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(7) ABSTRACT

An ultrasound diagnostic apparatus which detects a target
blood vessel of a subject based on reflected ultrasound waves
obtained, using an ultrasound probe, from the subject, the
ultrasound diagnostic apparatus including: a B-mode image
generation unit which generates a tomographic image of the
subject, based on the reflected ultrasound waves; a blood flow
image generation unit which generates blood flow informa-
tion indicating a blood flow region of the subject in the tomo-
graphic image, based on the reflected ultrasound waves; and
a blood flow region determination unit which determines
whether or not the blood flow region corresponds to the target
blood vessel, by analyzing the blood flow information gener-
ated by the blood flow image generation unit.
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FIG. 4
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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD FOR IDENTIFYING BLOOD
VESSEL

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application of PCT Interna-
tional Application No. PCT/JP2012/008331 filed on Dec. 26,
2012, designating the United States of America, which is
based on and claims priority of Japanese Patent Application
No. 2012-001764 filed on Jan. 10, 2012. The entire disclo-
sures of the above-identified applications, including the
specifications, drawings and claims are incorporated herein
by reference in their entirety.

FIELD

[0002] One or more exemplary embodiments disclosed
herein relate generally to ultrasound diagnostic apparatuses
and methods for identifying blood vessels, and particularly
relate to an ultrasound diagnostic apparatus and a method for
identifying a blood vessel, which identify a target blood ves-
sel based on reflected ultrasound waves obtained, using an
ultrasound probe, from a subject.

BACKGROUND

[0003] In recent years, ultrasound diagnostic apparatuses
are being used for early discovery of arteriosclerosis, vascular
diseases, and so on. Specifically, ultrasound diagnostic appa-
ratuses are being used to measure intima-media thickness
(hereinafter called IMT) which is the combined membrane
thickness of the intima and media of blood vessel walls. Here,
when the examiner determines the IMT or presence of plaque,
the examiner manually specifies (sketches) the shape of the
blood vessel adventitia and blood vessel intima in the ultra-
soundimage, and performs the diagnosis based on this sketch.
Specifically, the examiner sketches, on the B-mode image,
the shape of the periphery of the adventitia as an adventitia
contour line, and further sketches the shape of the periphery
of the lumen as the lumen contour line. Then, at the end, the
examiner performs the diagnosis for the presence of plaque,
and so on, based on the shape of the sketch (see Non Patent
Literature (NPL) 1.

CITATION LIST
Non Patent Literature

[Non Patent Literature 1]

[0004] Ainsworth C D, Blake C C, Tamayo A, Beletsky V,
Fenster A, Spence J D, “3D ultrasound measurement of
change in carotid plaque volume: a tool for rapid evaluation of
new therapies.”, Stroke 2005, 36 (9): 1904-1909.

SUMMARY

Technical Problem

[0005] However, an examiner needs to manually specify a
blood vessel on an ultrasound image, which causes a problem
that the blood vessel may not be accurately detected.

[0006] In view of this, one non-limiting and exemplary
embodiment provides an ultrasound diagnostic apparatus
which detects more accurately a blood vessel of interest.
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Solution to Problem

[0007] Inone general aspect, the techniques disclosed here
feature an ultrasound diagnostic apparatus which detects a
target blood vessel of a subject based on reflected ultrasound
waves obtained, using an ultrasound probe, from the subject,
the ultrasound diagnostic apparatus including: a tomographic
image generation unit configured to generate a tomographic
image of the subject, based on the reflected ultrasound waves;
a blood flow information generation unit configured to gen-
erate blood flow information indicating a blood flow region of
the subject in the tomographic image, based on the reflected
ultrasound waves; and a blood flow region determination unit
configured to determine whether or not the blood flow region
corresponds to the target blood vessel, by analyzing the blood
flow information generated by the blood flow information
generation unit.

[0008] These general and specific aspects may be imple-
mented using a system, a method, an integrated circuit, a
computer program, or a computer-readable recording
medium, such as a CD-ROM, or any combination of systems,
methods, integrated circuits, computer programs, or com-
puter-readable recording media.

[0009] Additional benefits and advantages of the disclosed
embodiments will be apparent from the Specification and
Drawings. The benefits and/or advantages may be individu-
ally obtained by the various embodiments and features of the
Specification and Drawings, which need not all be provided
in order to obtain one or more of such benefits and/or advan-
tages.

Advantageous Effects

[0010] An ultrasound diagnostic apparatus according to
one or more exemplary embodiments or features disclosed
herein can identify more accurately a blood vessel of interest.

BRIEF DESCRIPTION OF DRAWINGS

[0011] These and other advantages and features will
become apparent from the following description thereof
taken in conjunction with the accompanying Drawings, by
way of non-limiting examples of embodiments disclosed
herein.

[0012] FIG. 1 is a diagram showing an outline configura-
tion of an ultrasound diagnostic apparatus according to
Embodiment 1.

[0013] FIG. 2 is a block diagram showing a detailed con-
figuration of the ultrasound diagnostic apparatus according to
Embodiment 1.

[0014] FIG. 3 is a first example of a flowchart showing
extraction processing of a blood vessel contour performed by
the ultrasound diagnostic apparatus according to Embodi-
ment 1.

[0015] In FIG. 4, (a) is a diagram showing blood flow
regions in a blood flow image, and (b) is a diagram showing
blood flow points.

[0016] InFIG.5, (a)is a diagram showing results of extrac-
tion of blood flow points in a plurality of frames, (b) is a
diagram showing results of grouping of blood flow points, (c)
is a diagram showing blood flow groups corresponding to
blood flow regions of the extracted target blood vessels, and
(d) is a diagram showing blood flow points corresponding to
blood flow regions of the extracted target blood vessels.



US 2014/0031690 A1

[0017] FIG. 6 is a second example of a flowchart showing
extraction processing of a blood vessel contour performed by
the ultrasound diagnostic apparatus according to Embodi-
ment 1.

[0018] FIG. 7 is a block diagram showing an outline con-
figuration of an ultrasound diagnostic apparatus according to
Embodiment 2.

[0019] FIG. 8 is a block diagram showing an outline con-
figuration of an ultrasound diagnostic apparatus according to
Embodiment 3.

[0020] FIG. 9 is a flowchart showing extraction processing
of a blood vessel contour performed by the ultrasound diag-
nostic apparatus according to Embodiment 3.

[0021] FIG. 10 is an external view of an ultrasound diag-
nostic apparatus according to each of the embodiments.
[0022] FIG. 11 is a diagram showing a first example of an
assumed ultrasound diagnostic apparatus.

[0023] FIG. 12 is a diagram showing a second example of
an assumed ultrasound diagnostic apparatus.

DESCRIPTION OF EMBODIMENTS

Underlying Knowledge Forming Basis of the Present
Disclosure

[0024] 1In relation to the ultrasound diagnostic apparatus
disclosed in the Background Art section, the inventors have
found the following problem.

[0025] In recent years, ultrasound diagnostic apparatuses
are being used for early discovery of arteriosclerosis, vascular
diseases, and so on. Specifically, ultrasound diagnostic appa-
ratuses are being used to measure intima-media thickness
(hereinafter called IMT) which is the combined membrane
thickness of the intima and media of blood vessel walls.
Furthermore, ultrasound diagnostic apparatuses are being
used to verify the presence of plaque formed due to the
narrowing of the lumen of a blood vessel. This is because it
has become clear that IMT increases and plaque is formed as
arteriosclerosis advances. Moreover, it is considered that arte-
riosclerosis advances throughout the entire body, and thus
superficial carotid arteries become the main target for mea-
surement in determining severity of the arteriosclerosis. Here,
plaque refers to an elevated lesion which is a localized pro-
jection of the inner wall of the blood vessel towards the inner
side (lumen) of the blood vessel. Plaque assumes various
forms such as thrombus, fatty, fibrous, and so on, and can be
a cause for the narrowing and occlusion of carotid arteries as
well as cerebral infarction and cerebral ischemic.

[0026] Measurement of the IMT and detection of the shape
of plaque using an ultrasound diagnostic apparatus is per-
formed using ultrasound images of blood vessels. The ultra-
sound diagnostic apparatus sends ultrasound waves to the
inside of the body of a subject from the body surface of a
subject via a probe, and forms an ultrasound image (for
example, a B-mode image) based on reflected waves created
from the subject. Then, the examiner judges the presence of
plaque by looking at the ultrasound image.

[0027] Here, when the examiner determines the IMT or
presence of plaque, the examiner manually specifies
(sketches) the shapes of the blood vessel adventitia and blood
vessel intima in the ultrasound image, and performs the diag-
nosis based on this sketch (e.g., a configuration shown in FIG.
11). Specifically, the examiner sketches, on the B-mode
image, the shape of the periphery of the adventitia as an
adventitia contour line, and further sketches the shape of the
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periphery of the lumen as the lumen contour line. Then, at the
end, the examiner performs the diagnosis for the presence of
plaque, and soon, based on the shape of the sketch (e.g., see
NPL ).

[0028] However, in the method in NPL 1, after obtaining
the image, the examiner needs to manually specify the posi-
tions of the adventitia contour and the intima contour of the
blood vessel wall on the ultrasound image in an on-line state.
Specifically, performing plaque detection using this conven-
tional diagnostic method requires the examiner to manually
specify the contours and thus is troublesome. As a result,
fluctuation occurs in the results of the examination depending
on examiners. Thus, there is a problem that blood vessels may
not be accurately detected.

[0029] In view of this, one non-limiting and exemplary
embodiment provides an ultrasound diagnostic apparatus
which detects more accurately a blood vessel of interest.
[0030] In order to solve the above-described problem, an
ultrasound diagnostic apparatus according to an exemplary
embodiment disclosed herein is an ultrasound diagnostic
apparatus which detects a target blood vessel of a subject
based on reflected ultrasound waves obtained, using an ultra-
sound probe, from the subject, the ultrasound diagnostic
apparatus including: a tomographic image generation umit
configured to generate a tomographic image of the subject,
based on the reflected ultrasound waves; a blood flow infor-
mation generation unit configured to generate blood flow
information indicating a blood flow region of the subject in
the tomographic image, based on the reflected ultrasound
waves; and a blood flow region determination unit configured
to determine whether or not the blood flow region corre-
sponds to the target blood vessel, by analyzing the blood flow
information generated by the blood flow information genera-
tion unit.

[0031] With this, the ultrasound diagnostic apparatus can
determine a blood flow region which corresponds to the target
blood vessel in an ultrasound image, based on blood flow
information regarding the blood flow region. The ultrasound
image may include a plurality of blood flow regions including
ablood flow region corresponding to the target blood vessel.
In such a case, the blood flow region corresponding to the
target blood vessel can be identified from among the blood
flow regions, based on the blood flow information. Thus, the
ultrasound diagnostic apparatus can detect more accurately
the blood vessel of interest.

[0032] For example, the blood flow region determination
unit is configured to perform the determination by analyzing,
as the blood flow information, a position of the blood flow
region in the tomographic image.

[0033] With this, the ultrasound diagnostic apparatus can
identify a blood flow region based on the position of the blood
flow region in the ultrasound image. An examiner sequen-
tially obtains ultrasound images by moving (scanning) the
ultrasound probe. Thus, with analysis of a position of the
blood flow region in the ultrasound image, it is possible to
detect the blood flow regions corresponding to an identical
blood vessel in a plurality of ultrasound images. Thus, it is
possible to detect more accurately the blood vessel of interest.
[0034] For example, when a plurality of the blood flow
regions are arranged corresponding to respective positions on
the subject at which the tomographic image including the
blood flow region has been obtained, the blood flow region
determination unit is configured to (i) collectively extract, as
agroup of blood flow regions, from among the arranged blood
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flow regions, blood flow regions that are separated from one
another by a distance no greater than a threshold value, and
(ii) perform the determination on a blood flow region
included in the extracted group of blood flow regions, based
on an attribute of the extracted group of blood flow regions.
[0035] With this, the ultrasound diagnostic apparatus can
extract, as the blood flow regions (a group of blood flow
regions) corresponding to an identical blood vessel, blood
flow regions that are separated from one another in the ultra-
sound images by a distance no greater than a threshold value.
The examiner sequentially obtains ultrasound images by
moving the ultrasound probe. Thus, in the ultrasound images
obtained at times that are relatively close, the blood flow
regions corresponding to an identical blood vessel are present
at relatively close positions. Identifying a blood flow region
based on the position of the blood flow region in the ultra-
sound image makes it possible to detect more accurately the
blood vessel of interest.

[0036] For example, when an attribute of the extracted
group of blood flow regions matches an attribute of the target
blood vessel which is predetermined, the blood flow region
determination unit is configured to perform the determination
that a blood flow region included in the extracted group of
blood flow regions corresponds to the target blood vessel.
[0037] With this, when the attribute of the group of blood
flow regions corresponding to an identical blood vessel
matches an attribute of the target blood vessel which is pre-
determined, the ultrasound diagnostic apparatus can identify,
as a blood flow region corresponding to the target blood
vessel, the group of blood flow regions.

[0038] For example, the blood flow region determination
unit is configured to perform the determination using, as an
attribute of the group of blood flow regions, at least one of (1)
atotal number of blood flow regions included in the extracted
group of blood flow regions, (ii) an area of a blood flow region
having a largest area, among the blood flow regions included
in the extracted group of blood flow regions, and (iii) a posi-
tion of a blood flow region in each of tomographic images
which are obtained at a beginning and at an end of a range on
the subject in which a plurality of tomographic images
including the extracted group of blood flow regions are
obtained.

[0039] With this, use of these attributes makes it possible to
identify more accurately a blood vessel having aY-shape. The
blood flow region having a largest area among the blood flow
regions included in the group of blood flow regions corre-
sponds to the bifurcation of the V-shape, and the beginning
and the end of the Y-shape respectively correspond to the
ultrasound image obtained at the start and the end of a scan
using the ultrasound probe. More specifically, the ultrasound
diagnostic apparatus can identify more accurately the blood
vessel having the Y-shape by identifying the bifurcation and
ends of the Y-shape.

[0040] For example, when a total number of the blood flow
regions included in the group of blood flow regions is no
greater than a predetermined number, the blood flow region
determination unit is configured to perform the determination
on a blood flow region included in a group of blood flow
regions other than the group of blood flow regions which
includes blood flow regions the total number of which is no
greater than the predetermined number.

[0041] With this, the ultrasound diagnostic apparatus can
identify, as a blood flow noise, a group of blood flow regions
which includes a small number of blood flow regions, and
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exclude, from the blood flow regions on which the determi-
nation is performed, the group of blood flow regions that has
been identified as the blood flow noise. Thus, the target blood
vessel can be accurately detected even when blood flow infor-
mation, such as the blood flow noise, other than blood flow
information on the target blood vessel is present.

[0042] For example, the blood flow region determination
unit is configured to determine that a blood flow region
included in a group of blood flow regions, among a plurality
of the groups of blood flow regions, which includes a blood
flow region having a largest area corresponds to the target
blood vessel.

[0043] With this, the particular blood vessel having a por-
tion corresponding to the bifurcation of the Y-shape can be
identified as the target blood vessel.

[0044] For example, in the case where a plurality of the
extracted groups of blood flow regions are arranged corre-
sponding to respective positions on the subject at which a
tomographic image including each of'the extracted groups of
blood flow regions has been obtained, when a distance
between (i) an edge of a drawing formed by an interpolation
of a first group of blood flow regions and (ii) a portion of a
drawing formed by an interpolation of a second group of
blood flow regions is no greater than a predetermined value,
the blood flow region determination unit is further configured
to (1) newly and collectively extract, as a group of blood flow
regions, the first group of blood flow regions and the second
group of blood flow regions and (ii) perform the determina-
tion on the newly and collectively extracted group of blood
flow regions.

[0045] For example, in the case where a plurality of the
extracted groups of blood flow regions are arranged corre-
sponding to respective positions on the subject at which the
tomographic image including each of the extracted groups of
blood flow regions has been obtained, (1) when a difference
between a first position and a second position is no greater
than a predetermined value, the first position being in the
tomographic image of a first blood flow region included in a
tomographic image obtained at a beginning or at an end of a
range on the subject corresponding to the extracted groups of
blood flow regions, and the second position being in the
tomographic image of the second blood flow region which is
included in a tomographic image obtained at the beginning or
at the end of the range on the subject and is different from the
first blood flow region, and (ii) when a position on the subject
at which the first blood flow region has been obtained and a
position on the subject at which the second blood flow region
has been obtained are within a predetermined distance, the
blood flow region determination unit is further configured to
newly and collectively extract, as a group of blood flow
regions, the group of blood flow regions including the first
blood flow region and the group of blood flow regions includ-
ing the second blood flow region, and perform the determi-
nation on the newly and collectively extracted group of blood
flow regions.

[0046] With this, the ultrasound diagnostic apparatus can
collectively group, into a group of blood flow regions, a
plurality of groups of blood flow regions which have been
extracted as different groups of blood flow regions, and deter-
mine whether or not the group of blood flow regions is the
target blood vessel.
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[0047] For example, the blood flow region determination
unit is configured to perform the determination by analyzing,
as the blood flow information, an area of the blood flow region
in the tomographic image.

[0048] With this, the ultrasound diagnostic apparatus can
identify the blood flow region based on the area of the blood
flow region in the ultrasound image. An examiner sequen-
tially obtains ultrasound images by moving (scanning) the
ultrasound probe. Thus, blood flow regions corresponding to
an identical blood vessel can be detected in a plurality of
ultrasound images, by analyzing an area of the blood flow
region in the ultrasound image. Thus, it is possible to detect
more accurately the blood vessel of interest.

[0049] For example, the blood flow region determination
unit is configured to perform the determination by determin-
ing the presence or absence of a pulsation-like fluctuation, by
analyzing a change in area of the blood flow region in each of
tomographic images which are obtained.

[0050] With this, the ultrasound diagnostic apparatus can
identify, as the target blood vessel, an artery having an area
that changes in a pulsation-like manner.

[0051] For example, the blood flow region determination
unit is configured to perform the determination by analyzing,
as the blood flow information, a direction of blood flow in the
blood flow region.

[0052] For example, the blood flow region determination
unit is configured to perform the determination that the blood
flow region corresponds to the target blood vessel, when the
direction of the blood flow in the blood flow region matches a
direction of blood flow in the target blood vessel which pre-
determined.

[0053] With this, the ultrasound diagnostic apparatus can
identify the target blood vessel based on a direction of the
blood flow. The direction or the orientation of the blood flow
of the target blood vessel and a rough position of the target
blood vessel are conventionally known. Thus, the ultrasound
diagnostic apparatus can identify the target blood vessel
based on the direction of the blood flow analyzed.

[0054] For example, the ultrasound diagnostic apparatus
further includes: a display unit configured to display infor-
mation indicating a result of the determination performed by
the blood flow region determination unit; and a modification
unit configured to modify the result of the determination
performed by the blood flow region determination unit, based
on a request from a user to modify the information indicating
the result of the determination displayed on the display unit.

[0055] With this, when a determination result by the blood
flow region determination unit includes an error, the ultra-
sound diagnostic apparatus can modify the determination
result, based on the request for modification from an exam-
iner (user). Thus, the ultrasound diagnostic apparatus can
detect more accurately the target blood vessel.

[0056] For example, the ultrasound diagnostic apparatus
further includes: a provisional blood vessel contour setting
unit configured to set a provisional blood vessel contour,
based on a blood flow region determined by the blood flow
region determination unit; and a blood vessel contour extrac-
tion unit configured to extract, using the provisional blood
vessel contour set by the provisional blood vessel contour
setting unit, a contour of the target blood vessel in the tomo-
graphic image generated by the tomographic image genera-
tion unit.
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[0057] With this, the ultrasound diagnostic apparatus can
trace, on the ultrasound image, the contour of the blood vessel
wall of the target blood vessel detected by the blood flow
region determination unit.

[0058] For example, the ultrasound diagnostic apparatus
further includes: a probe position and orientation obtainment
unit configured to obtain position and orientation information
indicating at least one of a position and an orientation of the
ultrasound probe; and a three-dimensional blood flow con-
struction unit configured to generate three-dimensional blood
flow information indicating the blood flow region in a three-
dimensional space, based on (i) the position and orientation
information obtained by the probe position and orientation
obtainment unit and (ii) the blood flow information generated
by the blood flow information generation unit, wherein the
blood flow region determination unit is configured to perform
the determination by analyzing the three-dimensional blood
flow information generated by the three-dimensional blood
flow construction unit.

[0059] With this, the ultrasound diagnostic apparatus can
detect the target blood vessel based on the shape of the blood
flow region in the three-dimensional space.

[0060] For example, the target blood vessel is a carotid
artery.
[0061] With this, the ultrasound diagnostic apparatus can

detect the carotid artery.

[0062] A blood vessel extraction method according to an
exemplary embodiment disclosed herein is a blood vessel
detection method in which a target blood vessel of a subject is
detected based on reflected ultrasound waves obtained, using
an ultrasound probe, from the subject, the blood vessel detec-
tion method including: generating a tomographic image of
the subject, based on the reflected ultrasound waves; gener-
ating blood flow information indicating a blood flow region of
the subject in the tomographic image, based on the reflected
ultrasound waves; and determining whether or not the blood
flow region corresponds to the target blood vessel, by analyz-
ing the blood flow information generated in the generating of
blood flow information.

[0063] With this, similar advantageous effects as the above-
described ultrasound diagnostic apparatus are produced.

[0064] These general and specific aspects may be imple-
mented using a system, a method, an integrated circuit, a
computer program, or a computer-readable recording
medium, such as a CD-ROM or any combination of systems,
methods, integrated circuits, computer programs, or com-
puter-readable recording media.

[0065] Hereinafter, certain exemplary embodiments are
described in greater detail with reference to the accompany-
ing Drawings.

[0066] Each of the exemplary embodiments described
below shows a general or specific example. The numerical
values, shapes, materials, structural elements, the arrange-
ment and connection of the structural elements, steps, the
processing order of the steps etc. shown in the following
exemplary embodiments are mere examples, and therefore do
not limit the scope of the appended Claims and their equiva-
lents. Therefore, among the structural elements in the follow-
ing exemplary embodiments, structural elements not recited
in any one of the independent claims are described as arbi-
trary structural elements.
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Embodiment 1

[0067] With purposes of reducing the burden on the exam-
iner by reducing the trouble of manual tasks, and shortening
the examination time, conventionally, there is a method in
which a provisional blood vessel wall contour is set based on
a position where blood flow information is present, and auto-
matically extract a blood vessel wall contour using, as an
initial contour, the provisional blood vessel wall contour that
has been set (FIG. 12). However, there is a problem that
extracting only a blood vessel of interest to be examined
(hereinafter, also referred to as a target blood vessel or a blood
vessel of interest) (e.g., a carotid artery) is difficult when
various blood flow information is present.

[0068] For example, when a blood vessel other than a
carotid artery (e.g., a jugular vein or a vertebral artery) is
present in a measurement range, blood flow is present in the
position corresponding to such a blood vessel. Thus, such a
blood vessel can be extracted in error. Furthermore, a motion
of tissue and so on can be observed as the blood flow infor-
mation in error (a blood flow noise). As described, there is a
problem that it is difficult to reliably extract only the target
blood vessel.

[0069] An outline configuration of the ultrasound diagnos-
tic apparatus according to this embodiment is described. FIG.
1 is a block diagram showing an outline configuration of an
ultrasound diagnostic apparatus 150 according to this
embodiment.

[0070] The ultrasound diagnostic apparatus 150 shown in
FIG. 1 detects a target blood vessel based on reflected ultra-
sound waves 201 obtained from a subject by using an ultra-
sound probe. Note that, descriptions are given exemplifying
the case in which an examiner linearly moves the ultrasound
probe on the subject to sequentially obtain the reflected ultra-
sound waves. However, it should be noted that the movement
of the ultrasound probe is not limited to linear movement.
More specifically, the descriptions are also applicable to the
case in which an operator moves the ultrasound probe curvi-
linearly.

[0071] Theultrasound diagnostic apparatus 150 includes: a
B-mode image generation unit 104, a blood flow image gen-
eration unit 105, a blood flow region determination unit 106,
a provisional blood vessel contour setting unit 107, and a
blood vessel contour extraction unit 108.

[0072] The B-mode image generation unit 104 generates a
B-mode image 202 based on the reflected ultrasound waves
201.

[0073] The blood flow image generation unit 105 corre-
sponds to ablood flow information generationunit. The blood
flow image generation unit 105 generates a blood flow image
203 showing a region including blood flow, based on the
reflected ultrasound waves 201. The blood flow image 203
corresponds to blood flow information. Hereinafter, descrip-
tion is given using the blood flow image 203 as a specific
example of the blood flow information. However, the blood
flow information is not limited to the blood flow image 203.
The blood flow information may be any information which
indicates a region including blood flow in a subject.

[0074] The blood flow region determination unit 106
extracts a blood flow region 204 of a target blood vessel based
on the blood flow image 203.

[0075] The provisional blood vessel contour setting unit
107 sets a provisional blood vessel contour 205 based on the
blood flow region 204.
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[0076] With the provisional blood vessel contour 205 as an
initial contour, the blood vessel contour extraction unit 108
extracts an blood vessel contour (an adventitia contour of a
blood vessel) 206 using the B-mode image 202. More spe-
cifically, for example, the blood vessel contour extraction unit
108 extracts the blood vessel contour 206 by performing, on
the B-mode image 202, searching using the provisional blood
vessel contour 205 as an initial contour.

[0077] The following describes details of the configuration
of the ultrasound diagnostic apparatus 150 according to this
embodiment.

[0078] FIG. 2 is a block diagram showing a detailed con-
figuration of the ultrasound diagnostic apparatus 150 accord-
ing to this embodiment.

[0079] The ultrasound diagnostic apparatus 150 shown in
FIG. 2 includes: a control unit 102, a transmission and recep-
tion unit 103, the B-mode image generation unit 104, the
blood flow image generation unit 105, the blood flow region
determination unit 106, the provisional blood vessel contour
setting unit 107, the blood vessel contour extraction unit 108,
a blood vessel contour image generation unit 109, and a data
storage unit 110. Furthermore, a probe 101 and a display unit
111 are provided outside the ultrasound diagnostic apparatus
150 and are connected to the ultrasound diagnostic apparatus
150. Note that, the probe 101 and the display unit 111 may be
included in the ultrasound diagnostic apparatus 150. Further-
more, the probe 101 and the display unit 111 do not need to be
included.

[0080] The probe 101 is an ultrasound probe including
ultrasound transducers which transmit and receive ultrasound
waves. The probe 101 transmits and receives ultrasound
waves according to the instructions of the transmission and
reception unit 103. Furthermore, the probe 101 receives, as
echo signals, the reflected ultrasound waves 201 (ultrasound
reflected signals) from the subject. It should be noted that the
probe 101 may be a probein which the ultrasound transducers
are arranged in a one-dimensional direction, or a two-dimen-
sional array probe in which the ultrasound transducers are
arranged in a matrix.

[0081] Thecontrolunit102 controls the respective process-
ing units included in the ultrasound diagnostic apparatus 150.
Hereinafter, although not specifically stated, the operations of
the respective processing units are governed by the control
unit 102. For example, the control unit 102 causes the respec-
tive processing units to execute the corresponding processing
while the control unit 102 controls the operation timing, etc.
[0082] The transmission and reception unit 103 drives the
ultrasound transducers of the probe 101 to cause the genera-
tion of ultrasound waves. Furthermore, the transmission and
reception unit 103 receives the reflected ultrasound waves
201 received by the probe 101 from the subject.

[0083] The B-mode image generation unit 104 generates
the B-mode image 202 based on the reflected ultrasound
waves 201 received by the transmission and reception unit
103. Specifically, after performing filtering processing on the
reflected ultrasound waves 201, the B-mode image genera-
tion unit 104 performs envelope detection. In addition, the
B-mode image generation unit 104 generates the B-mode
image 202 by performing logarithmic conversion and gain
adjustment on the signal obtained as a result of the envelope
detection.

[0084] Theblood flow image generation unit 105 generates
the blood flow image 203 based on the reflected ultrasound
waves 201 received by the transmission and reception unit
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103. Here, the blood flow image 203 is an image showing a
region in which blood flows. Specifically, the blood flow
image generation unit 105 detects the speed of the blood flow
(blood flow speed) within the blood vessel using the fre-
quency change caused by the ultrasound waves being
reflected off the blood flow. Then, the blood flow image
generation unit 105 generates the blood flow image 203 by
representing the detected blood flow speed as color data in an
image. It should be noted that the color Doppler method or
power Doppler method can be used. for example, as a method
of imaging blood flow speed.

[0085] The blood flow region determination unit 106
extracts the blood flow region 204 of a blood vessel of inter-
est, based on the blood flow image generated by the blood
flow image generation unit 105.

[0086] Note that, although the blood flow image generation
unit 105 generates the blood flow image 203 here, the blood
flow image generation unit 105 need not necessarily generate
image. Specifically, the blood flow image generation unit 105
may generate information (blood flow information) indicat-
ing a region including blood flow, and the blood flow region
determination unit 106 may extract the blood flow region 204
of the blood vessel of interest by using the blood flow infor-
mation. The method for determining the blood flow region
shall be described later in detail.

[0087] The provisional blood vessel contour setting unit
107 sets the provisional blood vessel contour 205, based on
the blood flow region 204 extracted by the blood flow region
determination unit 106. Then, the provisional blood vessel
contour setting unit 107 transmits provisional blood vessel
contour information indicating the set provisional blood ves-
sel contour 205 to the blood vessel contour extraction unit
108.

[0088] After setting the provisional blood vessel contour
205 indicated by the provisional blood vessel contour infor-
mation in the B-mode image 202, the blood vessel contour
extraction unit 108 uses the provisional blood vessel contour
205 as an initial contour to extract, from the B-mode image
202, information indicating the blood vessel contour 206
which is more detailed. Here, the blood vessel contour extrac-
tion unit 108 extracts a contour which corresponds to a con-
tour of adventitia of a blood vessel (adventitia contour).
[0089] Note that, although the blood vessel contour extrac-
tion unit 108 performs extraction from the B-mode image to
extract the adventitia contour in this embodiment, the provi-
sional blood vessel contour information may be set in the
blood flow image 203 and then a lumen contour may be
extracted from the blood flow image 203. Furthermore, both
of the above may be performed to extract the adventitia con-
tour and the lumen contour.

[0090] Theblood vessel contour image generation unit 109
combines the information indicating the blood vessel contour
extracted by the blood vessel contour extraction unit 108 to
overlap the B-mode image 202, and thus generates a blood
vessel contour image.

[0091] The data storage unit 110 stores the B-mode image
202 generated by the B-mode image generation unit 104, the
blood flow image 203 generated by the blood flow image
generation unit 105, and the blood vessel contour 206 genet-
ated by the blood vessel contour extraction unit 108.

[0092] The display unit 111 displays the B-mode image
202, the blood flow image 203, the blood vessel contour 206,
or a piece of data thereof. The display unit 111 is a display
device, such as a liquid crystal display (LCD). It should be
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noted that this embodiment is characterized by the contour
extraction method for more accurately obtaining the contour
of the blood vessel of interest. Therefore, whether or not to
provide the ultrasound diagnostic apparatus 150 with the
blood vessel contour image generation unit 109 and the data
storage unit 110 is arbitrary.

[0093] FIG. 3 is a first example of a flowchart showing
extraction processing of the blood vessel contour 206 per-
formed by the ultrasound diagnostic apparatus 150 according
to this embodiment.

[0094] First, in step S201, the B-mode image generation
unit 104 generates the B-mode image 202, and the blood flow
image generation unit 105 generates the blood flow image
203. Specifically, the transmission and reception unit 103
emits ultrasound waves into the subject via the probe 101 and
receives reflected ultrasound waves 201 via the probe 101.
The B-mode image generation unit 104 and the blood flow
image generation unit 105 respectively generate the B-mode
image 202 and the blood flow image 203 by processing the
data received by the transmission and reception unit 103, and
store the generated B-mode image 202 and blood flow image
203 in the data storage unit 110. Note that, the generation of
the B-mode image and the generation of the blood flow image
may be performed sequentially in a time series (hereinafter,
one generation unit of each of the B-mode image and the
blood flow image is referred to as a frame for convenience).

[0095] Next, in step S202, the blood flow region determi-
nation unit 106 analyzes the blood flow image 203, and
extracts the blood flow region 204 of the target blood vessel.
This process is as follows.

[0096] In this embodiment, the blood flow region determi-
nation unit 106 initially extracts ablood flow region having an
area larger than a predetermined value. The blood flow image
203 may include a small region (a region having a small area)
that can be mistakenly judged as a blood flow region in a
process of generating the blood flow image 203. Thus, with
such a process, it is possible to efficiently remove ablood flow
region other than the carotid artery from the blood flow image
203. Moreover, the blood flow region determination unit 106
calculates coordinates which indicate a position of the center
of gravity of the blood flow region, and use the coordinates as
a representative point (hereinafter referred to as a blood flow
point) indicating the blood flow region. With the above, a
blood flow point of a certain frame is extracted. Note that,
there is a case where no blood flow point is extracted or a
plurality of the blood flow points is extracted. Furthermore,
although the position of the center of gravity of the blood flow
region is used as the representative point here, a point indi-
cated by the median values of the largest coordinates value
and the smallest coordinates value of the blood flow region
range may be used as the representative point. Moreover, as
information of each of the blood flow points, a value indicat-
ing an area of the blood flow region may be calculated instead
of the coordinates of the representative point. Furthermore,
both of the above may be used together.

[0097] A process of extracting a blood flow point from the
blood flow image 1s described with reference to FIG. 4. (a) in
FIG. 4 is a diagram showing blood flow regions 401 and 402
in the blood flow image. (b) in FIG. 4 is a diagram showing
blood flow points 411 and 412 corresponding to the blood
flow regions 401 and 402, respectively. Here, the position of
the center of gravity of the each of the blood flow regions is
used as the respective blood flow points.
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[0098] Next, the blood flow region determination unit 106
performs grouping of the blood flow points. The grouping of
the blood flow points means that blood flow points which
have a same feature are regarded as having a same label and
putinto a group. Note that, the label is an index for identifying
a group. Any index, such as a name, a figure, a color, may be
used as long as a group can be uniquely identified. In this
embodiment, the blood flow region determination unit 106
groups blood flow points by assigning a blood flow point in a
certain flame an identical figure (hereinafter referred to as a
blood flow group number) as blood flow points representing
blood flow at close positions in a plurality of frames before
and after the certain frame. Note that, a collection of the
grouped blood flow points may be referred to as a blood flow
group.

[0099] More specifically, whena certain blood flow point in
a certain frame is assumed to be a focused blood flow point,
the blood flow region determination unit 106 focuses on a past
frame obtained within one second from the obtainment of the
certain frame. The blood flow region determination unit 106
assigns, to the focused blood flow point, a number same as the
blood flow group number assigned to the past blood flow
point, if a blood flow point, which is within a distance equiva-
lentto 10 mm ina coordinate value with respect to the focused
blood flow point, exists in the focused frame. Furthermore,
when the blood flow point does not exist in the above-de-
scribed range, the blood flow region determination unit 106
assigns, to the focused blood flow point, a new blood flow
group number which has not been assigned before. The blood
flow region determination unit 106 repeatedly applies this
process to all of the obtained frames, and thus can assign all of
the extracted blood flow points the blood flow group numbers.
Thus, the blood flow region determination unit 106 can group
all the blood flow points. Note that, the above-described “1
second” and “10 mm” are merely exemplary specific numeri-
cal values and may be a different time and a different length,
respectively.

[0100] Next, the blood flow region determination unit 106
analyzes a blood flow point, and extracts a blood flow point
which corresponds to the blood flow region of the target blood
vessel. In this embodiment, analysis and extraction is pet-
formed on a blood flow group basis. The analysis here is, for
example, a pattern matching. For example, the shape of the
carotid artery which reaches the internal carotid artery and the
external carotid artery from the common carotid artery is
known to have a topographical feature of a Y-shape including
a bifurcation. The blood flow region determination unit 106
extracts a set of blood flow groups which corresponds to such
atopographical feature. The blood flow point belonging to the
blood flow group extracted by the blood flow region determi-
nation unit 106 corresponds to the blood flow region 204 of
the target blood vessel.

[0101] FIG. 51s an explanatory diagram which provides a
schematic three-dimensional diagram in which a vertical axis
and a horizontal axis are respectively assumed to be a vertical
axis and a horizontal axis of each of the frames, and an axis in
the depth direction is assumed to be an axis in the front-back
direction of the frames (hereinafter referred to as a frame
direction).

[0102] (a) in FIG. 5 shows results of extraction of blood
flow points in each of the frames performed by the blood flow
region determination unit 106. In (a) in FIG. 5, the frame
disposed at the most front shows that three blood flow points
501, 502 and 503 are extracted. At this point, which of the
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blood flow points is the blood flow point corresponding to the
target blood vessel is not known.

[0103] (b) in FIG. 5 is an example of results in which the
blood flow points extracted as shown in (a) in FIG. 5 are
grouped in the frame direction by the blood flow region
determination unit 106. Fach of the columns shown in (b) in
FIG. 5 shows a collection of blood flow points having a same
blood flow group number, and corresponds to the blood flow
group. (b) in FIG. 5 includes four blood flow groups 511, 512,
513 and 514. The blood flow region determination unit 106
performs, when the target blood vessel is a carotid artery,
pattern matching using as a reference pattern, for example, a
pattern having a V-shape feature. This pattern matching
makes it possible to select ((¢) in F1G. 5), from among the four
blood flow groups shown in (a) in FIG. 5, the blood flow
groups 511, 512 and 514 having a feature similar to the
reference pattern. As a result, the blood flow region determi-
nation unit 106 can extract, as the blood flow region of the
target blood vessel, the blood flow points belonging to the
blood flow groups 511, 512 and 514.

[0104] (d) in FIG. 5 shows that blood flow points 501 and
502 are extracted as target blood flow regions. The blood flow
point 503 extracted by the blood flow region determination
unit 106 in (a) in FIG. 5 belongs to the blood flow group 513,
and thus is judged not to correspond to the target blood vessel
and is appropriately removed.

[0105] Note that, although an example in which the blood
flow region determination unit 106 uses a pattern matching
technique 1s described here, an extraction method based on
the machine learning may be adopted in which a feature of the
target blood vessel is learnt. Furthermore, the blood flow
region determination unit 106 may use not only a topographi-
cal feature formed due to positional relationship between the
groups, but may also use information such as a blood flow
area. For example, at a bifurcation of a carotid artery, the area
of the blood flow region tends to be significantly large. Thus,
the blood flow region determination unit 106 may, after
obtaining a blood flow point associated with a blood flow
region having a largest area in each of the groups, judge that
the group, among the groups, having the largest blood flow
area is the region including the bifurcation, and extract such a
group. Moreover, the blood flow region determination unit
106 may, after extracting the blood flow group including the
bifurcation, further extract a plurality of blood flow groups
based on a positional relationship with respect to the extracted
blood flow group. With this, the blood flow group which is
used as a reference is determined early, and thus the target
blood flow group can be extracted more efficiently.

[0106] Another example is that the blood flow region deter-
mination unit 106 may extract a blood flow group of the target
blood vessel, based on a blood flow area using a feature of a
pulsation-like change in the area. Generally, an artery has a
larger change in a blood vessel diameter, and thus has a
feature that the change in the blood flow area is large. Use of
such a feature enables the blood flow region determination
unit 106 to extract the target blood vessel more appropriately,
when an artery and a vein are meant to be distinguished.
[0107] Furthermore, the blood flow region determination
unit 106 may analyze the blood flow group itself, before
performing processing, such as pattern matching. For
example, blood flow noises are often drawn intermittently in
the frame direction, and are sometimes separated into indi-
vidual groups including a small number of blood flow points.
Thus, among the blood flow groups, a blood flow group
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including a smaller number of blood flow points than a thresh-
old value may be judged to be a blood flow noise, and an
analysis thereafter on such a blood flow group may be omit-
ted. With this, the need to perform processing of unnecessary
information is eliminated, and thus the target blood flow
group can be extracted more efficiently.

[0108] Referring back to FIG. 3, next, in step S203, the
provisional blood vessel contour setting unit 107 sets the
provisional blood vessel contour 205 based on the blood flow
region 204 of the target blood vessel extracted in step S202.
The blood vessel contour is assumed to exist in a periphery of
the extracted target blood flow region, and thus a provisional
blood vessel contour is set in a position of the blood flow
region 204 of the target blood vessel. In this embodiment, a
provisional blood vessel contour is set to have a circular
shape, assuming that a blood vessel image in a circular shape
is obtained by scanning a probe to allow an image which cuts
the blood vessel in round slices to be drawn.

[0109] First, the provisional blood vessel contour setting
unit 107 determines for each frame whether or not a blood
flow point which corresponds to the target blood flow region
exists. When a blood flow point corresponding to the target
blood flow region exists, the provisional blood vessel contour
setting unit 107 sets, as a provisional blood vessel contour, a
circle having the blood flow point as a center. At this time, it
is desirable that the provisional blood vessel contour setting
unit 107 determine a radius of the circle to allow the circle,
whichis set as the provisional blood vessel contour, to include
the target blood flow region. Furthermore, the provisional
blood vessel contour setting unit 107 may determine a radius
of the circle based on a statistical average value of a radius of
the blood vessel of interest.

[0110] In step S204, the blood vessel contour extraction
unit 108 extracts the blood vessel contour 206 from the
B-mode image 202, based on the provisional blood vessel
contour 205 set in step S203. In this embodiment, the blood
vessel contour extraction unit 108 determines, as the blood
vessel contour 206, a contour that is obtained as a result of
performing the active contour searching (Snakes, and so on)
on the B-mode image 202 using a provisional blood vessel
contour as an initial contour. Here, the active contour search-
ing is processing for extracting a contour by moving the
contour points of the initial contour by performing energy
minimization. In the Snakes algorithm, the contour is deter-
mined to minimize energy E_, ... defined in, for example,
(Equation 1), (Equation 2), and (Equation 3),

Enates=OE i HPE;

image

(Equation 1)

Ep= (w1 1y Py vy 12)/2 (Equation 2)

E

[0111] Here, E,,, is the inner deformation energy of the
contour line, and E,, . is the image energy representing the
conformity between the contour line and the image. v denotes
a parameter expression of the contour line, v, denotes a first
order differential of v, and v, denotes a second order differ-
ential of v. a, f, w,, and w, denote constants indicating
weight. Go denotes a Gaussian filter, V> denotes a Laplacian
filter, “*” denotes an operator of convolution, and I denotes
the brightness value of the image. More specifically, the
Snakes algorithm represents the contour line as contour
points obtained by discretization of the contour line, and
determines, for each contour point, a point such that energy
E is minimized. For example, by setting a=0.8, and

= (G VY (Equation 3)

image

snakes
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[=0.2, it is possible to search for the contour while maintain-
ing the original circular shape.

[0112] In step S205, the blood vessel contour image gen-
eration unit 109 generates a blood vessel contour image by
overlapping information indicating a blood vessel contour
onto the B-mode image.

[0113] TInstep S206, the display unit 111 displays the gen-
erated image.
[0114] Noted that, as described earlier, the adoption of step

S205 (a blood vessel contour image generation step) and step
S206 (a display step) is arbitrary.

[0115] FIG. 6 is a second example of a flowchart showing
extraction processing of the blood vessel contour 206 per-
formed by the ultrasound diagnostic apparatus 150 according
to this embodiment. As shown in FIG. 6, the ultrasound diag-
nostic apparatus 150 may perform just the processing in steps
5201 to S204.

[0116] With the above, the ultrasound diagnostic apparatus
150 according to this embodiment obtains the blood flow
region of the target blood vessel based on the distribution of
the blood flow region, and extract the contour of the target
blood vessel based on the blood flow region. With this, the
ultrasound diagnostic apparatus 150 can obtain contour posi-
tion information more stably and more accurately. As a result,
the ultrasound diagnostic apparatus 150 can correctly trace
the contour of the blood vessel wall to be extracted.

Embodiment 2

[0117] This embodiment describes an example of an ultra-
sound diagnostic apparatus which can extract the shape of a
target blood vessel more accurately by using information
indicating at least one of a position and an orientation of the
probe.

[0118] FIG. 7 is a block diagram showing an outline con-
figuration of an ultrasound diagnostic apparatus 151 accord-
ing to this embodiment. Note that, in FIG. 7, structural ele-
ments that are the same as those in FIG. 2 use the same
reference numerals, and their description shall not be
repeated.

[0119] The ultrasound diagnostic apparatus 151 shown in
FIG. 7 includes, in addition to the configuration of an ultra-
sound diagnostic apparatus 150 shown in FIG. 2, a probe
position and orientation obtainment unit 112, and a three-
dimensional blood flow construction unit 113.

[0120] The probe position and orientation obtainment unit
112 obtains position and orientation information indicating at
least one of a position and an orientation of a probe 101.
[0121] The three-dimensional blood flow construction unit
113 generates, based on (i) position and orientation informa-
tion of the probe 101 and (ii) the blood flow image 203,
three-dimensional blood flow information which indicates
blood flow information in a three-dimensional space.

[0122] The ultrasound diagnostic apparatus 150 according
to Embodiment 1 identifies a blood flow region correspond-
ing to a target blood vessel, by analyzing a topographical
feature of blood flow points. When a blood vessel is scanned
by moving a probe irregularly, the irregular movement of the
probe can be unintentionally reflected in the topographical
feature of the blood flow point. In particular, the effect of the
irregular movement of the probe in a direction along the
running direction of the blood vessel is large. For example,
the shape of the extracted blood flow points is a shape
obtained by connecting two Y-shapes, in the case where a
probe is moved along the running direction of the blood
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vessel, from the common carotid artery to the internal carotid
artery and the external carotid artery, to obtain the drawing,
and then the motion of the probe is reversed, that is, the probe
is moved toward the common carotid artery from the internal
carotid artery and the external carotid artery. In other words,
the extracted blood flow points do not form a Y-shape which
correctly shows the shape of the carotid artery. Thus, it is
difficult to capture a topographical feature of the carotid
artery from the shape in which the movement of the probe is
reflected, and thus the target blood vessel cannot be extracted
correctly.

[0123] In view of this, the ultrasound diagnostic apparatus
151 according to this embodiment obtains the position and
orientation information of the probe to remove the effect of
movement of the probe. Then, the three-dimensional blood
flow information is generated based on the obtained position
and orientation information. Moreover, based on the gener-
ated blood flow information, blood flow is analyzed in a
similar manner as Embodiment 1.

[0124] With this configuration, even when the probe is
moved irregularly, it is possible to reduce effect on the blood
flow of the target blood vessel other than the blood flow
information. Thus, the position of a blood vessel to be
extracted can be obtained more accurately.

Embodiment 3

[0125] In this embodiment, a modification of the above-
described Embodiment 1 shall be described.

[0126] FIG. 8isablockdiagram showing a configuration of
an ultrasound diagnostic apparatus 152 according to this
embodiment. It should be noted that, in FIG. 8, structural
elements that are the same as those in FIG. 2 use the same
reference numerals, and their description shall not be
repeated.

[0127] The ultrasound diagnostic apparatus 152 shown in
FIG. 8 includes, in addition to the configuration of an ultra-
sound diagnostic apparatus 150 shown in FIG. 2, auser speci-
fication input unit 121 and a modification unit 122.

[0128] The user specification input unit 121 receives a
request for modification from a user.

[0129] The modification unit 122 modifies, based on the
request for modification received by the user specification
input unit 121, a blood flow region determination result
obtained by a blood flow region determination unit 106.
[0130] FIG. 9 is a flowchart of extraction processing of a
blood vessel contour performed by the ultrasound diagnostic
apparatus 152 according to this embodiment.

[0131] In a similar manner as Embodiment 1, the ultra-
sound diagnostic apparatus 152 performs processes shown in
step S201 to step S206.

[0132] Next, in step S211, the user specification input unit
121 receives a request for modification from a user.

[0133] Next, in step S222, the modification unit 122 modi-
fies, based on the request for modification received by the user
specification input unit 121, a blood flow region determina-
tion result obtained by the blood flow region determination
unit 106.

[0134] Embodiment 1 identifies a blood flow region corre-
sponding to the target blood vessel by analyzing a topographi-
cal feature of blood flow points, and has a problem that the
target blood vessel cannot be correctly extracted, when the
analysis result is erroneous. For example, when blood flow of
a jugular vein is identified as the target blood flow in error, a
blood vessel wall of the jugular vein is extracted. As
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described, when an analysis is erroneous, the target blood
vessel cannot be correctly extracted.

[0135] Thus, in order to extract the target blood vessel
correctly even when the analysis is erroneous, a unit is pro-
vided for inputting an instruction from a user for modifica-
tion, and the blood flow region determination result is modi-
fied based on the inputted instruction for modification.
Moreover, based on the modified blood flow region determi-
nation result, a provisional blood vessel contour is set, a blood
vessel contour is extracted, and a blood vessel contour image
is generated in a similar manner as Embodiment 1.

[0136] The user provides instruction for modification, for
example, ona blood flow group basis. Insuch a case, selection
or de-selection of the blood flow group is instructed. More
specifically, when a wrong blood flow group is selected as the
target blood flow region, de-selection is instructed. In
response, the target blood flow region modification unit modi-
fies the target blood flow region to remove the wrong blood
flow group from the target blood flow region. Furthermore,
selection of the blood flow group which has not been
extracted as the target blood flow region is instructed. In
response, the target blood flow region modification unit modi-
fies the target blood flow region to extract such a blood flow
group as the target blood flow region.

[0137] Note that, the modification of the target blood flow
region by the target blood flow region modification unit need
not necessarily on the blood flow group basis.

[0138] With this configuration, it becomes possible to
modify an error, even when the analysis of the blood flow
image is difficult and thus the target blood flow region is
extracted in error. Thus, the judgment by the user is reflected,
and a blood vessel to be extracted can be extracted more
accurately.

[0139] The ultrasound diagnostic apparatuses according to
the embodiments have been described thus far. The appear-
ance of the ultrasound diagnostic apparatus according to each
of the embodiments is shown in FIG. 10, for example.
[0140] Note that, the herein disclosed subject matter is not
Limited to the above-described embodiments. For example,
part or all of the processing units included in the ultrasound
diagnostic apparatus in the above-described embodiments
may be included in the probe 101.

[0141] Furthermore, although description in each of the
embodiments is carried out exemplifying the case of using, as
the B-mode image and the blood flow image, what is called a
short axis view that is a blood vessel cross-section which is
perpendicular to the running direction of the blood vessel, the
one or more exemplary embodiments disclosed herein can
also be applied to the case of using what is called a long axis
view that is a blood vessel cross-section which is parallel to
the running direction of the blood vessel. In such a case, the
provisional blood vessel contour setting unit 107 determines
a quadrangular provisional blood vessel contour. Here, qua-
drangular refers to a rectangle, a parallelogram, and an
approximately rectangular shape.

[0142] Furthermore, each of the processing units included
in the ultrasound diagnostic apparatus according to the above-
described embodiments is typically implemented as an LSI
which is an integrated circuit. These processing units may be
individually configured as single chips or may be configured
so that a part or all of the processing units are included in a
single chip.

[0143] Furthermore, the method of circuit integration is not
limited to LSIs, and implementation through a dedicated
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circuit or a general-purpose processor is also possible. A field
programmable gate array (FPGA) which allows program-
ming after L.ST manufacturing or a reconfigurable processor
which allows reconfiguration of the connections and settings
of the circuit cells inside the LST may also be used.

[0144] Furthermore, part or all of the functions of the ultra-
sound diagnostic apparatus, according to each of the embodi-
ments may be implemented through the execution of a pro-
gram by a processor, such as a CPU.

[0145] Inaddition, the present disclosure may be the afore-
mentioned program or a non-transitory computer-readable
recording medium on which such program is recorded. Fur-
thermore, it should be obvious that the program can also be
distributed via a transmission medium such as the Internet.
[0146] Furthermore, at least part of the functions of the
ultrasound diagnostic apparatuses according to the embodi-
ments and their modifications may be combined.

[0147] Furthermore, all the numerical figures used above
are given as examples to describe the present disclosure in
specific terms, and thus the present disclosure is not limited
by such illustrative numerical figures.

[0148] Furthermore, the separation of the function blocks
in the block diagrams is merely an example, and plural func-
tion blocks may be implemented as a single function block, a
single function block may be separated into plural function
blocks, or part of functions of a function block may be trans-
ferred to another function block. Furthermore, the functions
of function blocks having similar functions may be pro-
cessed, in parallel or by time-sharing, by a single hardware or
software.

[0149] Furthermore, the sequence in which the above-de-
scribed steps are executed is given as an example to describe
the present disclosure in specific terms, and thus other
sequences are possible. Furthermore, part of the above-de-
scribed steps may be executed simultaneously (in parallel)
with another step.

[0150] In addition, as long as they do not depart from the
essence of the present disclosure, various modifications
obtainable through modifications to the respective embodi-
ments that may be conceived by a person of ordinary skill in
the art are intended to be included in the present disclosure.
[0151] Each of the structural elements in each of the above-
described embodiments may be configured in the form of an
exclusive hardware product, or may be realized by executing
a software program suitable for the structural element. Each
of the structural elements may be realized by means of a
program executing unit, such as a CPU and a processor,
reading and executing the software program recorded on a
recording medium such as a hard disk or a semiconductor
memory. Here, the software program for realizing the ultra-
sound diagnostic apparatus according to each of the embodi-
ments is a program described below.

[0152] The program causes a computer to execute a blood
vessel identification method in which a blood vessel of inter-
est of a subject is identified based on reflected ultrasound
waves obtained, using an ultrasound probe, from the subject,
the blood vesselidentification method including: generating a
tomographic image of the subject, based on the reflected
ultrasound waves; generating blood flow information indicat-
ing a blood flow region of the subject in the tomographic
image, based on the reflected ultrasound waves; and (i)
extracting a blood flow point indicating a representative point
of the blood flow region, (ii) extracting, as a group of blood
flow regions, a plurality of the blood flow points having a
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same feature, and (iii) determining, on a group of blood flow
regions basis, whether or not the blood flow region corre-
sponds to the blood vessel of interest, by analyzing the blood
flow information generated in the generating of blood flow
information.

[0153] The herein disclosed subject matter is to be consid-
ered descriptive and illustrative only, and the appended
Claims are of a scope intended to cover and encompass not
only the particular embodiments disclosed, but also equiva-
lent structures, methods, and/or uses.

INDUSTRIAL APPLICABILITY

[0154] An ultrasound diagnostic apparatus according to
one or more exemplary embodiments disclosed herein has a
unit for correctly obtaining the shape of a blood vessel wall,
and is useful in the diagnosis of arteriosclerosis.

1. An ultrasound diagnostic apparatus which identifies a
blood vessel of interest of a subject based on reflected ultra-
sound waves obtained, using an ultrasound probe, from the
subject, the ultrasound diagnostic apparatus comprising:

a tomographic image generation unit configured to gener-
ate a tomographic image of the subject, based on the
reflected ultrasound waves;

a blood flow information generation unit configured to
generate blood flow information indicating a blood flow
region of the subject in the tomographic image, based on
the reflected ultrasound waves; and

a blood flow region determination unit configured to (i)
extract a blood flow point indicating a representative
point of the blood flow region, (ii) extract, as a group of
blood flow regions, a plurality of the blood flow points
having a same feature, and (iii) determine, on a group of
blood flow regions basis, whether or not the blood flow
region corresponds to the blood vessel of interest, by
analyzing the blood flow information generated by the
blood flow information generation unit.

2. The ultrasound diagnostic apparatus according to claim

1,

wherein the blood flow region determination unit is con-
figured to performthe determination by analyzing, as the
blood flow information, a position of the blood flow
region in the tomographic image.

3. The ultrasound diagnostic apparatus according to claim

15

wherein when a plurality of the blood flow regions are
arranged corresponding to respective positions on the
subject at which the tomographic image including the
blood flow region has been obtained, the blood flow
region determination unitis configured to (i) collectively
extract, as the group of blood flow regions, from among
the arranged blood flow regions, blood flow regions
associated with blood blow points that are separated
from one another by a distance no greater than a thresh-
old value, and (ii) perform the determination on a blood
flow region included in the extracted group ofblood flow
regions, based on an attribute of the extracted group of
blood flow regions.

4. The ultrasound diagnostic apparatus according to claim

35

wherein when an attribute of the extracted group of blood
flow regions matches an attribute of the blood vessel of
interest which is predetermined, the blood flow region
determination unit is configured to perform the determi-
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nation that a blood flow region included in the extracted
group of blood flow regions corresponds to the blood
vessel of interest.
5. The ultrasound diagnostic apparatus according to claim
4,
wherein the blood flow region determination unit is con-
figured to perform the determination using, as an
attribute of the group of blood flow regions, at least one
of (i) a total number of blood flow regions included in the
extracted group of blood flow regions, (ii) an area of a
blood flow region having a largest area, among the blood
flow regions included in the extracted group of blood
flow regions, and (iii) aposition of a blood flow region in
each of tomographic images which are obtained at a
beginning and at an end of a range on the subject in
which a plurality of tomographic images including the
extracted group of blood flow regions are obtained.
6. The ultrasound diagnostic apparatus according to claim
57
wherein when a total number of the blood flow regions
included in the group of blood flow regions is no greater
than a predetermined number, the blood flow region
determination unit is configured to perform the determi-
nation on a blood flow region included in a group of
blood flow regions other than the group of blood flow
regions which includes blood flow regions the total num-
ber of which is no greater than the predetermined num-
ber.
7. The ultrasound diagnostic apparatus according to claim
5,
wherein the blood flow region determination unit is con-
figured to determine that a blood flow region included in
a group of blood flow regions, among a plurality of the
groups of blood flow regions, which includes a blood
flow region having a largest area corresponds to the
blood vessel of interest.
8. The ultrasound diagnostic apparatus according to claim
5,
wherein in the case where a plurality of the extracted
groups of blood flow regions are arranged corresponding
to respective positions on the subject at which a tomo-
graphic image including each of the extracted groups of
blood flow regions has been obtained, when a distance
between (i) an edge of a drawing formed by an interpo-
lation of a first group of blood flow regions and (ii) a
portion of a drawing formed by an interpolation of a
second group of blood flow regions is no greater than a
predetermined value, the blood flow region determina-
tion unit is further configured to (i) newly and collec-
tively extract, as a group of blood flow regions, the first
group of blood flow regions and the second group of
blood flow regions and (ii) perform the determination on
the newly and collectively extracted group of blood flow
regions.
9. The ultrasound diagnostic apparatus according to claim
55
wherein in the case where a plurality of the extracted
groups of blood flow regions are arranged corresponding
to respective positions on the subject at which the tomo-
graphic image including each of the extracted groups of
blood flow regions has been obtained, (i) when a differ-
ence between a first position and a second position is no
greater than a predetermined value, the first position
being in the tomographic image of a first blood flow
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region included in a tomographic image obtained at a
beginning or at an end of a range on the subject corre-
sponding to the extracted groups of blood flow regions,
and the second position being in the tomographic image
of the second blood flow region which is included in a
tomographic image obtained at the beginning or at the
end of the range on the subject and is different from the
first blood flow region, and

(ii) when a position on the subject at which the first blood
flow region has been obtained and a position on the
subject at which the second blood flow region has been
obtained are within a predetermined distance,

the blood flow region determination unit is further config-
ured to newly and collectively extract, as a group of
blood flow regions, the group of blood flow regions
including the first blood flow region and the group of
blood flow regions including the second blood flow
region, and perform the determination on the newly and
collectively extracted group of blood flow regions.

10. The ultrasound diagnostic apparatus according to claim

1,

wherein the blood flow region determination unit is con-
figured to performthe determination by analyzing, as the
blood flow information, an area of the blood flow region
in the tomographic image.

11. The ultrasound diagnostic apparatus according to claim

10,

wherein the blood flow region determination unit is con-
figured to perform the determination by determining the
presence or absence of a pulsation-like fluctuation, by
analyzing a change in area of the blood flow region in
each of tomographic images which are obtained.

12. The ultrasound diagnostic apparatus according to claim

15

wherein the blood flow region determination unit is con-
figured to performthe determination by analyzing, as the
blood flow information, a direction of blood flow in the
blood flow region.

13. The ultrasound diagnostic apparatus according to claim

12,

wherein the blood flow region determination unit is con-
figured to perform the determination that the blood flow
region corresponds to the blood vessel of interest, when
the direction of the blood flow in the blood flow region
matches a direction of blood flow in the blood vessel of
interest which is predetermined.

14. The ultrasound diagnostic apparatus according to claim

1, further comprising:

a display unit configured to display information indicating
a result of the determination performed by the blood
flow region determination unit; and

a modification unit configured to modify the result of the
determination performed by the blood flow region deter-
mination unit, based on a request from a user to modify
the information indicating the result of the determina-
tion displayed on the display unit.

15. The ultrasound diagnostic apparatus according to claim

1, further comprising:

a provisional blood vessel contour setting unit configured
to set a provisional blood vessel contour, based on a
blood flow region determined by the blood flow region
determination unit; and

ablood vessel contour extraction unit configured to extract,
using the provisional blood vessel contour set by the
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12
provisional blood vessel contour setting unit, a contour 18. A blood vessel identification method in which a blood
of the blood vessel of interest in the tomographic image vessel of interest of a subject is identified based on reflected
generated by the tomographic image generation unit. ultrasound waves obtained, using an ultrasound probe, from
16. The ultrasound diagnostic apparatus according to claim the subject, the blood vessel identification method compris-
1, further comprising: ing
a probe position and orientation obtainment unit config- generating a to graphic image of the subject, based on the
ured to obtain position and orientation information indi- reflected ultrasound waves;
cating at least one of a position and an orientation of the generating blood flow information indicating a blood flow
ultrasound probe; and region of the subject in the tomographic image, based on
a three-dimensional blood flow construction unit config- the reflected ultrasound waves; and
ured to generate three-dimensional blood flow informa- (i) extracting a blood flow point indicating a representative
tion indicating the blood flow region in a three-dimen- point of the blood flow region, (ii) extracting, as a group
sional space, based on (i) the position and orientation of blood flow regions, a plurality of the blood flow points
information obtained by the probe position and orienta- having a same feature, and (iii) determining, on a group
tion obtainment unit and (ii) the blood flow information of blood flow regions basis, whether or not the blood
generated by the blood flow information generation unit, flow region corresponds to the blood vessel of interest,
wherein the blood flow region determination unit is con- by analyzing the blood flow information generated in the
figured to perform the determination by analyzing the generating of blood flow information.
three-dimensional blood flow information generated by 19. A non-transitory computer-readable recording medium
the three-dimensional blood flow construction unit. having a computer program recorded thereon for causing a

17. The ultrasound diagnostic apparatus according o claim computer to execute the blood vessel identification method
1 according to claim 18.

wherein the blood vessel of interest is a carotid artery. S
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