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7) ABSTRACT

An ultrasound diagnostic apparatus measures blood flow
velocity by emitting ultrasound towards a measurement target
and receiving a reflected wave, via an ultrasound probe. The
ultrasound diagnostic apparatus includes an ultrasound
image acquisition unit, a vascular region detection unit, a
measurement position determination unit, and a Doppler gate
setting unit. The ultrasound image acquisition unit acquires
an ultrasound image which has been captured of the measure-
ment target. The vascular region detection unit detects, from
the ultrasound image, a vascular region corresponding to a
blood vessel. The measurement position determination unit
detects a specific part of the vascular region based on vascular
region shape and determines, in accordance with the specific
part, one or more measurement positions in the vascular
region in terms of longitudinal direction thereof. The Doppler
gate setting unit sets, with respect to each measurement posi-
tion, a Doppler gate in a lumen region of the vascular region.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD FOR CONTROLLING THE
SAME

[0001] This application is based on an application No.
2013-080941 filed in Japan on Apr. 9, 2013, the contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to an ultrasound diag-
nostic apparatus, and a control method thereof, that automati-
cally sets a measurement position for Doppler ultrasound
based on results of ultrasound image analysis.

[0004] (2) Description of the Related Art

[0005] Diagnostic imaging apparatuses which are com-
monly used on living organisms include X-ray diagnostic
apparatuses, MRI (Magnetic Resonance Imaging) diagnostic
apparatuses and ultrasound diagnostic apparatuses. Among
the above apparatuses, ultrasound diagnostic apparatuses in
particular have advantages in terms of non-invasiveness and
real time usage, and are widely used in health examinations
and diagnosis.

[0006] An ultrasound diagnostic apparatus may use various
different measurement methods. In brightness mode
(B-mode) ultrasound, a cross-sectional image is acquired ofa
plane along which ultrasound travels. In motion mode
(M-mode) ultrasound, movement perpendicular to a direction
in which ultrasound travels is detected. In Doppler ultra-
sound, movement parallel to the direction in which ultra-
sound travels is detected. Measurement by Doppler ultra-
sound requires accurate setting of a Doppler gate at a position
suitable for measurement. For example, when a stenosis is
present in a blood vessel, the Doppler gate should be set at a
position in the blood vessel at which the blood vessel in
narrowest (Standard method for ultrasound evaluation of
carotid artery lesions; Japan Journal of Medical Ultrasonics;
502; Vol. 36; No. 4; 2009).

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0007] Unfortunately, blood flow velocity differs at a posi-
tion corresponding to the stenosis compared to a position
separated from the stenosis. As a result, a doctor or other
operator is required to possess a high degree of procedural
skill in order to accurately set the Doppler gate at the position
corresponding to the stenosis.

[0008] Inconsiderationofthe problem described above, the
present invention aims to provide an ultrasound diagnostic
apparatus, and a control method thereof, that enables setting
of a Doppler gate at a position which is appropriate for mea-
suring blood flow velocity.

Means for Solving the Problems

[0009] One aspect of the present invention is an ultrasound
diagnostic apparatus for measuring blood flow velocity by
emitting ultrasound towards a measurement target via an
ultrasound probe and by receiving a reflected wave via the
ultrasound probe, the ultrasound diagnostic apparatus com-
prising: an ultrasound image acquisition unit configured to
acquire an ultrasound image which has been captured of the
measurement target; a vascular region detection unit config-
ured to detect, from the ultrasound image, a vascular region

Oct. 9,2014

corresponding to a blood vessel in the measurement target; a
measurement position determination unit configured to
detect a specific part of the vascular region based on shape of
the vascular region and to determine, in accordance with the
specific part, one or more measurement positions in the vas-
cular region in terms of longitudinal direction thereof; and a
Doppler gate setting unit configured to set, with respect to
each of the measurement positions, a Doppler gate in a lumen
region of the vascular region.

Advantageous Effect of the Invention

[0010] The ultrasound diagnostic apparatus relating to the
one aspect of the present invention detects the specific part,
which for example corresponds to a diseased part or a diag-
nostic target in the measurement target, based on shape of the
vascular region, automatically determines the one or more
measurement positions in terms of the longitudinal direction
of the blood vessel, and sets an appropriate Doppler gate with
respect to each of the measurement positions. Therefore, the
ultrasound diagnostic apparatus relating to the one aspect of
the present invention enables simple and accurate measure-
ment of blood flow velocity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Theseand the other objects, advantages and features
of the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings which illustrate a specific embodiment of the
invention.

[0012] In the drawings:

[0013] FIG. 1is a block diagram illustrating configuration
of an ultrasound diagnostic apparatus 10;

[0014] FIG. 2A illustrates an example of determining a
measurement position in the ultrasound diagnostic apparatus
10, FIG. 2B illustrates an example of setting a Doppler gate
corresponding to the measurement position in the ultrasound
diagnostic apparatus 10, and FIG. 2C illustrates an example
of setting width of the Doppler gate in the ultrasound diag-
nostic apparatus 10;

[0015] FIG. 3 is a flowchart illustrating operation of the
ultrasound diagnostic apparatus 10;

[0016] FIG. 4 illustrates an example of determining a plu-
rality of measurement positions in the ultrasound diagnostic
apparatus 10;

[0017] FIG. 5 is a flowchart illustrating operation of the
ultrasound diagnostic apparatus 10 as relating to supplemen-
tary explanation (9) of a first embodiment;

[0018] FIG. 6 illustrates an example of segmentation and
determination of measurement positions relating to a modi-
fied example of the first embodiment;

[0019] FIG. 7 is a block diagram illustrating configuration
of an ultrasound diagnostic apparatus 20,

[0020] FIG. 8A illustrates an example of constructing a
three dimensional (3D) image of a carotid artery, FIG. 8B
illustrates an example of acquiring a current position and
current orientation of an ultrasound probe, and FIG. 8C illus-
trates relationship between the 3D image and a scan plane of
the ultrasound probe;

[0021] FIG. 9 is a flowchart illustrating operation of the
ultrasound diagnostic apparatus 20;

[0022] FIG. 10is ablock diagram illustrating configuration
of an ultrasound diagnostic apparatus 30,
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[0023] FIG. 11A illustrates an example of segmentation
and determination of measurement positions for a carotid
artery, and FIG. 11B illustrates relationship between a plaque
and results of blood flow velocity measurement in the carotid
artery;

[0024] FIG. 12 is a flowchart illustrating operation of the
ultrasound diagnostic apparatus 30;

[0025] FIGS. 13A-13C illustrate a situation in which a
control method for an ultrasound diagnostic apparatus is
implemented by a computer system, using a program stored
on a recording medium such as a floppy disk;

[0026] FIG. 14A is an overview diagram of an ultrasound
probe and a scan plane, FIG. 14B illustrates a method for
scanning a carotid artery, F1G. 14C is a cross-sectional image
along a longitudinal direction of the carotid artery, and FIG.
14D is a cross-sectional image along a transverse direction of
the carotid artery;

[0027] FIG. 15A illustrates structure of a vascular wall of
an artery in the transverse direction, FIG. 15B illustrates
relationship between the vascular wall and a cross-sectional
image of the artery in the transverse direction, FIG. 15C
illustrates structure of the vascular wall of the artery in the
longitudinal direction, and FIG. 15D illustrates a plaque in a
cross-sectional image of the artery in the longitudinal direc-
tion;

[0028]

[0029] FIG. 17 illustrates an example of determining a
measurement position in a conventional ultrasound diagnos-
tic apparatus;

[0030] FIG. 18A illustrates correspondence between a
carotid artery and transverse cross-sectional images, FIG.
18B illustrates detection of a center point of a double loop in
a transverse cross-sectional image, FIG. 18C illustrates a
method of calculating intima-media thickness (IMT) in the
transverse cross-sectional image, and FIG. 18D illustrates
results of IMT calculation in the transverse cross-sectional
image;

[0031] FIG. 19A illustrates setting of a Doppler gate in a
transverse cross-sectional image, and FIG. 19B illustrates
positional relationship of the Doppler gate and an ultrasound
probe;

[0032] FIG. 20A illustrates configuration of a 3D model of
a carotid artery and an ultrasound probe, and FIG. 20B illus-
trates an assistance image provided in order to guide the
ultrasound probe;

[0033] FIG. 21 is a flowchart illustrating operation for set-
ting a Doppler gate by generating a 3D model from a plurality
of transverse cross-sectional images;

[0034] FIG. 22 illustrates correspondence between a plu-
rality of transverse cross-sectional images and segmentation
of a carotid artery;

[0035] FIG. 23 is a flowchart illustrating operation for ana-
lyzing a plurality of transverse cross-sectional images and for
performing segmentation in accordance with structure of a
carotid artery; and

[0036] FIG. 24 is a flowchart illustrating operation for ana-
lyzing a plurality of transverse cross-sectional images and for
performing a finer degree of segmentation in accordance with
whether a plaque is present.

FIG. 16 illustrates parts of a carotid artery;
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Background Leading to Embodiments of the
Invention

[0037] An ultrasound diagnostic apparatus may be used on
various diagnostic targets such as blood vessels, heart, liver
and breasts. In particular, in recent years there has been inter-
est in using examination of the carotid artery in order to
determine risk of arteriosclerosis.

[0038] The following explains examination of the carotid
artery using ultrasound. FIGS. 14A-14Care provided in order
to explain image appearance when the carotid artery is
scanned using ultrasound. FIG. 14A illustrates an ultrasound
probe and a scan plane of the ultrasound probe. Ultrasound
transducers are arranged in the ultrasound probe. When the
ultrasound transducers are in a one dimensional (1D) array, as
in the present example, a reception signal is acquired for a two
dimensional (2D) scan plane directly below the ultrasound
transducers, and a B-mode ultrasound image is acquired
which is a cross-sectional image. As illustrated in FIG. 14B,
during examination of the carotid artery, typically images are
acquired in both a direction in which the carotid artery
extends (herein referred to as a longitudinal direction), and
also in a direction which is roughly perpendicular to both the
longitudinal direction and a depth direction of the skin (herein
referred to as a transverse direction). When the ultrasound
probe is scanned in the transverse direction along the carotid
artery, a cross-sectional image along a longitudinal axis of the
carotid artery is acquired (herein referred to as a longitudinal
cross-sectional image), such as illustrated in FIG. 14C. Onthe
other hand, when the ultrasound probe is scanned in the
longitudinal direction along the carotid artery, a cross-sec-
tional image cutting across the carotid artery in the transverse
direction is acquired (herein referred to as a transverse cross-
sectional image), such as illustrated in FIG. 14D.

[0039] In examination of the carotid artery, vascular wall
thickness of the carotid artery is used as an indicator of a
degree of progression of arteriosclerosis. The following
explains vascular wall structure of an artery with reference to
FIGS. 15A-15C. The vascular wall of the artery has a three
layer structure composed of a tunica intima, a tunica media,
and a tunica adventitia. FIG. 15A illustrates structure of the
vascular wall in the transverse direction, and FIG. 15C illus-
trates structure of the vascular wall in the longitudinal direc-
tion. Progression of arteriosclerosis is accompanied by hyper-
trophy of mainly the tunica intima and the tunica media.
Consequently, in examination of the carotid artery using
ultrasound, thickness of an intima-media complex composed
ofthe tunica intima and the tunica media (hereinreferred to as
IMT) is measured by detecting an interface between the
tunica intima and a lumen of the carotid artery (herein
referred to as a lumen-intima interface), and an interface
between the tunica adventitia and the tunica media (herein
referred to as a media-adventitia interface), as illustrated in
FIG. 15B. A state in which IMT exceeds a specific value in a
localized area is referred to as a plaque. A plaque leads to a
vascular wall structure in a longitudinal cross-sectional
image such as illustrated in FIG. 15D. Depending on size of
the plaque, medicinal treatment or surgical treatment to
remove the plaque may be required. Therefore, measurement
of IMT or percentage stenosis of the blood vessel, which is
affected by the plaque, is vital for diagnosis. In particular,
blood flow velocity in a region in which a stenosis is present



US 2014/0303499 A1

can be used as an indicator of percentage stenosis of a blood
vessel. Blood flow velocity can be measured using Doppler
ultrasound.

[0040] Measurement of blood flow velocity by Doppler
ultrasound is valuable in diagnosing stenosis of a blood ves-
sel. Unfortunately, in measurement by Doppler ultrasound a
high degree of procedural skill is required in order to set
width, position, and direction of a Doppler gate. In consider-
ation of the above, a method is proposed which enables mea-
surement by Doppler ultrasound, even without a high degree
of procedural skill, by automating measurement.

[0041] For example, in a conventional ultrasound diagnos-
tic apparatus, a vascular region is detected from a B-mode
ultrasound image and a measurement position for Doppler
ultrasound is determined to be a predetermined positionin the
vascular region. FIG. 17 illustrates an example of determina-
tion of a measurement position by the conventional ultra-
sound diagnostic apparatus. In the example illustrated in FIG.
17, the measurement position is determined to be a center
point of the vascular region. Consequently, the measurement
position does not necessarily correspond to a position at
which a plaque is present, and thus the measurement position
which is determined cannot be used in order to measure blood
flow velocity at a position corresponding to the plaque. There-
fore, as described above, the conventional ultrasound diag-
nostic apparatus experiences a problem of being unable to
measure blood flow velocity at a desired position.

[0042] Inconsideration ofthe above problem, the inventors
conceived an idea of detecting a specific part of a blood
vessel, such as a plaque or bifurcation structure, and subse-
quently performing measurement by Doppler ultrasound at a
measurement position determined in accordance with the
specific part which is detected. Through the above, a position
of a diseased part, such as a plaque, can be automatically
detected and blood flow velocity can be calculated by pet-
forming measurement by Doppler ultrasound at the detected
position. Therefore, such a configuration enables simple and
reproducible measurement of blood flow velocity, for
example in a blood vessel.

EMBODIMENTS

[0043] The following explains embodiments of the present
invention with reference to the drawings.

First Embodiment

[0044]

[0045] An ultrasound diagnostic apparatus, and a control
method thereof, relating to a first embodiment are explained
with reference to the drawings. An ultrasound diagnostic
apparatus 10 relating to the first embodiment automatically
determines position of a plaque or other part of a blood vessel
based on shape of the blood vessel extracted from an ultra-
sound image, and performs measurement by Doppler ultra-
sound at the position which is determined. Herein, the term
ultrasound image refers to a video image or a still image such
as a B-mode ultrasound image, which is generated from a
reception signal acquired by scanning a measurement target
using an ultrasound probe. The term ultrasound image may
also refer to a reception signal, or a signal resulting from
processing of the reception signal, which is inclusive of suf-
ficient information for generating a video image or a still
image.

<Configuration>
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[0046] FIG. 1 is a block diagram illustrating configuration
of the ultrasound diagnostic apparatus 10. The ultrasound
diagnostic apparatus 10 includes an ultrasound image acqui-
sition unit 101, a vascular region detection unit 102, a mea-
surement position determination unit 103, a Doppler gate
setting unit 104, a Doppler measurement unit 105, and a
measurement information display unit 106.

[0047] The ultrasound image acquisition unit 101 gener-
ates a B-mode ultrasound image from a reception signal
acquired by scanning a measurement target using an ultra-
sound probe, and outputs the B-mode ultrasound image to the
vascular region detection unit 102. In the present embodi-
ment, the ultrasound probe is a linear probe including a 1D
array of ultrasound transducers that are for example made of
lead zirconate titanate (PZT). Also, in the present embodi-
ment the measurement target is a carotid artery.

[0048] The vascular region detection unit 102 detects a
vascular wall of the carotid artery captured in the B-mode
ultrasound image output by the ultrasound image acquisition
unit 101, and extracts a vascular region. More specifically, the
vascular region detection unit 102 detects a media-adventitia
interface and a lumen-intima interface of the vascular wall.
Herein, the term vascular region refers to a region inwards of
a tunica adventitia of a blood vessel. In other words, the
vascular region is composed of a vascular wall region and a
lumen region. The vascular region detection unit 102 per-
forms edge detection or the like on the B-mode ultrasound
image based on changes in brightness values therein, and
detects interfaces by for example taking into account conti-
nuity of edges which are detected.

[0049] The measurement position determination unit 103
detects a specific part of the vascular region based on the
vascular region detected by the vascular region detection unit
102. The measurement position determination unit 103 deter-
mines one or more measurement positions for Doppler ultra-
sound in the vascular region, in terms of the longitudinal
direction, in accordance with the specific part. In the present
embodiment the specific part of the vascular region corre-
sponds to a plaque in the measurement target. First, explana-
tion is provided relating to detection of the specific part. The
measurement position determination unit 103 calculates IMT
using the lumen-intima interface and the media-adventitia
interface detected by the vascular region detection unit 102,
and detects a region in which IMT exceeds a predetermined
value to correspond to the plaque. More specifically, the mea-
surement position determination unit 103 calculates IMT, for
each point along the media-adventitia interface, using a dis-
tance between the point on the media-adventitia interface and
a corresponding point on the lumen-intima interface. Next,
the measurement position determination unit 103 determines
a measurement position for Doppler ultrasound in terms of
the longitudinal direction of vascular region. The measure-
ment position determination unit 103 determines a position of
maximum hypertrophy to be the measurement position. The
position of maximum hypertrophy is a position at which IMT
is amaximum value in the region corresponding to the plaque.
[0050] The following provides more specific explanation
with reference to FIGS. 2A-2C. FIG. 2A illustrates an
example in which a measurement position 604 is determined
with respect to a B-mode ultrasound image 600, which is one
example of an ultrasound image. The vascular region detec-
tion unit 102 detects a vascular region 601 from the B-mode
ultrasound image 600. Next, the measurement position deter-
mination unit 103 detects a plaque 602 as a specific part based
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on the vascular region 601. Finally, the measurement position
determination unit 103 identifies a position of maximum
hypertrophy 603 and determines the measurement position
604 in correspondence with the position of maximum hyper-
trophy 603 which is identified.

[0051] The Doppler gate setting unit 104 sets a Doppler
gate 605 in order to measure blood flow velocity at the mea-
surement position. More specifically, the Doppler gate setting
unit 104 sets the Doppler gate 605 such that at the measure-
ment position 604 in the lumen, an angle 0 between a direc-
tion of the Doppler gate 605 and a blood vessel extension
direction relative to position of the Doppler gate 605 is no
greater than a predetermined value. In the present embodi-
ment the predetermined value is for example 60°. FIG. 2B
illustrates an overview of setting of the Doppler gate. A center
point of the Doppler gate 605 is set as a center point of an area
surrounded by the lumen-intima interface at the position of
maximum hypertrophy 603. Direction of the Doppler gate
605 corresponds to a direction in which ultrasound travels
when transmitted towards the Doppler gate 605 from the
ultrasound probe during Doppler ultrasound measurement.
Ultrasound can be emitted along a plane having a specific
orientation by creating a phase difference using a delay time
between transmission of ultrasound from neighboring ultra-
sound transducers. Based on a blood vessel extension direc-
tion 606 detected by the vascular region detection unit 102
and the measurement position 604, the Doppler gate setting
unit 104 judges whether the angle 8 between the direction of
the Doppler gate 605 and the blood vessel extension direction
606 is no greater than 60°. Direction of the Doppler gate 605
corresponds to a direction between a current position of the
ultrasound probe and the measurement position 604. When
the angle 61is no greater than 60°, the Doppler gate setting unit
104 sets direction of the Doppler gate 605 as the direction
between the current position of the ultrasound probe and the
measurement position 604. Note that when the angle 6 is
greater than 60°, the ultrasound diagnostic apparatus 10 dis-
plays guidance that urges a user to change position or orien-
tation of the ultrasound probe.

[0052] Next, width w of the Doppler gate 605 is explained
with reference to FIG. 2C. Width w of the Doppler gate 605 is
set using diameter d of the lumen at the position of maximum
hypertrophy 603 as a reference, such that, for example, a
relationship w=d/2 is satisfied.

[0053] The Doppler measurement unit 105 measures blood
flow velocity in accordance with the Doppler gate 605 set by
the Doppler gate setting unit 104.

[0054] The measurement information display unit 106 is
for example configured by a liquid-crystal display. The mea-
surement information display unit 106 displays the B-mode
ultrasound image generated by the ultrasound image acqui-
sition unit 101 and with the Doppler gate 605 set by the
Doppler gate setting unit 105 superposed thereon. The mea-
surement information display unit 106 also displays the blood
flow velocity measured by the Doppler measurement unit
105.

[0055] <Operation>

[0056] FIG. 3 is a flowchart illustrating operation of the
ultrasound diagnostic apparatus 10.

[0057] The ultrasound image acquisition unit 101 first
acquires a reception signal and generates a B-mode ultra-
sound image (Step S101).

[0058] Next, the vascular region detection unit 102 extracts
a vascular region from the B-mode ultrasound image gener-
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ated by the ultrasound image acquisition unit 101 (Step
S102). During the above, the vascular region detection unit
102 detects both shape of a vascular wall region in the vas-
cular region and also a blood vessel extension direction.
[0059] The measurement position determination unit 103
subsequently detects a specific part of the vascular region
based on output from the vascular region detection unit 102,
and determines one or more measurement positions (Step
S103).

[0060] Next, the Doppler gate setting unit 104 sets a Dop-
pler gate with respect to each of the measurement positions
that is determined by the measurement position determina-
tion unit 103 (Step S104).

[0061] The ultrasound diagnostic apparatus 10 subse-
quently judges whether Doppler ultrasound measurement is
complete for all of the Doppler gates set by the Doppler gate
setting unit 104 (Step S105). When the ultrasound diagnostic
apparatus 10 judges that a Doppler gate has been set for which
measurement is not complete, the Doppler measurement unit
105 performs Doppler ultrasound measurement in order to
measure blood flow velocity in the carotid artery in accor-
dance with the Doppler gate which is set (Step S106), and
subsequently the ultrasound diagnostic apparatus 10 repeats
performance of Step S105.

[0062] On the other hand, when Doppler ultrasound mea-
surement is complete for all of the measurement positions, the
measurement information display unit 106 displays the Dop-
pler gates and measurement results (Step S107). More spe-
cifically, measurement information display unit 106 displays
the Doppler gates and the measurement results for blood flow
velocity at the Doppler gates, superposed on the B-mode
ultrasound image generated by the ultrasound image acqui-
sition unit 101.

[0063] <Conclusion>

[0064] As described above, the ultrasound diagnostic appa-
ratus 10 relating to the present embodiment analyzes shape of
a vascular wall of a blood vessel and automatically sets an
optimum measurement position for Doppler ultrasound with
respect to a disease affected part of the blood vessel, such as
a plaque. Therefore, the ultrasound diagnostic apparatus 10
enables simple and highly reproducible measurement by
Doppler ultrasound.

[0065] <Supplementary Explanation>

[0066] (1) In the first embodiment, the measurement target
is a carotid artery, but the measurement target is not limited to
being the carotid artery. Alternatively, measurement of blood
flow velocity during diagnosis may be performed on a differ-
ent blood vessel such as an abdominal aorta or a tibial artery,
or on a different body part such as the heart.

[0067] (2) In the first embodiment, the ultrasound probe is
a linear probe, but the ultrasound probe may alternatively be
a convex probe or a sector probe. Further alternatively, the
ultrasound probe may be a probe that can acquire an ultra-
sound image of a 3D region beneath the probe, such as an
oscillating probe in which the ultrasound transducers oscil-
late, or a probe in which ultrasound transducers are arranged
in a matrix as a 2D array.

[0068] (3) In the first embodiment, the ultrasound image
acquisition unit 101 generates a B-mode ultrasound image
and the vascular region detection unit 102 detects a vascular
wall region from the B-mode ultrasound image, but the
present invention is not limited to such a configuration. For
example, alternatively the ultrasound image acquisition unit
101 may output a reception signal acquired from the ultra-
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sound probe, without generating a B-mode ultrasound image,
and the measurement position determination unit 103 may
detect a vascular wall region from the reception signal. Fur-
ther alternatively, the ultrasound image acquisition unit 101
may acquire an ultrasound image that indicates blood flow
information such as a color flow image or a power mode
image. In such a configuration, the vascular region detection
unit 102 detects a vascular region by determining thata region
in which blood flow velocity is at least a predetermined value
corresponds to a lumen of a blood vessel. The following
explains reasoning as to why a Doppler gate is set even though
blood flow velocity can be acquired from a color flow image
or a power mode image. Color flow and power mode images
are used mainly in order to observe whether or not blood flow
occurs in a certain region and to measure a rough magnitude
of'blood flow velocity. The blood flow velocity is measured as
an average value for blood flow velocity in the region using a
basic method such as autocorrelation of an ultrasound signal.
Such a method has a comparatively low level of accuracy
compared to measurement by Doppler ultrasound which uses
FFT (Fast Fourier Transform) or the like to accurately mea-
sure blood flow velocity in a localized region.

[0069] Note that alternatively both a B-mode ultrasound
image and an image indicating blood flow may be used in
combination. For example, when a boundary of tissue such as
muscle is present, the boundary is detected from a B-mode
ultrasound image as a smooth edge where a large difference in
brightness values occurs, and thus differentiation between the
boundary of the tissue and a vascular wall is difficult using the
B-mode ultrasound image. In such a situation it is possible to
differentiate between whether a certain edge is a vascular wall
or a boundary of a different tissue by investigating whether
blood flows in aregion inside of the edge. Furthermore, due to
the fact that a blood flow image can only be used to detect a
lumen-intima interface, the lumen-intima interface detected
from the blood flow image may be used in combination with
a media-adventitia interface detected from a B-mode ultra-
sound image. Note that although detection of the lumen-
intima interface and the media-adventitia interface is per-
formed automatically, the user may manually correct position
of an interface when an error occurs during the automatic
detection. Manual correction is particularly effective in
regards to the lumen-intima interface, which is often
extracted unclearly.

[0070] (4) In the first embodiment, the vascular region
detection unit 102 detects a vascular region from a B-mode
ultrasound image and outputs information relating to the vas-
cular region, but the vascular region detection unit 102 may
also perform verification on the B-mode ultrasound image.
For example, when a vascular region is not detected from a
B-mode ultrasound image or when a vascular wall region in
the B-mode ultrasound image is not continuous, the B-mode
ultrasound image may be considered to be unclear and ultra-
sound image acquisition in Step S101 may be repeated. A
configuration such as described above prevents measurement
position determination being performed based on a B-mode
ultrasound image which is acquired while the ultrasound
probe is being moved in order to find a scan position at which
a longitudinal cross-sectional image of the blood vessel can
be acquired, and consequently from which rendering of an
image of the blood vessel is incomplete or unclear.

[0071] Furthermore, ultrasound image acquisition in Step
S101 may also be repeated when the B-mode ultrasound
image is not a longitudinal cross-sectional image of the blood
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vessel. Judgment can be performed as to whether an acquired
ultrasound image is a longitudinal cross-sectional image,
based for example on the fact that in a longitudinal cross-
sectional image, the vascular region is a continuous region of
at least a certain length. The above ensures that a longitudinal
cross-sectional image of the blood vessel is used during mea-
surement by Doppler ultrasound.

[0072] (5) In the first embodiment, a single measurement
position for Doppler ultrasound is determined in accordance
with a plaque, but the present invention is not limited to such
a configuration. Alternatively, a plurality of measurement
positions for Doppler ultrasound may be determined in accor-
dance with a single plaque. FIG. 4 illustrates an example in
which a plurality of measurement positions are determined
for Doppler ultrasound. In the present example three mea-
surement positions are determined for Doppler ultrasound; a
start position of the plaque, a position of maximum hypertro-
phy, and an end position of the plaque. Performing measure-
ment at a plurality of measurement positions enables acqui-
sition of more accurate information, such as maximum blood
flow velocity in a region corresponding to the plaque. Note
that the number of measurement positions for Doppler ultra-
sound which are determined in accordance with the plaque is
not limited to one or three, and alternatively a greater number
of measurement positions may be determined. In proximity to
the start point or the end point of the plaque, blood flow is
irregular and turbulence tends to occur. A distribution of
blood flow velocity is irregular in a region in which turbu-
lence occurs. Turbulence can be detected based on measure-
ment results of blood flow velocity measured at a plurality of
measurement positions. Consequently, it is possible to judge
whether a plaque is present based on whether or not turbu-
lence is detected.

[0073] (6) In the first embodiment, a center point of a Dop-
pler gate is determined to be a center point of an area sur-
rounded by a lumen-intima interface, but alternatively the
center point of the Doppler gate may be determined to be a
center point of an area surrounded by a media-adventitia
interface.

[0074] Also, in the first embodiment, width w of the Dop-
pler gate is equivalent to half of diameter d of the lumen at the
position of maximum hypertrophy, but alternatively the width
w of the Doppler gate may, for example, satisfy a relationship
w=d/(2 cos 0).

[0075] (7) In the first embodiment, the ultrasound diagnos-
tic apparatus 10 displays guidance urging the user to change
position or orientation of the ultrasound probe when the angle
8 between the Doppler gate direction (in other words, the
direction between the current position of the ultrasound probe
and the measurement position) and the blood vessel extension
direction exceeds 60°. Alternatively, the measurement infor-
mation display unit 106 may display information that indi-
cates an amount that the current position or the current ori-
entation of the ultrasound probe should be changed in order
that the angle 6 does not exceed a predetermined value.
[0076] (8)Inthe firstembodiment, Steps S105and S106 are
repeated when measurement by Doppler ultrasound is to be
performed at a plurality of measurement positions, but alter-
natively processing may be performed as described below. In
the alternative processing, when the measurement position
determination unit 103 determines a plurality of measure-
ment positions in Step S103, the measurement position deter-
mination unit 103 stores the measurement positions and out-
puts one of the plurality of measurement positions to the
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Doppler gate setting unit 104. Once measurement of blood
flow velocity for a Doppler gate corresponding to the one
measurement position is completed in Step S106, Step S101
is repeated, and in Step S103 the measurement position detet-
mination unit 103 outputs a next one of the plurality of mea-
surement positions, at which blood flow velocity has not yet
been measured. Through the processing described above,
when the B-mode ultrasound image changes between succes-
sive measurements, a Doppler gate can be set in the tumen in
accordance with the aforementioned change. Reasoning
behind the above is that measurement at a single measure-
ment position by Doppler ultrasound requires an amount of
time equivalent to several heat beats, and consequently posi-
tion of the ultrasound probe may change or the subject may
move between measurements.

[0077] (9) In the first embodiment only a single B-mode
ultrasound image is generated, but alternatively ultrasound
image acquisition or blood flow velocity measurement may
be performed a plurality of times in order to acquire more
reliable results.

[0078] The following explanation refers to the flowchart
illustrated in FIG. 5. Steps in FIG. 5 which are the same as
steps in FIG. 3 are indicated using the same reference signs
and explanation thereof is omitted.

[0079] Once extraction of a vascular region by the vascular
region detection unit 102 has been completed in Step S102,
the ultrasound diagnostic apparatus 10 repeats Step S101 in
order to acquire an additional B-mode ultrasound image. The
ultrasound diagnostic apparatus 10 compares shapes of
respective vascular regions extracted from the two ultrasound
images which have been acquired (Step S110). When change
in vascular region shape between the two ultrasound images
exceeds a predetermined proportion, the ultrasound diagnos-
tic apparatus 10 repeats Step S101 in order to acquire an
additional ultrasound image. When change in vascular region
shape between the two ultrasound images does not exceed the
predetermined proportion, operation of the ultrasound diag-
nostic apparatus 10 proceeds to Step S103. The above con-
figuration enables judgment as to whether the user has com-
pleted searching for a blood vessel image. Reasoning for the
above is that when the user is searching, while moving the
ultrasound probe, in order that a desired blood vessel image is
rendered, scan position of the ultrasound probe changes,
causing a large amount of change in vascular region shape
between successive ultrasound images. On the other hand,
once searching for a desired blood vessel image is completed,
the ultrasound probe is held stationary such that only a small
amount of change in vascular region shape occurs between
successive ultrasound images.

[0080] Once Doppler ultrasound measurement has been
performed in Step S106, the ultrasound diagnostic apparatus
10 repeats Step S106 in order to perform an additional mea-
surement for the same Doppler gate, and compares results of
the two measurements (Step S111). When a difference
between the two measurements exceeds a predetermined pro-
portion, the ultrasound diagnostic apparatus 10 repeats Step
S106. When the difference does not exceed the predetermined
proportion, measurement is complete for the aforementioned
Doppler gate, and operation of the ultrasound diagnosis appa-
ratus 10 returns to Step S105. The configuration described
above improves reliability of results obtained during mea-
surement by Doppler ultrasound.

[0081] Note that alternatively only one out of Steps S110
and S111 may be performed.
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[0082] Further alternatively, three or more ultrasound
images that have been acquired may be compared in Step
S110, and results of three or more measurements by Doppler
ultrasound may be compared in Step S111. Note that in Step
S111 all results obtained during measurement by Doppler
ultrasound may be output, or alternatively only a last result
may be output. Further alternatively, a representative value
may be output, such as a mean value or a median value of the
plurality of measurements by Doppler ultrasound. In a con-
figuration in which a representative value is output, when a
difference between results ofa certain measurement and other
measurements exceeds a predetermined proportion, the result
of the aforementioned measurement may be treated as an
outlier and be excluded from use.

Modified Example

[0083] In the first embodiment, a plaque is detected from
the vascular region as the specific part and one or more
measurement positions are determined in proximity to the
plaque. In the present modified example, explanation is given
of a configuration in which blood flow velocity is measured
by determining one or more measurement positions based on
typical shape of a part of a vascular wall which is susceptible
to formation of a plaque.

[0084] FIG. 6is a longitudinal cross-sectional image of the
carotid artery that illustrates an example of determining mea-
surement positions. The measurement position determination
unit 103 detects, as specific parts, a boundary 611 between the
commor carotid artery and the carotid sinus, and a boundary
612 between the carotid sinus and the internal and external
carotid arteries, based on shape of the media-adventitia inter-
face. The boundary 611 between the common carotid artery
and the carotid sinus is detected based on change, in terms of
the longitudinal direction, in values for blood vessel diameter
orblood vessel cross-sectional area, or based on derivatives of
such values (i.e., rates of change). The above is due to blood
vessel diameter increasing in the carotid sinus, from the
boundary 611 between the common carotid artery and the
carotid sinus, to a start point of the internal carotid artery or
the external carotid artery, whereas blood vessel diameter in
the common carotid artery is approximately constant. The
boundary 612 between the carotid sinus and the internal and
external carotid arteries is for example detected based on
cross-sectional shape of the blood vessel or on a number of
blood vessel cross-sections which are present. The above is
due to the boundary 612 corresponding to a bifurcation at
which a number of blood vessels increases from one to two.
[0085] Next, the measurement position determination unit
103 determines measurement positions based on the bound-
aries 611 and 612. More specifically, the measurement posi-
tion determination unit 103 determines a measurement posi-
tion 621 in the common carotid artery that is predetermined
distance from the boundary 611. The measurement position
determination unit 103 also determines a measurement posi-
tion 622 in the carotid sinus that is midway between the
boundaries 611 and 612. The measurement position determi-
nation unit 103 also determines measurement positions 623
and 624 in the internal and external carotid arteries respec-
tively, that are each a predetermined distance from the bound-
ary 612.

[0086] Through measurement of blood flow velocity at a
representative position in each of the parts of the carotid
artery as described above, it is possible to judge whether a
plaque is present in the part. Note that determination of mea-
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surement positions can be adjusted in accordance with a
diagnostic objective, for example by determining a plurality
of measurement positions in a part of the carotid artery which
is susceptible to formation of a plaque, such as the carotid
sinus. Furthermore, the common carotid artery, the carotid
sinus and the internal carotid artery are most important in
terms of diagnosis, and thus alternatively measurement posi-
tions may only be determined in the aforementioned parts. In
a situation in which only the common carotid artery and the
carotid sinus are rendered in the B-mode ultrasound image,
measurement positions may only be determined in the afore-
mentioned rendered parts, or warning information may be
displayed indicating that the internal carotid artery has not
been rendered.

[0087] (Supplementary Explanation)

[0088] (1) Inthemodified example of the first embodiment,
the boundary 611 between the common carotid artery and the
carotid sinus, and the boundary 612 between the carotid sinus
and the internal and external carotid arteries, are both used
when performing segmentation of the carotid artery. Alterna-
tively, as illustrated in FIG. 16, a bifurcation may be detected
as a specific part of the carotid artery, and the bifurcation may
be used as a reference for defining four segments 701-704,
each having a length of 1 cm.

Second Embodiment

[0089] An ultrasound diagnostic apparatus 20 relating to a
second embodiment differs from the ultrasound diagnostic
apparatus 10 in terms that the ultrasound diagnostic apparatus
20 determines a measurement position for Doppler ultra-
sound using a pre-acquired 3D image of a body part which is
a measurement target. Note that elements configuring the
ultrasound diagnostic apparatus 20 which are the same as in
the first embodiment are labeled using the same reference
signs and explanation thereof is omitted.

[0090] <Configuration>

[0091] FIG. 7 is a block diagram illustrating configuration
of the ultrasound diagnostic apparatus 20. The ultrasound
diagnostic apparatus 20 includes an ultrasound image acqui-
sition unit 101, a Doppler gate setting unit 104, a Doppler
measurement unit 105, a measurement information display
unit 106, a 3D shape analysis unit 201, a position information
acquisition unit 202, a cross-sectional image generation unit
203, and a measurement position determination unit 204.
[0092] The following explains examination of the carotid
artery using the ultrasound diagnostic apparatus 20, focusing
on operation of the 3D shape analysis unit 201, the position
information acquisition unit 202, the cross-sectional image
generation unit 203, and the measurement position determi-
nation unit 204, which are features of the ultrasound diagnos-
tic apparatus 20.

[0093] The 3D shape analysis unit 201 acquires, from an
external storage device, a 3D image illustrating shape of a
lumen-intima interface or a media-adventitia interface of a
carotid artery and detects a plaque by analyzing the 3D image.
The 3D image may for example be constructed from succes-
sively acquired B-mode ultrasound images, MRI, or x-ray
computed tomography (CT). FIG. 8A illustrates an example
in which a 3D image of the carotid artery is constructed using
aplurality of B-mode ultrasound images that are each a trans-
verse cross-sectional image of the carotid artery. First a scan
is performed along an entire length of the carotid artery in the
longitudinal direction, successively acquiring a plurality of
transverse cross-sectional images while also acquiring posi-
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tion information. Next, the lumen-intima interface or the
media-adventitia interface is extracted from each of the trans-
verse cross-sectional images. Finally, a 3D image is acquired
by arranging the lumen-intima interfaces or the media-adven-
titia interfaces that have been extracted in a 3D space in
accordance with the position information corresponding to
each of the transverse cross-sectional images. The 3D image
1s stored in the external storage device.

[0094] The position information acquisition unit 202 mea-
sures position and orientation of the ultrasound probe. More
specifically, position and orientation of the ultrasound probe
are measured by using a camera to capture an image of three
or more optical markers that are attached to the ultrasound
probe in advance, and by measuring position and orientation
based on size of the optical markers and relative positions of
the optical markers in the image captured by the camera. The
optical markers may for example each be a light-emitter such
as an LED, or a reflector, but note that there is no particular
limitation on configuration of the optical markers, so long as
position of the optical markers can be captured by the camera.
FIG. 8B illustrates an example in which four optical markers,
indicated by black dots, are attached to the ultrasound probe
and the position information is acquired by a camera captur-
ing an image of the optical markers.

[0095] Coordinates acquired by the position information
acquisition unit 202, indicating position and orientation of the
ultrasound probe, and coordinates of the 3D image analyzed
by the 3D shape analysis unit 201 are calibrated such as to be
in correspondence. For example, in a situation in which, as
described above, the 3D image is constructed from B-mode
ultrasound images that are transverse cross-sectional images
of a blood vessel, for each of the B-mode ultrasound images,
the position information acquisition unit 202 acquires posi-
tion and orientation of the ultrasound probe at a time at which
the corresponding B-mode ultrasound image was captured,
and stores the position and orientation with the B-mode ultra-
sound image.

[0096] The cross-sectional image generation unit 203
detects a plane from the 3D image that passes centrally
through the blood vessel in the 3D image, and generates a
longitudinal cross-sectional image that is a cross-sectional
image along the plane. When the longitudinal cross-sectional
image is generated, the ultrasound probe is guided such thata
scan plane for a current position and a current orientation of
the ultrasound probe matches the longitudinal cross-sectional
image. More specifically, the measurement information dis-
play unit 106 is used in order to display information indicat-
ing an amount that position or orientation of the ultrasound
probe should be changed from the current position and the
current orientation in order that the scan plane of the ultra-
sound probe matches the plane of the longitudinal cross-
sectional image. FIG. 8C illustrates an example of a longitu-
dinal cross-sectional image of the 3D image. Scan plane #1
indicates the scan plane of the ultrasound probe after guid-
ance thereof.

[0097] The measurement position determination unit 204
determines a measurement position for Doppler ultrasound in
a current scan plane of the ultrasound probe, in accordance
with a specific part such as a plaque detected by the 3D shape
analysis unit 201.

[0098] <Operation>

[0099] FIG. 9 is a flowchart illustrating operation of the
ultrasound diagnostic apparatus 20.

[0100] The 3D shape analysis unit 201 first acquires a 3D
image from the external storage device, analyzes the 3D



US 2014/0303499 A1

image, and detects a plaque as a specific part of a blood vessel
in the 3D image (Step S201).

[0101] Next, the ultrasound image acquisition unit 101
acquires a reception signal and generates a B-mode ultra-
sound image (Step S202).

[0102] The position information acquisition unit 202
acquires a position and an orientation of the ultrasound probe
corresponding to the B-mode ultrasound image generated in
Step S202 (Step S203).

[0103] Next, the cross-sectional image generation unit 203
acquires the 3D image from the 3D shape analysis unit 201,
and acquires the position and the orientation of the ultrasound
probe from the position information acquisition unit 202. The
cross-sectional image generation unit 203 detects a plane
passing centrally through the blood vessel in the 3D image,
generates a cross-sectional image which is a longitudinal
cross-sectional image of the blood vessel, and guides the
ultrasound probe such that a scan plane thereof matches the
longitudinal cross-sectional image (Step S204).

[0104] The measurement position determination unit 204
subsequently determines one or more measurement positions
in accordance with the longitudinal cross-sectional image
generated in Step S204 and the specific part detected by the
3D shape analysis unit 201 (Step S205).

[0105] Next, the Doppler gate setting unit 104 sets a Dop-
pler gate with respect to each of the measurement positions
(Step S206). Detailed explanation is omitted due to Step S206
being the same as Step S104.

[0106] In order that measurement by Doppler ultrasound is
performed for all of the Doppler gates, the ultrasound diag-
nostic apparatus 20 repeats guidance of the ultrasound probe
(Step S208) and measurement by Doppler ultrasound (Step
S209) until judging that measurement by Doppler ultrasound
has been performed for all of the Doppler gates (Step S207).
When at a current position and a current orientation of the
ultrasound probe, a scan plane of the ultrasound probe does
notmatch a cross-sectional image including the measurement
position, a guidance operation (Step S208) is performed in
order to guide the ultrasound probe to a position and an
orientation at which the scan plane includes the measurement
position. More specifically, the measurement information
display unit 106 displays information indicating an amount
that position or orientation of the ultrasound probe should be
changed from the current position and the current orientation
in order that the scan plane of the ultrasound probe matches
the cross-sectional image. Once the ultrasound probe has
been moved to an appropriate position, measurement by Dop-
pler ultrasound is performed at a position corresponding to a
Doppler gate which has been set (Step S209).

[0107] Once measurement by Doppler ultrasound has been
completed for all of the measurement positions, the measure-
ment information display unit 106 displays the Doppler gates
and measurement results (Step S210). More specifically, the
measurement information display unit 106 displays the Dop-
pler gates and measurement results for blood flow velocity at
each of the Doppler gates, superposed on the B-mode ultra-
sound image generated by the ultrasound image acquisition
unit 101.

[0108]

[0109] Through the above configuration, measurement by
Dopplerultrasound can be performed based on a pre-acquired

<Conclusion>
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3D image. Such a configuration enables determination of
measurement positions as positions that are more suitable for
measurement.

[0110] <Supplementary Explanation>

[0111] (1) In the second embodiment, a plaque is detected
as a specific part of the blood vessel and a measurement
position is set in proximity to the specific part. Alternatively,
in the same way as in the modified example of the first
embodiment, the 3D shape analysis unit 201 may detect a
change in blood vessel diameter, a bifurcation of the blood
vessel, or the like as the specific part, and the measurement
position determination unit 204 may segment the blood vessel
in accordance with the specific part and determine a measure-
ment position with respect to each of the segments resulting
from segmentation.

[0112] (2) In the second embodiment, the position informa-
tion acquisition unit 202 uses a camera to capture an image of
three or more optical markers attached to the ultrasound probe
and measures size and relative positions of the optical mark-
ers in the image, but the above is not a limitation. For
example, alternatively positions of the optical markers may
be acquired using a stereo-camera, or may be acquired by a
sensor other than a camera, such as a magnetic sensor, an
acceleration sensor, or a gyroscope.

[0113] (3) In the second embodiment, the cross-sectional
image generation unit 203 generates a cross-sectional image
of the 3D image along a plane passing centrally through the
blood vessel in the 3D image. Alternatively, the cross-sec-
tional image generation unit 203 may generate a cross-sec-
tional image corresponding to a scan plane of the ultrasound
probe and perform verification on the cross-sectional image
thatis generated. For example, in a situation in which the scan
plane is spatially separated from the 3D image such that the
scan plane does not coincide with the 3D image, the measure-
ment information display unit 106 may be used in order to
display guidance that urges the user to change position or
orientation of the ultrasound probe. The measurement infor-
mation display unit 106 may alternatively display informa-
tion indicating an amount that position or orientation of the
ultrasound probe should be changed from a current position
and a current orientation thereof'in order that the scan plane of
the ultrasound probe coincides with the 3D image. Further-
more, the measurement information display unit 106 may
also urge the user to change position or orientation of the
ultrasound probe in the same way in a situation in which the
cross-sectional image which is generated is not a longitudinal
cross-sectional image of the blood vessel.

[0114] (4) In the second embodiment, the measurement
information display unit 106 displays the Doppler gates and
measurement results superposed on the B-mode ultrasound
image generated by the ultrasound image acquisition unit
101. Alternatively, the measurement information display unit
106 may also display superposed information indicating posi-
tional relationship to the 3D image as illustrated in FIG. 8C.
Further alternatively, the measurement information display
unit 106 may display the Doppler gates and measurement
results superposed on the 3D image.

Third Embodiment

[0115] An ultrasound diagnostic apparatus 30 relating to a
third embodiment measures blood flow velocity at a repre-
sentative position in each segment of a body part which is a
measurement target, judges whether or not the blood flow
velocity is normal, and thus detects a diseased part such as a
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plaque. The ultrasound diagnostic apparatus 30 differs from
the ultrasound diagnostic apparatus 10 in terms that the ultra-
sound diagnostic apparatus 30 detects a diseased part based
on blood flow velocity, whereas the ultrasound diagnostic
apparatus 10 detects a diseased part based on shape of a
lumen-intima interface or a media-adventitia interface in a
B-mode ultrasound image, and subsequently measures blood
flow velocity. Elements of configuration that are the same as
in the first embodiment are labeled below using the same
reference signs and explanation thereof is omitted.

[0116] <Configuration>

[0117] FIG.101is ablock diagram illustrating configuration
of the ultrasound diagnostic apparatus 30. The ultrasound
diagnostic apparatus 30 includes an ultrasound image acqui-
sition unit 101, a vascular region detection unit 102, a Dop-
pler gate setting unit 104, a Doppler measurement unit 105, a
measurement position determination unit 301, a diseased part
detection unit 302, and a measurement information display
unit 303. The following explains an example of examination
of a carotid artery, focusing on operation of the measurement
position determination unit 301, the diseased part detection
unit 302, and the measurement information display unit 303
which are features of the ultrasound diagnostic apparatus 30.
[0118] The measurement position determination unit 301
detects the boundary between the common carotid artery and
the carotid sinus, or the bifurcation of the carotid artery (i.e.,
the boundary between the carotid sinus and the internal and
external carotid arteries) as a specific part, performs segmen-
tation of the carotid artery in accordance with the specific
part, and determines a representative position in each of the
segments to be a measurement position. As explained in the
modified example of the first embodiment, the measurement
position determination unit 301 may detect the specific part
based on change, in terms of the longitudinal direction, in
values for blood vessel diameter, blood vessel cross-sectional
area, or the like, or based on derivatives (i.e., rates of change)
of such values. Alternatively, the measurement position deter-
mination unit 301 may detect the specific part based on trans-
verse cross-sectional shape of the blood vessel or based on a
number of blood vessel cross-sections that are present. Note
that the representative position of each segment may for
example be a center point of the lumen, midway along the
segment in terms of the longitudinal direction. FIG. 11A
illustrates an example for determination of measurement
positions in which measurement positions 641-645 are deter-
mined in segments 631-634. Note that the segments may
correspond to parts of the carotid artery such as the common
carotid artery and the carotid sinus, or may be determined as
intervals of fixed length, arranged in order starting from the
bifurcation.

[0119] Thediseased part detection unit 302 judges, for each
segment, whether blood flow velocity at the representative
position exceeds a threshold value. When the blood flow
velocity exceeds the threshold value, the corresponding seg-
ment is determined to be a disease candidate segment in
which presence of a diseased part such as a plaque is sus-
pected. At a position in a blood vessel at which a plaque is
present, stenosis of the blood vessel causes increased blood
flow velocity. Consequently, percentage stenosis of the blood
vessel can be calculated based on blood flow velocity
acquired through measurement by Doppler ultrasound. Per-
centage stenosis indicates a percentage of cross-sectional
area of the blood vessel that is occupied by a plaque. For
example, when maximum blood flow velocity in the common
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carotid artery exceeds 200 cm/s, percentage stenosis can be
estimated to be at least 70%. Note that average blood flow
velocity varies for different parts of the carotid artery such as
the common carotid artery and the internal carotid artery. As
a consequence, a threshold value for blood flow velocity may
be set individually for each segment. Also, as an alternative to
processing using a threshold value for blood flow velocity, a
plurality of measurement positions may be determined in
each segment in order to acquire a distribution of blood flow
velocity in the segment. Judgment may subsequently be per-
formed as to whether the distribution is uniform, and the
segment may be determined to be a disease candidate seg-
ment when judging that the distribution is not uniform. FIG.
11B illustrates blood flow velocity at each of measurement
positions 641-645 illustrated in FIG. 11A. When blood flow
velocity at measurement position 641 in segment 631 exceeds
a threshold value, stenosis is considered to be greater in
segment 631 than in segments 632-634, and thus the diseased
part detection unit 302 determines that segment 631 is a
disease candidate segment.

[0120] The measurement information display unit 303 dis-
plays blood flow velocity for each segment, and also displays
information for a disease candidate segment indicating that
presence of a diseased part such as a plaque is suspected in the
disease candidate segment. The information indicating that
presence of a diseased part is suspected in the disease candi-
date segment may for example be displaying the disease
candidate segment as a different color to other segments.
[0121] <Operation>

[0122] FIG. 12 is a flowchart illustrating operation of the
ultrasound diagnostic apparatus 30. Steps in FIG. 12 which
are the same as steps in FIG. 3 are indicated using the same
reference signs and explanation thereof is omitted.

[0123] After the ultrasound diagnostic apparatus 30 has
performed Step S102, the measurement position determina-
tion unit 301 detects the boundary between the common
carotid artery and the carotid sinus, or the bifurcation of the
carotid artery (i.e., the boundary between the carotid sinus
and the internal and external carotid arteries) as a specific part
of the vascular region, performs segmentation of the vascular
region in accordance with the specific part, and determines a
representative position in each of the segments to be a mea-
surement position (Step S301).

[0124] Once the ultrasound diagnostic apparatus 30 has
completed measurement by Doppler ultrasound for all of the
measurement positions (Step S105: Yes), the diseased part
detection unit 302 determines whether each of the segments is
a disease candidate segment based on an absolute value of
blood flow velocity or a distribution of blood flow velocity
measured with respect to the corresponding measurement
position (Step S302).

[0125] The measurement information display unit 303 sub-
sequently displays measurement results and information
indicating a diseased part (Step S303).

[0126] <Supplementary Explanation>

[0127] (1) In the first, second, and third embodiments the
ultrasound probe is a linear probe. The present supplementary
explanation explains operation in a configuration in which a
matrix ultrasound probe is used, which includes a 2D array of
ultrasound transducers and which can acquire an image of a
3D region below the ultrasound probe.

[0128] The matrix ultrasound probe can acquire reception
signals for a plurality of scan planes having different posi-
tions or orientations, by controlling position of ultrasound
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transducers that are used in a certain scan or phase of an
ultrasound signal emitted from the ultrasound transducers.
Consequently, when the matrix ultrasound probe is used,
searching for a longitudinal cross-sectional image of a blood
vessel can be performed without changing position of the
matrix ultrasound probe. Furthermore, even when the matrix
ultrasound probe moves during measurement, a scan plane
can be moved such that a longitudinal cross-sectional image
can be rendered for position of the matrix ultrasound probe
after movement thereof, and consequently it is not necessary
to move the matrix ultrasound probe back to the original
position thereof.

[0129] For example, a transverse cross-sectional image of
the blood vessel may first be rendered using a scan plane
parallel to the transverse direction and position of the blood
vessel may be acquired through detection of a media-adven-
titia interface or the like in the transverse cross-sectional
image. A longitudinal cross-sectional image can subse-
quently be found simply by switching to a scan plane parallel
to the longitudinal direction at the aforementioned position.
Preferably the longitudinal cross-sectional image which is
rendered should be along a maximum effective plane. The
term maximum effective plane refers to a scan plane passing
centrally through the blood vessel. The maximum effective
plane is a plane in which width of the blood vessel is a
maximum value equivalent to diameter of the blood vessel.
Therefore, when width of the blood vessel in the rendered
longitudinal cross-sectional image changes when the ultra-
sound probe is moved, tracking for the maximum effective
plane can be performed by changing position or orientation of
the scan plane such that width of the blood vessel in the scan
plane is the maximum value equivalent to diameter of the
blood vessel. In the second embodiment, the ultrasound diag-
nostic apparatus 20 acquires position information for a scan
plane using position sensors, but when a matrix ultrasound
probe is used the position sensors can be omitted, and when
generating a 3D image from a plurality of B-mode ultrasound
images, correspondence between position information when
generating the 3D image and position information when per-
forming measurement by Doppler ultrasound can be easily
realized.

[0130] (2) In the first, second, and third embodiments mea-
surement by Doppler ultrasound is performed on the carotid
artery. but the measurement target is not limited to a blood
vessel such as the carotid artery, and may for example alter-
natively be the heart. In a situation in which the measurement
target is the heart, a measurement position is determined by
detecting, forexample, a boundary between a ventricle and an
atrium or a position of a valve. For example, determining a
plurality of measurement positions in proximity to the valve
and examining a distribution of blood flow velocities mea-
sured thereat, enables judgment as to whether the valve is
moving normally.

Fourth Embodiment

[0131] By recording on a recording medium such as a
floppy disk, a program for implementing the control method
for an ultrasound diagnostic apparatus described in each of
the above embodiments, an independent computer system
can easily execute processing described in each of the above
embodiments.

[0132] FIGS. 13A-13C are provided for explaining a con-
figuration in which the control method for an ultrasound
diagnostic apparatus described in each of the above embodi-
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ments is executed by a computer system using a program
recorded on a recording medium such as a floppy disk.

[0133] FIG. 13A illustrates an example of physical format
of a floppy disk FD which is an example of a recording
medium. FIG. 13B illustrates an external front view, a cross-
section view and an internal view of the floppy disk FD. The
floppy disk FD is housed in a case F. A plurality of tracks Tr
are formed on a surface of the floppy disk FD in concentric
circles from an outer circumference to an inner circumference
of the floppy disk FD. Each track is divided into 16 sectors Se
in terms of angle from a center of the floppy disk FD. There-
fore, the above program can be stored on a floppy disk by
recording the program in an allotted region on the floppy disk
FD.

[0134] FIG. 13C illustrates a configuration for executing
the program recorded on the floppy disk FD. When recording
the program for implementing the control method of an ultra-
sound diagnostic apparatus on the floppy disk FD, a computer
system Cs writes the program using a floppy disk drive.
Furthermore, when constructing, in a computer system, the
control method of an ultrasound diagnostic apparatus which
is implemented by the program recorded on the floppy disk,
the program is read from the floppy disk by the floppy disk
drive and is transmitted to the computer system.

[0135] Inthe above explanation, a floppy disk is used as an
example of a recording medium, but alternatively an optical
disk may be used in the same way. The recording medium is
not limited to being a floppy disk or an optical disk, and
alternatively may be any medium on which a program can be
recorded, such as an IC (Integrated Circuit) card or a ROM
(Read Only Memory) cassette.

[0136] Functional blocks in each of the ultrasound diagnos-
tic apparatuses illustrated in FIGS. 1, 7, and 10 may typically
be implemented through large scale integration (LSI) as inte-
grated circuits. Each of the functional blocks may be inte-
grated into a chip or alternatively all or a portion of the
functional blocks may be integrated into a single chip.

[0137] The above refers to LSI, but depending on the
degree of integration the above may also be referred to as IC,
system LSI, super LS or ultra LSI.

[0138] Also, circuit integration is not limited to LSI and
may alternatively be realized through a dedicated circuit or a
general processor. For example, a dedicated circuit for graph-
ics processing may be used such as a graphic processing unit
(GPU). A field programmable gate array (FPGA), which is
programmable after the LSI is manufactured, or a reconfig-
urable processor, which allows for reconfiguration of the
connection and setting of circuit cells inside the LSI, may
alternatively be used.

[0139] Furthermore, if technology for forming integrated
circuits that replaces LSI were to emerge, owing to advances
in semiconductor technology or to another derivative tech-
nology, the integration of functional blocks may naturally be
accomplished using such technology.

[0140] Furthermore, the configuration elements of each of
the ultrasound diagnostic apparatuses illustrated in FIGS. 1,
7, and 10 may be connected via a network such as the Internet
or alocal area network (LAN). For example, in an alternative
configuration an ultrasound image may be read from an accu-
mulation device or a server in a network, which stores the
ultrasound image therein. Additional functions of each of the
configuration elements may also be performed through the
network.
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Fifth Embodiment

[0141] The present embodiment explains a method used by
the 3D shape analysis unit 201 for detecting a specific part
from a plurality of transverse cross-sectional images
(B-mode ultrasound images) that are successively captured of
a blood vessel at different positions in the longitudinal direc-
tion, a method used by the Doppler gate setting unit 105 for
setting a Doppler gate, and a method for assisting movement
of the ultrasound probe.

[0142] FIG. 18A illustrates a carotid artery and a plurality
of transverse cross-sectional images of the carotid artery that
are successively acquired at different positions in the longi-
tudinal direction. Coordinates of each pixel in each of the
transverse cross-sectional images are expressed using an xyz
3D coordinate system in which the x-axis is a horizontal axis
of each of theimages, the y-axis is a vertical axis of each of the
images, and the z-axis is the longitudinal direction of the
carotid artery. Note that the y-axis is approximately perpen-
dicular to surface of the skin. Each of the transverse cross-
sectional images is configured by pixel value data for M
pixels horizontally by N pixels vertically. The pixel value data
indicates a brightness scale of the pixels through bit values of
predetermined length. Each of the transverse cross-sectional
images is a scan of a subject, and thus inter-pixel separation in
the transverse cross-sectional image is proportional to dimen-
sions of the subject which is the measurement target. Conse-
quently, actual dimensions of the subject can be calculated by
multiplying actual size per one pixel by the inter-pixel sepa-
ration. The following explanation assumes that inter-pixel
separation is equivalent to actual dimensions of the subject.
[0143] FIG. 18B illustrates a transverse cross-sectional
image. As explained in the first embodiment, edge detection
processing or the like can be performed on the transverse
cross-sectional image in order to detect contours of the vas-
cular wall as a double loop. The double loop consists of an
outer pixel loop composed of a plurality of pixels, and an
inner pixel loop composed of a plurality of pixels. The outer
pixel loop indicates a media-adventitia interface and the inner
pixel loop indicates a lumen-intima interface. The 3D shape
analysis unit 201 selects the outer pixel loop as a target for
processing. In the present example, a pixel selected as a target
for processing has coordinates (x,, y,).

[0144] InFIG. 18B, a vector (x,,V,) is a vector from coor-
dinates (x,, y,) to a center point of the double loop. When
selecting a pixel, the vector (X, v,) is defined and a search is
performed along the vector (x,, y,) for a pixel of the inner
pixel loop.

[0145] FIG. 18C illustrates that during the aforementioned
search, a pixel of the inner pixel loop which is found has
coordinates (x,, y,). Next, inter-pixel distance d,, , between the
pixels at coordinates (x,, y,) and (x,, y,) is calculated. Inter-
pixel distance d,,, is equivalent to IMT. A position at which
IMT exceeds a fixed value is defined as a plaque. Therefore,
when the 3D shape analysis unit 201 judges that inter-pixel
distance d,, ;, exceeds the fixed value, the 3D shape analysis
unit 201 stores coordinates (X,, v,), coordinates (x;, y,), and
inter-pixel distance d,, ,, as a set.

[0146] The processing described above is repeated for each
pixel of the outer pixel loop. Through the above, a set of
coordinates (x_, y_), coordinates (x,, y,), and inter-pixel dis-
tance d,, is stored in a list for each position in a single
transverse cross-sectional image at which IMT exceeds the
fixed value. F1G. 18D illustrates the aforementioned list. A
position at which IMT is greatest in the transverse cross-
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sectional image can be determined by searching for coordi-
nates (X, y,) included in the same set as a greatest inter-pixel
distance d,,, in the list. Furthermore, a position of maximum
hypertrophy in the 3D image can be determined by comparing
respective greatest inter-pixel distances d,, , of the plurality of
transverse cross-sectional images.

[0147] The following explains, with reference to FIG. 19A,
setting of a Doppler gate using 3D coordinates of the position
of maximum hypertrophy. Suppose that at the position of
maximum hypertrophy the tunica intima has coordinates (x,,
;s Z,), and that diameter d of the tunica intima is a line from
the coordinates (x;, v;, 7,), passing through a center point of
the blood vessel cross-section to the tunica intima at an oppo-
site side of the lumen. A center point of the Doppler gate is set
at coordinates (X, y,, 7,), a distance d/2 in a direction passing
through the center point of the blood vessel cross-section
from coordinates (x,, y;, Z,).

[0148] Consequently, the ultrasound probe should be posi-
tioned on a straight line that passes through the center point
(X4, ¥ 2;) of the Doppler gate and that forms an angle 6 with
respect to the z-axis in a plane parallel to the y-axis. FIG. 19B
illustrates the ultrasound probe positioned at coordinates (x,,,
¥, Z,) on a straight line such as described above, separated
from the center point (X,, y,, %) of the Doppler gate by a
distance L.

[0149] When a current position of the ultrasound probe
detected by the position information acquisition unit 202 has
coordinates (X, V., Z.), guidance of the ultrasound probe to
coordinates (X,,, ¥, 7,) is required. FIG. 20B illustrates an
assistance image for guiding the ultrasound probe. In order to
create the assistance image, it is necessary to display a 3D
mode] of the vascular region, and to display a 3D model of the
ultrasound probe at both coordinates (x,, y,, z,) and coordi-
nates (X, ¥, z.). The 3D models are data that define external
shape through relative arrangement of 3D coordinates. The
vascular region and the ultrasound probe are each displayed
as a polyhedron through interpolation of a 3D image config-
uring the 3D model.

[0150] FIG. 20A illustrates the 3D models arranged ina 3D
space. 3D Model md1 is a 3D model of the vascular region.
The 3D model mdl is created by using coordinates of pixel
loops in the plurality of transverse cross-sectional images as
3D coordinates defining external shape of the 3D model md1,
and by performing interpolation using surface shape. 3D
model md2 is a 3D model indicating measurement position
and measurement orientation of the ultrasound probe. Using
3D coordinates included in CAD data for the ultrasound
probe which is stored in advance, the 3D model md?2 is posi-
tioned at coordinates (X,, ¥, z,) and is orientated towards the
center point (X, y,, z,) of the Doppler gate. 3D model md3 is
a 3D model indicating current position and current orienta-
tion of the ultrasound probe. Using 3D coordinates included
in CAD data for the ultrasound probe which is stored in
advance, the 3D model md3 is positioned at coordinates (X,
v, Z.) and is orientated using current orientation of the ultra-
sound probe. Vector vw1 is a vector defining a theoretical
viewpoint and viewing direction in the 3D space. A viewport
is arranged in the 3D space in accordance with the theoretical
viewpoint and viewing direction. By performing rendering
processing with respect to the 3D models arranged in the 3D
space, a projected image of the 3D space can be obtained in
the corresponding viewport plane. The rendering processing
is a series of processing operations including coordinate con-
version, illumination calculation, texture mapping, and view-
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port conversion. In the coordinate conversion, 3D coordinates
configuring the 3D models are converted from a local coor-
dinate system to a global coordinate system. In the illumina-
tion calculation, illumination of a surface of each of the 3D
models is calculated in accordance with position of a light
source in the 3D space. In the texture mapping, image data is
pasted to a surface of each of the 3D models in order to
achieve a realistic appearance.

[0151] FIG. 20B illustrates the projected image which is
created through rendering performed with respect to the 3D
space. An assistance image is generated by performing fur-
ther modification on the projected image in order to form a
composite image with a scan plane, path information, or the
like.

[0152] Theabove operations can be generalized as process-
ing with respect to hardware such as a CPU (Central Process-
ing Unit) or a memory. FIG. 21 is a flowchart illustrating a
process order of detecting a specific part from a plurality of
transverse cross-sectional images captured of a vascular
region. The process includes a processing loop Ip1 which is
repeated for each transverse cross-sectional image and a pro-
cessing loop 1p2 which is repeated for each pixel of an outer
pixel loop of a double loop. In the processing loop Ip1, a target
transverse cross-sectional image 7, is selected (Step S1), a
double loop is detected from the transverse cross-sectional
image z, (Step S2), and a center point of the double loop is
detected (Step S3). After completion of the above steps the
processing loop 1p2 is executed. In the processing loop 1p2, a
target pixel (X, v,) is selected from an outer pixel loop (Step
S4), a pixel (x,, y,) of an inner pixel loop located along a
direction towards the center point of the double loop from the
pixel (x,, y,) is detected (Step S5), and inter-pixel distance
d, ; between the pixel (x,, y,) and the pixel (x,, y,) is calcu-
lated (Step S6). In the processing loop 1p2, judgment is sub-
sequently performed as to whether inter-pixel distance d,,;
exceeds a threshold value D,, (Step S7), and when judging
affirmatively (x,, ¥, 2)), (X,, ¥,» Z;), and d,, ; are stored as a set
(Step S8). The processing described above is repeated for
each pixel of the outer pixel loop as a target of the processing.
After processing loops Ip1 and Ip2 have been completed, a set
including a greatest inter-pixel distance d,, , is selected (Step
S9), coordinates (x,, ¥,, z,), which are coordinates d/2 in a
direction passing through the center point of the double loop
from the coordinates (x,,y;, ;) included in the selected set, are
set as a center point of a Doppler gate (Step S10), and a
reference position (X,, y,, 7,) is set for the ultrasound probe
(Step S11).

[0153] Through the present embodiment, an appropriate
assistance image can be generated for guiding the ultrasound
probeto a position suitable for measuring blood flow velocity
in proximity to a plaque. The assistance image can be genet-
ated as described above, by performing image processing on
aplurality of successively acquired transverse cross-sectional
images of a blood vessel, and by performing 3D computer
graphics processing.

[0154] <Supplementary Explanation>

[0155] (1) In the fifth embodiment, a pixel (x,, y,) of the
inner pixel loop is detected which is present along the direc-
tion between the pixel (x,, v,) and the center point of the
double loop, and inter-pixel distance d,,; between the pixel
(X,, ¥,) and the pixel (x,, y,) is calculated, but alternatively
inter-pixel distance d, ; may be calculated as described below.
Forexample, all pixels (x,, y,) of the inner pixel loop for which
an x-coordinate and a y-coordinate respectively differ from
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an x-coordinate and a y-coordinate of the pixel (x,, y,) by no
greater than a predetermined value may be detected, and a
smallest distance between any one of the pixels (x,, y,) and the
pixel (x,, y,) may be set as inter-pixel distance d,, ;.

[0156] (2) In the fifth embodiment, the z-axis, which cor-
responds to the longitudinal direction, is equivalent to the
blood vessel extension direction, but alternatively a center
point of the outer pixel loop of the double loop may be
detected for each of the transverse cross-sectional images z,,
and a polygonal line connecting the center points, or a straight
line approximately connecting the center points, may be used
as the blood vessel extension direction. Through the above
configuration, the present invention can be implemented even
in asituation in which the transverse cross-sectional images z,
are not perpendicular to the blood vessel extension direction,
and thus in which the z-axis is not equivalent to the blood
vessel extension direction.

Sixth Embodiment

[0157] The present embodiment explains a method for per-
forming segmentation of a vascular region through image
processing.

[0158] FIG. 22 illustrates a vascular region which is a target
for segmentation and a plurality of transverse cross-sectional
images pil-pi40 which are targets for image processing. A
z-coordinate in a 3D space is assigned to each of the plurality
of transverse cross-sectional images in the bottom-right of
FIG. 22. The z-coordinate corresponds to position of a body
part on which a scan is performed using the ultrasound probe,
and by performing a count of the z-coordinates, an approxi-
mate dimension of the body part in the longitudinal direction
can be estimated.

[0159] The z-coordinate assigned to each of the plurality of
transverse cross-sectional images is in accordance with actual
size of the body part on which the scan is performed. A
vascular region illustrated in the top-left of FIG. 22 is config-
ured by three segments respectively corresponding to a com-
mon carotid artery, a carotid sinus, and internal and external
carotid arteries. Among the plurality of transverse cross-sec-
tional images, transverse cross-sectional image pi21 is an
image for which amount of change in diameter of the blood
vessel, indicated by inter-pixel distance between an outer
pixel loop and an inner pixel loop of a double loop, exceeds a
predetermined threshold value. As explained further above,
amount of change in diameter of the carotid artery differs in
the carotid sinus compared to the common carotid artery.
Therefore, a transverse cross-sectional image for which
amount of change in diameter of the double loop exceeds the
predetermined threshold value is defined as a boundary
between the common carotid artery and the carotid sinus.
Consequently, a position corresponding to transverse cross-
sectional image pi21 is a start point of the carotid sinus, and is
also a boundary between the carotid sinus and the common
carotid artery which is located directly before the boundary.
[0160] On the other hand, note that two double loops are
present in transverse cross-sectional image pi30. The pres-
ence of two double loops indicates that two blood vessels are
present in the scan plane, and consequently indicates that both
the internal carotid artery and the external carotid artery have
been scanned in transverse cross-sectional image pi30. Only
one double loop is present in transverse cross-sectional image
pi29 directly before transverse cross-sectional image pi30,
and thus transverse cross-sectional image pi30 is defined as a
start point of the internal and external carotid arteries.



US 2014/0303499 A1

[0161] By defining boundaries of the segments in terms of
z-coordinates as described above, an extent of each of the
segments in terms of z-coordinates is clarified. Note that bd1
and bd2 are respective z-coordinates of transverse cross-sec-
tional images pi21 and pi30, and are used as boundaries for
partitioning the vascular region into segments. In FIG. 22,
segments T1, T2 and T3 are three segments which are
obtained when performing segmentation using bd1 and bd2
as start points. Transverse cross-sectional image pil is
defined as a start point of segment T1 and transverse cross-
sectional image pi40 is defined as an end point of segment T3.
Segment T1 corresponds to the common carotid artery, seg-
ment T2 corresponds to the carotid sinus, and segment T3
corresponds to the internal and external carotid arteries. Note
that coordinates (X,,, v,,, Z,) in each of the segments are
measurement coordinates which are set centrally in the cor-
responding segment.

[0162] FIG. 23 illustrates order of processing for acquiring
segments T1, T2 and T3. Transverse cross-sectional image 7,
is a transverse cross-sectional image which is processing
target and which is defined by a z-coordinate thereof. Seg-
ment Tx is a segment which is generated. More specifically,
each segment Tx is one of segments T1, T2 and T3.

[0163] First, variables x and 1 are initialized (Step S21).
[0164] Next, a type of segment Tx (=T1) is initially set as
common carotid artery (Step S22).

[0165] Processing is subsequently performed in order to
detect a segment boundary. First a z-coordinate of transverse
cross-sectional image z, is set as a start point of segment Tx
(Step S23). Next judgment is performed as to whether a
bifurcation has occurred by judging whether two double
loops are present in transverse cross-sectional image z, but
only one double loop is present in transverse cross-sectional
image z,_, (Step S24). When judging that a bifurcation has
occurred, a bifurcation structure can be judged to be present
between transverse cross-sectional image z,_, and transverse
cross-sectional image z,;, and consequently a z-coordinate of
transverse cross-sectional image z,_, is set as an end point of
segment Tx (Step S30). Next, variable x is incremented (Step
S31), a z-coordinate of transverse cross-sectional image z, is
set as a start point of segment Tx (Step S32), and a type of
segment Tx is set as internal/external carotid artery (Step
S33).

[0166] On the other hand, when a bifurcation structure is
not detected in Step S24, a judgment is subsequently per-
formed at to whether a proportion of diameter change AD
between transverse cross-sectional image 7,_, and transverse
cross-sectional image z, exceeds a predetermined threshold
value (Step S25). When the proportion of diameter change
AD exceeds the threshold value, a boundary between a com-
mon carotid artery and a carotid sinus is judged to be present
between transverse cross-sectional image z,_, and transverse
cross-sectional image z,, and thus a z-coordinate of transverse
cross-sectional image z,_, is set as end point of segment Tx in
the same way as described for Step S30 (Step S26). Next,
variable x is incremented (Step S27), a z-coordinate of trans-
verse cross-sectional image 7, is set as a start point of segment
Tx (Step S28), and a type of segment Tx is set as carotid sinus
(Step S29).

[0167] Next, judgment is performed as to whether trans-
verse cross-sectional image z,,, exists (Step S34). When
judging affirmatively in Step S34, variable 1 is incremented
(Step S35), and boundary detection processing is repeated
from Step S24. When judging negatively in Step S34, pro-
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cessing has been completed for each transverse cross-sec-
tional image 7,, and a z-coordinate of a last transverse cross-
sectional image 7, to be processed is set as an end point of a
segment Tx which is currently being processed (Step S36).
[0168] Once a start point and an end point have been deter-
mined for each of the segments, which respectively corre-
spond to the common carotid artery, the carotid sinus, and the
internal and external carotid arteries, a processing loop 1p3 is
executed in order to calculate a representative point for each
of the segments. For example, for each segment Tx a z-coor-
dinate z,, is calculated which is midway between a z-coordi-
nate of a start point and a z-coordinate of an end point of the
segment Tx (Step S37), and subsequently a center point (X,,,
Vs Z,,) 0f the double loop at the z-coordinate z,, is determined
to be a measurement position with respect to segment Tx
(Step S38).

[0169] Through the above processing, a measurement posi-
tion is calculated, and thus determined, for each segment. A
Doppler gate is set with respect to the measurement position,
and in a situation in which measurement cannot be performed
in accordance with the Doppler gate which is set, an assis-
tance image is generated in order to guide the user to move the
ultrasound probe to a position at which measurement can be
performed in accordance with the Doppler gate.

[0170] FIG. 24 illustrates an order of processing for parti-
tioning each of the segments, corresponding respectively to
the common carotid artery, the carotid sinus, and the internal
and external carotid arteries, into a plurality of sub-segments
Sx in accordance with whether or not a plaque is present. In
the processing illustrated in FIG. 24, n (n is an integer greater
than 1) indicates a number of transverse cross-sectional
images included in segment Tx which is a target for partition-
ing into sub-segments, and m (m is an integer no greater than
n) indicates a maximum number of transverse cross-sectional
images in each sub-segment Sx.

[0171] First, variables x, i, and j are initialized (Step S41).
Next, z, is set as a start point of sub-segment Sx (=S1) (Step
S42). A judgment is subsequently performed as to whether
IMT d(z) at z, exceeds a predetermined threshold value D,
(Step S43). IMT d(z,) is calculated in the same way as in the
fifth embodiment as a distance between a pixel on an outer
pixel loop and a pixel on an inner pixel loop of a double loop
in transverse cross-sectional image z,.

[0172] Whenthe IMT d(z,) exceeds the threshold value D,
“plaque segment” is set as an attribute of sub-segment Sx
(Step S44), and when the IMT d(z,) does not exceed the
threshold value D, “healthy segment” is set as an attribute of
sub-segment Sx (Step S45).

[0173] Next, a judgment is performed as to whether IMT
d(z,) at z, exceeds the threshold value D, but IMT d(z,_)) at
7,_, does not exceed the threshold value D, (Step S46). An
affirmative judgment in Step S46 indicates that between
transverse cross-sectional image 7,_, and transverse cross-
sectional image z,, there is a change from a region in which a
plaque is not present to a region in which a plaque is present.
Therefore, when judging affirmatively in Step S46, z,_, is set
as an end point of sub-segment Sx (Step S47), variable x is
incremented (Step S48), z, is set as a start point of a new
sub-segment Sx (Step S49), and “plaque segment” is set as an
attribute of the new sub-segment Sx (Step S50).

[0174] When judging negatively in Step S46, a judgment is
performed as to whether the IMT d(z,) at 7, does not exceed
the threshold value D,, but IMT d(z,_, at z,_, does exceed the
threshold value D, (Step SM). An affirmative judgment in



US 2014/0303499 A1

Step SM indicates that between transverse cross-sectional
image z,_, and transverse cross-sectional image 7;, there is a
change from a region in which a plaque is present to a region
in which a plaque is not present. Therefore, when judging
affirmatively in Step SM, z,_, is set as an end point of sub-
segment Sx (Step S52), variable x is incremented (Step S53),
7, 1s set as a start point of a new sub-segment Sx (Step S54),
and “healthy segment” is set as an attribute of the new sub-
segment Sx (Step S55).

[0175] On the other hand, negative judgments in both of
Steps S46 and S51 indicates that between transverse cross-
sectional image 7,_, and transverse cross-sectional image z;,
there is no change in terms of presence or absence of'a plaque.
In such a situation, a judgment is performed as to whether
variable 1 exceeds mxj (Step S56), due to m indicating a
maximum number of transverse cross-sectional images in a
sub-segment. When variable i exceeds mxj, z,_, is set as an
end point of sub-segment Sx (Step S57), variables j and x are
incremented (Step S58), and z, is set as a start point of a new
sub-segment Sx (Step S59). In the situation described above,
no change occurs in terms of presence or absence of a plaque
between transverse cross-sectional image 7,_, and transverse
cross-sectional image z,, and consequently an attribute of the
new sub-segment Sx is set as the same as an attribute of
sub-segment S(x-1) (Step S60).

[0176] Next, a judgment is performed as to whether vari-
able 1 is at least equal to n (Step S61). When judging nega-
tively in Step S61, variable i is incremented (Step S62), and
processing in repeated from Step S46 in order that the pro-
cessing described above is performed for each transverse
cross-sectional image.

[0177] Through the above, segment Tx can be partitioned
into a plurality of sub-segments Sx in accordance with
whether or not a plaque is present, and such that each of the
sub-segments Sx is no greater than a predetermined length.
By for example performing the processing loop lp3 described
above with respect to each sub-segment Sx, a measurement
position can be determined in accordance with each plaque
segment and each healthy segment. Consequently, blood flow
velocity can be easily measured with respect to each plaque
segment and each healthy segment.

Other Modified Examples Relating to the
Embodiments

[0178] (1) In the first to fifth embodiments, the ultrasound
image acquisition unit 101 generates a B-mode ultrasound
image from a reception signal which is acquired by scanning
a measurement target using the ultrasound probe, and the
ultrasound image acquisition unit 101 outputs the B-mode
ultrasound image to the vascular region detection unit 102,
but the above is not a limitation on the present invention. For
example, alternatively the ultrasound image acquisition unit
101 may output color mode information or the like based on
the reception signal, or may acquire an image which has been
generated by an external image generation device. Through
the above, the ultrasound image acquired by the ultrasound
image acquisition unit 101 is not limited to being a B-mode
ultrasound image. Furthermore, the ultrasound image acqui-
sition unit 101 is not limited to using an image acquired
through ultrasonography, and may alternatively use a differ-
ent type of image.

[0179] Further alternatively, the ultrasound image acquisi-
tion unit 101 may acquire the reception signal from scanning
of the measurement target using the ultrasound probe, and
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may output the reception signal to the vascular region detec-
tion unit 102 without modification. In such a configuration,
units such as the vascular region detection unit 102, the mea-
surement position determination unit 103, and the Doppler
gate setting unit 104 may use the reception signal without
modification and thus without conversion to an image.
[0180] (Supplementary Explanation)

[0181] The following explains various configurations and
effects of an ultrasound diagnostic apparatus and a control
method thereof relating the present invention.

[0182] (1) One aspect of the present invention is an ultra-
sound diagnostic apparatus for measuring blood flow velocity
by emitting ultrasound towards a measurement target via an
ultrasound probe and by receiving a reflected wave via the
ultrasound probe, the ultrasound diagnostic apparatus com-
prising: an ultrasound image acquisition unit configured to
acquire an ultrasound image which has been captured of the
measurement target; a vascular region detection unit config-
ured to detect, from the ultrasound image, a vascular region
corresponding to a blood vessel in the measurement target; a
measurement position determination unit configured to
detect a specific part of the vascular region based on shape of
the vascular region and to determine, in accordance with the
specific part, one or more measurement positions in the vas-
cular region in terms of longitudinal direction thereof; and a
Doppler gate setting unit configured to set, with respect to
each of the measurement positions, a Doppler gate in a lumen
region of the vascular region.

[0183] Another aspect of the present invention is a control
method for an ultrasound diagnostic apparatus for measuring
blood flow velocity by emitting ultrasound towards a mea-
surement target via an ultrasound probe and by receiving a
reflected wave via the ultrasound probe, the control method
comprising: acquiring an ultrasound image which has been
captured of the measurement target; detecting, from the ultra-
sound image, a vascular region corresponding to a blood
vessel in the measurement target; detecting a specific part of
the vascular region based on shape of the vascular region and
determining, in accordance with the specific part, one or more
measurement positions in the vascular region in terms of
longitudinal direction thereof; and setting, with respect to
each of the measurement positions, a Doppler gate in a lumen
region of the vascular region.

[0184] Another aspect of the present invention is a non-
transitory computer readable recording medium storing
therein a program for causing a processor used in an ultra-
sound diagnostic apparatus to perform control processing
comprising: acquiring an ultrasound image which has been
captured of a measurement target; detecting, from the ultra-
sound image, a vascular region corresponding to a blood
vessel in the measurement target; detecting a specific part of
the vascular region based on shape of the vascular region and
determining, in accordance with the specific part, one or more
measurement positions in the vascular region in terms of
longitudinal direction thereof; and setting, with respect to
each of the measurement positions, a Doppler gate in a lumen
region of the vascular region.

[0185] Through the above configuration, the ultrasound
diagnostic apparatus relating to the one aspect of the present
invention detects the specific part, which for example corre-
sponds to a diseased part or an examination target in the
measurement target, based on shape of the vascular region,
automatically determines the one or more measurement posi-
tions in terms of the longitudinal direction of the blood vessel,
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and sets an appropriate Doppler gate with respect to each of
the measurement positions. Therefore, the ultrasound diag-
nostic apparatus relating to the one aspect of the present
invention enables simple and accurate measurement of blood
flow velocity.

[0186] (2) Alternatively, in the ultrasound diagnostic appa-
ratus of section (1), the vascular region detection unit may
detect a vascular wall region of the vascular region during
detection of the vascular region, and the measurement posi-
tion determination unit may detect the specific part based on
shape of the vascular wall region.

[0187] Through the above configuration, Doppler ultra-
sound measurement can be easily performed based on shape
of the vascular wall region.

[0188] (3) Alternatively, in the ultrasound diagnostic appa-
ratus of section (2), the specific part detected by the measure-
ment position determination unit may bea part of the vascular
region in which thickness of the vascular wall region exceeds
a predetermined value.

[0189] Through the above configuration, Doppler ultra-
sound measurement can be easily performed based on a
plaque.

[0190] (4) Alternatively, in the ultrasound diagnostic appa-
ratus of section (3), the measurement position determination
unit may determine each of the measurement positions to be
in proximity to the specific part.

[0191] Through the above configuration, blood flow veloc-
ity can be easily and reliably measured in proximity to a
plaque.

[0192] (5) Alternatively, in the ultrasound diagnostic appa-
ratus of section (1), the measurement position determination
unit may detect the specific part based on a change in shape of
the vascular region in terms of the longitudinal direction, may
perform segmentation of the vascular region in accordance
with the specific part, and may determine a measurement
position in each segment generated by the segmentation.
[0193] Through the above configuration, segmentation can
be performed based on properties of the vascular region in
terms of the longitudinal direction, and Doppler ultrasound
measurement can be performed with respect to each of the
segments resulting therefrom.

[0194] (6) Alternatively, in the ultrasound diagnostic appa-
ratus of section (5), the change in shape of the vascular region
may correspond to a change in diameter of the blood vessel,
achange ina vascular wall of the blood vessel, or a bifurcation
of the blood vessel.

[0195] Through the above configuration, segmentation of
the vascular region can be performed based on structural
properties of the blood vessel, and Doppler ultrasound mea-
surement can be performed with respect to each of the seg-
ments resulting therefrom.

[0196] (7) Alternatively, in the ultrasound diagnostic appa-
ratus of section (6), the vascular region may correspond to a
carotid artery in the measurement target, and the specific part
detected by the measurement position determination unit may
correspond to a boundary between a common carotid artery
and a carotid sinus, or to a boundary between the carotid
sinus, and an internal carotid artery and an external carotid
artery, in the measurement target.

[0197] Through the above configuration, Doppler ultra-
sound measurement of the carotid artery can be performed
based on structure thereof.

[0198] (8) Alternatively, in the ultrasound diagnostic appa-
ratus of section (6), the measurement position determination
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unit may determine each of the measurement positions to be
in proximity to a center point of a corresponding one of the
segments.

[0199] Through the above configuration, a representative
position for performing Doppler ultrasound measurement can
be easily determined for each of the segments.

[0200] (9) Alternatively, in the ultrasound diagnostic appa-
ratus of section (1), the ultrasound image acquisition unit may
acquire the ultrasound image of the measurement target via
the ultrasound probe.

[0201] Through the above configuration, Doppler ultra-
sound measurement can be performed based on a longitudinal
cross-section or the like of the blood vessel.

[0202] (10) Alternatively, the ultrasound diagnostic appa-
ratus of section (1) may further comprise a probe position
detection unit configured to detect position of the ultrasound
probe and orientation of a scan plane of the ultrasound probe,
wherein the ultrasound image acquisition unit may acquire a
plurality of ultrasound images, captured of the measurement
target along different scan planes of the ultrasound probe, and
may generate a three dimensional image from the plurality of
ultrasound images, and the vascular region detection unit may
detect the vascular region from the three dimensional image.
[0203] Through the above configuration, a 3D image of the
blood vessel can be generated using an acquisition unit that
acquires 2D images, and Doppler ultrasound measurement
can be performed based on 3D shape of the blood vessel.
[0204] (11) Alternatively, the ultrasound diagnostic appa-
ratus of section (10) may further comprise a display unit
configured to display the position of the ultrasound probe and
the orientation of the scan plane which are detected, super-
posed on the three dimensional image, and to further display
superposed information for guiding the ultrasound probe to a
position for measuring blood flow velocity in accordance
with the Doppler gate set by the Doppler gate setting unit.
[0205] Through the above configuration, the ultrasound
probe can be guided to an appropriate position for performing
Doppler ultrasound measurement.

[0206] (12) Alternatively, the ultrasound diagnostic appa-
ratus of section (1) may further comprise a vascular region
comparison unit, wherein the ultrasound image acquisition
unit may acquire a first image and a second image that differ
in terms of capture time, the vascular region detection umt
may detect a first vascular region from the first image and a
second vascular region from the second image, the vascular
region comparison unit may compare the first vascular region
to the second vascular region and judge whether a difference
therebetween exceeds a predetermined threshold, and when
the vascular region comparison unit judges affirmatively, the
position determination unit may not determine a measure-
ment position and the ultrasound image acquisition unit may
acquire a new ultrasound image.

[0207] Through the above configuration, performance of
Doppler ultrasound measurement can be prevented when
position of the ultrasound probe is not constant, and conse-
quently reliable results can be obtained.

[0208] Although the present invention has been fully
described by way of examples with reference to the accom-
panying drawings, it is to be noted that various changes and
modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart
from the scope of the present invention, they should be con-
strued as being included therein.
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INDUSTRIAL APPLICABILITY

[0209] An ultrasound diagnostic apparatus, and a control
method thereof, relating to the present invention detects posi-
tion of a plaque or other specific part of a blood vessel and
automatically sets a Doppler gate in accordance with the
position which is detected, thus enabling simple Doppler
ultrasound measurement of a diseased part of the blood vessel
with a high degree of reproducibility. Consequently, the ultra-
sound diagnostic apparatus, and the control method thereof,
relating to the present invention enables reduced examination
time and improved diagnostic accuracy in Doppler ultrasound
measurement of a blood vessel or circulatory organ, and
therefore has a high degree of applicability in the field of
medical diagnostic apparatuses.

REFERENCE SIGNS LIST

[0210] 10, 20, 30 ultrasound diagnostic apparatus

[0211] 101 ultrasound image acquisition unit

[0212] 102 vascular region detection unit

[0213] 103, 204, 301 measurement position determina-
tion unit

[0214] 104 Doppler gate setting unit

[0215] 105 Doppler measurement unit

[0216] 106 measurement information display unit

[0217] 201 3D shape analysis unit

[0218] 202 position information acquisition unit

[0219] 203 cross-sectional image generation unit

[0220] 302 diseased part detection unit

[0221] 303 measurement information display unit

What is claimed is:

1. Anultrasound diagnostic apparatus for measuring blood
flow velocity by emitting ultrasound towards a measurement
target via an ultrasound probe and by receiving a reflected
wave via the ultrasound probe, the ultrasound diagnostic
apparatus comprising:

an ultrasound image acquisition unit configured to acquire
an ultrasound image which has been captured of the
measurement target;

a vascular region detection unit configured to detect, from
the ultrasound image, a vascular region corresponding to
a blood vessel in the measurement target;

a measurement position determination unit configured to
detect a specific part of the vascular region based on
shape of the vascular region and to determine, in accor-
dance with the specific part, one or more measurement
positions in the vascular region in terms of longitudinal
direction thereof; and

aDoppler gate setting unit configured to set, with respect to
each of the measurement positions, a Doppler gate in a
lumen region of the vascular region.

2. The ultrasound diagnostic apparatus of claim 1, wherein

the vascular region detection unit detects a vascular wall
region of the vascular region during detection of the
vascular region, and

the measurement position determination unit detects the
specific part based on shape of the vascular wall region.

3. The ultrasound diagnostic apparatus of claim 2, wherein

the specific part detected by the measurement position
determination unit is a part of the vascular region in
which thickness of the vascular wall region exceeds a
predetermined value.
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4. The ultrasound diagnostic apparatus of claim 3, wherein
the measurement position determination unit determines
each of the measurement positions to be in proximity to
the specific part.
5. The ultrasound diagnostic apparatus of claim 1, wherein
the measurement position determination unit detects the
specific part based on a change in shape of the vascular
region in terms of the longitudinal direction, performs
segmentation of the vascular region in accordance with
the specific part, and determines a measurement position
in each segment generated by the segmentation.
6. The ultrasound diagnostic apparatus of claim 5, wherein
the change in shape of the vascular region corresponds to a
change in diameter of the blood vessel, a change in a
vascular wall of the blood vessel, or a bifurcation of the
blood vessel.
7. The ultrasound diagnostic apparatus of claim 6, wherein
the vascular region corresponds to a carotid artery in the
measurement target, and
the specific part detected by the measurement position
determination unit corresponds to a boundary between a
common carotid artery and a carotid sinus, or to a bound-
ary between the carotid sinus, and an internal carotid
artery and an external carotid artery, in the measurement
target.
8. The ultrasound diagnostic apparatus of claim 6, wherein
the measurement position determination unit determines
each of the measurement positions to be in proximity to
a center point of a corresponding one of the segments.
9. The ultrasound diagnostic apparatus of claim 1, wherein
the ultrasound image acquisition unit acquires the ultra-
sound image of the measurement target via the ultra-
sound probe.
10. The ultrasound diagnostic apparatus of claim 1, further
comprising
a probe position detection unit configured to detect posi-
tion of the ultrasound probe and orientation of a scan
plane of the ultrasound probe, wherein
the ultrasound image acquisition unit acquires a plurality
of ultrasound images, captured of the measurement tar-
get along different scan planes of the ultrasound probe,
and generates a three dimensional image from the plu-
rality of ultrasound images, and
the vascular region detection unit detects the vascular
region from the three dimensional image.
11. The ultrasound diagnostic apparatus of claim 10, fur-
ther comprising
a display unit configured to display the position of the
ultrasound probe and the orientation of the scan plane
which are detected, superposed on the three dimensional
image, and to further display superposed information for
guiding the ultrasound probe to a position for measuring
blood flow velocity in accordance with the Doppler gate
set by the Doppler gate setting unit.
12. The ultrasound diagnostic apparatus of claim 1, further
comprising
a vascular region comparison unit, wherein
the ultrasound image acquisition unit acquires a first image
and a second image that differ in terms of capture time,
the vascular region detection unit detects a first vascular
region from the first image and a second vascular region
from the second image,
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the vascular region comparison unit compares the first
vascular region to the second vascular region and judges
whether a difference therebetween exceeds a predeter-
mined threshold, and

when the vascular region comparison unit judges affirma-
tively, the position determination unit does not deter-
mine a measurement position and the ultrasound image
acquisition unit acquires a new ultrasound image.

13. A control method for an ultrasound diagnostic appara-
tus for measuring blood flow velocity by emitting ultrasound
towards a measurement target via an ultrasound probe and by
receiving a reflected wave via the ultrasound probe, the con-
trol method comprising:

acquiring an ultrasound image which has been captured of
the measurement target;

detecting, from the ultrasound image, a vascular region
corresponding to a blood vessel in the measurement
target;

detecting a specific part of the vascular region based on
shape of the vascular region and determining, in accor-
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dance with the specific part, one or more measurement
positions in the vascular region in terms of longitudinal
direction thereof; and
setting, with respect to each of the measurement positions,
a Doppler gate in a lumen region of the vascular region.
14. A non-transitory computer readable recording medium
storing therein a program for causing a processor used in an
ultrasound diagnostic apparatus to perform control process-
ing comprising:
acquiring an ultrasound image which has been captured of
a measurement target;
detecting, from the ultrasound image, a vascular region
corresponding to a blood vessel in the measurement
target;
detecting a specific part of the vascular region based on
shape of the vascular region and determining, in accor-
dance with the specific part, one or more measurement
positions in the vascular region in terms of longitudinal
direction thereof; and
setting, with respect to each of the measurement positions,
a Doppler gate in a lumen region of the vascular region.
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