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An ultrasound diagnostic apparatus includes: a probe that
transmits and receives ultrasound; a signal analysis unit that,
when the probe scans a cross section of elevation direction of
a blood vessel using ultrasound, detects a center scan line
echo signal having passed through a center of the blood vessel
among a plurality of scan line echo signals in the cross section
of elevation direction of the blood vessel received by the
probe, based on a part of each of the plurality of scan line echo
signals that has a relatively small amplitude that corresponds
to areflected wave from a part of the blood vessel where blood
flows; and an IMT measurement unit that computes an IMT
from the center scan line echo signal. With this configuration,
it is possible to provide an ultrasound diagnostic apparatus
capable of performing wide-range IMT measurements with
few errors even when a blood vessel seen from a body surface
is not linear.
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ULTRASOUND DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a medical ultra-
sound diagnostic apparatus suitable for measuring an IMT of
a cervical blood vessel.

BACKGROUND ART

[0002] Ultrasound diagnostic apparatuses have been used
for diagnosing many body parts related to cardiology, obstet-
rics and gynecology, etc., because they are noninvasive and
free from radiation exposure. Recently, an IMT (Intima-Me-
dia Thickness) has received attention as an indicator of arte-
riosclerosis in a cervical blood vessel (carotid). As shown in
FIG. 31, a cervical blood vessel 111 has a configuration in
which blood 114 flows inside blood vessel walls 112, 113.
Each of the blood vessel walls 112, 113 is composed of three
layers of a tunica intima 115, a tunica media 116 and a tunica
adventitia 117 arranged in this order from the inside. The IMT
is a thickness of an intima-media complex of the blood vessel,
which is obtained by converting time widths of ultrasonic
echo parts of the tunica intima 115 and the tunica media 116
into distances.

[0003] FIG.32isawaveform diagram showing a waveform
of a scan line echo signal detected from echoes of ultrasonic
beams irradiated to the blood vessel. An ultrasonic probe
receives echoes in the following order: a strong echo from the
front wall 112, a weak echo from the blood 114, a slightly
strong echo from the tunica intima 115 of the back wall 113,
a weak echo from the tunica media 116 and a strong echo
from the tunica adventitia 117. The IMT is proportional to
time of receiving the slightly strong echo from the tunica
intima 115 and the weak echo from the tunica media 116.
[0004] Inthe IMT measurementin conventional ultrasound
diagnostic apparatuses, the array direction of a one-dimen-
sional array probe (generally, a linear array) is matched with
a longitudinal direction of the blood vessel, and an ultrasonic
image such as one shown in FIG. 31 is obtained (for example,
see Patent Document 1). As shown in FIG. 33, a first conven-
tional ultrasound diagnostic apparatus 101a is composed of a
probe 102, a transmission/reception unit 103, a long-axis scan
data storage memory 104, a signal analysis unit 105, an IMT
measurement unit 106, a scan converter 107, a display unit
108 and a control unit 109. The transmission/reception unit
103 causes the long-axis scan data storage memory 104 to
store long-axis cross section data obtained by the probe 102.
The signal analysis unit 105 detects data necessary for the
IMT measurement among the data stored in the long-axis
scan data storage memory 104. The IMT measurement unit
106 measures the IMT. The scan converter 107 combines a
B-mode cross-sectional image and an IMT value, and dis-
plays the combined image on the display unit 108.

[0005] As the computation of the IMT, other than a com-
putation using scan line echo signals themselves, there has
been known a computation using an envelope shown in Patent
Document 1, for example. FIG. 34 is a block diagram of a
second conventional ultrasound diagnostic apparatus 1015
that measures the IMT by envelope demodulation. As com-
pared with the first conventional example, the ultrasound
diagnostic apparatus 1015 is provided further with a demodu-
lator 110 that performs envelope demodulation on received
scan line echo signals. FIG. 35 is a waveform diagram show-
ing a demodulation signal obtained at the demodulator 110.
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The IMT measurement unit 106 computes a thickness of the
intima-media part by measuring time corresponding to the
slightly strong echo from the tunica intima 115 and time
corresponding to the weak echo from the tunica media 116.

PRIOR ART DOCUMENT

Patent Document

[0006] Patent Document 1: JP 2008-194364 A
DISCLOSURE OF INVENTION
Problem to be Solved by the Invention
[0007] However, in the conventional ultrasound diagnostic

apparatus for cervical blood vessels, since the array of the
probe transducers is linear, part of the blood vessel whose
intima-media can be visualized is limited when a shape of the
cervical blood vessel seen from a body surface is not linear.
[0008] Further, in the conventional ultrasound diagnostic
apparatus for cervical blood vessels, when a running direction
of the blood vessel is not parallel to the body surface, the
capability of visualizing the intima-media is reduced.

[0009] Further, in the conventional ultrasound diagnostic
apparatus for cervical blood vessels, it is possible to measure
the IMT only in one long-axis cross section of the blood
vessel.

[0010] Thus, the conventional ultrasound diagnostic appa-
ratus for cervical blood vessels has the above-described prob-
lems.

[0011] The present invention has been achieved to solve the
conventional problems, and the object is to provide an ultra-
sound diagnostic apparatus capable of performing wide-
range IMT measurements with few errors even when a blood
vessel seen from a body surface is not linear.

Means for Solving Problem

[0012] To achieve the above object, an ultrasound diagnos-
tic apparatus of the present invention includes: a probe that
transmits and receives ultrasound; a signal analysis unit that,
when the probe scans a cross section of elevation direction of
a blood vessel using the ultrasound, detects a center scan line
echo signal having passed through a center of the blood vessel
among a plurality of scan line echo signals in the cross section
of elevation direction of the blood vessel received by the
probe, based on a part of each of the plurality of scan line echo
signals that has a relatively small amplitude that corresponds
to areflected wave from a part of the blood vessel where blood
flows; and an IMT measurement unit that computes an IMT
from the center scan line echo signal.

[0013] Further, the signal analysis unit may judge, as the
center scan line echo signal, a scan line echo signal whose part
having a relatively small amplitude that corresponds to a
reflected wave from the part of the blood vessel where blood
flows is longest among a plurality of scan line echo signals in
the cross section of elevation direction of the blood vessel.
[0014] Further, the signal analysis unit may judge, as the
center scan line echo signal, a scan line echo signal that has a
largest amplitude difference between an amplitude of a tunica
intima part and an amplitude of a tunica media part among a
plurality of scan line echo signals in the cross section of
elevation direction of the blood vessel, the tunica intima part
being positioned after the part having a relatively small
amplitude that corresponds to a reflected wave from the part
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of the blood vessel where blood flows, and the tunica media
part being positioned after the tunica intima part.

[0015] Further, the signal analysis unit may judge, as the
center scan line echo signal, a scan line echo signal that has a
largest ratio of an amplitude of a tunica intima part to an
amplitude of a tunica media part among a plurality of scan
line echo signals in the cross section of elevation direction of
the blood vessel, the tunica intima part being positioned after
the part having a relatively small amplitude that corresponds
to a reflected wave from the part of the blood vessel where
blood flows, and the tunica media part being positioned after
the tunica intima part.

[0016] Further, the ultrasound diagnostic apparatus may be
configured so that the signal analysis unit performs envelope
demodulation on a plurality of scan line echo signals in the
cross section of elevation direction of the blood vessel, com-
putes a differential coefficient of an amplitude at a beginning
ofatunica intima part, and judges, as the center scan line echo
signal, a scan line echo signal that has a largest computed
differential coefficient among the scan line echo signals hav-
ing been subjected to the envelope demodulation, the tunica
intima part being positioned after the part having a relatively
small amplitude that corresponds to a reflected wave from the
part of the blood vessel where blood flows.

[0017] Further, the ultrasound diagnostic apparatus may be
configured so that, when the probe scans a plurality of cross
sections of elevation direction of the blood vessel using the
ultrasound, the signal analysis unit detects a center scan line
echo signal having passed through the center of the blood
vessel among scan line echo signals in each of the plurality of
cross sections of elevation direction of the blood vessel
received by the probe, based on the part having a relatively
small amplitude that corresponds to a reflected wave from the
part of the blood vessel where blood flows, and the IMT
measurement unit computes an IMT from a plurality of the
center scan line echo signals detected from the scan line echo
signals in the plurality of cross sections of elevation direction
of the blood vessel.

[0018] Further, the ultrasound diagnostic apparatus may
further include a demodulator connected to the signal analy-
sis unit, generating image data of regions shown by the
respective center scan line echo signals using the center scan
line echo signals, and generating, as one image, combined
image data in which the respective image data are arranged
side by side.

Effect of the Invention

[0019] According to the present invention, by detecting a
center scan line echo signal having passed through a center of
a blood vessel, it is possible to provide an ultrasound diag-
nostic apparatus capable of performing wide-range IMT mea-
surements with few errors even when a blood vessel seen
from a body surface is not linear.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG.1isablock diagram showing a configuration of
an ultrasound diagnostic apparatus according to Embodiment
1.

[0021] FIG. 2 is a view showing a cross-sectional configu-
ration in an elevation direction of a blood vessel and ultra-
sonic beams per scan line.
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[0022] FIG.3isablock diagram showing a configuration of
a signal analysis unit of an ultrasound diagnostic apparatus
according to Embodiment 2.

[0023] FIG. 4A is a waveform diagram showing a wave-
form of a scan line echo signal obtained by areflected wave of
an ultrasonic beam A in Embodiment 2.

[0024] FIG. 4B is a waveform diagram showing a wave-
form ofa scan line echo signal obtained by areflected wave of
an ultrasonic beam B in Embodiment 2.

[0025] FIG.5isablock diagram showing a configuration of
a signal analysis unit of an ultrasound diagnostic apparatus
according to Embodiment 3.

[0026] FIG. 6A is a waveform diagram showing a wave-
form of a scan line echo signal obtained by areflected wave of
an ultrasonic beam A in Embodiment 3.

[0027] FIG. 6B is a waveform diagram showing a wave-
form of a scan line echo signal obtained by areflected wave of
an ultrasonic beam B in Embodiment 3.

[0028] FIG. 7is a block diagram showing another configu-
ration of the signal analysis unit in the ultrasound diagnostic
apparatus according to Embodiment 3.

[0029] FIG. 8isablock diagram showing a configuration of
a signal analysis unit of an ultrasound diagnostic apparatus
according to Embodiment 4.

[0030] FIG. 9 is a waveform diagram showing a waveform
of'a scan line echo signal obtained by a reflected wave of an
ultrasonic beam A in Embodiment 4.

[0031] FIG. 10A is a waveform diagram showing a wave-
form obtained by demodulating the scan line echo signal
obtained by the reflected wave of the ultrasonic beam A in
Embodiment 4.

[0032] FIG. 10B is an enlarged view of a rising edge part of
the scan line echo signal after a blood part in FIG. 10A.
[0033] FIG. 11 is a block diagram showing a configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 5.

[0034] FIG. 12A is a view showing B-mode images in
respective scanning surfaces, and FIG. 12B is a view showing
a combined image in which images of center regions of the
respective scanning surfaces are combined.

[0035] FIG. 13 is a side view showing a configuration of a
probe of an ultrasound diagnostic apparatus according to
Embodiment 6.

[0036] FIG. 14 is a side view showing a state of the probe
during the movement.

[0037] FIG. 15 s a block diagram showing a configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 7.

[0038] FIG. 16 is a side view showing a configuration of a
probe in Embodiment 7.

[0039] FIG. 17 shows a state of measuring the IMT of a
blood vessel using the probe in Embodiment 7.

[0040] FIG. 18 is a block diagram showing a configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 8.

[0041] FIG. 19 is a side view showing a configuration of a
probe in Embodiment 8.

[0042] FIG.20is aside view showing a configuration of the
probe in the second scanning in Embodiment 8.

[0043] FIG. 21 is a top view showing a state in which a
probe is brought into contact with a neck in Embodiment 9.
[0044] FIG. 22 is aside view showing a configuration of an
ultrasound diagnostic apparatus according to Embodiment
10.
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[0045] FIG. 23 is a side view showing another configura-
tion of the ultrasound diagnostic apparatus according to
Embodiment 10.

[0046] FIG. 24 is a side view showing another configura-
tion of the ultrasound diagnostic apparatus according to
Embodiment 10.

[0047] FIG. 25 is a side view showing another configura-
tion of the ultrasound diagnostic apparatus according to
Embodiment 10.

[0048] FIG. 26 is a top view showing another configuration
of the ultrasound diagnostic apparatus according to Embodi-
ment 10.

[0049] FIG. 27 is a side view showing another configura-
tion of the ultrasound diagnostic apparatus according to
Embodiment 10.

[0050] FIG. 28 is a block diagram showing a configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 11.

[0051] FIG. 29 is a view showing a positional relationship
between an array transducer, a blood vessel and an ultrasonic
beam in Embodiment 11.

[0052] FIG. 30 is a view showing another positional rela-
tionship between an array transducer, a blood vessel and an
ultrasonic beam in Embodiment 11.

[0053] FIG. 31 is a cross-sectional view showing a configu-
ration of a blood vessel.

[0054] FIG. 32is a waveform diagram showing a waveform
of a scan line echo signal detected from echoes of ultrasonic
beams irradiated to the blood vessel.

[0055] FIG. 33 is a block diagram showing a configuration
of a first conventional ultrasound diagnostic apparatus.
[0056] FIG. 34 is a block diagram showing a configuration
of a second conventional ultrasound diagnostic apparatus.
[0057] FIG. 35 is a waveform diagram showing a demodu-
lation signal obtained at a demodulator in the second conven-
tional ultrasound diagnostic apparatus.

DESCRIPTION OF THE INVENTION

[0058] Hereinafter, an ultrasound diagnostic apparatus
according to embodiments of the present invention will be
described with reference to the drawings.

Embodiment 1

[0059] FIG.1isablock diagram showing a configuration of
an ultrasound diagnostic apparatus 1a according to Embodi-
ment 1 of the present invention. A probe 2 has a plurality of
transducers (array transducer) arrayed one-dimensionally,
and transmits and receives ultrasound. A transmission/recep-
tion unit 3 drives the probe 2, and controls the transmission
and reception of ultrasound with respect to the probe 2. A
elevation-direction scan data storage memory 4 stores scan
line echo signals of ultrasonic pulses received by the probe 2.
A signal analysis unit 5 selects, per scanning surface, a scan
line echo signal to be subjected to an intima-media thickness
measurement among the scan line echo signals stored in the
elevation-direction scan data storage memory 4. Specifically,
the signal analysis unit 5 selects a center scan line echo signal,
i.e., a scan line echo signal of ultrasound having passed
through a center of a blood vessel. An example of a blood
vessel to be examined is a cervical blood vessel.

[0060] An IMT measurement unit 6 measures an intima-
media thickness from each center scan line echo signal
selected by the signal analysis unit 5, performs processing
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such as averaging on the measured intima-media thicknesses,
and outputs it as an IMT value. A scan converter 7 scan-
converts the scan line echo signals stored in the elevation-
direction scan data storage memory 4 into B-mode image
data, and generates data in which IMT measurement results
(e.g., a line indicating a border between blood and a tunica
intima, a position of a tunica media part, etc) are superim-
posed on a B-mode image. A display unit 8 displays the
scan-converted data as an image. A control unit 9 controls the
respective units of the ultrasound diagnostic apparatus 1a.
[0061] Next, the operation of the ultrasound diagnostic
apparatus 1a configured as above will be described. First, an
operator brings the probe 2 into contact with a neck surface of
a subject body so that an array direction of the array trans-
ducer (i.e., a scanning plane) is orthogonal or substantially
orthogonal to a running direction of a blood vessel. Next,
based on the control by the control unit 9, the transmission/
reception unit 3 transmits a driving signal to the probe 2 per
one ultrasonic pulse. The probe 2 is driven by the driving
signal, and irradiates the subject body with ultrasound. The
ultrasound is reflected (echo) by the blood vessel of the sub-
ject body, and converted into an electric signal by the probe 2.
[0062] The elevation-direction scan data storage memory 4
stores scan line echo signals obtained per one ultrasonic
pulse. The scan line echo signals stored in the elevation-
direction scan data storage memory 4 are scan-converted by
the scan converter 7, and are displayed on the display unit 8 as
a B-mode image, for example. Next, the operator manually
moves the probe 2 in parallel to the running direction of the
blood vessel. Then, at the position where the probe 2 is
moved, as described above, the ultrasound diagnostic appa-
ratus la transmits and receives ultrasound, and displays the
B-mode image on the display unit 8.

[0063] As described above, by performing the transmission
and reception of ultrasound while moving the position of the
probe 2, scan line echo signals in a plurality of scanning
planes are stored in the elevation-direction scan data storage
memory 4.

[0064] FIG. 2 shows exemplary ultrasonic beams in one of
the plurality of scanning planes obtained in the above-de-
scribed method, illustrating a configuration of a cross section
of elevation direction of a blood vessel vertical to its running
direction, and ultrasonic beams per scan line. A blood vessel
21 is composed of a tunica adventitia 22, a tunica media 23
and a tunica intima 24 that are arranged in this order from the
outside. Blood 25 flows inside the tunica intima 24. An ultra-
sonic beam A is an ultrasonic beam (center scan line) having
passed through the center of the blood vessel 21, and an
ultrasonic beam B is an ultrasonic beam having passed
through a position displaced from the center of the blood
vessel 21. Since the blood vessel 21, the tunica intima, and the
tunica media are located concentrically, the ultrasonic beam
A propagates vertically with respect to the respective mem-
branes constituting the blood vessel 21. Meanwhile, the ultra-
sonic beam B cannot be said as propagating in the direction
vertical to the respective membranes. An angle formed by the
ultrasonic beam B and a tangent of each membrane at the
propagation position of the ultrasonic beam B in each mem-
brane becomes smaller with the distance from the center of
the blood vessel 21.

[0065] Next, the signal analysis unit 5 detects a center scan
line echo signal obtained by the ultrasonic beam A having
passed through the center of the blood vessel 21 among the
scan line echo signals in each scanning plane. The specific
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operation of detecting the center scan line echo signal
obtained by the ultrasonic beam A will be described in the
after-mentioned embodiments. Next, the IMT measurement
unit 6 computes an intima-media thickness from the detected
center scan line echo signal of the ultrasonic beam A. Con-
sequently, intima-media thicknesses in a plurality of cross
sections in a longitudinal direction of the blood vessel are
obtained. Further, the IMT measurement unit 6 determines an
average value or a maximum value of these intima-media
thicknesses as the IMT, and the computed IMT can be dis-
played as a numerical value. It also is possible that the IMT
measurement unit 6 computes positions of the tunica intima
and the tunica media, and the scan converter 7 superimposes
marks indicating the positions of the tunica intima and the
tunica media on a B-mode image and displays the superim-
posed image on the display unit 8.

[0066] As described above, the ultrasound diagnostic appa-
ratus according to the present embodiment can detect the
center scan line echo signal obtained by the ultrasonic beam
A having passed through the center of the blood vessel 21,
among the scan line echo signals in each scanning plane. The
intima-media thickness is detected from the detected center
scan line echo signal of the ultrasonic beam A, and the IMT
can be computed from the intima-media thicknesses.
Thereby, even when a blood vessel seen from a body surface
is not linear, wide-range IMT measurements with few errors
can be performed by moving the probe 2 in the running
direction of the blood vessel during scanning.

Embodiment 2

[0067] An ultrasound diagnostic apparatus in Embodiment
2 of the present invention includes a signal analysis unit 5a
that is configured more specifically as compared with the
signal analysis unit 5 of the ultrasound diagnostic apparatus
in Embodiment 1. FIG. 3 is a block diagram showing a con-
figuration of the signal analysis unit 5a. The signal analysis
unit 5a has a blood part length measurement unit 10 and a data
detection unit 11a.

[0068] FIG. 4A is a waveform diagram showing a wave-
form A of the scan line echo signal of the ultrasonic beam A
having passed through the center of the blood vessel 21 shown
in FIG. 2. FIG. 4B is a waveform diagram showing a wave-
form B of the scan line echo signal of the ultrasonic beam B
shown in FIG. 2. Each of the waveform A and the waveform
B has a front wall part 31 having a large amplitude corre-
sponding to an echo reflected by a front wall (although the
front wall includes the tunica intima, tunica media and tunica
adventitia, they are regarded as an integral body for the sake
of explanation), a blood part 32 having a small amplitude
corresponding to an echo reflected by blood, and a back wall
part 33 having a large amplitude corresponding to an echo
reflected by a back wall. Although it depends on the individu-
als, amplitudes of the echoes from the front wall and the back
wall are different from an amplitude of the echo from the
blood, by about 20 dB. Therefore, it is possible to distinguish
easily the blood part from the front wall part and the back wall
part.

[0069] Since the blood vessel 21 is round in cross section as
shown in FIG. 2, the waveform A shown in FIG. 4A has the
blood part 32 longer than blood parts of waveforms B of
ultrasonic beams B that has not passed through the center of
the blood vessel 21. In other words, the scan line echo signal
having the longest blood part 32 among the waveforms of the
respective scan line echo signals is the scan line echo signal of
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the ultrasonic beam A (i.e., the center scan line echo signal).
The blood part length measurement unit 10 shown in FIG. 3
measures the length of the blood part of each scan line echo
signal. The data detection unit 11a detects, as the center scan
line echo signal, the scan line echo signal having the longest
blood part among the scan line echo signals in each scanning
surface, and transmits it to the IMT measurement unit 6.
[0070] According to the configuration described above, itis
possible to detect the center scan line echo signal obtained by
the ultrasonic beam A having passed through the center of the
blood vessel 21, among the scan line echo signals in each
scanning plane. The intima-media thickness is detected from
the detected center scan line echo signal of the ultrasonic
beam A, and the IMT can be computed from the intima-media
thicknesses. Thereby, even when a blood vessel seen from a
body surface is not linear, it is possible to detect the center
scan line echo signal of the ultrasonic beam having passed
through the center of the blood vessel. Therefore, the intima-
media thickness in each scanning surface can be detected and
the IMT can be computed.

Embodiment 3

[0071] Anultrasound diagnostic apparatus in Embodiment
3 is an example in which the signal analysis unit 5 of the
ultrasound diagnostic apparatus in Embodiment 1 is replaced
with a signal analysis unit 55 that is different from the signal
analysis unit 5a in Embodiment 2. FIG. 5 is a block diagram
showing a configuration of the signal analysis unit 55 of the
ultrasound diagnostic apparatus according to the present
embodiment. The signal analysis unit 54 has an intima-media
amplitude difference measurement unit 12 and a data detec-
tion unit 115.

[0072] FIG. 6A is a waveform diagram showing the wave-
form A of the scan line echo signal of the ultrasonic beam A
having passed through the center of the blood vessel 21 shown
in FIG. 2. FIG. 6B is a waveform diagram showing the wave-
form B of the scan line echo signal of the ultrasonic beam B
shown in FIG. 2.

[0073] Each ofthe waveform A and the waveform B has the
front wall part 31 having a large amplitude corresponding to
an echo reflected by the front wall (although the front wall
includes the tunica intima, tunica media and tunica adventitia,
they are regarded as an integral body for the sake of explana-
tion), the blood part 32 having a small amplitude correspond-
ing to an echo reflected by blood, and the back wall part 33
having a large amplitude corresponding to an echo reflected
by the back wall. Further, the back wall part 33 has a tunica
intima part 34 corresponding to an echo reflected by the
tunica intima, a tunica media part 35 corresponding to an echo
reflected by the tunica media, and a tunica adventitia part 36
corresponding to an echo reflected by the tunica adventitia.
[0074] As to the ultrasonic beam A, since the ultrasonic
beam is irradiated to the blood vessel wall from the vertical
direction, signals from the tunica intima and tunica adventi-
tia, which respectively are located before and after the tunica
media part, are less likely to be mixed with each other. Hence,
the amplitude of the tunica media part is small. Meanwhile, as
to the ultrasonic beam B, since the ultrasonic beam is irradi-
ated to the blood vessel wall from the direction displaced
from the vertical direction, signals from the tunica intima and
tunica adventitia, which respectively are located before and
after the tunica media part, are mixed with each other. Hence,
the amplitude of the tunica media part is larger than the
amplitude of the tunica media part of the ultrasonic beam A.
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Therefore, the waveform of the ultrasonic beam A has the
largest amplitude difference between a maximum amplitude
of the tunica intima part 34 and a minimum amplitude of the
tunica media part 35 among the waveforms of the scan line
echo signals. In the ultrasonic beam A, although it depends on
the individuals, the amplitude of the tunica media part is
smaller than the amplitudes of the tunica intima and tunica
adventitia parts by 3-6 dB or more in the case of inspecting a
healthy subject body without blood vessel lesion, etc. There-
fore, the tunica media part can be recognized easily. Mean-
while, in the ultrasonic beam B, as compared with this, there
is less amplitude difference between the tunica media part and
the tunica intima/tunica adventitia parts, or there is no ampli-
tude difference therebetween depending on the situation.
Therefore, the tunica media part sometimes cannot be recog-
nized.

[0075] The intima-media amplitude difference measure-
ment unit 12 computes, per scan line, an envelope of the scan
line echo signal shown in FIG. 10A, and judges, as the maxi-
mum amplitude of the tunica intima part 34, an amplitude at
a part of the tunica intima part 34 firstly exhibiting a maximal
value after the blood part having a small amplitude. Further,
the intima-media amplitude difference measurement unit 12
judges, as the minimum amplitude of the tunica media part
35, an amplitude at a part of the tunica media part 35 firstly
exhibiting a minimal value after the maximum amplitude of
the tunica intima part 34. Then, the intima-media amplitude
difference measurement unit 12 measures a difference
between the maximum amplitude of the tunica intima part 34
and the minimum amplitude of the tunica media part 35. The
data detection unit 115 detects, as the center scan line echo
signal, the scan line echo signal having the largest amplitude
difference between the maximum amplitude of the tunica
intima part 34 and the minimum amplitude of the tunica
media part 35, and transmits it to the IMT measurement unit
6.

[0076] According to the configuration described above, itis
possible to detect the center scan line echo signal obtained by
the ultrasonic beam A having passed through the center of the
blood vessel 21, among the scan line echo signals in each
scanning plane. The intima-media thickness is detected from
the detected center scan line echo signal of the ultrasonic
beam A, and the IMT can be computed from the intima-media
thicknesses. Thereby, even when a blood vessel seen from a
body surface is not linear, it is possible to detect the center
scan line echo signal of the ultrasonic beam having passed
through the center of the blood vessel. Therefore, the intima-
media thickness in each scanning surface can be detected and
the IMT can be computed.

[0077] FIG. 7 is a block diagram showing a signal analysis
unit 5S¢ that is another configuration of the signal analysis unit
5 in the ultrasound diagnostic apparatus according to the
present embodiment. In place of the intima-media amplitude
difference measurement unit 12, the signal analysis unit 5¢
has an intima-media amplitude ratio measurement unit 13
that measures, per scan line, a ratio of the maximum ampli-
tude of the tunica intima part 34 to the minimum amplitude of
the tunica media part 35. A data detection unit 11¢ detects, as
the center scan line echo signal, the scan line echo signal
having the largest ratio of the maximum amplitude of the
tunica intima part 34 to the minimum amplitude of the tunica
media part 35, and transmits it to the IMT measurement unit
6.
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[0078] Also with this configuration, similarly to the above-
described ultrasound diagnostic apparatus having the signal
analysis unit 56 shown in FIG. 5, it is possible to detect the
center scan line echo signal of the ultrasonic beam having
passed through the center of the blood vessel even when a
blood vessel seen from a body surface is not linear. Thereby,
the intima-media thickness in each scanning surface can be
detected and the IMT can be computed.

Embodiment 4

[0079] Anultrasound diagnostic apparatus in Embodiment
4 includes, regarding the signal analysis unit 5 of the ultra-
sound diagnostic apparatus in Embodiment 1, a signal analy-
sis unit 54 different from those in Embodiments 2 and 3. FIG.
8 is a block diagram showing a configuration of the signal
analysis unit 54 of the ultrasound diagnostic apparatus
according to the present embodiment. The signal analysis unit
5d has a demodulator 14, a differentiator 15, and a data
detection unit 11d.

[0080] FIG. 9 is a waveform diagram showing the wave-
form A of the scan line echo signal of the ultrasonic beam A
having passed through the center of the blood vessel 21 shown
in FIG. 2. The demodulator 14 performs envelope demodu-
lation on the waveform A. FIG. 10A is a waveform diagram
showing a waveform obtained by demodulating the wave-
form A. FIG. 10B is an enlarged view of the back wall part 33
in FIG. 10A.

[0081] As in the ultrasonic beam A, when ultrasonic beams
are irradiated vertically to the blood vessel wall, a rising edge
of the waveform caused by reflection of the intima surface is
sharp. Meanwhile, as in the ultrasonic beam B, when ultra-
sonic beams are irradiated to the blood vessel wall from the
direction displaced from the vertical direction, the rising edge
of the waveform caused by reflection of the intima surface is
gentle, also considering that the ultrasonic beam has a certain
amount of thickness.

[0082] The differentiator 15 shown in FIG. 8 detects, in
each scan line echo signal having been subjected to the enve-
lope demodulation shown in FIG. 10B, a position (Z1) where
the scan line echo signal exceeds a certain threshold (V1)
after the blood part 32. The differentiator 15 further detects an
amplitude (V2) and a position (Z2) where the scan line echo
signal becomes maximal, and computes (V2-V1)/(Z2-71)
as a differential coefficient of the rising edge of the waveform.
The data detection unit 11d detects, as the center scan line
echo signal, the scan line echo signal having the largest dif-
ferential coefficient of the rising edge among the scan line
echo signals in one scanning surface, and transmits it to the
IMT measurement unit 6.

[0083] According to the configuration described above, itis
possible to detect the center scan line echo signal obtained by
the ultrasonic beam A having passed through the center of the
blood vessel 21, among the scan line echo signals in each
scanning plane. The intima-media thickness can be detected
from the detected center scan line echo signal of the ultrasonic
beam A, and the IMT can be computed from the intima-media
thicknesses. Thereby, even when a blood vessel seen from a
body surface is not linear, it is possible to detect the center
scan line echo signal of the ultrasonic beam having passed
through the center of the blood vessel. Therefore, the intima-
media thickness in each scanning surface can be detected and
the IMT can be computed.
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Embodiment 5

[0084] FIG. 11 is a block diagram showing a configuration
of an ultrasound diagnostic apparatus 15 according to
Embodiment 5 of the present invention. The ultrasound diag-
nostic apparatus 15 has a configuration in which a demodu-
lator 16 is arranged parallel to the IMT measurement unit 6 of
the ultrasound diagnostic apparatus 1 according to Embodi-
ment 1. The demodulator 16 performs demodulation for
B-mode images.

[0085] Next, the operation of the ultrasound diagnostic
apparatus 16 will be described. First, the probe 2 receives
echoes from the subject body by means of the transmission/
reception unit 3, and the elevation-direction scan data storage
memory 4 stores scan line echo signals. This operation is
repeated while the operator changes the position of the probe
2 along the blood vessel. The signal analysis unit 5 detects a
center scan line echo signal obtained by the ultrasonic beam
having passed through the center of the blood vessel among
the scan line echo signals in each scanning plane. The IMT
measurement unit 6 computes an intima-media thickness per
the detected center scan line echo signal, and determines an
average value or a maximum value of these intima-media
thicknesses as the IMT.

[0086] The demodulator 16 generates partial B-mode
images of the center scan line echo signals that have pass
through the center of the blood vessel. FIG. 12A is a view
showing B-mode images in the respective scanning surfaces.
Center regions 42a-42d passing through the center of the
blood vessel in B-mode images 41a-41d are images gener-
ated by the demodulator 16. The demodulator 16 generates a
combined image in which images of the center regions of the
respective scanning surfaces are placed side by side. FIG.
12B is a view showing a combined image 43 in which the
images of the center regions of the respective scanning sur-
faces are combined. This combined image 43 looks like a
conventional image obtained by scanning the long-axis cross
section of the blood vessel. However, in the conventional
method, when the blood vessel is tortuous, part of the blood
vessel cannot be displayed. Meanwhile, in this method, the
images of the center regions of all the scanning regions can be
displayed.

[0087] Next, the scan converter 7 scan-converts data of the
combined image 43 so that the data can be displayed on the
display unit 8. The display unit 8 displays the scan-converted
data as the combined image.

[0088] As described above, even when a blood vessel seen
from a body surface is not linear, the ultrasound diagnostic
apparatus according to the present embodiment can measure
the IMT with few errors in the wide range of the blood vessel
by moving the probe 2 in the running direction of the blood
vessel during scanning.

[0089] Further, even when the blood vessel is tortuous, it is
possible to display a combined image in which images of
center regions in the respective scanning regions are com-
bined.

[0090] Further, by displaying the combined image in which
images of blood center regions are combined, it is possible to
understand the measured intima-media thickness easily.

Embodiment 6

[0091] FIG. 13 is a side view showing a configuration of a
probe of an ultrasound diagnostic apparatus according to
Embodiment 6 of the present invention. The ultrasound diag-
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nostic apparatus according to the present embodiment has the
same configuration as the ultrasound diagnostic apparatus
according to Embodiment 1, except that an attachment is
provided at a tip of the probe. The explanation of the same
constituent elements will be omitted.

[0092] A sled-shaped attachment 52 is attached to the tip of
the probe 2. If the attachment 52 is not provided, the probe 2
tends to be displaced in a direction indicated by an arrow D as
shown in FIG. 14 when moved manually in a direction of an
arrow C. This makes an angle formed between the probe 2 and
the surface of the subject body 51 unstable.

[0093] By using the sled-shaped attachment 52, an contact
area between the subject body 51 and the probe 2 is increased,
and thus the angle between the probe 2 and the surface of the
subject body 51 can be kept stably.

[0094] Incidentally, the sled-shaped attachment 52 may be
attached to the probes of the ultrasound diagnostic appara-
tuses according to Embodiments 2-5. In the present embodi-
ment, although the attachment having a sled shape is mounted
to the probe, it need not have a sled shape, and may have any
shape such as a flat-plate shape and a cross shape, as long as
it allows the probe to move stably.

Embodiment 7

[0095] FIG. 15 is a block diagram showing a configuration
of an ultrasound diagnostic apparatus 1lc¢ according to
Embodiment 7 of the present invention. In the ultrasound
diagnostic apparatus 1c¢ according to the present embodi-
ment, a blood vessel inclination calculation unit 17 is
arranged between the signal analysis unit 5 and the display
unit 8, as compared with the ultrasound diagnostic apparatus
1a according to Embodiment 1.

[0096] FIG. 16 is a side view showing a configuration of a
probe of the ultrasound diagnostic apparatus 1¢ according to
the present embodiment. As compared with the ultrasound
diagnostic apparatus la according to Embodiment 1, the
ultrasound diagnostic apparatus 1c is provided with an attach-
ment at the tip of the probe. The ultrasound diagnostic appa-
ratus 1c has the same configuration as the ultrasound diag-
nostic apparatus la according to Embodiment 1, except for
the above-described blood vessel inclination calculation unit
17 and the attachment. The explanation of the same constitu-
ent elements will be omitted.

[0097] The sled-shaped attachment 52 that is attached to
the tip of the probe 2 includes a rotation shaft 53 that supports
the probe 2 movably and a fixing portion (not shown) that
stops the rotation of the probe 2 at a desired angle. By utilizing
the rotation shaft 53 and the fixing portion, the probe 2 can be
set to incline at a certain angle with respect to the attachment
52.

[0098] FIG. 17 shows a state of measuring the IMT of the
blood vessel using the probe 2 according to the present
embodiment. The running direction of the blood vessel 54 is
not always parallel to the body surface 51 of the subject body.
By inclining the probe 2 with respect to the attachment 52 and
supporting the probe 2 thereby, the probe 2 can be inclined
stably relative to the vertical direction of the body surface 51.
Therefore, ultrasonic beams can be irradiated vertically to the
running direction of the blood vessel 54.

[0099] The blood vessel inclination calculation unit 17
shown in FIG. 17 computes, e.g., the inclination of the run-
ning direction of the blood vessel with respect to the body
surface 51 from the position of the front wall of the blood
vessel in each scanning region.
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[0100] Next, the operation of the ultrasound diagnostic
apparatus according to the present embodiment will be
described. In the present embodiment, the IMT is measured
by scanning the entire scanning region twice manually. First,
as the first scanning, the angle of ultrasonic beams is set to be
vertical to the body surface. Next, the probe 2 receives
reflected waves from the subject body by means of the trans-
mission/reception unit 3, and the elevation-direction scan
data storage memory 4 stores scan line echo signals. This
operation is performed at each position where the probe 2 is
moved manually by the operator along the blood vessel. Next,
the signal analysis unit 5 detects the scan line echo signal
obtained by the ultrasonic beam having passed through the
center of the blood vessel among the scan line echo signals in
each scanning plane.

[0101] Next, the IMT measurement unit 6 computes
intima-media thicknesses from the detected scan line echo
signals, and determines an average value or a maximum value
of these intima-media thicknesses as the IMT. Further, the
blood vessel inclination calculation unit 17 computes the
depth of the blood vessel from the body surface in each
scanning position by detecting the position of, e.g., the tunica
adventitia part of the front wall part of each scan line echo
signal, and computes the inclination of the running direction
of the blood vessel with respect to the body surface based on
the change in the depth of the blood vessel. The display unit
8 displays the computed data. When the inclination of the
running direction of the blood vessel is zero, i.e., the blood
vessel is irradiated with ultrasonic beams vertically, the sec-
ond scanning need not be performed. The IMT measurement
unit 6 causes the display unit 8 to display the IMT value, and
the operation is completed.

[0102] When the blood vessel inclination calculation unit
17 judges that the blood vessel inclines with respect to the
vertical direction of ultrasonic beams, it causes the display
unit 8 to display the inclined angle. The operator inclines the
probe 2 with respect to the attachment 52 by the angle dis-
played on the display unit 8. Then, the second scanning is
performed. The IMT measurement unit 6 computes intima-
media thicknesses from the second scan line echo signals,
determines an average value or a maximum value of these
intima-media thicknesses as the IMT, and causes the display
unit 8 to display the IMT value via the scan converter 7. The
operation is completed.

[0103] As described above, the ultrasound diagnostic appa-
ratus according to the present embodiment can measure the
IMT even when the blood vessel is not parallel to the body
surface.

Embodiment 8

[0104] FIG. 18is a block diagram showing a configuration
of an ultrasound diagnostic apparatus 1d according to
Embodiment 8 of the present invention. The ultrasound diag-
nostic apparatus 1d according to the present embodiment has
an inclination control unit 18, as compared with the ultra-
sound diagnostic apparatus 1c according to Embodiment 7.
[0105] FIG. 19 is a side view showing a configuration of a
probe of the ultrasound diagnostic apparatus 1d according to
the present embodiment. The ultrasound diagnostic apparatus
1d is different from the ultrasound diagnostic apparatus 1¢ in
that the array transducer arranged in the probe 2 is replaced
with a rotatable array transducer 19.

[0106] The ultrasound diagnostic apparatus 1c performs
the second scanning by inclining the entire probe 2 in accor-
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dance with the inclination of the blood vessel, whereas the
ultrasound diagnostic apparatus 1d performs the second scan-
ning by inclining the array transducer 19 in accordance with
the inclination of the blood vessel. The ultrasound diagnostic
apparatus 1d has the same configuration as the ultrasound
diagnostic apparatus 1¢ according to Embodiment 7, except
for the above-described configuration. The explanation of the
same constituent elements will be omitted.

[0107] The sled-shaped attachment 52 is fixed so that the
probe 2 is not inclined from the direction vertical to the body
surface. Inside the probe 2, the array transducer 19 is arranged
rotatably. The inclination control unit 18 controls the inclina-
tion of the array transducer 19 in accordance with the incli-
nation of the blood vessel. As an exemplary method for con-
trolling the inclination of the array transducer 19, the
following mechanical scanning technique, which is well-
known in the field of the ultrasound diagnostic apparatus, can
be used: providing a rotation shaft in the array transducer;
supporting the rotation shaft by the main body of the probe 2;
providing a control means such as a motor for controlling the
rotation direction of the array transducer; filling a gap
between the array transducer and the probe 2 with an acoustic
coupling liquid for improving acoustic matching; and rotat-
ing the array transducer by the control means.

[0108] Next, the operation of the ultrasound diagnostic
apparatus 1d according to the present embodiment will be
described. First, as the first scanning, the array transducer 19
is arranged to face directly below so that the angle of ultra-
sonic beams 55 is vertical to the body surface. In this state, the
first scanning is performed in the same manner as in Embodi-
ment 7. The blood vessel inclination calculation unit 17
detects an inclination of the blood vessel with respect to the
body surface in each scanning position, and the inclination
control unit 18 stores the inclination in each position.
Thereby, it is possible to detect the inclination of the blood
vessel 54 with respect to the body surface 51, that is, the bent
state of the blood vessel.

[0109] Next, as shown in FIG. 20, the second scanning is
performed. At this time, the inclination control unit 18
changes the orientation of the array transducer 19 in accor-
dance with the inclination of the blood vessel in each scan-
ning position so that the ultrasonic beams 55 are irradiated to
the blood vessel vertically.

[0110] Asdescribed above, the ultrasound diagnostic appa-
ratus according to the present embodiment can measure the
IMT even when the blood vessel is not parallel to the body
surface. Further, even when the blood vessel is bent, the IMT
can be measured.

Embodiment 9

[0111] In Embodiments 7 and 8, the scanning region is
scanned twice. In this case, if the moving distance of the
probe 2 is not displayed clearly, the scanning position will be
displaced between the first scanning and the second scanning
when the probe 2 is scanned twice manually. An ultrasound
diagnostic apparatus according to the present embodiment
solves this problem.

[0112] FIG. 21 is a top view showing a state in which the
probe 2 is brought into contact with a neck 56. A tape 58 for
specifying a position (e.g., tape with stripe pattern) is attached
to the neck 56. A photoelectronic sensor 57 for irradiating a
subject with light and reading the reflected light is arranged
on the probe 2. The photoelectronic sensor 57 reads informa-
tion of the tape 58 (e.g., information on the contrast of the
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reflected light when using the tape with stripe pattern)
attached to the neck 56, and detects the position of the probe
2.

[0113] With the configuration described above, it is pos-
sible to eliminate the displacement between the position of
the first scanning and the position of the second scanning.
Thereby, ultrasonic beams can be irradiated to the blood
vessel vertically, and the IMT can be measured accurately.

Embodiment 10

[0114] An ultrasound diagnostic apparatus according to
Embodiment 10 of the present invention is another example
that solves the same problem as that described in Embodi-
ment 9. FIG. 22 is a side view showing a configuration of the
ultrasound diagnostic apparatus according to the present
embodiment. A bobbin 59 for taking up a wire 60 is attached
to the probe 2. When the wire 60 is pulled out, the bobbin 59
rotates. An encoder (not shown) is attached to the bobbin 59.
By detecting the rotation of the bobbin 59, the encoder detects
the pulled-out length of the wire 60. A stopper 61 is attached
at an end of the wire 60. By holding the stopper 61 using a
finger of the operator for example, the stopper 61 serves as a
base point for detecting the position of the probe 2.

[0115] Inthe IMT measurement using the ultrasonic probe
according to the present embodiment, first, the stopper 61 is
fixed, and the first scanning is performed while the wire 60 is
pulled out from the bobbin 59. At this time, the encoder
detects each scanning position of the probe by detecting the
wire length. Next, the wire 60 is taken up by the bobbin 59,
with the stopper 61 being fixed.

[0116] Next, the second scanning is performed while the
wire is pulled out along the first scanning path. At this time, a
control portion (not shown) performs the scanning at each
scanning position of the first scanning.

[0117] With the configuration described above, it is pos-
sible to eliminate the displacement between the position of
the first scanning and the position of the second scanning.
Thereby, ultrasonic beams can be irradiated to the blood
vessel vertically, and the IMT can be measured accurately.
[0118] Further, as shown in FIG. 23, the ultrasonic probe
further may have a contact point sensor 62 that detects a
position (contact point) where the wire 60 is separated from
the bobbin 59. The contact point sensor 62 can be provided
anywhere, such as inside the bobbin 59 and at a support
portion that supports the bobbin 59 to the probe 2. The posi-
tion of the contact point is associated with the inclination of
the probe 2. For example, in FIG. 23, when the probe 2 is
inclined to the left, the position of the bobbin 59 slightly
moves in a lower left direction, which moves the position of
the contact point clockwise. In other words, the inclination of
the probe 2 can be detected from the position of the contact
point that is detected by the contact point sensor 62.

[0119] Based on the inclination of the probe 2 detected by
the movement of the probe 2 in the first scanning and the
inclination of the blood vessel with respect to the body sur-
face 51, the inclination control unit 18 computes an inclina-
tion of the probe 2 that allows ultrasonic beams to be vertical
to the running direction of the blood vessel. This inclination
may be displayed on the display unit in the second scanning
for allowing the operator to operate the probe 2. When the
probe 2 has the attachment shown in FIG. 16, it may be
inclined by the attachment in accordance with the movement
of the probe 2.
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[0120] Asdescribed above, according to this configuration,
it is possible to detect not only the scanning position of the
probe 2 but also the inclination of the probe 2 at the time of the
scanning. Therefore, the vertical cross section of the blood
vessel can be scanned with high accuracy, and the IMT can be
measured accurately.

[0121] Further, as shown in FIG. 24, the array transducer
may be a rotatable array transducer 19. According to this
configuration, the contact point sensor 62 detects an inclina-
tion of the probe 2 in the first scanning, and the inclination
control unit 18 computes the inclination of the probe 2 that
allows ultrasonic beams to be vertical to the running direction
of'the blood vessel. The inclination control unit 18 rotates the
array transducer 19 in accordance with the inclination of the
probe 2 at the second scanning, thereby correcting the incli-
nation of the probe 2. Thus, ultrasonic beams can be irradiated
to the blood vessel vertically.

[0122] Further, as shown in FIG. 25, the ultrasonic probe
may have a configuration in which the contact point sensor is
not provided but two sets of combinations (wire length detec-
tion mechanisms) of bobbins 594, 596 and encoders are pro-
vided at different positions in the height direction of the probe
2. Also in this configuration, similarly to FIG. 23, the position
and the inclination of the probe 2 can be detected from lengths
of respective wires 60a, 605.

[0123] Further, as shown in FIG. 26, the ultrasonic probe
may have a configuration in which two sets of the wire length
detection mechanisms 59¢, 59d are arranged side by side at
different positions in the plane direction of the neck. Specifi-
cally, it is preferable to arrange these mechanisms in the
direction vertical to the moving direction of the probe 2. In
this configuration, the position of the probe 2 and the rotation
angle of the probe 2 with respect to the plane direction of the
neck can be detected from the lengths of respective wires 60c,
60d. Therefore, in the first scanning and the second scanning,
it is possible to equalize the rotation angle of the probe 2 in the
plane direction of the neck, and thus the accurate IMT can be
measured.

[0124] Further, as shown in FIG. 27, the ultrasonic probe
may include a linkage mechanism 63 that links the rotations
of'the two bobbins to the two sets of the wire length detection
mechanisms 59a, 595. According to this configuration, when
the probe 2 is moved such that the respective wires 60a, 605
are pulled, it is possible to move the probe 2 while keeping a
predetermined angle of the probe 2.

[0125] Although in FIG. 27, the two sets of the wire length
detection mechanisms 59a, 595 are arranged at different posi-
tions in the height direction of the probe 2, they may be
arranged in the directions vertical to the height direction of
the probe 2 and the moving direction of the probe 2. In this
configuration, when the probe 2 is moved such that the
respective wires 60a, 605 are pulled, it is possible to move the
probe 2 while keeping the rotation angle of the probe 2 in a
predetermined plane direction of the neck.

Embodiment 11

[0126] FIG. 28 is a block diagram showing a configuration
of an ultrasound diagnostic apparatus le according to
Embodiment 11 of the present invention. The ultrasound
diagnostic apparatus 1e according to the present embodiment
is composed of three sets of the elevation-direction scan data
storage memories 4, the signal analysis units 5 and the IMT
measurement units 6 of the ultrasound diagnostic apparatus
la according to Embodiment 1. The ultrasound diagnostic
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apparatus le also has a deflection angle control unit 20 that is
connected to the transmission/reception unit 3, the elevation-
direction scan data storage memories 4, the signal analysis
units 5 and the control unit 9. The other constituent elements
of the ultrasound diagnostic apparatus le are the same as
those of the ultrasound diagnostic apparatus 1a according to
Embodiment 1. The same constituent elements are denoted
with the same reference numerals, and the explanation
thereof will be omitted.

[0127] The ultrasound diagnostic apparatus 1a according
to Embodiment 1 performs linear scanning. The ultrasound
diagnostic apparatus according to the present embodiment
performs scanning by changing the deflection angle of ultra-
sonic beams while changing the position of transducers
(opening portion) emitting ultrasound in the array transducer.
The deflection angle control unit 20 controls the deflection
angle of ultrasonic beams.

[0128] Three sets of the elevation-direction scan data stor-
age memories 4, the signal analysis units 5 and the IMT
measurement units 6 are provided. By providing the three sets
ofthese units, intima-media thicknesses at three locations can
be detected by one scanning with respect to one scanning
surface, whereby the IMT can be computed at the same time.

[0129] FIG. 29 is a view showing a positional relationship
between an array transducer 64a, the blood vessel 21, and
ultrasonic beams 65a-65¢. FIGS. 29A, 29B and 29C show
sequential states of scanning in the same scanning surface.
FIG. 29A shows a state in which left transducers (opening
portion) of the array transducer are driven, and the ultrasonic
beam having a lower-right deflection angle is irradiated to the
blood vessel. FIG. 29B shows a state in which center trans-
ducers of the array transducer are driven, and the ultrasonic
beam having a downward deflection angle is irradiated to the
blood vessel. FIG. 29C shows a state in which right transduc-
ers of the array transducer are driven, and the ultrasonic beam
having a lower-left deflection angle is irradiated to the blood
vessel.

[0130] By controlling the deflection angle as described
above, the ultrasonic beams shown in the respective drawings
pass through the center of the blood vessel. Therefore, echoes
of the blood vessel wall (back wall) can be detected, and the
intima-media thickness, i.e., IMT can be measured. In other
words, it is possible to measure the IMT in different parts in
the same cross section of the blood vessel.

[0131] Although, in the present embodiment, the scanning
is realized by moving the opening and changing the deflection
angle simultaneously using the array transducer arranged
linearly, the present embodiment is not limited to this
example. For example, when a concave array transducer 645
is used as shown in FIG. 30, ultrasonic beams 65d-65f can
pass through the center of the blood vessel only by moving the
opening, without the need to change the deflection angle.
Thus, the above-described effect can be obtained.

[0132] Further, the ultrasound diagnostic apparatus of the
present invention is useful for diagnosing cervical blood ves-
sels, but is not limited to this. For example, it can be used for
diagnosing blood vessels of a brachium, etc.

[0133] In each of the above-described embodiments, for
example, an average value or a maximum value of intima-
media thicknesses detected at a plurality of positions in the
blood vessel is computed as the IMT. However, an intima-
media thickness detected only at one position in the blood
vessel also can be defined as the IMT.
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INDUSTRIAL APPLICABILITY

[0134] The present invention has an effect of allowing the
IMT measurement even when a blood vessel seen from a body
surface is bent, and can be used as an ultrasound diagnostic
apparatus for detecting an IMT in a cervical blood vessel, etc.

DESCRIPTION OF REFERENCE NUMERALS

[0135] 1a-1e ultrasound diagnostic apparatus

[0136] 2 probe

[0137] 3 transmission/reception unit

[0138] 4 elevation-direction scan data storage memory

[0139] 5, 5a-5d signal analysis unit

[0140] 6 IMT measurement unit

[0141] 7 scan converter

[0142] 8 display unit

[0143] 9 control unit

[0144] 10 blood part length measurement unit

[0145] 11a-11d data detection unit

[0146] 12 intima-media amplitude difference measure-
ment unit

[0147] 13 intima-media amplitude ratio measurement
unit

[0148] 14, 16 demodulator

[0149] 15 differentiator

[0150] 17 blood vessel inclination calculation unit

[0151] 18 inclination control unit

[0152] 19, 64a, 645 array transducer

[0153] 20 deflection angle control unit

[0154] 21 blood vessel

[0155] 22 tunica adventitia

[0156] 23 tunica media

[0157] 24 tunica intima

[0158] 25 blood

[0159] 31 front wall part

[0160] 32 blood part

[0161] 33 back wall part

[0162] 34 tunica intima part

[0163] 35 tunica media part

[0164] 36 tunica adventitia part

[0165] 41 B-mode image

[0166] 42 center region

[0167] 43 combined image

[0168] 51 body surface

[0169] 52 attachment

[0170] 53 rotation shaft

[0171] 54 cervical blood vessel

[0172] 55, 65a-65/ultrasonic beam

[0173] 56 neck

[0174] 57 photoelectronic sensor

[0175] 58 tape

[0176] 59, 59a-59d bobbin

[0177] 60, 60a-60d wire

[0178] 61 stopper

[0179] 62 contact point sensor

[0180] 63 linkage mechanism

1. An ultrasound diagnostic apparatus, comprising:

a probe that transmits and receives ultrasound;

a signal analysis unit that, when the probe scans a cross
section of elevation direction of a blood vessel using the
ultrasound, detects a center scan line echo signal having
passed through a center of the blood vessel among a
plurality of scan line echo signals in the cross section of
elevation direction of the blood vessel received by the
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probe, based on a part of each of the plurality of scan line
echo signals that has a relatively small amplitude that
corresponds to a reflected wave from a part of the blood
vessel where blood flows; and

an IMT measurement unit that computes an IMT from the
center scan line echo signal.

2. The ultrasound diagnostic apparatus according to claim
1, wherein the signal analysis unit judges, as the center scan
line echo signal, a scan line echo signal whose part having a
relatively small amplitude that corresponds to a reflected
wave from the part of the blood vessel where blood flows is
longest among a plurality of scan line echo signals in the cross
section of elevation direction of the blood vessel.

3. The ultrasound diagnostic apparatus according to claim
1, wherein the signal analysis unit judges, as the center scan
line echo signal, a scan line echo signal that has a largest
amplitude difference between an amplitude of a tunica intima
partand an amplitude of a tunica media part among a plurality
of scan line echo signals in the cross section of elevation
direction of the blood vessel, the tunica intima part being
positioned after the part having a relatively small amplitude
that corresponds to a reflected wave from the part of the blood
vessel where blood flows, and the tunica media part being
positioned after the tunica intima part.

4. The ultrasound diagnostic apparatus according to claim
1, wherein the signal analysis unit judges, as the center scan
line echo signal, a scan line echo signal that has a largest ratio
of an amplitude of a tunica intima part to an amplitude of a
tunica media part among a plurality of scan line echo signals
in the cross section of elevation direction of the blood vessel,
the tunica intima part being positioned after the part having a
relatively small amplitude that corresponds to a reflected
wave from the part of the blood vessel where blood flows, and
the tunica media part being positioned after the tunica intima
part.

5. The ultrasound diagnostic apparatus according to claim
1, wherein the signal analysis unit performs envelope
demodulation on a plurality of scan line echo signals in the
cross section of elevation direction of the blood vessel, com-
putes a differential coefficient of an amplitude at a beginning
ofatunica intima part, and judges, as the center scan line echo
signal, a scan line echo signal that has a largest computed
differential coefficient among the scan line echo signals hav-
ing been subjected to the envelope demodulation, the tunica
intima part being positioned after the part having a relatively
small amplitude that corresponds to a reflected wave from the
part of the blood vessel where blood flows.

6. The ultrasound diagnostic apparatus according to claim
15
wherein, when the probe scans a plurality of cross sections
of elevation direction of the blood vessel using the ultra-
sound, the signal analysis unit detects a center scan line
echo signal having passed through the center of the
blood vessel among scan line echo signals in each of the
plurality of cross sections of elevation direction of the
blood vessel received by the probe, based on the part
having a relatively small amplitude that corresponds to a
reflected wave from the part of the blood vessel where
blood flows, and
the IMT measurement unit computes an IMT from a plurality
ofthe center scan line echo signals detected from the scan line
echo signals in the plurality of cross sections of elevation
direction of the blood vessel.
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7. The ultrasound diagnostic apparatus according to claim
6, further comprising a demodulator connected to the signal
analysis unit, generating image data of regions shown by the
respective center scan line echo signals using the center scan
line echo signals, and generating, as one image, combined
image data in which the respective image data are arranged
side by side.

8. The ultrasound diagnostic apparatus according to claim
25

wherein, when the probe scans a plurality of cross sections
of elevation direction of the blood vessel using the ultra-
sound, the signal analysis unit detects a center scan line
echo signal having passed through the center of the
blood vessel among scan line echo signals in each of the
plurality of cross sections of elevation direction of the
blood vessel received by the probe, based on the part
having a relatively small amplitude that corresponds to a
reflected wave from the part of the blood vessel where
blood flows, and

the IMT measurement unit computes an IMT from a plurality
of'the center scan line echo signals detected from the scan line
echo signals in the plurality of cross sections of elevation
direction of the blood vessel.

9. The ultrasound diagnostic apparatus according to claim
8, further comprising a demodulator connected to the signal
analysis unit, generating image data of regions shown by the
respective center scan line echo signals using the center scan
line echo signals, and generating, as one image, combined
image data in which the respective image data are arranged
side by side.
10. The ultrasound diagnostic apparatus according to claim
3’
wherein, when the probe scans a plurality of cross sections
of elevation direction of the blood vessel using the ultra-
sound, the signal analysis unit detects a center scan line
echo signal having passed through the center of the
blood vessel among scan line echo signals in each of the
plurality of cross sections of elevation direction of the
blood vessel received by the probe, based on the part
having a relatively small amplitude that corresponds to a
reflected wave from the part of the blood vessel where
blood flows, and

the IMT measurement unit computes an IMT from a plurality
of'the center scan line echo signals detected from the scan line
echo signals in the plurality of cross sections of elevation
direction of the blood vessel.

11. The ultrasound diagnostic apparatus according to claim
10, further comprising a demodulator connected to the signal
analysis unit, generating image data of regions shown by the
respective center scan line echo signals using the center scan
line echo signals, and generating, as one image, combined
image data in which the respective image data are arranged
side by side.

12. The ultrasound diagnostic apparatus according to claim
45
wherein, when the probe scans a plurality of cross sections
of elevation direction of the blood vessel using the ultra-
sound, the signal analysis unit detects a center scan line
echo signal having passed through the center of the
blood vessel among scan line echo signals in each of the
plurality of cross sections of elevation direction of the
blood vessel received by the probe, based on the part
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having a relatively small amplitude that corresponds to a
reflected wave from the part of the blood vessel where
blood flows, and
the IMT measurement unit computes an IMT from a plurality
of'the center scan line echo signals detected from the scan line
echo signals in the plurality of cross sections of elevation
direction of the blood vessel.

13. The ultrasound diagnostic apparatus according to claim
12, further comprising a demodulator connected to the signal
analysis unit, generating image data of regions shown by the
respective center scan line echo signals using the center scan
line echo signals, and generating, as one image, combined
image data in which the respective image data are arranged
side by side.

14. The ultrasound diagnostic apparatus according to claim
55

wherein, when the probe scans a plurality of cross sections

of elevation direction of the blood vessel using the ultra-
sound, the signal analysis unit detects a center scan line
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echo signal having passed through the center of the
blood vessel among scan line echo signals in each of the
plurality of cross sections of elevation direction of the
blood vessel received by the probe, based on the part
having a relatively small amplitude that corresponds to a
reflected wave from the part of the blood vessel where
blood flows, and
the IMT measurement unit computes an IMT from a plurality
of'the center scan line echo signals detected from the scan line
echo signals in the plurality of cross sections of elevation
direction of the blood vessel.

15. The ultrasound diagnostic apparatus according to claim
14, further comprising a demodulator connected to the signal
analysis unit, generating image data of regions shown by the
respective center scan line echo signals using the center scan
line echo signals, and generating, as one image, combined
image data in which the respective image data are arranged
side by side.
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