direction of a vascular wall in which pressure is applied, the
strain of the vascular wall is detected and the elasticity is
figured out based on that strain and the elasticity.
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[0014] Non-Patent Document No. 1 discloses a method for
calculating the circumferential elasticity E6 of a vascular
wall. According to Non-Patent Document No. 1, the vascular
wall has a concentric three-layer structure, and therefore, not
so much the radial elasticity Er as the circumferential elastic-
ity EB reflects the tissue attribute of the vascular wall more
accurately. In Non-Patent Document No. 1, the circumferen-
tial elasticity EB is calculated by the following Equation (6),
assuming that h0 is the initial radial thickness of the vascular
wall and that r0 is the initial radius of the blood vessel.

E0=—(1/2)(r0/0+1)(APSe) (©)

[0015] Patent Document No. 1: Japanese Patent Appli-
cation Laid-Open Publication No. 10-5226

[0016] Patent Document No. 2: Japanese Patent Appli-
cation Laid-Open Publication No. 2000-229078

[0017] Patent Document No. 3: Pamphlet of PCT Inter-
national Application Publication No. 2004/110280

[0018] Non-Patent Document No. 1: Hideyuki Hase-
gawa et al., “Evaluation of Regional Elastic Modulus of
Cylindrical Shell with Nonuniform Wall Thickness”, J
Med Ultrasonics, Vol. 28, No. 1 (2001), pp. J3 to J13

[0019] Non-Patent Document No. 2: Hiroshi Kanai,
edited by the Acoustical Society of Japan, “Spectral
Analysis of Sounds and Vibrations”, Corona Publishing
Co., Ltd., ISBN4-339-01105-3

[0020] Non-Patent Document No. 3: S. Timoshenko,
“The Theory of Elasticity”, McGraw-Hill, 1970

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0021] As can be seen from Equation (6), to calculate the
circumferential elasticity EO, the radius R0 and wall thick-
ness h0 of the blood vessel need to be measured. In measuring
the vascular wall with ultrasonic waves, however, the bound-
ary between the vascular posterior wall (i.e., the vascular wall
that is more distant from the probe) and the vascular flow can
be detected clearly. But it is difficult to accurately detect the
boundary between the vascular anterior wall (i.e., the vascular
wall thatis closer to the probe) and the vascular flow due to the
influences of multiple reflection or ringing of ultrasonic
waves. Consequently, the circumferential elasticity E6 could
not calculated exactly.

[0022] Inorderto overcome these problems of the prior art,
the present invention has an object of providing an ultrasonic
diagnostic apparatus that can calculate the circumferential
elasticity precisely without using any expensive arithmetic
logic unit and without giving the operator too much trouble.

Means for Solving the Problems

[0023] An ultrasonic diagnostic apparatus according to the
present invention includes: a transmitting section that drives
an ultrasonic probe to transmit an ultrasonic wave toward a
subject including a blood vessel; a receiving section that
receives an ultrasonic echo, produced by getting the ultra-
sonic wave reflected by the subject, at the ultrasonic probe to
generate a received signal; a tissue tracking section for track-
ing the motion of each tissue of the subject based on the
received signal and outputting location tracking information;
aradius and wall thickness calculating section that calculates
the radius and wall thickness of the blood vessel; a tissue
attribute value calculating section that calculates first and
second types of tissue attribute values of the vascular wall of
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the blood vessel based on information about the blood pres-
sure of the subject that has been provided externally, the
location tracking information, and the radius and wall thick-
ness of the blood vessel; and a display section that presents
the first and second types of tissue attribute values. While the
transmitting section and the receiving section are transmitting
or receiving the ultrasonic wave, the tissue attribute value
calculating section calculates the first type of tissue attribute
values one after another based on the location tracking infor-
mation and the information about the blood pressure, and the
display section presents the first type of tissue attribute val-
ues. But while the transmission and reception of the ultra-
sonic waves are suspended, the tissue attribute value calcu-
lating section calculates the second type of tissue attribute
value based on the location tracking information, the infor-
mation about the blood pressure, and the radius and wall
thickness of the blood vessel. In accordance with an instruc-
tion given by an operator, the tissue attribute value calculating
section outputs the first and/or second type(s) of tissue
attribute values, and the display section presents the first
and/or second type(s) of tissue attribute values supplied from
the tissue attribute value calculating section.

[0024] In one preferred embodiment, the second type of
tissue attribute values needs more computations than the first
type of tissue attribute values.

[0025] Inthis particular preferred embodiment, the first and
second types of tissue attribute values are radial elasticity and
circumferential elasticity, respectively. While the transmit-
ting section and the receiving section are transmitting or
receiving the ultrasonic waves, the tissue attribute value cal-
culating section calculates the radial elasticities one after
another based on the location tracking information and the
information about the blood pressure. But while the transmis-
sion and reception of the ultrasonic waves are suspended, the
tissue attribute value calculating section calculates the cir-
cumferential elasticities based on the location tracking infor-
mation, the information about the blood pressure, and the
radius and wall thickness of the blood vessel.

[0026] In a specific preferred embodiment, the radius and
wall thickness calculating section locates a boundary
between the vascular wall and vascular flow and a boundary
between the vascular wall and a surrounding tissue based on
at least one of the received signal and the location tracking
information and calculates the radius and wall thickness of
the blood vessel with respect to the boundary located.
[0027] Ina more specific preferred embodiment, the ultra-
sonic diagnostic apparatus further includes: a tomographic
image processing section that generates, based on the
received signal, a tomographic image ofthe subject to present
on the display section; and a user interface for entering infor-
mation about the vascular wall-flow boundary and the vascu-
lar wall-surrounding tissue boundary into the radius and wall
thickness calculating section by getting one of these bound-
aries specified by the operator on the tomographic image on
the display section.

[0028] In another preferred embodiment, the ultrasonic
diagnostic apparatus further includes: a tomographic image
processing section that generates, based on the received sig-
nal, a tomographic image of the subject to present on the
display section; and a user interface that allows the operator to
enter either corrected ones of the vascular wall-flow boundary
and vascular wall-surrounding tissue boundary that have been
located by the radius and wall thickness calculating section by
getting one of these two boundaries specified by the operator
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on the tomographic image on the display section or corrected
ones of the radius and wall thickness of the blood vessel that
have been calculated by the radius and wall thickness calcu-
lating section.

[0029] In this particular preferred embodiment, while the
ultrasonic waves are not being transmitted or received, the
display section continues to present the first type of tissue
attribute value until the operator enters information into the
radius and wall thickness calculating section through the user
interface.

[0030] In a specific preferred embodiment, the ultrasonic
diagnostic apparatus further includes a memory that stores at
least one of the received signal, the location tracking infor-
mation and the magnitude of strain calculated based on the
location tracking information. While the ultrasonic wave is
not being transmitted or received, the tissue tracking section
and the tissue attribute value calculating section read at least
one of the received signal, the location tracking information
and the magnitude of strain from the memory, calculate the
second type of tissue attribute value, and present the value on
the display section.

[0031] In amore specific preferred embodiment, the tissue
tracking section and the tissue attribute value calculating
section read at least one of the received signal, the location
tracking information and the magnitude of strain calculated
based on the location tracking information at an arbitrary
point in time from the memory, calculate the second type of
tissue attribute value, and present the value on the display
section.

[0032] In one preferred embodiment, the memory stores
the second type of tissue attribute value calculated in asso-
ciation with the time.

[0033] In this particular preferred embodiment, if the sec-
ond type of tissue attribute value is stored in the memory, the
tissue attribute value calculating section reads the second type
of tissue attribute value from the memory without receiving
the operator’s input through the user interface and the display
section presents the second type of tissue attribute value.

EFFECTS OF THE INVENTION

[0034] According to the present invention, the circumfer-
ential elasticity of the vascular wall can be calculated pre-
cisely by a simple procedure without using any expensive
arithmetic-logic unit.

BRIEF DESCRIPTION OF DRAWINGS

[0035] FIG. 1 is a block diagram illustrating a preferred
embodiment of an ultrasonic diagnostic apparatus according
to the present invention.

[0036] FIG. 2 illustrates an exemplary picture presented on
the apparatus shown in FIG. 1.

[0037] FIG. 3 shows the principle of tracking the location
of a tissue based on a phase difference.

[0038] FIG. 4(a)illustrates a procedure in which a vascular
wall is measured with an ultrasonic diagnostic apparatus and
[0039] FIG. 4(b) illustrates exemplary tracking waveform
and thickness variation waveform obtained by measuring.

DESCRIPTION OF REFERENCE NUMERALS

[0040] 100 control section
[0041] 101 probe

[0042] 102 transmitting section
[0043] 103 receiving section
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[0044] 104 tomographic image processing section
[0045] 105 tissue tracking section

[0046] 106 image synthesizing section

[0047] 107 monitor

[0048] 108 tissue attribute value calculating section
[0049] 109 memory

[0050] 110 radius and wall thickness calculating section
[0051] 111 blood pressure value getting section
[0052] 122 user interface

[0053] 200 tomographic image

[0054] 201 elasticity image

[0055] 202 tomographic reflection intensity scale
[0056] 203 elasticity image scale

[0057] 204 biomedical signal waveform

BEST MODE FOR CARRYING OUT THE
INVENTION

[0058] Hereinafter, a preferred embodiment of an ultra-
sonic diagnostic apparatus according to the present invention
will be described. FIG. 1 is a block diagram illustrating an
ultrasonic diagnostic apparatus according to the present
invention. This ultrasonic diagnostic apparatus includes a
transmitting section 102, a receiving section 103, a tomo-
graphic image processing section 104, a tissue tracking sec-
tion 105, an image synthesizing section 106, a monitor 107, a
tissue attribute value calculating section 108, a radius and
wall thickness calculating section 110, memories 120 and 121
and a user interface 122. The ultrasonic diagnostic apparatus
further includes a control section 100 that controls all of these
components at predetermined timings and in a predetermined
order. Although not shown, the control section 100 includes a
user interface such as a keyboard, a trackball, a switch or a
button.

[0059] Notall of these components shown in FIG. 1 have to
be hardware circuits. For example, the functions of the con-
trol section 100, the tomographic image processing section
104, the tissue tracking section 105, the image synthesizing
section 106, the tissue attribute value calculating section 108
and the radius and wall thickness calculating section 110 may
be realized by a combination of a CPU and a software pro-
gram.

[0060] A probe 101 that sends out an ultrasonic wave
toward a subject and receives the reflected ultrasonic echo
from the subject is connected to the transmitting section 102
and the receiving section 103. The ultrasonic diagnostic appa-
ratus may either have a dedicated probe 101 or use a general
probe as the probe 101. In the probe 101, arranged are a
number of piezoelectric transducers. By changing the piezo-
electric transducers to use and by adjusting the timing to
apply a voltage to the piezoelectric transducer, the angle of
deviation and focus of the ultrasonic wave to transmit and
receive are controlled.

[0061] Inaccordance with the instruction given by the con-
trol section 100, the transmitting section 102 generates a
high-voltage signal that drives the probe 101 at a specified
timing. The probe 101 converts the signal that has been gen-
erated by the transmitting section 102 into an ultrasonic wave
and sends out the ultrasonic wave toward a subject.

[0062] The ultrasonic echo that has been reflected by an
internal organ ofthe subject is converted by the probe 101 into
an electrical signal, which is then amplified by the receiving
section 103 to generate a received signal. By changing the
piezoelectric transducers to use in the probe 103 as described
above, the receiving section 103 can detect only an ultrasonic



US 2010/0312110 Al

wave that has come from a particular position (i.e., a particu-
lar focus position) or a particular direction (i.e., at a particular
angle of deviation).

[0063] The tomographic image processing section 104
includes a filter, a detector, and a logarithmic amplifier, and
analyzes mainly the amplitude of the received signal, thereby
presenting the internal structure of the subject as an image.
The tomographic image thus obtained is synthesized with an
elasticity image by the image synthesizing section 106 and
presented on the monitor 107 as a display section as will be
described later.

[0064] The tissue tracking section 105 includes a memory
to store the received signals, a magnitude of displacement
calculating section for calculating, based on the phase differ-
ence between the received signals, the magnitude of displace-
ment of the subject’s tissue in the ultrasonic wave transmit-
ting and receiving directions by Equation (1), and a tracking
location calculating section that calculates the new location
by adding the magnitude of displacement to the original loca-
tion. The tissue tracking section 105 outputs the location
tracking information of each tissue in the subject in the ultra-
sonic wave transmitting and receiving directions.

[0065] The radius and wall thickness calculating section
110 calculates the radius and wall thickness of the blood
vessel of the subject. Specifically, by analyzing at least one of
the location tracking information supplied from either the
tissue tracking section 105 or the memory 121 and the
received signal, the radius and wall thickness calculating
section 110 detects the boundary ofthe tissue. Also, the radius
and wall thickness calculating section 110 figures out the
radius and wall thickness of the blood vessel by locating the
boundary between the vascular wall and the surrounding tis-
sue or the boundary between the vascular wall and the vas-
cular flow. If the location tracking information is used, the
outside diameter of the blood vessel can be obtained by cal-
culating the difference in the amount of vascular flow, the
thickness of the vascular wall and the tracking waveform
from the surrounding tissue.

[0066] On the other hand, if the received signal is used, then
the amplitude of the received signal is analyzed. The ampli-
tude of the received signal represents the intensity of the wave
reflected from a measuring region of the subject. That is why
the intensities of the reflected waves are different between the
vascular wall and the vascular flow or between the vascular
wall and the surrounding tissue. For that reason, by detecting
the difference in the amplitude of the received signal, the
boundary can be detected and located.

[0067] Theuserinterface 122 is an input section that allows
the operator to correct the radius and wall thickness of the
blood vessel that have been calculated by the radius and wall
thickness calculating section 110. Specifically, the user inter-
face is an input device such as a keyboard, a trackball or a
mouse. By correcting, on the tomographic image presented
on the monitor 107, the boundary between the vascular wall
and the vascular flow or the boundary between the vascular
wall and the surrounding tissue, which has been determined
by the radius and wall thickness calculating section 110, with
the user interface 122, the operator enters the corrected
boundary between the vascular wall and the surrounding tis-
sue or the corrected boundary between the vascular wall and
the vascular flow into the radius and wall thickness calculat-
ing section. Optionally, not only the tomographic image and
the boundary between the vascular wall and the vascular flow
or between the vascular wall and the surrounding tissue that
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has been calculated by the radius and wall thickness calcu-
lating section 110 but also the radius and wall thickness of the
blood vessel may be presented on the monitor 107 so as to
allow the operator to enter appropriate radius and wall thick-
ness values for the blood vessel through the userinterface 122
while watching the screen of the monitor 107.

[0068] Also, if the radius and wall thickness calculating
section 110 has failed to calculate the radius or wall thickness
of the blood vessel with minimum required precision based
on the location tracking information or the received signal,
then the operator himself or herself may determine the bound-
ary between the vascular wall and the vascular flow or the
boundary between the vascular wall and the surrounding tis-
suie on the tomographic image presented on the monitor 107
with the user interface 122. And in accordance with the
boundary that has been determined by the operator, the radius
and wall thickness calculating section 110 may calculate the
radius and wall thickness of the blood vessel. In accordance
with the input through the user interface 122, the radius and
wall thickness calculating section 110 outputs the corrected
radius and corrected wall thickness of the blood vessel to the
tissue attribute value calculating section 108. Optionally, the
user interface 122 may be a keyboard, a trackball, a switch or
a button provided for the control section 100.

[0069] The tissue attribute value calculating section 108
receives the location tracking information from the tissue
tracking section 105 and calculates the magnitude of strain by
Equations (3) and (4). Also, the tissue attribute value calcu-
lating section 108 receives a blood pressure value from the
blood pressure value getting section 111 and calculates the
radial elasticity as a first type of tissue attribute value by
Equation (5). The blood pressure value getting section 111
outputs the blood pressure value to the tissue attribute value
calculating section 108. The blood pressure value getting
section 111 may be either a blood pressure manometer to
measure the blood pressure of the subject or an input device
such as a keyboard that allows the operator to enter a blood
pressure value.

[0070] The tissue attribute value calculating section 108
further receives the corrected radius and wall thickness values
of the blood vessel from the radius and wall thickness calcu-
lating section 110 and calculates the circumferential elasticity
as a second type of tissue attribute value by Equations (4) and
(6). The radial and circumferential elasticities are calculated
for each tissue of the subject. That is to say, the radial and
circumferential elasticities are arranged as a two-dimensional
map in the ultrasonic wave transmitting and receiving direc-
tion and in the direction perpendicular to the transmitting and
receiving direction.

[0071] The circumferential elasticity cannot be obtained
unless accurate radius and wall thickness of the blood vessel
are entered. For that reason, as will be described in detail later,
the circumferential elasticity is not calculated until the opera-
tor has corrected the radius and wall thickness of the blood
vessel with the transmission and reception of the ultrasonic
wave for measuring purposes stopped. Meanwhile, the radial
elasticities are calculated one after another in real time with
the ultrasonic wave transmitted and received for measuring
purposes.

[0072] Inthis manner, the tissue attribute value calculating
section 108 calculates the first type of tissue attribute value
while the ultrasonic wave is being transmitted or received and
calculates the second type of tissue attribute value while no
ultrasonic waves are being transmitted or received. The first
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type of tissue attribute value could be either a property value
that can be calculated relatively easily (i.e., that does not
require too much computations) even while the ultrasonic
wave is being transmitted or received or a property value that
can be calculated automatically based on the received signal.
On the other hand, the second type of tissue attribute value
should be either a tissue attribute value that requires much
motre computation than the first type of tissue attribute value
or a tissue attribute value that needs to be calculated in accor-
dance with the corrections made by the operator. The tissue
attribute value calculating section 108 calculates the second
type of tissue attribute value while no ultrasonic waves are
being transmitted or received. That is why compared to cal-
culating the second type of tissue attribute value with ultra-
sonic waves transmitted or received, the load on the arith-
metic logic unit of the ultrasonic diagnostic apparatus can be
lessened.

[0073] After having calculated the second type of tissue
attribute value, the tissue attribute value calculating section
108 outputs the first and/or second type(s) of tissue attribute
values (i.e., the two-dimensional map image of radial elas-
ticities and/or that of circumferential elasticities) in accor-
dance with the instruction given by the operator through the
user interface 122,

[0074] The image synthesizing section 106 synthesizes
together the tomographic image provided by the tomographic
image processing section 104 and the two-dimensional map
image of the radial or circumferential elasticities supplied
from the tissue attribute value calculating section 108 and
outputs the synthesized image to the monitor 107. In this case,
the tomographic image and the two-dimensional map image
of elasticities are preferably synthesized together such that
two corresponding tissues at the same location are supet-
posed one upon the other.

[0075] The memory 121 stores the received signal and at
least one of the location tracking information and the magni-
tude of strain. The memory 121 also stores the radial and
circumferential elasticities, which have been calculated by
the tissue attribute value calculating section 108, in associa-
tion with the measuring times. In addition, the memory 121
further stores the tomographic image. With the transmission
and reception of the ultrasonic waves suspended, the infor-
mation stored in the memory 121 is read and used by the
tissue attribute value calculating section 108 to calculate the
circumferential elasticity. In presenting the circumferential
and radial elasticities on the monitor 107, the associated
elasticity image data are read from the memory 120 and then
synthesized with the two-dimensional map image of the elas-
ticities at the image synthesizing section.

[0076] FIG.2schematically illustrates a picture that may be
presented on the monitor to show exemplary vascular wall
elasticities that were measured by an ultrasonic diagnostic
apparatus with such a configuration. In FIG. 2, an elasticity
image 201, representing the distribution of elasticities at an
associated tissue in colors, is superimposed on a vascular wall
tomographic image 200 on the monitor. As shown in FIG. 2,
an electrocardiographic complex obtained from the subject
may be input to the ultrasonic diagnostic apparatus and pre-
sented as a biomedical signal waveform 204. Also, as will be
described later, cursors 301 and 302 representing the bound-
ary between the vascular wall and the vascular flow are also
presented.

[0077] The tomographic image 200 is represented by a
combination of the reflection intensity indicated by the reflec-
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tion intensity scale 202 and the gray scale of the image. Onthe
other hand, the elasticity image 201 is represented by a com-
bination of the elasticity indicated by the elasticity scale 203
and the color tone. In FIG. 2, the intima 261, media 262 and
adventitia 263 of the vascular anterior wall, the intima 251,
media 252 and adventitia 253 of the vascular posterior wall,
and vascular lumen 240 are presented on the tomographic
image 200 at mutually different gray scales associated with
the reflection intensity scale 202. Also, since these tissues
have mutually different elasticities, these tissues are also pre-
sented on the elasticity image 201 in respectively different
color tones associated with the elasticity scale 203.

[0078] In transmitting or receiving the ultrasonic wave
(which will be referred to herein as a “live state™), the tomo-
graphic image 200 is updated at a rate of several tens of
frames per second as in a conventional ultrasonic diagnostic
apparatus. Meanwhile, as the elasticity is calculated based on
a difference in blood pressure every cardiac cycle, the elas-
ticity image 201 is updated once every cardiac cycle.

[0079] Ontheother hand, while the transmission and recep-
tion of ultrasonic waves are suspended (which will be referred
to herein as a “freeze state”), the received signal, the location
tracking information or the magnitude of strain is read from
the memory 120, the elasticity is re-calculated, and a tomo-
graphic image 1s read from the memory 120 and presented
synchronously with the elasticity at that time. Optionally, in
the freeze state, elasticities and tomographic images of the
past may also be read. In that case, as disclosed in Patent
Document No. 3, at a measuring time that is stored in asso-
ciation with the elasticity, either a tomographic image that
was obtained at the same time as the elasticity to present or a
tomographic image in the cardiac cycle that it took to calcu-
late the elasticity is read from the memory 120 and presented.
[0080] Hereinafter, it will be described how the ultrasonic
diagnostic apparatus operates. First, in the live state, the trans-
mitting section 102 and the receiving section 103 are acti-
vated to generate received signals at regular intervals. The
tomographic image processing section 104 and the tissue
tracking section 105 process the received signals sequentially
to generate a tomographic image and location tracking infor-
mation, respectively. Based on these pieces of location track-
ing information that have been generated sequentially, the
tissue attribute value calculating section 108 generates a two-
dimensional map image of radial elasticities. Then, the image
synthesizing section 106 synthesizes the tomographic image
and the two-dimensional map image of radial elasticities
together. And the monitor 107 presents the synthesized image
thus obtained. In the live state, the ultrasonic waves are trans-
mitted and received one after another, and the tomographic
image is updated every time the received signal is generated.
The two-dimensional map image of radial elasticities is
updated every cardiac cycle. At least one of the received
signals, the location tracking information and the elasticities
thus obtained is stored in the memory 121. On the other hand,
the tomographic images generated are stored in the memory
120.

[0081] On the other hand, to calculate a circumferential
elasticity, the radius and wall thickness of a blood vessel
should be obtained. However, it is difficult to automatically
detect the boundary between the vascular wall and vascular
flow in a short time. The apparatus is actually allowed a time
of just about 100 us, for example. to process a single received
signal. To locate the boundary within such a short time frame,
a high-performance computer would be needed. For that rea-
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son, the ultrasonic diagnostic apparatus of the present inven-
tion calculates only the radial elasticities in the live state.

[0082] In the freeze state in which the transmission and
reception of ultrasonic waves are suspended, at least one of
the received signals, the location tracking information and the
radial elasticities is read from the memory 121 and the tissue
attribute value calculating section 108 calculates the circum-
ferential elasticities. Also, a tomographic image that was
produced at the same time is output from the memory 120 to
the image synthesizing section 106. Meanwhile, the radius
and wall thickness calculating section 110 determines, based
on either the location tracking information or the received
signal, the boundary between the vascular anterior and pos-
terior walls and the surrounding tissue or the boundary
between the vascular anterior and posterior walls and the
vascular flow by the method described above, thereby calcu-
lating the radius and wall thickness of the blood vessel, which
are output to the tissue attribute value calculating section 108.
Even if some delay is caused just after the apparatus has
entered the freeze state, that will not make the operator
uncomfortable. That is why it may take some time to deter-
mine the boundary.

[0083] The tissue attribute value calculating section 108
calculates the circumferential elasticities based on the radius
and wall thickness of the blood vessel and the location track-
ing information or the radial elasticities, and then outputs a
two-dimensional map image of the circumferential elastici-
ties to the image synthesizing section 106. In response, the
image synthesizing section 106 synthesizes together the elas-
ticity image supplied from the memory 120 and the two-
dimensional map image of the circumferential elasticities.
And the monitor 107 presents the synthesized image thus
obtained.

[0084] If the radius and wall thickness of the blood vessel
have been automatically detected properly, an image includ-
ing the two-dimensional map image of the circumferential
elasticities is automatically presented on the monitor 107 in
the freeze state following the procedure described above.
However, unless the radius or wall thickness of the blood
vessel has been detected properly (i.e., if the boundary of the
vascular wall cannot be located exactly), the operator will
correct the boundary location or the radius or wall thickness
of the blood vessel through the user interface 122. And based
on the corrected boundary location or the corrected radius or
wall thickness of the blood vessel, the tissue attribute value
calculating section 108 calculates the circumferential elas-
ticities.

[0085] Even in the freeze state, the data stored in the memo-
ries 120 and 121 are read first, and a synthesized image of the
tomographic image and the radial elasticities is presented as
shown in FIG. 2. In addition, the boundary location that has
been calculated by the radius and wall thickness calculating
section 110 is also presented on the monitor 107. In FIG. 2,
the radius and wall thickness calculating section has located
the boundaries between the vascular anterior and posterior
walls and the vascular flow and displays the cursors 301 and
302 at those locations.

[0086] Using the user interface 122, the operator corrects
the locations of the cursors 301 and 302 on the tomographic
image on the monitor 107. The radius and wall thickness
calculating section 110 gets the corrected locations from the
user interface 122 and calculates the radius and wall thickness
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of the blood vessel. Alternatively, the operator may directly
enter the radius and wall thickness of the blood vessel through
the user interface 122.

[0087] The tissue attribute value calculating section 108
receives either the radius and wall thickness of the blood
vessel that have been calculated based on the boundary loca-
tions corrected through the user interface 122 or the radius
and wall thickness of the blood vessel that have been directly
corrected through the user interface 122. Then, the tissue
attribute value calculating section 108 calculates the circum-
ferential elasticities and outputs a two-dimensional map
image of the circumferential elasticities to the image synthe-
sizing section 106, which synthesizes together the tomo-
graphic image supplied from the memory 120 and the two-
dimensional map image of the circumferential elasticities.
And the monitor 107 presents their synthesized image. As a
result, the images on the monitor 107 are changed from the
radial elasticities into the circumferential elasticities.

[0088] The circumferential elasticity thus obtained is
stored in the memory 121 in association with the time when
data to calculate the circumferential elasticity was obtained.

[0089] Inthe freeze state, data may start being read from the
memories 120 and 121 at an arbitrary point in time of the
stored data. If a point in time, of which the circumferential
elasticity has already been calculated once by reading data
from the memories 120 and 121, is specified, then the circum-
ferential elasticity stored in the memory 121 may be pre-
sented at its associated time without calculating the circum-
ferential elasticity in the procedure described above. In this
manner, the circumferential elasticity can be presented imme-
diately without calculating it all over again. Optionally, even
if the circumferential elasticity can be presented without
being calculated again, either the circumferential elasticity or
the radial elasticity may be selected in accordance with the
operator’s instruction.

[0090] As described above, the present invention provides
an ultrasonic diagnostic apparatus that can calculate radial
and circumferential elasticities accurately even without using
any special means for carrying out complicated computations
to locate the boundary quickly. Consequently, any vascular
disease such as arteriosclerosis can be diagnosed exactly
using the ultrasonic diagnostic apparatus of the present inven-
tion.

[0091] In the preferred embodiments described above,
radial and circumferential elasticities are supposed to be cal-
culated as the first and second types of tissue attribute values.
However, the ultrasonic diagnostic apparatus of the present
invention may also calculate any other tissue attribute values
as the first and second types of tissue attribute values.

[0092] The first type of tissue attribute value could be either
a property value that can be calculated relatively easily (i.e.,
that does not require too much computations) even while
ultrasonic waves are being transmitted or received or a prop-
erty value that can be calculated automatically based on the
received signal. Specifically, the first type of tissue attribute
value may be the magnitude of strain or a variation in inside
diameter.

[0093] On the other hand, the second type of tissue attribute
value should be either a property value that requires compli-
cated computations or a property value that needs to be cal-
culated in accordance with the corrections made by the opera-
tor. Specifically, the second type of tissue attribute value
could be a coefficient of viscosity. The coefficient of viscosity
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w may be calculated by the following Equation (7) that is
disclosed in Non-Patent Document No. 2, for example.

M

Itis to be noted that P is the pulse pressure of the blood vessel,
€ is the strain and E is the elasticity.

[0094] On the other hand, the second type of tissue attribute
value may be an elasticity E calculated by the following
Equation (8) disclosed in Non-Patent Document No. 3, for
example.
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Itis to be noted that P is the pulse pressure of the blood vessel,
r, s the inside diameter of the blood vessel, r, is the outside
diameter of the blood vessel, and r is the distance from the
center of the blood vessel. The distance r may be determined
by allowing the operator to specify a location where the
elasticity needs to be calculated using the user interface 122,
for example.

[0095] A second type of tissue attribute value like this
would require complicated computations. That is why to cal-
culate such a value in the live state (or in real time) with
ultrasonic waves transmitted or received, a high-performance
arithmetic logic unit or the operator’s own input would be
needed. That is to say, it is not appropriate to measure such a
value in the live state. According to the present invention,
however, the second type of tissue attribute value is obtained
while the ultrasonic diagnostic apparatus is making no mea-
surements. Thatis why the computing ability of the ultrasonic
diagnostic apparatus that would be used to control the mea-
surements to be done by the apparatus can be used to calculate
the second type of tissue attribute value. Also, as there is no
need to calculate the second type of tissue attribute value in
real time, it may take a while to calculate it. Even so, that
would not make the operator feel quite uncomfortable.
[0096] Consequently, this ultrasonic diagnostic apparatus
can calculate such a tissue attribute value that requires com-
plicated computations even without using a high-perfor-
mance arithmetic logic unit. Also, if the second type of tissue
attribute value is calculated in accordance with the operator’s
input, he or she can take his or her time and determine and
enter the best numerical value while monitoring the tomo-
graphic image, for example.

INDUSTRIAL APPLICABILITY

[0097] The present invention contributes effectively to pro-
viding an ultrasonic diagnostic apparatus that can calculate
the elasticity of a vascular wall accurately.

1. An ultrasonic diagnostic apparatus comprising:

a transmitting section that drives an ultrasonic probe to
transmit an ultrasonic wave toward a subject including a
blood vessel;

a receiving section that receives an ultrasonic echo, pro-
duced by getting the ultrasonic wave reflected by the
subject, at the ultrasonic probe to generate a received
signal,
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a tissue tracking section for tracking the motion of each
tissue of the subject based on the received signal and
outputting location tracking information;

a radius and wall thickness calculating section that calcu-
lates the radius and wall thickness of the blood vessel;

a tissue attribute value calculating section that calculates
first and second types of tissue attribute values of the
vascular wall of the blood vessel based on at least one of
information about the blood pressure of the subject that
has been provided externally, the location tracking infor-
mation, and the radius and wall thickness of the blood
vessel; and

a display section that presents the first and second types of
tissue attribute values,

wherein the first and second types of tissue attribute values
are mutually different types, and

wherein while the transmitting section and the receiving
section are transmitting or receiving the ultrasonic wave,
the tissue attribute value calculating section calculates
the first type of tissue attribute values one after another
and the display section presents the first type of tissue
attribute values, but

while the transmission and reception of the ultrasonic
waves are suspended, the tissue attribute value calculat-
ing section calculates the second type of tissue attribute
value, and

wherein in accordance with an instruction given by an
operator, the tissue attribute value calculating section
outputs the first and/or second type(s) of tissue attribute
values, and the display section presents the first and/or
second type(s) of tissue attribute values supplied from
the tissue attribute value calculating section.

2. The ultrasonic diagnostic apparatus of claim 1, wherein
the second type of tissue attribute values needs more compu-
tations than the first type of tissue attribute values.

3. The ultrasonic diagnostic apparatus of claim 2, wherein
the first and second types of tissue attribute values are radial
elasticity and circumferential elasticity, respectively, and

wherein while the transmitting section and the receiving
section are transmitting or receiving the ultrasonic
waves, the tissue attribute value calculating section cal-
culates the radial elasticities one after another based on
the location tracking information and the information
about the blood pressure, but

while the transmission and reception of the ultrasonic
waves are suspended, the tissue attribute value calculat-
ing section calculates the circumferential elasticities
based on the location tracking information, the informa-
tion about the blood pressure, and the radius and wall
thickness of the blood vessel.

4. The ultrasonic diagnostic apparatus of claim 3, wherein
the radius and wall thickness calculating section locates a
boundary between the vascular wall and vascular flow and a
boundary between the vascular wall and a surrounding tissue
based on at least one of the received signal and the location
tracking information and calculates the radius and wall thick-
ness of the blood vessel with respect to the boundary located.

5. The ultrasonic diagnostic apparatus of claim 4, further
comprising:

a tomographic image processing section that generates,
based on the received signal, a tomographic image ofthe
subject to present on the display section; and

auser interface for entering information about the vascular
wall-flow boundary and the vascular wall-surrounding
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tissue boundary into the radius and wall thickness cal-
culating section by getting one of these boundaries
specified by the operator on the tomographic image on
the display section.

6. The ultrasonic diagnostic apparatus of claim 4, further
comptrising:

a tomographic image processing section that generates,
based on the received signal, atomographic image of the
subject to present on the display section; and

a user interface that allows the operator to enter either
corrected ones of the vascular wall-flow boundary and
vascular wall-surrounding tissue boundary that have
been located by the radius and wall thickness calculating
section by getting one of these two boundaries specified
by the operator on the tomographic image on the display
section or corrected ones of the radius and wall thickness
of the blood vessel that have been calculated by the
radius and wall thickness calculating section.

7. The ultrasonic diagnostic apparatus of claim 5, wherein
while the ultrasonic waves are not being transmitted or
received, the display section continues to present the first type
of tissue attribute value until the operator enters information
into the radius and wall thickness calculating section through
the user interface.

8. The ultrasonic diagnostic apparatus of claim 7, further
comprising a memory that stores at least one of the received
signal, the location tracking information and the magnitude of
strain calculated based on the location tracking information,
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wherein while the ultrasonic waves are not being transmit-
ted or received, the tissue tracking section and the tissue
attribute value calculating section read at least one of the
received signal, the location tracking information and
the magnitude of strain from the memory, calculate the
second type of tissue attribute value, and present the
value on the display section.

9. The ultrasonic diagnostic apparatus of claim 8, wherein
the tissue tracking section and the tissue attribute value cal-
culating section read at least one of the received signal, the
location tracking information and the magnitude of strain
calculated based on the location tracking information at an
arbitrary point in time from the memory, calculate the second
type of tissue attribute value, and present the value on the
display section.

10. The ultrasonic diagnostic apparatus of claim 9, wherein
the memory stores the second type of tissue attribute value
calculated in association with the time.

11. The ultrasonic diagnostic apparatus of claim 10,
wherein if the second type of tissue attribute value is stored in
the memory, the tissue attribute value calculating section
reads the second type of tissue attribute value from the
memory without receiving the operator’s input through the
user interface and the display section presents the second type
of tissue attribute value.
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