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(57) ABSTRACT

An ultrasonic diagnostic apparatus according to the present
invention includes: an ultrasonic signal processing section,
which performs transmission processing for transmitting an
ultrasonic wave toward a subject’s blood vessel by driving a
probe and reception processing for generating a received
signal based on the ultrasonic wave reflected from the sub-
ject’s blood vessel and received at the probe; a tomographic
image processing section, which generates a tomographic
image based on the received signal; a boundary detecting
section, which detects the lumen-intima and media-adventitia
boundaries of the blood vessel based on the received signal or
the tomographic image; a vascular wall thickness calculating
section, which calculates, as a vascular wall thickness value,
the interval between the lumen-intima and media-adventitia
boundaries detected by the boundary detecting section; a
reliability determining section, which determines the reliabil-
ity of the vascular wall thickness value by a signal feature of
the received signal or an image information feature of the
tomographic image at a location on the lumen-intima and/or
media-adventitia boundaries detected; and a control section,
which decides, in accordance with the decision made by the
reliability determining section, that the vascular wall thick-
ness value be defined as an intima-media thickness.
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ULTRASONIC DIAGNOSTIC DEVICE, AND
METHOD FOR MEASURING INITMA-MEDIA
COMPLEX THICKNESS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and a method for measuring an intima-media
thickness using the apparatus.

BACKGROUND ART

[0002] In making a diagnosis of arterial sclerosis using an
ultrasonic diagnostic apparatus, the intima-media complex
thickness (which will be abbreviated herein as “IMT”) of a
carotid artery is known as one of most important indices to the
status of an initial atherosclerosis. The IMT means the thick-
ness of an intima-media complex in the vascular wall of a
carotid artery. As shown in FIG. 18, the intima-media com-
plex is a layer that is visible between the vascular lumen and
the adventitia. And when making an inspection, the boundary
between the vascular lumen and the intima (which will be
referred to herein as a “lumen-intima boundary”) and the
boundary between the media and the adventitia (which will be
referred to herein as a “media-adventitia boundary”) are
detected and the thickness between them is measured. A
method for automatically measuring the IMT is disclosed in
Patent Document No. 1, for example.

[0003] In general, when the IMT is measured, an IMT
measuring range is set along the carotid artery and the maxi-
mum thickness (max IMT) or mean thickness (mean IMT) is
measured within that range as shown in FIG. 18. For example,
Non-Patent Document No. 1 recommends that such an IMT
measuring range have a length of 1 cm.

CITATION LIST
Patent Literature

[0004] Patent Document No. 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2008-168016

Non-Patent Literature

[0005] Non-Patent Document No. 1: Journal of the Ameri-
can Society of Echocardiography, February 2008 (pp. 93 to
111)

SUMMARY OF INVENTION
Technical Problem

[0006] Ifthe status ofa carotid artery, which is the object of
inspection, is going to be checked using a conventional ultra-
sonic diagnostic apparatus, however, nobody but a well expe-
rienced skilled person could make an accurate measurement,
which is a problem with the prior art.

[0007] The reason is that to check the status of a carotid
artery using a conventional apparatus, the probe should be put
exactly at a position where the centerline of the carotid artery
can be cut vertically.

[0008] Also, evenifanimage that would allow the personto
check the status of the carotid artery accurately has come up
successfully by putting the probe at a proper position, it is still
never easy for him or her to get the measurement done accu-
rately with the probe kept at that proper position. This is
because he or she has to hold it in his or her hand to operate it.
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[0009] Furthermore, as the blood flow running through the
carotid artery changes its rate with the heartbeat, the diameter
or thickness of the carotid artery also changes without a
break. That is why even when the operator holds and puts the
probe at a right position, it is not always the best timing to
check the status of the carotid artery.

[0010] It is therefore an object of the present invention to
get the status of a carotid artery checked without losing the
best timing once the probe has been put at the right position to
carry out the measurement.

Solution to Problem

[0011] An ultrasonic diagnostic apparatus according to the
present invention, to which a probe with a transducer is con-
nectible, includes: an ultrasonic signal processing section,
which performs transmission processing for transmitting an
ultrasonic wave toward a subject’s blood vessel by driving the
probe and also performs reception processing for generating
a received signal based on the ultrasonic wave that has been
reflected from the subject’s blood vessel and received at the
probe; a tomographic image processing section, which gen-
erates a tomographic image based on the received signal; a
boundary detecting section, which detects the lumen-intima
and media-adventitia boundaries of the blood vessel based on
either the received signal or the tomographic image; a vascu-
lar wail thickness calculating section, which calculates, as a
vascular wall thickness value, the interval between the lumen-
intima and media-adventitia boundaries that have been
detected by the boundary detecting section; a reliability deter-
mining section, which determines the reliability of the vas-
cular wall thickness value by either a signal feature of the
received signal or an image information feature of the tomo-
graphic image at a location on any of the lumen-intima and
media-adventitia boundaries that have been detected; and a
control section, which decides, in accordance with the deci-
sion made by the reliability determining section, that the
vascular wall thickness value be defined as an intima-media
thickness. According to this configuration, the IMT can be
measured in an appropriate measuring state and a highly
reliable result of measurement can be obtained.

[0012] In one preferred embodiment, the signal feature
includes at least one of a signal intensity and a signal intensity
distribution. According to this configuration, the reliability of
the IMT value can be determined by either the signal intensity
of'the received signal or its signal intensity distribution. As a
result, the IMT can be measured in an appropriate measuring
state and a highly reliable result of measurement can be
obtained.

[0013] In another preferred embodiment, the image infor-
mation feature includes at least one of a luminance, a lumi-
nance distribution and a shape. According to this configura-
tion, the reliability of the IMT value can be determined by
either the luminance of the tomographic image, its luminance
distribution or its form. As a result, the IMT can be measured
in an appropriate measuring state and a highly reliable result
of measurement can be obtained.

[0014] Instill another preferred embodiment, the ultrasonic
diagnostic apparatus further includes a vascular center deter-
mining section, which determines whether or not the received
signal has been obtained from around a cross section of the
blood vessel that passes its longitudinal center or which cal-
culates an estimated value indicating the probability that the
received signal has been obtained from around the cross sec-
tion of the blood vessel that passes its longitudinal center, by
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either the signal feature of the received signal or the image
information feature of the tomographic image at the location
on the lumen-intima or media-adventitia boundary that has
been detected. If the vascular center determining section has
decided that the received signal have been obtained from
around the cross section of the blood vessel that passes its
longitudinal center or if the estimated value is beyond a pre-
determined reference value, the reliability determining sec-
tion decides that the vascular wall thickness value have a high
reliability or the reliability determining section decides that
the higher the estimated value, the higher the reliability of the
vascular wall thickness value. According to this configura-
tion, by determining whether or not the received signal has
been obtained from around a cross section of the blood vessel
that passes its longitudinal center, it can be seen if an appro-
priate measuring state has been established. Consequently, a
highly reliable result of measurement can be obtained.

[0015] In this particular preferred embodiment, the vascu-
lar center determining section evaluates if there is a signal
intensity or luminance distribution that is unique to the
lumen-intima and media-adventitia boundaries on either the
received signal or the image information of the tomographic
image representing the lumen-intima and media-adventitia
boundaries that have been detected, thereby determining
whether or not the received signal has been obtained from
around the cross section of the blood vessel that passes its
longitudinal center. According to this configuration, it can be
decided properly that the received signal has been obtained
from around a cross section of the blood vessel that passes its
longitudinal center. Consequently, a highly reliable result of
measurement can be obtained.

[0016] In a specific preferred embodiment, if there is a
signal intensity or luminance distribution that is unique to the
lumen-intima and media-adventitia boundaries on either the
received signal or the image information of the tomographic
image representing the lumen-intima and media-adventitia
boundaries that have been detected, then the vascular center
determining section estimates the length of a range where
there is the signal intensity or luminance distribution, thereby
determining whether or not the received signal has been
obtained from around the cross section of the blood vessel
that passes its longitudinal center. According to this configu-
ration, it can be decided more properly that the received signal
has been obtained from around a cross section of the blood
vessel that passes its longitudinal center. Consequently, a
highly reliable result of measurement can be obtained.

[0017] Instill another preferred embodiment, the ultrasonic
diagnostic apparatus further includes a pulsation detecting
section, which checks the pulsating status of the blood vessel,
thereby either determining whether the pulse of the blood
vessel is being measured properly or calculating an estimated
value indicating the probability that the pulse of the blood
vessel is being measured properly. If the pulsation detecting
section has decided that the pulse of the blood vessel be being
measured properly or if the estimated value is beyond a pre-
determined reference value, the reliability determining sec-
tion decides that the vascular wall thickness value have a high
reliability or the reliability determining section decides that
the higher the estimated value, the higher the reliability of the
vascular wall thickness value. According to this configura-
tion, by determining whether or not the pulse of the blood
vessel is being measured properly, it can be seen if an appro-
priate measuring state has been established. Consequently, a
highly reliable result of measurement can be obtained.
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[0018] In this particular preferred embodiment, the pulsa-
tion detecting section checks the pulsating status of the blood
vessel by sensing a variation in the inside diameter of the
blood vessel and decides that the pulse of the blood vessel be
being measured properly if the variation in the inside diam-
eter of the blood vessel has a pulse waveform. According to
this configuration, it can be decided properly that the pulse of
the blood vessel be being measured properly. Consequently, a
highly reliable result of measurement can be obtained.
[0019] In a specific preferred embodiment, the pulsation
detecting section checks the pulsating status by detecting a
feature quantity of the variation in the inside diameter of the
blood vessel. According to this configuration, it can be
decided more properly that the pulse of the blood vessel be
being measured properly. Consequently, a highly reliable
result of measurement can be obtained.

[0020] In an alternative preferred embodiment, the pulsa-
tion detecting section checks the pulsating status based on the
correlation between a waveform representing the variation in
the inside diameter of the blood vessel and a preregistered
model waveform. According to this configuration, it can be
decided more properly that the pulse of the blood vessel be
being measured properly. Consequently, a highly reliable
result of measurement can be obtained.

[0021] In yet another preferred embodiment, the pulsation
detecting section includes a cardiac cycle detecting section
that detects a particular timing during one cardiac cycle and
that either determines whether or not the pulse of the blood
vessel is being measured properly before and/or after the
detected timing or calculates an estimated value indicating
the probability that the pulse of the blood vessel is being
measured properly before and/or after the detected timing. If
the pulsation detecting section has decided that the pulse of
the blood vessel be being measured properly before and/or
after the detected timing or if the estimated value is beyond a
predetermined reference value, the reliability determining
section decides that the vascular wall thickness value have a
high reliability or the reliability determining section decides
that the higher the estimated value, the higher the reliability of
the vascular wall thickness value. According to this configu-
ration, the IMT that varies according to the cardiac rate can be
measured exactly when the IMT becomes the maximum.
Consequently, a highly reliable result of measurement can be
obtained.

[0022] In this particular preferred embodiment, the pulsa-
tion detecting section checks the pulsating status by sensing a
motion of the subject’s tissue based on the received signal,
and the cardiac cycle detecting section detects the particular
timing during one cardiac cycle based on the pulsating status.
According to this configuration, the IMT that varies accord-
ing to the cardiac rate can be measured at the best timing
without using any additional function such as an ECG. Con-
sequently, a highly reliable result of measurement can be
obtained easily and with good operability.

[0023] In an alternative preferred embodiment, the cardiac
cycle detecting section detects the timing based on an elec-
trocardiographic complex. According to this configuration,
the end-diastolic timing can be detected accurately using an
ECG. Consequently, a highly reliable result of measurement
can be obtained.

[0024] In yet another preferred embodiment, the timing
detected by the cardiac cycle detecting section is the end-
diastolic timing. According to this configuration, the best
timing to measure the IMT value appropriately can be deter-
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mined by detecting the end-diastolic timing. Consequently, a
highly reliable result of measurement can be obtained.
[0025] In yet another preferred embodiment, the timing
detected by the cardiac cycle detecting section is later than the
end-diastolic timing by a predetermined amount of time.
According to configuration, the exact timing when the IMT
value becomes the maximum in a predetermined time after
the end of the diastolic phase can be detected. Consequently,
a highly reliable result of measurement can be obtained.
[0026] Inyet another preferred embodiment, the ultrasonic
diagnostic apparatus further includes a longitudinal axis
determining section that either determines whether or not the
received signal or the tomographic image covers a longitudi-
nal cross section of the subject’s blood vessel or calculates an
estimated value indicating the probability that the received
signal or the tomographic image covers a longitudinal cross
section of the subject’s blood vessel. If the longitudinal axis
determining section has decided that the received signal or the
tomographic image covers a longitudinal cross section of the
subject’s blood vessel or if the estimated value is beyond a
predetermined reference value, the reliability determining
section decides that the vascular wall thickness value have a
high reliability or the reliability determining section decides
that the higher the estimated value, the higher the reliability of
the vascular wall thickness value. According to this configu-
ration, by determining whether or not the received signal or
the tomographic image covers a longitudinal cross section of
the blood vessel, it can be seen if an appropriate measuring
state has been established. Consequently, a highly reliable
result of measurement can be obtained.

[0027] Inyet another preferred embodiment, the ultrasonic
diagnostic apparatus further includes a stability determining
section that either determines, by the magnitude of invariabil-
ity of the vascular wall thickness value with time, whether or
not the vascular wall thickness value is a stabilized one or
calculates, based on the magnitude of invariability of the
vascular wall thickness value with time, the probability that
the vascular wall thickness value is a stabilized one. If the
stability determining section has decided that the vascular
wall thickness value is a stabilized one, the reliability deter-
mining section decides that the vascular wall thickness value
have a high reliability. Or if the estimated value is beyond a
predetermined reference value, the reliability determining
section decides that the more removed the estimated value,
the higher the reliability of the vascular wall thickness value.
According to this configuration, by determining, by the mag-
nitude of invariability of the vascular wall thickness value
with time, whether or not the vascular wall thickness value is
a stabilized one, it can be seen if an appropriate measuring
state has been established. Consequently, a highly reliable
result of measurement can be obtained.

[0028] Inyet another preferred embodiment, the ultrasonic
diagnostic apparatus further includes an image synthesizing
section that synthesizes together the decision made by the
reliability determining section and the tomographic image
generated by the tomographic image processing section, and
a synthetic image obtained by the image synthesizing section
is displayed. According to this configuration, it can be seen
visually if an appropriate measuring state has been estab-
lished, and therefore, the operator can confirm the result of
measurement and its reliability with his or her own eyes. As a
result, the operability increases.

[0029] Inyet another preferred embodiment, the ultrasonic
diagnostic apparatus further includes a decision criterion set-
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ting section that sets, by reference to the received signal
obtained from the subject’s blood vessel or information about
the tomographic image generated by the tomographic image
processing section and the boundary detected by the bound-
ary detecting section, a criterion of decision for use to per-
form the vascular center determining process, the pulsating
status checkout process, the longitudinal axis determining
process or the stability determining process. According to this
configuration, the vascular center determining process, the
pulsating status checkout process, the longitudinal axis deter-
mining process and the stability determining process can be
carried out according to the attribute of the subject’s tissue. As
a result, the IMT measured value can be a more accurate and
more reliable one.

[0030] Inyetanother preferred embodiment, the ultrasonic
signal processing section performs the transmission process-
ing and the reception processing a number of times, thereby
sequentially generating multiple received signals. The tomo-
graphic image processing section sequentially generates mul-
tiple tomographic images based on the multiple received sig-
nals. The boundary detecting section sequentially detects the
lumen-intima and media-adventitia boundaries of the blood
vessel based on each of the multiple received signals or each
of the multiple tomographic images. The vascular wall thick-
ness calculating section sequentially calculates the vascular
wall thickness values based on the lumen-intima and media-
adventitia boundaries of the blood vessel that have been
detected sequentially. The reliability determining section
sequentially determines the degrees of reliability of the vas-
cular wall thickness values that have been calculated sequen-
tially. The control section decides, in accordance with the
decision made by the reliability determining section, that the
vascular wall thickness value be defined as an intima-media
thickness. And at least the tomographic images generated
sequentially are displayed.

[0031] In this particular preferred embodiment, in accor-
dance with the decision made by the reliability determining
section, the control section freezes the tomographic images
that are displayed sequentially. According to this configura-
tion, the image displayed when the IMT is measured appro-
priately can be frozen.

[0032] In another preferred embodiment, the ultrasonic
diagnostic apparatus further includes a frame storage section,
which sequentially stores, as frames, the tomographic
images, the vascular wall thickness values and the decision
made by the reliability determining section, and a best frame
choosing section, which chooses a frame with the highest
reliability from either all or a subset of the frames that have
been stored in the frame storage section. The control section
decides that the vascular wall thickness value calculated by
the vascular wall thickness calculating section on the frame
that has been chosen by the best frame choosing section be
defined as the intima-media thickness. According to this con-
figuration, the IMT value obtained can be reliable enough to
use as the result of measurement.

[0033] Inthis particular preferred embodiment, if at least a
certain number of frames, of which the vascular wall thick-
ness values have degrees of reliability that are higher than a
predetermined value, have been written in the frame storage
section, the control section freezes the tomographic images
that are displayed sequentially. According to this configura-
tion, when the IMT value obtained is a highly reliable one, the
image displayed then can be frozen.
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[0034] In another preferred embodiment, when the number
of frames, of which the vascular wall thickness values have
degrees of reliability that are higher than a predetermined
value and which have been written consecutively in the frame
storage section, reaches a particular number, the control sec-
tion freezes the tomographic images that are displayed
sequentially. According to this configuration, when the IMT
value obtained is a highly reliable one, the image displayed
then can be frozen.

[0035] In this particular preferred embodiment, the best
frame choosing section chooses a frame with the highest
degree of reliability from the particular number of frames, of
which the degrees of reliability are higher than the predeter-
mined value and which have been written consecutively in the
frame storage section. According to this configuration, the
IMT measured value can be an even more reliable one.

[0036] A method for measuring an intima-media thickness
according to the present invention includes the steps of: per-
forming reception processing for generating a received signal
based on an ultrasonic wave that has been reflected from a
subject’s blood vessel and received at a probe; generating a
tomographic image based on the received signal; detecting
the lumen-intima and media-adventitia boundaries of the
blood vessel based on either the received signal or the tomo-
graphic image; calculating, as a vascular wall thickness value,
the interval between the lumen-intima and media-adventitia
boundaries that have been detected; determining the reliabil-
ity of the vascular wall thickness value by either a signal
feature of the received signal or an image information feature
of the tomographic image at a location on any of the lumen-
intima and media-adventitia boundaries that have been
detected; and deciding, in accordance with the result
obtained, that the vascular wall thickness value should be
regarded as the intima-media thickness. According to this
method, the IMT value can be measured in an appropriate
measured state and can be a highly reliable one.

[0037] Another method for measuring an intima-media
thickness according to the present invention includes the
steps of: performing reception processing for generating a
received signal based on an ultrasonic wave that has been
reflected from a subject’s blood vessel and received at a
probe; generating a tomographic image based on the received
signal; detecting the lumen-intima and media-adventitia
boundaries of the blood vessel based on either the received
signal or the tomographic image; calculating, as a vascular
wall thickness value, the interval between the lumen-intima
and media-adventitia boundaries that have been detected;
checking the pulsating status of the blood vessel; determin-
ing, by either a signal feature of the received signal or an
image information feature of the tomographic image at a
location on the lumen-intima and/or media-adventitia bound-
aries that have been detected, whether or not the received
signal has been obtained from around a cross section of the
blood vessel that passes its center in a longitudinal direction;
determining, based on the pulsating status of the blood vessel
checked, whether the pulse of the blood vessel is being mea-
sured properly; determining the reliability of the vascular
wall thickness value based on the decision made on whether
the received signal has been obtained from around the cross
section of the blood vessel that passes its longitudinal center
and the decision made on whether the pulse of the blood
vessel is being measured properly; and deciding, in accor-
dance with the decision made, that the vascular wall thickness
value calculated be defined as the intima-media thickness.
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According to this configuration, the best timing to measure
the IMT value appropriately can be detected more accurately.
As a result, the IMT value can be measured in an even more
appropriate state and an even more reliable result of measure-
ment can be obtained.

Advantageous Effects of Invention

[0038] According to the ultrasonic diagnostic apparatus
and IMT measuring method of the present invention, just by
confirming that the two boundaries between the lumen and
the intima and between the media and the adventitia have
been detected successfully and that the pulse of the blood
vessel is being measured properly, it can be determined
whether the blood vessel that is the object of IMT measure-
ment is inspected in an appropriate state (e.g., whether the
probe is put in a right position). And the IMT value that has
been measured at the very best timing during one cardiac
cycle is used as the final result of measurement. As a result,
the IMT value thus obtained can be a highly reliable one, thus
contributing to significantly increasing the accuracy and
operability of the inspection of arterial sclerosis, among other
things.

BRIEF DESCRIPTION OF DRAWINGS

[0039] FIG. 1 is a block diagram illustrating an ultrasonic
diagnostic apparatus as a first specific preferred embodiment
of the present invention.

[0040] FIG.2isablock diagram illustrating a more detailed
configuration of the first preferred embodiment of the present
invention.

[0041] FIG. 3(a) illustrates how lumen-intima and media-
adventitia boundaries will be rendered if the blood vessel is
scanned successfully from right over its center, and FIG. 3()
illustrates how the lumen-intima and media-adventitia
boundaries will be rendered if the blood vessel is failed to be
scanned from right over its center.

[0042] FIG. 4(a) illustrates the structure of a carotid artery
under inspection and FIG. 4(b) shows the inside diameter
variation waveform of the carotid artery.

[0043] FIG. 5is a flowchart showing a procedure of opera-
tion according to the first preferred embodiment.

[0044] FIG. 6 shows exactly how the inside diameter of the
carotid artery varies.

[0045] FIG. 7(a) illustrates a correlation between a model
waveform and the inside diameter variation waveform of the
carotid artery and FIG. 7(b) illustrates how to extend or
shorten the model waveform on the time axis.

[0046] FIG. 8(a) illustrates the structure of a carotid artery
under inspection and FIG. 8(b) shows the inside diameter
variation waveform of the carotid artery and the end-diastolic
timing.

[0047] FIG.9illustrates a relation between the inside diam-
eter variation waveform and the IMT value variation wave-
form of the blood vessel.

[0048] FIG. 10 illustrates a waveform representing both, a
situation where the blood vessel is not being inspected prop-
erly and a situation where the blood vessel is being inspected
properly.

[0049] FIG. 11 is a block diagram illustrating a detailed
configuration of an ultrasonic diagnostic apparatus as a sec-
ond preferred embodiment of the present invention.
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[0050] FIG. 12 is a block diagram illustrating a detailed
configuration of an ultrasonic diagnostic apparatus as a third
preferred embodiment of the present invention.

[0051] FIG.13isa flowchart showing a procedure of opera-
tion according to the third preferred embodiment.

[0052] FIG. 14 is a block diagram illustrating a detailed
configuration of an ultrasonic diagnostic apparatus as a fourth
preferred embodiment of the present invention.

[0053] FIG.15isa flowchart showing a procedure of opera-
tion according to the fourth preferred embodiment.

[0054] FIG. 16 is a block diagram illustrating a detailed
configuration of an ultrasonic diagnostic apparatus as a fifth
preferred embodiment of the present invention.

[0055] FIG.17isa flowchart showing a procedure of opera-
tion according to the fifth preferred embodiment.

[0056] FIG. 18 illustrates the structure of the carotid artery
under inspection and an IMT measuring range.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

[0057] FIG. 1 is a block diagram illustrating an ultrasonic
diagnostic apparatus as a first specific preferred embodiment
of the present invention. The ultrasonic diagnostic apparatus
101 of the first preferred embodiment includes an ultrasonic
signal processing section 2, a tomographic image processing
section 3, a vascular wall thickness calculating section 4, a
pulsation detecting section 5, a reliability determining section
6, a control section 7 and an image synthesizing section 8.
[0058] A probe 1 includes an ultrasonic transducer and
transmits an ultrasonic wave toward a subject, and receives
the ultrasonic wave that has been reflected from the subject
and converts it into an electrical signal, through the ultrasonic
transducer. The ultrasonic signal processing section 2 is
designed so that the probe 1 is readily attachable to, and
removable from, it and performs transmission processing by
driving the ultrasonic transducer of the probe 1 with a drive
pulse applied thereto at a predetermined timing to make the
probe 1 send out an ultrasonic wave. The ultrasonic signal
processing section 2 also receives an electrical signal from the
probe 1 and performs reception processing that should be
done to generate an ultrasonic tomographic image by ampli-
fying and detecting the electrical signal, thereby generating a
received signal.

[0059] The ultrasonic signal processing section 2 ordi-
narily performs the transmission processing continuously a
number of times, thereby generating received signals sequen-
tially. That is why the processing to be described below is
performed sequentially on the received signals thus gener-
ated.

[0060] The tomographic image processing section 3
receives the received signals that have been generated by the
ultrasonic signal processing section 2 and performs coordi-
nate transformation and other kinds of processing on the
received signals, thereby sequentially generating tomo-
graphic images as two-dimensional ultrasonic images. The
vascular wall thickness calculating section 4 calculates the
thickness of the wall of the subject’s blood vessel that is the
object of measurement. The pulsation detecting section 5
checks the pulsating status of the blood vessel and determines
whether or not the pulse of the blood vessel is being measured
properly.

[0061] Incalculating the thickness of the vascular wall that
is the object of measurement, the reliability determining sec-
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tion 6 determines, based on the results obtained by the tomo-
graphic image processing section 3, the vascular wall thick-
ness calculating section 4 and the pulsation detecting section
5, whether or not the status being checked and the calculated
values are reliable enough to be final ones.

[0062] The control section 7 controls the respective blocks
and either decides that the result of measurement that has
already had its reliability determined by the reliability deter-
mining section 6 be regarded and saved as the intima-media
thickness measured or freezes the image at the point in time
when such a result of measurement is obtained.

[0063] The image synthesizing section 8 is designed so as
to be connectible to the display 9 and synthesizes together the
result obtained by the reliability determining section 6 and the
tomographic image generated by the tomographic image pro-
cessing section 3 so that the synthetic image thus obtained can
be presented on the display 9 connected. The display 9 is a
monitor that is connected to the image synthesizing section 8
and that displays its image signal thereon.

[0064] Next, the ultrasonic diagnostic apparatus of this first
preferred embodiment will be described in further detail with
reference to FIG. 2, which is a block diagram illustrating a
more detailed configuration of this apparatus. As FIG. 2 just
illustrates details of the configuration shown in FIG. 1, the
blocks that have already been described with reference to
FIG. 1 will not be described all over again if not necessary.
[0065] The vascular wall thickness calculating section 4
includes a boundary detecting section 41 and an IMT calcu-
lating section 42. The boundary detecting section 41 detects
the two boundaries of the blood vessel under measurement
(i.e., its lumen-intima boundary and media-adventitia bound-
ary) in a range including the IMT measuring range (see FIG.
18). The IMT calculating section 42 calculates, as the IMT,
the distance between the lumen-intima and media-adventitia
boundaries that have been detected by the boundary detecting
section 41. In this case, max IMT is calculated as the IMT if
the maximum distance in the IMT measuring range is adopted
but mean IMT is calculated as the IMT if the mean distance in
the IMT measuring range is adopted. However, these are only
examples of the present invention.

[0066] A vascular center determining section 31 receives
the tomographic image that has been generated by the tomo-
graphic image processing section 3 and the vascular bound-
aries that have been detected by the boundary detecting sec-
tion 41 and evaluates if the lumen-intima and media-
adventitia boundaries are rendered clearly at those vascular
boundary locations on the tomographic image or estimates
the lengths of portions of the tomographic image where the
lumen-intima and media-adventitia boundaries are rendered
clearly, thereby determining whether or not the probe 1 put on
the subject 1 now is located right over the center of the blood
vessel that is the object of measurement.

[0067] The pulsation detecting section 5 includes a pulsa-
tion information processing section 51, a pulsating status
checking section 52 and a cardiac cycle detecting section 53.
The pulsation information processing section 51 processes
the received signals that have been generated by the ultrasonic
signal processing section 2, thereby extracting information
from them in order to determine whether or not the blood
vessel under measurement is pulsating. The pulsating status
checking section 52 determines, based on the information that
has been processed and extracted by the pulsation informa-
tion processing section 51, whether or not the blood vessel is
pulsating. The cardiac cycle detecting section 53 detects a
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particular timing during one cardiac cycle (e.g., the end of the
diastolic phase that is a time when the heart that has con-
tracted dilates to make the amount of the blood flow smallest).
[0068] Hereinafter, conditions for measuring the IMT
value accurately and with good reproducibility will be
described.

[0069] First of all, as the blood vessel has a substantially
round cross section, it should be determined whether or not
the probe 1 put on the subject is located right over around the
center of the blood vessel (i.e., around the center of the circle
so to speak) in order to measure the thickness of the vascular
wall accurately. This is because in order to calculate the IMT
value as the interval between the lumen-intima and media-
adventitia boundaries of the blood vessel, both of these two
boundaries of the blood vessel should be rendered clearly.
And that decision is made by the vascular center determining
section 31.

[0070] This point will be described in further detail with
reference to FIG. 3, which is a schematic representation illus-
trating where the echo transmitted from, and received at, the
probe 1 travels with respect to a cross section of the blood
vessel.

[0071] Generally speaking, an echo is reflected from a
boundary between two regions that have mutually different
acoustic impedances. In this case, the closer to 90 degrees the
angle of incidence defined by the echo with respect to the
boundary, the more strongly the echo will be reflected and the
clearer the reflected echo signal will be. That is why if the
probe 1 put on the subject is located right over around the
center of the blood vessel as shown in FIG. 3(a) (i.e., if the
echo travels right through the vicinity of the center of the
blood vessel), the echo is incident perpendicularly onto the
lumen-intima and media-adventitia boundaries of the blood
vessel and strong and clear reflected echoes are obtained from
both of the two boundaries.

[0072] On the other hand, if the echo does not travel
through the vicinity of the center of the blood vessel as shown
in FIG. 3(b), then the echo will not be incident perpendicu-
larly onto the two boundaries and only faint and unclear
reflected echoes are obtained after all. As a result, the lumen-
intima and media-adventitia boundaries may be rendered as
blurred and indistinct ones or the lumen-intima boundary
may not be rendered at all.

[0073] That is why by seeing if the lumen-intima and
media-adventitia boundaries are rendered clearly where those
vascular boundaries should be located on the tomographic
image, it can be determined whether the probe 1 put on the
subject is located right over around the center of the blood
vessel. In this case, the vicinity of the center where the two
boundaries can be rendered clearly may be defined by the
distance between the acoustic line of the ultrasonic wave
transmitted from the probe 1 (as indicated by the dashed line
in FIG. 3) and the center of the cross section of the blood
vessel, which may be 0.5 mm or less when measured actually.
But the distance should not always be exactly equal to that
value.

[0074] More specifically, by seeing if the tomographic
image data representing the locations of the vascular bound-
aries detected and their surrounding sites has a portion in
which the luminance rises from one side of the detected
lumen-intima boundary closer to the vascular lumen toward
the intima-media complex, or a portion in which the lumi-
nance rises from one side of the detected media-adventitia
boundary closer to the intima-media complex toward the
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adventitia, or a portion in which the luminance falls between
the lumen-intima and media-adventitia boundaries detected
as shown in FIG. 18, it can be determined whether or not the
lumen-intima and media-adventitia boundaries are rendered
clearly at the vascular boundary locations on the tomographic
image.

[0075] As described above, the length of a portion of the
tomographic image in which the lumen-intima and media-
adventitia boundaries are rendered clearly may also be used
as a criterion to determine whether the probe 1 put on the
subject is located right over around the center of the blood
vessel. In that case, to make the decision, the two boundaries
described above should be rendered clearly in preferably all,
or at least a certain percentage, of the IMT measuring range
(see FIG. 18). For example, if the IMT measuring range has a
length of 1 cm and the certain percentage is 75%, then at least
7.5 mm out of the overall length of 1 cm should be usable to
determine whether or not the blood vessel is caught properly
around its center.

[0076] Secondly, the blood vessel will contract to varying
degrees according to the volume or rate of the blood flow
running inside itself. That is why when the heart is in the
systolic phase, the blood flow rate becomes maximum, and
the blood vessel comes to have the largest inside diameter and
the smallest wall thickness. On the other hand, when the heart
is in the diastolic phase, the blood flow rate becomes mini-
mum, and the blood vessel comes to have the smallest inside
diameter and the largest wall thickness. That is to say, since
the vascular wall thickness varies synchronously with the
heartbeat, the IMT value changes according to the timing of
measurement.

[0077] This can be seen easily by reference to the drawings.
As shown in FIG. 4, it is known that the distance between the
two points A and B shown in FIG. 4(a) (i.e., the inside diam-
eter of the blood vessel) varies with time as blood is pumped
out of the heart, and therefore, the pulsed waveform such as
the one shown in FIG. 4(b) is observed.

[0078] If an analysis is made by reference to the R-wave
trigger timings of the ECG (as represented by the lower
waveform shown in FIG. 4(5)), it can be seen that the inside
diameter once decreases but increases steeply after that and
then gradually returns to the original value. Speaking more
strictly, in the case of a normal blood vessel, a peak called
“dicrotic peak” is observed while the inside diameter is
returning to the original value, and the inside diameter varia-
tion waveform has two positive peaks.

[0079] 1t is ideal to measure the IMT value when the vas-
cular wall has the maximum thickness. That is why the best
timing to measure the IMT should be determined with the
heartbeat taken into account. And that timing is detected by
the cardiac cycle detecting section 53.

[0080] Next, it will be described how to determine whether
or the pulsating status is checked properly. When the thick-
ness of the vascular wall is measured, it is necessary to see if
the blood vessel is caught just as intended with the probe.
Normally, in any organism, its blood vessel (and the artery, in
particular) is always pulsating. That is why the pulsating
status checking section 52 does not examine whether the
blood vessel is pulsating, but determines whether or not the
probe is put in a right position to get information about the
blood vessel properly by seeing if the pulsation of the blood
vessel is measured properly.

[0081] Hereinafter, it will be described with reference to
FIGS. 2 and 5 how the apparatus of this first preferred



US 2012/0179042 Al

embodiment operates. FIG. 5 is a flowchart showing a typical
procedure of operation according to the first preferred
embodiment.

[0082] First of all, in Step S101, the ultrasonic signal pro-
cessing section 2 performs transmission and reception con-
trols on ultrasonic signals, thereby transmitting an ultrasonic
wave with the probe 1 driven and receiving, at the probe 1, the
ultrasonic wave that has been reflected form the subject. And
just like a normal ultrasonic diagnostic apparatus, the ultra-
sonic signal processing section 2 performs ordinary signal
processing on that reflected ultrasonic wave received to gen-
erate a received signal (received echo data).

[0083] Next, in Step S102, the tomographic image process-
ing section 3 processes the received echo data, thereby gen-
erating a tomographic image. The tomographic image data
generated in this processing step may be a subject’s visceral
organ or any of various other objects. In this example, how-
ever, an image representing the subject’s blood vessel (and an
image representing his or her artery, in particular) and its data
are supposed to be processed mainly.

[0084] Meanwhile, the received echo data is also output
from the ultrasonic signal processing section 2 to the vascular
wall thickness detecting section 4 and the pulsation detecting
section 5.

[0085] Subsequently, in Step S103, the boundary detecting
section 41 of the vascular wall thickness detecting section 4
detects the lumen-intima and media-adventitia boundaries of
the blood vessel based on the amplitude and phase of the
received echo signal that has been supplied from the ultra-
sonic signal processing section 2.

[0086] This processing step is carried out on each measur-
ing point in the region of interest (ROI) of the image that has
been defined in advance. The ROI is normally defined so as to
correspond with the IMT measuring range (see FIG. 18).
[0087] Thereafter, in Step S104, based on the location
information of the lumen-intima and media-adventitia
boundaries that have been detected by the boundary detecting
section 41, the IMT calculating section 42 calculates the
thickness of the intima-media complex (i.e., the IMT value).
[0088] Also, the boundary detecting section 41 provides the
result of detection of the lumen-intima and media-adventitia
boundaries of the blood vessel for the vascular center deter-
mining section 31. In response, in Step S105, the vascular
center determining section 31 determines, based on the tomo-
graphic image provided by the tomographic image process-
ing section 3 and the result of the boundary detection, whether
or not the received signal representing the blood vessel being
currently caught by the probe has been obtained from around
the center of the blood vessel.

[0089] Meanwhile, the received signal is also output from
the ultrasonic signal processing section 2 to the pulsation
detecting section 5.

[0090] Next, in Step S106, the pulsation detecting section 5
checks the pulsating status of the blood vessel that is the
object of measurement and determines whether or not its
waveform represents the pulsation of the blood vessel cor-
rectly.

[0091] Specifically, first, the pulsation information pro-
cessing section 51 sets measuring points A and B on the
anterior and posterior walls of the blood vessel under mea-
surement as shown in FIG. 4(a) and analyzes the amplitude
and phase of the received echo data, thereby tracking the
motion of the measuring points A and B. Since the artery
contracts and dilates repeatedly as the heart beats, the dis-
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tance between these measuring points A and B also varies
periodically. That is why its periodic variation is detected as a
waveform representing a variation in the inside diameter of
the blood vessel as shown in FIG. 4(5).
[0092] In this manner, simply by putting a probe on the
subject without making any special connection between an
electrocardiograph and the subject, such a waveform repre-
senting the variation in the inside diameter of the blood vessel
can be obtained easily.
[0093] Next, by seeing if this inside diameter variation
waveform obtained by the pulsation information processing
section 51 has a pulse waveform, the pulsating status check-
ing section 52 determines whether or not the inside diameter
variation waveform represents the pulsation of the blood ves-
sel properly.
[0094] This decision can be made by (1) paying attention to
a simple feature quantity of the inside diameter variation
waveform or (2) examining how much the inside diameter
variation waveform agrees with a reference (or model) wave-
form.
[0095] The method of (1) paying attention to a simple fea-
ture quantity of the waveform will be described with refer-
ence to FIG. 6. In that case, the pulsating status checking
section 52 examines whether or not either the amplitude or a
peak time falls within a normal human being’s range.
Examples of parameters of the feature quantity may include:
[0096] maximum and minimum amplitudes, which are
respectively identified by Amax and Amin in FIG. 6;
[0097] time max when the amplitude becomes the maxi-
mum one Amax; and
[0098] time Tmin when the amplitude becomes the mini-
mum one Amin
[0099] one cardiac cycle TR
[0100] As for these parameters, the present inventors con-
firmed via experiments that if the waveform shown in FIG. 6
had an Amax of slightly less than 1 mm, a negative Amin
value, and a TR of about 1 second and if Tmin<I'max was
satisfied, the pulsating status could be checked out.
[0101] Next, another method of (2) examining how much
the inside diameter variation waveform agrees with a refer-
ence (or model) waveform will now be described with refer-
ence to FIG. 7.
[0102] Firstoff, a reference model waveform is defined and
the degree of matching between that waveform and the inside
diameter variation waveform thus obtained is determined by
calculating their correlation coefficient. In this case, the
model waveform may be defined by collecting the data of the
inside diameter waveforms of multiple persons.
[0103] More specifically, a coefficient representing the cor-
relation between the model waveform and the inside diameter
variation waveform thus obtained (which will be referred to
herein as a “measured waveform”) is calculated. If the model
waveform and the measured waveform have mutually differ-
ent time lengths, then the correlation coefficient may be cal-
culated by extending or shortening the measured waveform
along the time axis so that those two waveforms have the same
time length. FIG. 7(5) illustrates a situation where the mea-
sured waveform has a longer time length than the model
waveform. As one period (i.e., one cardiac cycle) of a model
waveform disagrees in most cases with that of a subject’s
inside diameter variation waveform, the measured waveform
should be extended or shortened as shown in FIG. 7(5) along
the time axis.
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[0104] The pulsating status may be checked out by using
either only one of these two methods or both of them in
combination. Ifonly one of the two is adopted, the processing
time can be shortened. On the other hand, if both methods are
adopted, then the degree of matching between the two wave-
forms can be estimated more accurately.

[0105] This decision method is a waveform-based one. To
obtain a more accurate IMT value, however, the timing of
measurement is no less important as described above.
[0106] That is why the R-wave timing (representing the
end-diastolic timing) should be detected.

[0107] With respect to the measuring points A and B that
have been set on the anterior and posterior walls of the blood
vessel that is the object of measurement, the cardiac cycle
detecting section 53 detects the motion of the measuring point
A with the heartbeat as a tracking waveform TA and obtains
the magnitude of its variation as a differential waveform TA'
as shown in FIG. 8. And this differential waveform TA' is
regarded as representing a pseudo R wave timing and is stored
as a waveform indicating the best time to measure the IMT.
[0108] As described above, it is a point in time around the
end of one diastolic phase when the IMT value becomes
maximum. That is why by detecting the point in time around
the end of one diastolic phase, the IMT value can be measured
at the best timing.

[0109] Strictly speaking, however, the ideal timing when
the IMT value becomes maximum is later by a predetermined
amount of time than the end of the diastolic phase (corre-
sponding to the R wave timing on an electrocardiogram) as
shown in FIG. 9. That is why by determining the time to
measure the IMT value with that time delay taken into
account, the measurement can get done with even more like-
lihood.

[0110] According to this method, the best time to measure
the IMT can be detected even without using a device such as
an ECG.

[0111] It should be noted that in one cardiac cycle, the best
time to measure the IMT is not always the end of the diastolic
phase but may also be set to be any other timing according to
the processing time delay or processing method. Then, the
apparatus of the present invention can be used even more
universally.

[0112] FIG. 10 illustrates a waveform representing both a
situation where the blood vessel is not being inspected prop-
erly and a situation where the blood vessel is being inspected
properly.

[0113] InFIG. 10, the end of the diastolic phase is detected
atrespective points in time a through e. Among these points in
time, the blood vessel is not caught properly at the former
three points in time a, b and ¢ but is caught properly at the
latter two points in time d and e.

[0114] Atthe points in time d and e, the pulsating status has
been checked out appropriately and the end of the diastolic
phase has been detected properly by examining the inside
diameter variation waveform. However, if a point in time that
is not the end of the diastolic phase has been detected by
mistake as at the points in time a, b and ¢ due to an inappro-
priate movement of the probe during the inspection for the
purpose of finding the blood vessel, then it can be seen, by
examining the inside diameter variation waveform, that the
blood vessel is not caught properly.

[0115] That is to say, the pulsating status checking section
52 makes reference to both the result of examination on the
inside diameter variation waveform that has been obtained by
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the pulsation information processing section 51 and the time
indicating the end ofthe diastolic phase that has been detected
by the cardiac cycle detecting section 53, thereby deciding,
with more accuracy, that the blood vessel is pulsating (i.e., the
blood vessel is caught properly with the probe).

[0116] Finally, in Step S107, the reliability determining
section 6 examines the pulsating status that has been detected
and checked by the vascular center determining section 31
and the pulsation detecting section 5, thereby determining the
reliability of the IMT value that has been calculated by the
IMT calculating section 42. And in Step S108, the reliability
determining section 6 determines whether the result of mea-
surement is a reliable one or not. Ifthe answer is YES, then the
control section 7 decides that this IMT value be defined as the
result of measurement. Otherwise, the process goes back to
the processing step S101 to carry on the measurement.
[0117] Also, if it has been decided that the result of mea-
surement be a reliable one, the reliability determining section
6 gets the processing of freezing the image done by the
control section 7. In this manner, a highly reliable result of
measurement and a tomographic image representing the
blood vessel can be obtained as a result of the IMT measure-
ment.

[0118] Thereliability determining section 6 determines the
reliability of the IMT value by examining whether or not the
blood vessel as the object of inspection is being caught from
a right angle to obtain an appropriate result of IMT measure-
ment. And the decision is made based on the result obtained
by the vascular center determining section 31 and the result
obtained by the pulsating status checking section 52. More
specifically, if the vascular center determining section 31 has
decided that the probe 1 is put in a right position to catch the
blood vessel around its center, the reliability determining
section 6 regards the IMT value obtained as a highly reliable
one. Likewise, if the pulsating status checking section 52 has
decided that the pulse of the blood vessel be being measured
properly, the reliability determining section 6 also regards the
IMT value obtained as a highly reliable one. And if these two
conditions are satisfied, the reliability determining section 6
decides that the IMT value obtained be reliable enough to use
as the final result of measurement.

[0119] Alternatively, the vascular center determining sec-
tion 31 may calculate an estimated value indicating the prob-
ability that the probe 1 is catching the blood vessel around its
center. Meanwhile, the pulsating status checking section 52
may calculate an estimated value indicating the probability
that the pulse of the blood vessel is being measured properly.
Based on these estimated values that have been calculated by
the vascular center determining section 31 and the pulsating
status checking section 52, the reliability determining section
6 may calculate an estimated value indicating the reliability of
the IMT value obtained. And if the estimated value is beyond
apredetermined reference value, then the IMT value obtained
may be regarded as being reliable enough. In this description,
if “the estimated value is beyond a predetermined reference
value”, then the range of the values that are regarded as highly
reliable ones may sometimes be greater than, and sometimes
be less than, the reference value. That is to say, the highly
reliable values may be greater than the reference value in
some cases and may be less than the reference value in other
cases. That is why depending on where the estimated value is
set, the IMT value may be regarded as a reliable one some-
times when the estimated value is less than the reference value
and sometimes when the estimated value is greater than the
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reference value. In any case, the IMT value is regarded as a
reliable one as long as the estimated value falls within a
predetermined range that has been set for the purpose of
reliability determination.

[0120] In this case, the estimated value calculated by the
vascular center determining section 31 may be set so that the
greater the length of that portion of the tomographic image
where the lumen-intima and media-adventitia boundaries are
rendered clearly, the larger the estimated value or that the
more steeply the luminance of the tomographic image rises or
falls around the lumen-intima and media-adventitia bound-
aries detected, the larger the estimated value. Meanwhile, the
estimated value calculated by the pulsating status checking
section 52 may be set so that the greater the correlation
between the model waveform and inside diameter variation
waveform described above, the larger the estimated value.
[0121] In this case, the decision can be made based on
either only the result obtained by the vascular center deter-
mining section 31 or just the one obtained by the pulsating
status checking section 52. If both of these two results are
relied on, the accuracy of the decision can be increased.
Nevertheless, depending on the situation of the inspection,
the decision can also be made based on only of those two
results. That is why the given software programs may be
selectively used appropriately according to the application,
cost and weight of the apparatus.

[0122] Finally, in Step S110, the image synthesizing sec-
tion 8 synthesizes together the IMT measured value, which
has been regarded as the final result of measurement in accor-
dance with the decision made by the reliability determining
section 6, and the tomographic image that has been generated
by the tomographic image processing section 3 and then
outputs a synthetic image thus obtained to the display 9. As a
result, the operator can confirm the diagnostic image and the
result of measurement on the screen.

[0123] In the example illustrated in FIG. 5, the vascular
center determining processing step S105 and the pulsating
status checkout processing step S106 are supposed to be
carried out in this order. However, these two processing steps
may be performed in reverse order, too.

[0124] Also, in the preferred embodiment described above,
the vascular center determining section 31 determines, based
on the tomographic image that has been generated by the
tomographic image generating section 3 and the vascular
boundaries that have been detected by the boundary detecting
section 41, whether or not the probe 1 is put in a right position
to catch the blood vessel around its center just as intended.
However, if the apparatus is designed so that the received
echo signal is output from the ultrasonic signal processing
section 2 directly to the vascular center determining section
31 without passing through the tomographic image process-
ing section 3, the amplitude of the received echo signal sup-
plied from the ultrasonic signal processing section 2 may be
used instead of the tomographic image. In that case, the
decision can be made without depending on the settings or
parameters used when the tomographic image is generated.

Embodiment 2

[0125] Hereinafter, a second specific preferred embodi-
ment of the present invention will be described with reference
to FIG. 11. The typical procedure of operation of this second
preferred embodiment is the same as what has already been
described with reference to the flowchart of FIG. 5.
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[0126] FIG. 11 is a block diagram illustrating an ultrasonic
diagnostic apparatus as a second preferred embodiment ofthe
present invention. The ultrasonic diagnostic apparatus 102 of
this second preferred embodiment includes the ultrasonic
signal processing section 2, the tomographic image process-
ing section 3, the vascular wall thickness calculating section
4, a pulsation detecting section 50, the reliability determining
section 6, the control section 7 and the image synthesizing
section 8.

[0127] Unlike the apparatus of the first preferred embodi-
ment illustrated in FIG. 2, the apparatus 102 of this preferred
embodiment includes a pulsation detecting section 50 that
includes the pulsation information processing section 51, the
pulsating status checking section 52, an ECG signal process-
ing section 54 and a cardiac cycle detecting section 55 instead
of the pulsation detecting section 5.

[0128] The pulsation information processing section 51
and the pulsating status checking section 52 have the same
configuration as their counterparts of the first preferred
embodiment described above, and description thereof will be
omitted herein.

[0129] Hereinafter, it will be described with reference to
FIG. 11 how to detect the pulsation using an ECG. In the
example illustrated in FIG. 11, the pulsation detecting section
50 includes the ECG signal processing section 54, which
amplifies and analyzes the waveform of the subject’s electro-
cardiogram signal that has been detected by an ECG pad 12,
thereby detecting an R wave signal. Then, the cardiac cycle
detecting section 55 detects the heartbeat timings based on
the electrocardiogram signal analyzed by the ECG signal
processing section 54. As already described for the first pre-
ferred embodiment, when the IMT is measured, the time
when the IMT value becomes maximum is searched for by
reference to the timing of the R wave indicating the end of the
diastolic phase.

[0130] By using the ECG, the heartbeat timing, including
the end of the diastolic phase, can be detected exactly, and
therefore, the pulsating status can be checked out more accu-
rately.

[0131] One of the major differences between the first and
second preferred embodiments of the present invention is that
an ECG is not used in the first preferred embodiment but is
used in the second preferred embodiment. Compared to the
configuration of the first preferred embodiment in which the
end of diastolic phase detecting section 53 detects the end-
diastolic timing indirectly based on a variation in the inside
diameter of the blood vessel, the end of the diastolic phase can
be detected more accurately according to this preferred
embodiment because the electrocardiogram signal is moni-
tored directly. Consequently, the IMT can be measured more
accurately as well. Nevertheless, to obtain an ECG, the mea-
surement should be made with ECG pads attached to the
subject’s wrists, ankles and chest, and therefore, the subject
should lie down calm during the measurement.

[0132] On the other hand, since no EGC needs to be used
according to the first preferred embodiment, the IMT can be
measured just by putting an ultrasonic probe on the carotid
artery at the patient’s neck. As a result, compared to the
measurement of the second preferred embodiment that uses
an ECG, the measurement can get done more easily and more
efficiently according to the first preferred embodiment.
[0133] That is to say, it is effective to adopt the method of
the first preferred embodiment when the operability of mea-
surement is given a higher priority and to employ the method



US 2012/0179042 Al

of the second preferred embodiment when the accuracy of
measurement should be increased.

[0134] More specifically, using the ultrasonic diagnostic
apparatus with the configuration of the first preferred embodi-
ment, inspection can be carried out easily or informally in
order to detect any initial symptom of a cardiovascular dis-
ease. That is why the apparatus of the first preferred embodi-
ment may be used when inspection needs to be made at some
public place other than a hospital or a clinic (e.g., when a
medical checkup needs to be carried out).

[0135] On the other hand, the ultrasonic diagnostic appa-
ratus with the configuration of the second preferred embodi-
ment may be used when a more accurate diagnosis of the
condition of a cardiovascular disease needs to be made at a
place fully equipped with dedicated medical devices.

[0136] Consequently, the present invention provides an
ultrasonic diagnostic apparatus that can achieve both the
effect of increasing the easiness and operability of IMT mea-
surement during the inspection and the effect of increasing
the accuracy of the IMT measurement.

Embodiment 3

[0137] Hereinafter, a third specific preferred embodiment
of the present invention will be described with reference to
FIGS. 12 and 13, which are a block diagram illustrating an
ultrasonic diagnostic apparatus as a third preferred embodi-
ment of the present invention and a flowchart showing the
typical procedure of operation according to the third pre-
ferred embodiment, respectively.

[0138] The ultrasonic diagnostic apparatus 103 of the third
preferred embodiment of the present invention includes the
ultrasonic signal processing section 2, the tomographic image
processing section 3, the vascular wall thickness calculating
section 4, the pulsation detecting section 5, the reliability
determining section 6, the control section 7, the image syn-
thesizing section 8, a longitudinal axis determining section
20, a stability determining section 21 and the vascular center
determining section 31.

[0139] One of the differences from the first preferred
embodiment of the present invention described above is that
the apparatus of this preferred embodiment includes the lon-
gitudinal axis determining section 20 and the stability deter-
mining section 21 and that the reliability determining section
6 uses the results obtained by the longitudinal axis determin-
ing section 20 and the stability determining section 21.
[0140] Another difference between them is that not only
these results of decision but also the results of the vascular
center determination and the pulsating status checkout are
presented on the display 9.

[0141] The probe 1 may be the same as what is used in the
first preferred embodiment of the present invention described
above. And the ultrasonic signal processing section 2, the
tomographic image processing section 3, the vascular center
determining section 31, the vascular wall thickness calculat-
ing section 4 and the pulsation detecting section 5 perform the
same processing as what has already been described for the
first preferred embodiment.

[0142] That is why the processing steps S201, S202, S203
and S204 of this preferred embodiment may be respectively
the same as the processing steps S101, S102, S103 and S104
of the first preferred embodiment described above.

[0143] According to this preferred embodiment, the tomo-
graphic image information provided by the tomographic
image processing section 3 is also output to the longitudinal
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axis determining section 20. In Step S211, the longitudinal
axis determining section 20 determines, based on the lumi-
nance information included in the tomographic image infor-
mation, whether or not the tomographic image information
being provided covers a longitudinal cross section of the
blood vessel. In this processing step, if it has turned out, based
on the luminance distribution of the tomographic image infor-
mation in the IMT measuring range (see FIG. 18), that the
image is being captured in the longitudinal direction of the
blood vessel, then tomographic image information can be
regarded as covering a longitudinal cross section of the blood
vessel. Alternatively, based on the luminance distribution of
the tomographic image information in the IMT measuring
range and the ratio of a portion of the IMT measuring range in
which the image is regarded as being captured in the longi-
tudinal direction of the blood vessel to the entire range, the
degree of probability that the tomographic image information
covers a longitudinal cross section of the blood vessel may be
determined instead of simply determining whether the longi-
tudinal axis is covered or not.

[0144] Next, it will be described what processing is carried
out by the stability determining section 21. According to this
preferred embodiment, the information about the boundaries
detected and the vascular wall thickness provided by the
vascular wall detecting section 4 is also output to the stability
determining section 21. In Step S212, by sensing how the
IMT value that has been calculated by the IMT calculating
section 42 varies with time in a predetermined period with
respect to the boundaries that have been detected by the
boundary detecting section 41, the stability determining sec-
tion 21 calculates the magnitude of variation in the IMT value
due to some disturbance such as the motion of the probe 1 or
the subject, thereby determining the degrees of stability ofthe
IMT value calculated. In this example, the time for the IMT
calculating section 42 to calculate the IMT value is supposed
to be the end-diastolic timing.

[0145] The IMT value calculated by the IMT calculating
section 42 is sent to the stability determining section 21 every
cardiac cycle. In response, the stability determining section
21 accumulates the IMT values calculated for a predeter-
mined number of cardiac cycles. Then, the stability determin-
ing section 21 may compare the difference between the mul-
tiple IMT values accumulated to a predetermined value. And
if the difference has turned out to be smaller than the prede-
termined value, the stability determining section 21 may
decide that the IMT value calculated hardly varies in spite of
the motion of the probe 1 or the subject and is sufficiently
stabilized. Or the stability determining section 21 may also
decide that the smaller the difference between the multiple
IMT values accumulated, the more stabilized the IMT value
calculated should be. In this manner, the stability determining
section 21 may determine the degree of stability of the IMT
value finely instead of just determining whether the IMT
value calculated is a stabilized one or not.

[0146] The nexttwo processing steps S205 and S206 of this
preferred embodiment may be respectively the same as the
processing steps S105 and S106 of the first preferred embodi-
ment described above.

[0147] Next, it will be described what processing is carried
out by the reliability determining section 6 according to this
preferred embodiment. In Step S207, the reliability determin-
ing section 6 determines the reliability of the IMT value that
has been calculated by the IMT calculating section 42 based
on (a) the result of the decision made by the longitudinal axis
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determining section 20, (b) the result of the decision made by
the vascular center determining section 31, (¢) the result of the
pulsating status checkout made by the pulsating status check-
ing section 52 based on the information provided by the
pulsation information processing section 51 and the cardiac
cycle detecting section 53, and (d) the result of the decision
made by the stability determining section 21. Next, in Step
S208, the reliability determining section 6 determines
whether or not the IMT value obtained is reliable enough to
use as the final result of measurement. If the answer is YES,
the control section 7 decides in the next processing step S209
that this IMT value be defined as the result of measurement.
Optionally, in this processing step, the processing of freezing
the image may be carried out. On the other hand, if the
reliability determining section 6 has not found the IMT value
obtained reliable enough, then the process goes back to the
processing step S201 to carry on the measurement.

[0148] Hereinafter, it will be described more exactly how
the reliability determining section 6 carries out its reliability
determining processing. First of all, (1) if the longitudinal
axis determining section 20 has decided that the tomographic
image information provided covers a longitudinal cross sec-
tion of the blood vessel in the IMT measuring range as
described above, then the reliability determining section 6
decides that the IMT value obtained be a highly reliable one.
Also, (2) if the stability determining section 21 has decided
that the magnitude of variation of the IMT value is smaller
than a predetermined value and the IMT value is sufficiently
stabilized as described above, then the reliability determining
section 6 also decides that the IMT value obtained be a highly
reliable one. Furthermore, as in the first preferred embodi-
ment described above, (3) if the vascular center determining
section 31 has decided that the probe 1 is put in aright position
to catch the blood vessel close enough to its center to measure
the IMT accurately and (4) if the pulsating status checking
section 52 has decided that the pulse of the blood vessel is
measured properly, then the reliability determining section 6
also decides that the IMT value obtained be a highly reliable
one. And if either all, or at least a predetermined number, of
these four conditions (1) through (4) are satisfied, then the
reliability determining section 6 decides that the IMT value
obtained be reliable enough to use as the final result of mea-
surement.

[0149] Alternatively, (5) the longitudinal axis determining
section 20 may calculate an estimated value indicating the
degree of probability that the tomographic image information
provided covers a longitudinal cross section of the blood
vessel as described above. (6) The stability determining sec-
tion 21 may calculate an estimated value indicating the degree
of stability of the IMT value calculated as described above.
Also, as in the first preferred embodiment described above,
(7) the vascular center determining section 31 may calculate
an estimated value indicating the probability that the probe 1
is put in a right position to catch the blood vessel close enough
to its center. And (8) the pulsating status checking section 52
may calculate an estimated value indicating the probability
that the pulse of the blood vessel is measured properly. Based
on these four estimated values (5) through (8), the reliability
determining section 6 may calculate an estimated value indi-
cating the reliability of the IMT value obtained. And if the
estimated value is beyond a predetermined reference value,
then the reliability determining section 6 may decide that the
IMT value obtained be reliable enough to use as the final
result of measurement.
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[0150] Finally, in Step S210, the image synthesizing sec-
tion 8 synthesizes together the IMT measured value, which
has been regarded as the final result of measurement in accor-
dance with the decision made by the reliability determining
section 6, and the tomographic image that has been generated
by the tomographic image processing section 3 and then
outputs a synthetic image thus obtained to the display 9. Then,
the operator can see, with his or her own eyes, whether or not
the measurement can be carried out on a cross section of the
blood vessel that passes its longitudinal center. As a result, the
operator can confirm the result of measurement and its reli-
ability on the screen. Consequently, the present invention
contributes to increasing the operability significantly.

[0151] Optionally, the result of the decision made by the
reliability determining section 6 may also be displayed by
itself as characters or a symbol or icon instead of being
synthesized with the tomographic image.

[0152] Also, those results of the decisions made by the
longitudinal axis determining section 20, the vascular center
determining section 31, the pulsating status checking section
52 and the stability determining section 21 may be presented
onthe display 9. By displaying those results of decision, if the
reliability of the IMT value obtained has turned out to be low,
the user can know exactly why its reliability is low, thus
contributing to increasing the operability.

[0153] As described above, according to this preferred
embodiment, if the longitudinal axis determining section 20
determines whether or not the tomographic image informa-
tion provided covers a longitudinal cross section of the blood
vessel and if the result of the decision is used to determine the
reliability, it can be determined more accurately whether or
not the received signal has been obtained from a cross section
of the blood vessel that passes its longitudinal center. As a
result, the IMT value obtained can be a more reliable one.

[0154] Also, if the stability determining section 21 deter-
mines the degree of stability of the IMT value calculated
based on its magnitude of variation and if the result of the
decision is used to determine the reliability, then the IMT
value that is hardly affected by the motion of the probe 1 or the
subject can be defined as the final result of measurement. As
a result, the IMT value obtained can be a more reliable one.

[0155] In the preferred embodiment described above, the
longitudinal axis determining section 20 determines, based
on the tomographic image information provided by the tomo-
graphic image processing section 3, whether or not the tomo-
graphic image information covers a longitudinal cross section
of'the subject’s blood vessel. However, this decision can also
be made based on the amplitude of the received echo signal
supplied from the ultrasonic signal processing section 2.
Then, the decision can be made without depending on the
settings or parameters used when the tomographic image is
generated.

[0156] Furthermore, in the preferred embodiment
described above, the vascular center determining section 31
determines, based on the tomographic image information
provided by the tomographic image processing section 3,
whether or not the received signal has been obtained from a
cross section of the blood vessel that passes its longitudinal
center. However, this decision can also be made based on the
amplitude of the received echo signal supplied from the ultra-
sonic signal processing section 2. Then, the decision can be
made without depending on the settings or parameters used
when the tomographic image is generated.
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[0157] Inthe example illustrated in FIG. 13, the longitudi-
nal axis determining processing step S211, the stability deter-
mining processing step S212, the vascular center determining
processing step S205 and the pulsating status checkout pro-
cessing step S206 are supposed to be performed in this order.
However, these processing steps may also be performed in
any other order.

[0158] Furthermore, the apparatus of this preferred
embodiment is supposed to include both the longitudinal axis
determining section 20 and the stability determining section
21. However, the apparatus may include either only the lon-
gitudinal axis determining section 20 or only the stability
determining section 21.

Embodiment 4

[0159] Hereinafter, a fourth specific preferred embodiment
of the present invention will be described with reference to
FIGS. 14 and 15, which are a block diagram illustrating an
ultrasonic diagnostic apparatus as a fourth preferred embodi-
ment of the present invention and a flowchart showing the
typical procedure of operation according to the fourth pre-
ferred embodiment, respectively.

[0160] The ultrasonic diagnostic apparatus 104 of the
fourth preferred embodiment of the present invention
includes the ultrasonic signal processing section 2, the tomo-
graphic image processing section 3, the vascular wall thick-
ness calculating section 4, the pulsation detecting section 5,
the reliability determining section 6, the control section 7, the
image synthesizing section 8, the longitudinal axis determin-
ing section 20, the stability determining section 21, the vas-
cular center determining section 31 and a decision criterion
setting section 22.

[0161] Unlike the third preferred embodiment of the
present invention described above, the apparatus 104 of this
preferred embodiment includes a decision criterion setting
section 22 that sets criteria of decision for the vascular center
determination, the pulsating status checkout, the longitudinal
axis determination and the stability determination so as to
vary with the feature of the luminance signal in the ROI.
[0162] The probe 1 may be the same as what is used in the
first preferred embodiment of the present invention described
above. The ultrasonic signal processing section 2, the tomo-
graphic image processing section 3, the vascular center deter-
mining section 31, the vascular wall thickness calculating
section 4 and the pulsation detecting section 5 perform the
same processing as what has already been described for the
first preferred embodiment. And the longitudinal axis deter-
mining section 20 and the stability determining section per-
form the same processing as what has already been described
for the third preferred embodiment.

[0163] That is why the processing steps S301, S302, S303
and S304 of this preferred embodiment may be respectively
the same as the processing steps S101, S102, S103 and S104
of the first preferred embodiment described above.

[0164] Next, the decision criterion setting section 22 will be
described. In response to a control signal supplied as a trigger
from the control section 7 in Step S313, the decision criterion
setting section 22 calculates in the next processing step S314
a value representing the feature of a luminance signal around
the boundaries based on the tomographic image information
provided by the tomographic image processing section 3 and
information about the boundaries detected by the boundary
detecting section 41. And by changing predetermined values
for use to make decisions in the longitudinal axis determining
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section 20, the stability determining section 21, the vascular
center determining section 31 and the pulsating status check-
ing section 52 according to this feature quantity, the decision
criterion setting section 22 sets a criterion of decision. The
next four processing steps S311, S312, S305 and S306 of this
preferred embodiment may be respectively the same as the
processing steps S211 and S212 of the third preferred
embodiment described above and the processing steps S105
and S106 of the first preferred embodiment described above.
[0165] Then, in Step S307, based on the decisions that have
been made by the longitudinal axis determining section 20,
the stability determining section 21, the vascular center deter-
mining section 31 and the pulsating status checking section
52 using the threshold value that has been set by the decision
criterion setting section 22, the reliability determining section
6 determines the reliability of the IMT value obtained.
[0166] In a situation where the degree of clearness of the
tomographic image rendered has changed with the attribute
of'the subject’s blood vessel or surrounding tissue, if the same
criterion of decision were used continuously, then the crite-
rion could be too loose for one subject but could be too strict
for another subject. As a result, the accuracy and reliability of
the IMT value obtained would decrease. That is why by
providing the decision criterion setting section 22 as in this
preferred embodiment, the vascular center determination,
pulsating status checkout, longitudinal axis determination
and stability determination can be carried out according to the
attribute of an individual subject’s tissue, and therefore, the
accuracy and reliability of the IMT value obtained can be
increased.

[0167] Next, in Step S308, the reliability determining sec-
tion 6 determines whether or not the IMT value obtained is
reliable enough to use as the final result of measurement. If
the answer is YES, the control section 7 decides in the next
processing step S309 that this IMT value be defined as the
result of measurement. Optionally, in this processing step, the
processing of freezing the image may be carried out. On the
other hand, if the reliability determining section 6 has not
found the IMT value obtained reliable enough, then the pro-
cess goes back to the processing step S301 to carry on the
measurement.

[0168] The last processing step S310 may be the same as
the processing step S210 of the third preferred embodiment
described above.

[0169] In the preferred embodiment described above, the
control signal supplied from the control section 7 is supposed
to be used as a trigger. However, the timing when the longi-
tudinal axis determining section 20 decides that the tomo-
graphic image provided cover a longitudinal cross section of
the blood vessel may also be used as a trigger. In that case, as
soon as the tomographic image as viewed in the longitudinal
direction has been obtained, the IMT measurement can be
started smoothly.

[0170] Still alternatively, an input section may be provided
and the user’s input may also be used as a trigger. In that case,
itis possible to have a user who knows very well about how to
make an IMT measurement set the criterion of decision.
[0171] Inthe example illustrated in FIG. 15, the longitudi-
nal axis determining processing step S311, the stability deter-
mining processing step S312, the vascular center determining
processing step S305 and the pulsating status checkout pro-
cessing step S306 are supposed to be performed in this order.
However, these processing steps may also be performed in
any other order.
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[0172] Furthermore, the apparatus of this preferred
embodiment is supposed to include both the longitudinal axis
determining section 20 and the stability determining section
21. However, the apparatus may include only one of them.

Embodiment 5

[0173] Hereinafter, an ultrasonic diagnostic apparatus 105
as a fifth specific preferred embodiment of the present inven-
tion will be described with reference to FIG. 15, which is a
block diagram illustrating the ultrasonic diagnostic apparatus
of'the fifth preferred embodiment. In FIG. 15, any functional
block also shown in FIG. 2 with the sane reference numeral
has substantially the same function as its counterpart of the
first preferred embodiment and description thereof will be
omitted herein.

[0174] In measuring the wall thickness of a blood vessel
that is the object of measurement, a reliability determining
section 60 determines the degree of reliability of the status
monitored or the calculated value (i.e., how reliable the status
or value is to use it as a result of measurement) based on the
results of measurement or processing obtained by the tomo-
graphic image processing section 3, the vascular wall thick-
ness calculating section 4 and the pulsation detecting section
5. Next, a frame storage section 61 stores the degree of reli-
ability that has been determined by the reliability determining
section 60, along with the IMT value that has been calculated
by the IMT calculating section 42 and the tomographic image
that has been generated by the tomographic image processing
section 3, as a frame. A best frame choosing section 62
chooses one frame with the highest degree of reliability from
all or at least a subset of the frames that are stored in the frame
storage section 61.

[0175] A control section 70 not only controls the respective
functional blocks but also performs a control based on the
result of decision made by the reliability determining section
60 so that the result of measurement of the frame that has been
chosen by the best frame choosing section 62 is used as the
final result of measurement or that the image is frozen on the
screen to display the result of measurement of the frame and
the tomographic image thereon.

[0176] The image synthesizing section 80 is designed so
that the display 9 is connectible thereto, and synthesizes the
result of measurement of the frame that has been chosen by
the best frame choosing section and the tomographic image
together so that their synthetic image can be presented on the
display 9.

[0177] Hereinafter, it will be described with reference to
FIGS. 16 and 17 how the apparatus of this fifth preferred
embodiment operates. FIG. 17 is a flowchart showing a typi-
cal procedure of operation of the fifth preferred embodiment
of the present invention.

[0178] First of all, the probe 1, the ultrasonic signal pro-
cessing section 2, the tomographic image processing section
3, the vascular center determining section 31, the vascular
wall thickness calculating section 4 including the boundary
detecting section 41 and the IMT calculating section 42, and
the best detecting section 5 including the pulsation informa-
tion processing section 51 and the pulsating status checking
section 52 operate in the same way as their counterparts of the
first preferred embodiment described above. Thus, the pro-
cessing steps S401, S402, S403, S404, S405 and S406 are
respectively the same as the processing steps S101, S102,
S$103, S104, S105 and S106 of the first preferred embodiment
described above.
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[0179] Next, in Step S407, the reliability determining sec-
tion 60 examines the pulsating status that has been detected
and checked by the vascular center determining section 31
and the pulsating status checking section 52, thereby deter-
mining the degree of reliability of the IMT value that has been
calculated by the IMT calculating section 42. And the reli-
ability determining section 60 determines the degree of reli-
ability indicating how reliable the IMT value obtained is to
use it as the result of measurement. In this processing step, the
vascular center determining section 31 calculates an esti-
mated value indicating the degree of probability that the
probe 1 is put in a right position to catch the blood vessel
around its center, while the pulsating status checking section
52 calculates an estimated value indicating the degree of
probability that the pulse of the blood vessel is being mea-
sured properly. And the reliability determining section 60
decides that the greater these estimated values, the higher the
degree of reliability the IMT value obtained have. The vas-
cular center determining section 31 and the pulsating status
checking section 52 calculate the estimated values in the same
way as what has already been described for the first preferred
embodiment, and description thereof will be omitted herein.
Then, in Step S415, the degree of reliability determined, as
well as the IMT value that has been calculated by the IMT
calculating section 42 and the tomographic image that has
been generated by the tomographic image processing section
3, is stored as a frame in the frame storage section 61.

[0180] The processing step S416 will be described later.

[0181] Finally, in Step S417, in accordance with the
instruction given by the control section 7, the best frame
choosing section 62 retrieves the frames that are stored in the
frame storage section 61 and chooses a frame with the highest
degree of reliability from all or a subset of the frames. And the
control section 7 decides that the IMT value of the chosen
frame be defined as the IMT measured value. The timing
when the control section 7 gives that instruction may be when
the image is frozen by the control section 7 in accordance with
the user’s command or the decision made by the reliability
determining section 60 as will be described later.

[0182] In this case, the apparatus may be designed, as in
Step S416, so that the reliability determining section 60 per-
forms the processing of getting the image frozen by the con-
trol section 7 only when some conditions are satisfied. Spe-
cifically, the image may be frozen when at least a certain
number of frames, of which the degrees of reliability are
higher than a predetermined value, are written in the frame
storage section 61 or when the number of such frames, of
which the degrees of reliability are higher than a predeter-
mined value and which have been written consecutively in the
frame storage section 61, reaches a certain number. Particu-
larly in the latter case, if multiple frames with high degrees of
reliability have been written consecutively, then it can be said
that the measurement has been done appropriately with good
stability. That is why the best frame choosing section prefer-
ably chooses a frame with the highest degree of reliability
from those consecutive frames. If the condition for freezing is
not satisfied, however, the process goes back to the processing
step 401 to carry on the measurement.

[0183] In the example illustrated in FIG. 17, the vascular
center determining processing step S405 and the pulsating
status checkout processing step S406 are supposed to be
performed in this order. However, these processing steps may
be carried out in reverse order, too.



US 2012/0179042 Al

[0184] By getting these processing steps done by the appa-
ratus with such a configuration, the IMT measured value and
a tomographic image representing the blood vessel can be
reliable enough to use as the final result of measurement.
[0185] In this case, the reliability determining section 60
can make the decision based on either only the result obtained
by the vascular center determining section 31 or just the one
obtained by the pulsating status checking section 52. If both
ofthese two results are relied on, the accuracy of the decision
can be increased. Nevertheless, depending on the situation of
the inspection, the decision can also be made based on only of
those two results. That is why the given software programs
may be selectively used appropriately according to the appli-
cation, cost and weight of the apparatus as in the first pre-
ferred embodiment described above.

[0186] Optionally, the ultrasonic diagnostic apparatus 105
may also be modified so as to further include the longitudinal
axis determining section 20 and stability determining section
21 that have already been described for the third preferred
embodiment of the present invention. In that case, the reli-
ability determining section 60 will determine the degree of
reliability of the IMT value that has been calculated by the
IMT calculating section 42 based on not only the results
obtained by the vascular center determining section 31 and
the pulsating status checking section 52 but also the ones
obtained by the longitudinal axis determining section 20 and
the stability determining section 21 as well. In such a modi-
fied example, besides the estimated value indicating the
degree of probability that the probe 1 is put in a right position
to catch the blood vessel around its center and the estimated
value indicating the degree of probability that the pulse of the
blood vessel is being measured properly, another estimated
value is calculated by the longitudinal axis determining sec-
tion 20 to indicate the degree of probability that the tomo-
graphic image information provided covers a longitudinal
cross section of the blood vessel. On the other hand, still
another estimated value is calculated by the stability deter-
mining section 21 to indicate the degree of stability of the
IMT value calculated. And the reliability determining section
60 decides that the greater these four estimated values, the
higher the degree of reliability of the IMT value obtained. The
longitudinal axis determining section 20 and the stability
determining section 21 calculate the estimated values just as
already described for the third preferred embodiment, and
description thereof will be omitted herein. Consequently, the
performance of the reliability decision can be further
increased.

[0187] Optionally, the ultrasonic diagnostic apparatus 105
may also be modified so as to further include the decision
criterion setting section 2 that has already been described for
the fourth preferred embodiment of the present invention. In
that case, the apparatus may be designed to set the criterion of
decision by changing the predetermined values for use to
make decisions in the longitudinal axis determining section
20, the stability determining section 21, the vascular center
determining section 31 and the pulsating status checking
section 52 in response to the control signal supplied from the
control section 7 as a trigger. In such a modified example, the
decision criterion setting section 22 will operate in the same
way, and will achieve the same effects, as in the fourth pre-
ferred embodiment described above, and description thereof
will be omitted herein.

[0188] Finally, in Step S410, the image synthesizing sec-
tion 80 synthesizes together the IMT measured value of the

Jul. 12,2012

frame that has been chosen by the best frame choosing section
in accordance with the decision made by the reliability deter-
mining section 60 and the tomographic image, and then out-
puts the synthetic image thus obtained to the display 9. As a
result, the operator can monitor the diagnostic image and the
result of measurement on the screen.

[0189] Although not shown, the pulsation detecting section
of this ultrasonic diagnostic apparatus may also be replaced
with the pulsation detecting section 50 of the second pre-
ferred embodiment that uses the ECG pads 12. The difference
between this preferred embodiment shown in FIG. 16 and that
alternative preferred embodiment and their respective fea-
tures are the same as the relation between the first and second
preferred embodiments of the present invention, and a
detailed description thereof will be omitted herein.

[0190] Consequently, the present invention provides an
ultrasonic diagnostic apparatus that can achieve not only the
effect of getting the IMT value measured more easily with
increased operability but also the effect of measuring the IMT
more accurately as well while making an inspection.

INDUSTRIAL APPLICABILITY

[0191] According to the ultrasonic diagnostic apparatus
and intima-media thickness (IMT) measuring method of the
present invention, it is determined whether the blood vessel
that is the object of IMT measurement is inspected in an
appropriate state (e.g., whether the probe is put in a right
position) and at the best timing. And the IMT value that has
been obtained at such timing is used as the final result of
measurement. As a result, the IMT measured value can be a
highly reliable one, thus contributing to significantly increas-
ing the accuracy and operability of the inspection of arterial
sclerosis, for example. Consequently, the present invention is
effectively applicable to an ultrasonic diagnostic apparatus
and a method for measuring an IMT using such an apparatus.

REFERENCE SIGNS LIST
[0192] 1 probe
[0193] 2 ultrasonic signal processing section
[0194] 3 tomographic image processing section
[0195] 4 vascular wall thickness calculating section
[0196] 5 pulsation detecting section
[0197] 6 reliability determining section
[0198] 7 control section
[0199] 8 image synthesizing section
[0200] 9 display
[0201] 10 blood vessel
[0202] 11 subject’s skin surface
[0203] 12 ECG pad
[0204] 20 longitudinal axis determining section
[0205] 21 stability determining section
[0206] 22 decision criterion setting section
[0207] 31 vascular center determining section
[0208] 41 boundary detecting section
[0209] 42 IMT calculating section
[0210] 50 pulsation detecting section
[0211] 51 pulsation information processing section
[0212] 52 pulsating status checking section
[0213] 53 cardiac cycle detecting section
[0214] 54 ECG signal processing section
[0215] 55 cardiac cycle detecting section
[0216] 60 reliability determining section
[0217] 61 frame storage section
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[0218] 62 best frame choosing section

[0219] 70 control section

[0220] 80 image synthesizing section

[0221] 101, 102, 103, 104, 105 ultrasonic diagnostic appa-
ratus

1. An ultrasonic diagnostic apparatus, to which a probe
with a transducer is connectible, the apparatus comprising:

an ultrasonic signal processing section, which performs
transmission processing for transmitting an ultrasonic
wave toward a subject’s blood vessel by driving the
probe and performs reception processing for generating
a received signal based on the ultrasonic wave that has
been reflected from the subject’s blood vessel and
received at the probe;

a tomographic image processing section, which generates
a tomographic image based on the received signal;

a boundary detecting section, which detects the lumen-
intima and media-adventitia boundaries of the blood
vessel based on either the received signal or the tomo-
graphic image;

a vascular wall thickness calculating section, which calcu-
lates, as a vascular wall thickness value, the interval
between the lumen-intima and media-adventitia bound-
aries that have been detected by the boundary detecting
section;

a reliability determining section, which determines reli-
ability of the vascular wall thickness value by either a
signal feature of the received signal or an image infor-
mation feature of the tomographic image at a location on
any of the lumen-intima and media-adventitia bound-
aries that have been detected; and

a control section, which decides, in accordance with the
decision made by the reliability determining section,
that the vascular wall thickness value be defined as an
intima-media thickness.

2. The ultrasonic diagnostic apparatus of claim 1, wherein
the signal feature includes at least one of a signal intensity and
a signal intensity distribution.

3. The ultrasonic diagnostic apparatus of claim 1, wherein
the image information feature includes at least one of a lumi-
nance, a luminance distribution and a shape.

4. The ultrasonic diagnostic apparatus of claim 1, further
comprising a vascular center determining section, which
determines whether or not the received signal has been
obtained from around a cross section of the blood vessel that
passes its longitudinal center or which calculates an estimated
value indicating the probability that the received signal has
been obtained from around the cross section of the blood
vessel that passes its longitudinal center, by either the signal
feature of the received signal or the image information feature
of'the tomographic image at the location on the lumen-intima
and/or media-adventitia boundaries that have been detected,

wherein if the vascular center determining section has
decided that the received signal have been obtained from
around the cross section of the blood vessel that passes
its longitudinal center or if the estimated value is beyond
a predetermined reference value, the reliability deter-
mining section decides that the vascular wall thickness
value have a high reliability or the reliability determin-
ing section decides that the higher the estimated value is,
the higher the reliability of the vascular wall thickness
value.

5. The ultrasonic diagnostic apparatus of claim 4, wherein
the vascular center determining section evaluates if there is a
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signal intensity or luminance distribution that is unique to the
lumen-intima and media-adventitia boundaries on either the
received signal or the image information of the tomographic
image representing the lumen-intima and media-adventitia
boundaries that have been detected, thereby determining
whether or not the received signal has been obtained from
around the cross section of the blood vessel that passes its
longitudinal center.

6. The ultrasonic diagnostic apparatus of claim 5, wherein
if there is a signal intensity or luminance distribution that is
unique to the lumen-intima and media-adventitia boundaries
on either the received signal or the image information of the
tomographic image representing the lumen-intima and
media-adventitia boundaries that have been detected, then the
vascular center determining section estimates the length of a
range where there is the signal intensity or luminance distri-
bution, thereby determining whether or not the received sig-
nal has been obtained from around the cross section of the
blood vessel that passes its longitudinal center.

7. The ultrasonic diagnostic apparatus of claim 1, further
comprising a pulsation detecting section, which checks the
pulsating status of the blood vessel, thereby either determin-
ing whether the pulse of the blood vessel is being measured
properly or calculating an estimated value indicating the
probability that the pulse of the blood vessel is being mea-
sured properly,

wherein if the pulsation detecting section has decided that

the pulse of the blood vessel be being measured properly
or if the estimated value is beyond a predetermined
reference value, the reliability determining section
decides that the vascular wall thickness value have a
high reliability or the reliability determining section
decides that the higher the estimated value, the higher
the reliability of the vascular wall thickness value.

8. The ultrasonic diagnostic apparatus of claim 7, wherein
the pulsation detecting section checks the pulsating status of
the blood vessel by sensing a variation in the inside diameter
of the blood vessel and decides that the pulse of the blood
vessel be being measured properly if the variation in the
inside diameter of the blood vessel has a pulse waveform.

9. The ultrasonic diagnostic apparatus of claim 8, wherein
the pulsation detecting section checks the pulsating status by
detecting a feature quantity of the variation in the inside
diameter of the blood vessel.

10. The ultrasonic diagnostic apparatus of claim 8, wherein
the pulsation detecting section checks the pulsating status
based on the correlation between a waveform representing the
variation in the inside diameter of the blood vessel and a
preregistered model waveform.

11. The ultrasonic diagnostic apparatus of claim 7, wherein
the pulsation detecting section includes a cardiac cycle
detecting section that detects a particular timing during one
cardiac cycle and that either determines whether or not the
pulse of the blood vessel is being measured properly before
and/or after the detected timing or calculates an estimated
value indicating the probability that the pulse of the blood
vessel is being measured properly before and/or after the
detected timing,

wherein if the pulsation detecting section has decided that

the pulse of the blood vessel be being measured properly
before and/or after the detected timing or if the estimated
value is beyond a predetermined reference value, the
reliability determining section decides that the vascular
wall thickness value have a high reliability or the reli-
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ability determining section decides that the higher the
estimated value, the higher the reliability of the vascular
wall thickness value.

12. The ultrasonic diagnostic apparatus of claim 11,
wherein the pulsation detecting section checks the pulsating
status by sensing a motion of the subject’s tissue based on the
received signal, and wherein the cardiac cycle detecting sec-
tion detects the particular timing during the cardiac cycle
based on the pulsating status.

13. The ultrasonic diagnostic apparatus of claim 11,
wherein the cardiac cycle detecting section detects the timing
based on an electrocardiographic complex.

14. The ultrasonic diagnostic apparatus of claim 11,
wherein the timing detected by the cardiac cycle detecting
section is an end-diastolic timing.

15. The ultrasonic diagnostic apparatus of claim 11,
wherein the timing detected by the cardiac cycle detecting
section is later than an end-diastolic timing by a predeter-
mined amount of time.

16. The ultrasonic diagnostic apparatus of claim 1, further
comprising a longitudinal axis determining section that either
determines whether or not the received signal or the tomo-
graphic image covers a longitudinal cross section of the sub-
ject’s blood vessel or calculates an estimated value indicating
the probability that the received signal or the tomographic
image covers a longitudinal cross section of the subject’s
blood vessel,

wherein if the longitudinal axis determining section has

decided that the received signal or the tomographic
image covers a longitudinal cross section of the subject’s
blood vessel or if the estimated value is beyond a prede-
termined reference value, the reliability determining
section decides that the vascular wall thickness value
have a high reliability or the reliability determining sec-
tion decides that the higher the estimated value, the
higher the reliability of the vascular wall thickness
value.

17. The ultrasonic diagnostic apparatus of claim 1, further
comprising a stability determining section that either deter-
mines, by the magnitude of invariability of the vascular wall
thickness value with time, whether or not the vascular wall
thickness value is a stabilized one or calculates, based on the
magnitude of invariability of the vascular wall thickness
value with time, the probability that the vascular wall thick-
ness value is a stabilized one,

wherein if the stability determining section has decided

that the vascular wall thickness value is a stabilized one
or if the estimated value is beyond a predetermined
reference value, the reliability determining section
decides that the vascular wall thickness value have a
high reliability or the reliability determining section
decides that the higher the estimated value, the higher
the reliability of the vascular wall thickness value.

18. The ultrasonic diagnostic apparatus of claim 1, further
comprising an image synthesizing section that synthesizes
together the decision made by the reliability determining
section and the tomographic image generated by the tomo-
graphic image processing section,

wherein a synthetic image obtained by the image synthe-

sizing section is displayed.

19. The ultrasonic diagnostic apparatus of claim 4, further
comprising a decision criterion setting section that sets, by
reference to the received signal obtained from the subject’s
blood vessel or information about the tomographic image
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generated by the tomographic image processing section and
the boundary detected by the boundary detecting section, a
criterion of decision for use to perform the vascular center
determining process, a pulsating status checkout process, a
longitudinal axis determining process or a stability determin-
ing process.

20. The ultrasonic diagnostic apparatus of claim 1, wherein
the ultrasonic signal processing section performs the trans-
mission processing and the reception processing a number of
times, thereby sequentially generating multiple received sig-
nals, and

wherein the tomographic image processing section

sequentially generates multiple tomographic images
based on the multiple received signals, and

wherein the boundary detecting section sequentially

detects the lumen-intima and media-adventitia bound-
aries of the blood vessel based on each of the multiple
received signals or each of the multiple tomographic
images, and

wherein the vascular wall thickness calculating section

sequentially calculates the vascular wall thickness val-
ues based on the lumen-intima and media-adventitia
boundaries of the blood vessel that have been detected
sequentially, and

wherein the reliability determining section sequentially

determines the degrees of reliability of the vascular wall
thickness values that have been calculated sequentially,
and

wherein the control section decides, in accordance with the

decision made by the reliability determining section,
that the vascular wall thickness value be defined as an
intima-media thickness, and

wherein at least the tomographic images generated sequen-

tially are displayed.

21. The ultrasonic diagnostic apparatus of claim 20,
wherein in accordance with the decision made by the reliabil-
ity determining section, the control section freezes the tomo-
graphic images that are displayed sequentially.

22. The ultrasonic diagnostic apparatus of claim 20, further
comprising

a frame storage section, which sequentially stores, as

frames, the tomographic images, the vascular wall thick-
ness values and the decision made by the reliability
determining section, and

a best frame choosing section, which chooses a frame with

the highest reliability from either all or a subset of the
frames that have been stored in the frame storage sec-
tion,

wherein the control section decides that the vascular wall

thickness value calculated by the vascular wall thickness
calculating section on the frame that has been chosen by
the best frame choosing section be defined as the intima-
media thickness.

23. The ultrasonic diagnostic apparatus of claim 22,
wherein if at least a certain number of frames, of which the
vascular wall thickness values have degrees of reliability that
are higher than a predetermined value, have been written in
the frame storage section, the control section freezes the
tomographic images that are displayed sequentially.

24. The ultrasonic diagnostic apparatus of claim 22,
wherein when the number of frames, of which the vascular
wall thickness values have degrees of reliability that are
higher than a predetermined value and which have been writ-
ten consecutively in the frame storage section, reaches a
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particular number, the control section freezes the tomo-
graphic images that are displayed sequentially.

25. The ultrasonic diagnostic apparatus of claim 24,
wherein the best frame choosing section chooses a frame with
the highest reliability from the particular number of frames,
of which the degrees of reliability are higher than the prede-
termined value and which have been written consecutively in
the frame storage section.

26. A method for measuring an intima-media thickness, the
method comprising the steps of:

performing reception processing for generating a received

signal based on an ultrasonic wave that has been
reflected from a subject’s blood vessel and received at a
probe;

generating a tomographic image based on the received

signal;

detecting the lumen-intima and media-adventitia bound-

aries of the blood vessel based on either the received
signal or the tomographic image;

calculating, as a vascular wall thickness value, the interval

between the lumen-intima and media-adventitia bound-
aries that have been detected;
determining the reliability of the vascular wall thickness
value by either a signal feature of the received signal or
an image information feature of the tomographic image
at a location on any of the lumen-intima and media-
adventitia boundaries that have been detected; and

deciding, in accordance with the decision made, that the
vascular wall thickness value calculated be defined as
the intima-media thickness.

27. A method for measuring an intima-media thickness, the
method comprising the steps of:
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performing reception processing for generating a received
signal based on an ultrasonic wave that has been
reflected from a subject’s blood vessel and received at a
probe;

generating a tomographic image based on the received
signal;

detecting the lumen-intima and media-adventitia bound-
aries of the blood vessel based on either the received
signal or the tomographic image;

calculating, as a vascular wall thickness value, the interval
between the lumen-intima and media-adventitia bound-
aries that have been detected;

checking the pulsating status of the blood vessel;

determining, by either a signal feature of the received sig-
nal or an image information feature of the tomographic
image at a location on the lumen-intima and/or media-
adventitia boundaries that have been detected, whether
or not the received signal has been obtained from around
a cross section of the blood vessel that passes its center
in a longitudinal direction;

determining, based on the pulsating status of the blood
vessel checked, whether the pulse of the blood vessel is
being measured properly;

determining the reliability of the vascular wall thickness
value based on the decision made on whether the
received signal has been obtained from around the cross
section of the blood vessel that passes its longitudinal
center and the decision made on whether the pulse of the
blood vessel is being measured properly; and

deciding, in accordance with the decision made, that the
vascular wall thickness value calculated be defined as
the intima-media thickness.
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