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(57) ABSTRACT

Anultrasound diagnostic device to which an ultrasound probe
is connectable, measuring an IMT of a vascular wall in a
carotid artery, includes: a transmission-reception processing
unit supplying a transmission signal causing the ultrasound
probe to transmit an ultrasound to short-axis cross-sections
along the carotid artery, and receiving a signal based on a
reflected ultrasound and generating a reception signal for
frames at each position; a two-dimensional image generation
unit generating two-dimensional images corresponding to the
frames; a bulb boundary detection unit measuring a perimeter
or area of the vascular wall in each image, and detecting a
boundary between a CCA and a CCA bulb from the perimeter
or area; and position information indicating a position where
eachimage is acquired; a ROI determination unit determining

A61B 8/00 (2006.01) aROI defining an IMT measurement range with respect to the
A61B 8/14 (2006.01) boundary; and an IMT measurement unit measuring the IMT
A61B 8/08 (2006.01) within the images.
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FIG. 3
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ULTRASOUND DIAGNOSTIC DEVICE AND
METHOD FOR CONTROLLING
ULTRASOUND DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present disclosure pertains to an ultrasound
diagnostic device and to a control method for the ultrasound
diagnostic device, and particular pertains to carotid artery
diagnostic technology for early discovery of arteriosclerosis.

BACKGROUND ART

[0002] In recent years, increasing numbers of patients are
suffering from circulatory problems, including ischemia,
cerebral infarctions, and myocardial infarction. Early discov-
ery and treatments of arteriosclerosis indicators is important
for preventing the above problems.

[0003] One indicator for diagnosing arteriosclerosis is a
thickness measurement of the tunica intima-tunica media
complex in the carotid artery (hereinafter also IMT, Intima-
Media Thickness). The IMT is an important index for initial
detection of atherosclerosis in the carotid artery.

[0004] FIG. 14 is a cross-sectional diagram of a cross-
section taken along a longitudinal direction (i.e.. the direction
of arterial extension) of a blood vessel, which is the carotid
artery (hereinafter also termed a longitudinal cross-section).
The blood vessel includes a vascular wall 201 and a lumen
204. The vascular wall 201 is, in turn, made up of a tunica
intima 202, a tunica media 203, and a tunica adventitia 205, as
ordered from innermost to outermost. Also, an intima-media
2061s a complex of the tunica intima 202 and the tunica media
203. The thickness of the intima-media 206 is the IMT. The
ultrasound diagnostic device is usable for identifying the
intima-media 206 between the lumen 204 and the tunica
adventitia 205.

[0005] Ultrasound exams, being simple and non-invasive,
are used for IMT measurement. IMT measurement is pet-
formed on the carotid artery because the carotid artery is a
predilection site for arteriosclerosis, and because measure-
ment of the carotid artery is easily performed with ultra-
sounds at acomparatively shallow depth of 2 cm to 3 cm from
the skin surface. Ordinarily, IMT measurement is performed
on a two-dimensional image obtained as an ultrasound diag-
nostic image of a cross-section taken along the longitudinal
direction of the blood vessel. Specifically, as shown in FIG.
14, IMT measurement is performable by detecting a bound-
ary between the lumen 204 and the tunica intima 202 (here-
inafter also termed lumen-intima boundary 207) and a bound-
ary between the tunica media 203 and the tunica adventitia
205 (hereinafter also termed media-adventitia boundary
208).

[0006] FIG. 15 is a perspective view diagram of a carotid
artery taken along the longitudinal direction thereof. As
shown, the carotid artery is made up of a Common Carotid
Artery (hereinafter also CCA) 213 arranged in the central
direction, as well as an Internal Carotid Artery (hereinafter
also ICA) 215 and an External Carotid Artery (hereinafter
also ECA) 216 arranged in the peripheral direction. The bulb
of the common carotid artery (hereinafter simply termed a
bulb) 214 is located between CCA 213 and the ICA 215 and
ECA 216. The bifurcation of the common carotid artery
(hereinafter also Bif) 217 is found at the point where the ICA
215 and ECA 216 split off from the bulb 214. The range for
measuring the IMT may be, for example, defined as starting
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from the boundary 219 between the CCA 213 and the bulb
214 (hereinafter also CCA-bulb boundary 219) and extending
along a later-described far wall toward the CCA 213 for a
range of 1 cm, such as the recommended IMT measurement
range 212 described in Non-Patent Literature 1.

[0007] FIG. 16 is a schematic diagram of a two-dimen-
sional image taken along the longitudinal cross-section of the
carotid artery. The ultrasound diagnostic device performs
measurement in the IMT measurement range 212 by defining
a Region of Interest 211 (hereinafter also ROI 211) so as to
intersect both of a vascular wall relatively far from the skin
surface (hereinafter, back wall 209) and a vascular wall rela-
tively close to the skin surface (hereinafter, front wall 210), as
shown in FIG. 16. The IMT measurement range 212 is then
defined within the ROI 211 on the vascular wall. An IMT
value is calculated as the maximum thickness (hereinafter
also maxIMT) or mean thickness (hereinafter also mean
IMT) of the IMT within the IMT measurement range 212.

[0008] Operations for determining the ROI1211 that defines
the IMT measurement range 212 are complex when these
operations must be performed manually. As such, technology
has been proposed for simplifying these complex operations
and enabling simpler IMT measurement, such as Patent Lit-
erature 1 and Patent Literature 2, in which ROI determination
is automatized. For instance, in Patent Literature 1, intensity
values are added and averaged for each pixel in the two-
dimensional image of a blood vessel longitudinal cross-sec-
tion obtained by transmitting and receiving an ultrasound
beam. Vascular wall positions are then extracted by using an
inflection point of intensity values in the ultrasound beam
transmission direction, and the ultrasound diagnostic device
detects the ROI in the two-dimensional image. Also, Patent
Literature 2 discloses a ultrasound diagnostic device that
determines the ROI by detecting a cardiac wall two-dimen-
sionally by binarizing a brightness signal of a cardiac wall
two-dimensional image.

CITATION LIST
Patent Literature

[Patent Literature 1]

[0009]
119842

Japanese Patent Application Publication No. 2010-

[Patent Literature 2]

[0010]
125971

Japanese Patent Application Publication No. 2002-

Non-Patent Literature

[Non-Patent Literature 1]

[0011] Journal of the American Society of Echocardio-
graphy, February 2008, pages 93-111

[Non-Patent Literature 2]

[0012] Research Group for Early Arteriosclerosis,
“maxIMT Measurement”, [online], Sep. 9, 2010 (retrieved
Oct. 5, 2011), URL: http://www.imt-ca.com/contents/e08.
html
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SUMMARY OF INVENTION

Technical Problem

[0013] However, Patent Literature 1 and Patent Literature 2
describe technology for determining the ROI as crossing the
vascular wall, and do not automatically determine the ROI
defining the measurement range for IMT measurement in the
longitudinal direction of the vascular wall. However, with
these methods, an operator must determine the ROI for the
carotid artery in the longitudinal direction. As a result, mea-
surements are difficult for an inexperienced operator to make,
and the diagnostic time needed for precise measurement is
longer.

[0014] In consideration of these concerns, an ultrasound
diagnostic device pertaining to an aspect of the disclosure
enables automatic determination of an ROI defining a mea-
surement range for measuring the IMT of a carotid artery
vascular wall. The present disclosure aims to provide an ultra-
sound diagnostic device and ultrasound diagnostic device
control method enabling swift IMT measurement through a
simple operation performable by an inexperienced operator.

Solution to Problem

[0015] In order to achieve this aim, an ultrasound diagnos-
tic device to which an ultrasound probe is connectable, mea-
suring an IMT of a vascular wall in a carotid artery, com-
prises: a transmission and reception processing unit
performing a transmission process of supplying a transmis-
sion signal for causing the ultrasound probe to transmit an
ultrasound to a short-axis cross-section at a plurality of dif-
ferent positions along the carotid artery, and a reception pro-
cess of receiving a signal based on a reflected ultrasound
received by the ultrasound probe from the carotid artery and
generating a reception signal for a plurality of frames each
corresponding to the short-axis cross-section at one of the
different positions; a two-dimensional image generation unit
generating a plurality of two-dimensional images each cor-
responding to one of the frames, based on the reception signal
for each of the frames; a bulb boundary detection unit mea-
suring one or more ofa perimeter and a cross-sectional area of
the vascular wall in the carotid artery according to the short-
axis cross-section in each ofthe two-dimensional images, and
detecting a boundary between a common carotid artery and a
common carotid artery bulb according to: at least one of the
perimeter and the cross-sectional area; and position informa-
tion indicating a respective position along the carotid artery
where each of the two-dimensional images is acquired; a ROI
determination unit determining a ROI that defines a measure-
ment range for measuring the IMT, with respect to the bound-
ary; and an IMT measurement unit measuring the IMT in at
least one of the two-dimensional images in the ROL

[0016] Also, a control method for an ultrasound diagnostic
device to which an ultrasound probe is connectable, measur-
ing an IMT of a vascular wall in a carotid artery comprises:
supplying a transmission signal for causing the ultrasound
probe to transmit an ultrasound to a short-axis cross-section at
a plurality of different positions along the carotid artery;
receiving a signal based on a reflected ultrasound received by
the ultrasound probe from the carotid artery and generating a
reception signal for a plurality of frames each corresponding
to the short-axis cross-section at one of the different posi-
tions; generating a plurality of two-dimensional images each
corresponding to one of the frames, based on the reception
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signal for each of the frames; measuring one or more of a
perimeter and a cross-sectional area of the vascular wall in the
carotid artery according to the short-axis cross-section in
each of the two-dimensional images, and detecting a bound-
ary between a common carotid artery and a common carotid
artery bulb according to: at least one of the perimeter and the
cross-sectional area; and position information indicating a
respective position along the carotid artery where each of the
two-dimensional images is acquired; determining a ROI that
defines a measurement range for measuring a predetermined
IMT, with respect to the boundary; and measuring the IMT in
the ROI within each of the two-dimensional images.

Effects of Invention

[0017] An ultrasound diagnostic device pertaining to an
aspect of the disclosure enables automatic determination of
an ROI defining a measurement range for measuring the IMT
of a carotid artery vascular wall. The present disclosure aims
to provide an ultrasound diagnostic device and ultrasound
diagnostic device control method enabling swift IMT mea-
surement through a simple operation performable by an inex-
perienced operator.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1isa block diagram illustrating the configura-
tion of an ultrasound diagnostic device 1 pertaining to
Embodiment 1.

[0019] FIG. 2 is a schematic diagram representing a hand
scan performed in a longitudinal direction of a carotid artery
using the ultrasound probe 2 of the ultrasound diagnostic
device 1 pertaining to Embodiment 1.

[0020] FIG. 3isa block diagram illustrating the configura-
tion of a cross-section information analysis unit 8 in the
ultrasound diagnostic device 1 pertaining to Embodiment 1.
[0021] FIG. 4isaflowchart of operations pertaining to IMT
measurement by the ultrasound diagnostic device 1 of
Embodiment 1.

[0022] FIGS. 5A-5C illustrate data based on a two-dimen-
sional image indicating a short-axis cross section of the
carotid artery as obtained by the ultrasound diagnostic device
1 of Embodiment 1, where FIG. 5A illustrates a two-dimen-
sional image 100, FIG. 5B illustrates a carotid artery border
101 in each frame, and FIG. 5C illustrates a three-dimen-
sional image 102 of the carotid artery.

[0023] FIG. 6is a flowchart of the operations performed by
the ultrasound diagnostic device 1 of Embodiment 1 to deter-
mine whether or not the hand scan has been correctly per-
formed.

[0024] FIG. 7A schematically illustrates the carotid artery
when the hand scan is performed forward (in the arrow direc-
tion), and FIG. 7B schematically shows two-dimensional
images as cross-sectional diagrams (A) through (D) of the
carotid artery as obtained by the scan of FIG. 7A.

[0025] FIG. 8 lists frame numbers in the reception signal
obtained by the ultrasound diagnostic device 1 of Embodi-
ment 1, and a perimeter and cross-sectional area for the bor-
der 101 in each frame.

[0026] FIG. 9 lists frame numbers in the reception signal
obtained by the ultrasound diagnostic device 1 of Embodi-
ment 1, and shows a plotted relationship between the frame
numbers and the perimeter and cross-sectional area of the
border 101 in each frame, in hand scan order.
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[0027] FIG. 10 is a plotted relationship between the frame
numbers and results of taking a moving average from the last
two instances and computing the second derivative in each
frame, in hand scan order, from the perimeter and cross-
sectional area of the border 101 in each frame acquired from
the reception signal obtained by the ultrasound diagnostic
device 1 of Embodiment 1.

[0028] FIG. 11 is a block diagram illustrating the configu-
ration of an ultrasound diagnostic device 1' pertaining to a
variation of Embodiment 1.

[0029] FIG. 12 is a perspective view diagram illustrating
the configuration of an ultrasound diagnostic device 1A pet-
taining to Embodiment 2.

[0030] FIG. 13 is a block diagram illustrating the configu-
ration of the ultrasound diagnostic device 1A pertaining to
Embodiment 1.

[0031] FIG. 14 is a cross-sectional diagram of a cross-
section taken along a longitudinal direction of the carotid
artery.

[0032] FIG. 15 is a perspective view diagram of a carotid

artery taken along the longitudinal direction thereof.

[0033] FIG. 16 is a schematic diagram of a two-dimen-
sional image taken along the longitudinal cross-section of the
carotid artery.

[0034] FIGS. 17A and 17B are cross-sectional diagrams
illustrating the positional relationship of the ultrasound probe
and the carotid artery in short-axis cross-section, where the
transducer array is aligned with the carotid artery centre in
FIG. 17A and is offset from the carotid artery centre in FIG.
17B.

[0035] FIG. 18A is a perspective view of the carotid artery
along the longitudinal direction, and FIG. 18B is a schematic
view of expansion in the vicinity of the CCA-bulb boundary
219 at point (A) in FIG. 18A.

DESCRIPTION OF EMBODIMENTS

Background Leading to Embodiments

[0036] Varied research into ultrasound diagnostic devices
has been conducted in order to determine the ROI 211 defin-
ing the IMT measurement range. For example, Non-Patent
Literature 2 describes a CCA-bulb boundary 219 detection
method. There, the CCA-bulb boundary 219 is determined by
representing the CCA-bulb boundary 14 as the inflection
point of the vascular wall where the peripheral end of the
CCA morphs into the bulb. The inflection point is then used to
find an intersection of lines respectively extending from the
CCA side and the bulb side of the boundary between the
tunica adventitia and tunica media in the vicinity of the tran-
sition from CCA to bulb, and that intersection is identified as
the CCA-bulb boundary 219. The inventors have used the
CCA-bulb boundary 219 identified using a detection method
as described in Non-Patent Literature 2 as a basis for dedi-
cated investigation into the realisation of defining the IMT
measurement range. For instance, the inventors debated
whether or not the predetermined measurement range recom-
mended in Non-Patent Literature 1 is usable for defining the
ROI211.

[0037] However, the method of Non-Patent Literature 2 is
not able to detect the CCA-bulb boundary 219 for certain
subjects. In these cases, the IMT measurement range cannot
be automatically detected, thus requiring that the operator
determine the IMT measurement range 212 manually.
Accordingly, the CCA-bulb boundary 219 detection
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described in Non-Patent Literature 2 was thought inappli-
cable as a method for determining the IMT measurement
range 212, even if automated.

[0038] The inventors then considered the causes. The
method of Non-Patent Literature 2 is able to detect the CCA-
bulb boundary 219 when the two-dimensional image is
obtained for a carotid artery that approximates an ideal shape.
However, when a two-dimensional image for a carotid artery
having an idiosyncratic shape is used, the CCA-bulb bound-
ary 219 cannot be detected, and thus the IMT measurement
range 212 cannot be determined. For instance, when the sub-
ject’s carotid artery has no curve in the vascular wall of the
CCA-bulb boundary 219, detecting the inflection point
becomes difficult. Also, despite the CCA-bulb boundary 219
being present in the subject’s carotid artery, the inflection
point is difficult to detect when the shape is difficult to
observe using an ultrasound diagnostic device, and when the
curvature of the neck during observation is such that the
inflection point of the CCA-bulb boundary 219 cannot be
observed. As a result, the CCA-bulb boundary 219 cannot be
detected. For example, the above applies when at least one of
the front wall and back wall of the bulb is flat, such that the
inflection point of the CCA-bulb boundary 219 along the
vascular wall is difficult to detect along said wall. Also, when
a two-dimensional image is obtained in which the inflection
point is difficult to observe, further operations must be repeat-
edly performed in order to obtain a two-dimensional image in
which the inflection point is visible. This has been a problem
in diagnosis when the inflection point remains ultimately
undetectable.

[0039] In order for the ultrasound diagnostic device mea-
suring the IMT of the vascular wall in the carotid artery to
automatically determine the ROI 211 defining the measure-
ment range of the IMT, the CCA-bulb boundary 219 must be
detected regardless of the subject’s carotid artery shape.
Hstablishing a scanning method enabling such detection
would be beneficial.

[0040] Also, IMT measurement is typically performed with
the ultrasound probe arranged at the surface of the neck along
the longitudinal direction of the carotid artery. Here, accurate
measurement requires that the ultrasound probe be located at
a position along the longitudinal direction of the carotid
artery so as to intersect the vicinity of the centre in a perpen-
dicular cross section (hereinafter also short-axis cross-sec-
tion). This caused by the fact that while ultrasounds are
reflected by tissue boundaries having different acoustic
impedance values, clearer ultrasound echo signals are
obtained through strong reflection of an ultrasound perpen-
dicular to the boundary.

[0041] FIGS. 17A and 17B are cross-sectional diagrams
illustrating the positional relationship of the ultrasound probe
and the carotid artery in short-axis cross-section, where the
transducer array of the ultrasound probe is aligned with the
carotid artery centre in FIG. 17A and is offset from the carotid
artery centre in FIG. 17B. As shown in FIG. 17A, the ultra-
sounds are perpendicular to the lumen-intima boundary 207
and the media-adventitia boundary 208 when the ultrasound
probe 2 is placed in the vicinity of the centre of the subject’s
artery, i.e., when the ultrasound beam travels in a path that
intersects the centre 220 of the artery. As such, strong and
clear reflections (i.e., ultrasound echo signals) are obtained at
both boundaries. Also, as shown in FIG. 17B, when the path
of the ultrasound beam does not intersect the centre 220 of the
artery, only weak and unclear reflections (i.e., ultrasound
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echo signals) are obtained as the ultrasound is not perpen-
dicular to the boundaries. As such, the lumen-intima bound-
ary 207 and the media-adventitia boundary 208 are blurry and
difficult to extract, and the lumen-intima boundary 207 may
not be extractable at all. In such a case, IMT measurement
cannot be accurately performed. Furthermore, in some cases
meandering arteries may prevent the transducer array from
being aligned with the artery centre.

[0042] For these reasons, the transducer array must be
arranged along the longitudinal direction of the carotid artery
in the vicinity of the short-axis cross-section centre in order to
realise accurate IMT measurement.

[0043] In addition, IMT is normally measured multiple
times at regular intervals in a single subject. Accurate diag-
nosis using such a test requires that the same measurement
range be used for each measurement taken.

[0044] As such, upon dedicated investigation, the inventors
arrived at using a method of detecting the CCA-bulb bound-
ary 219 that does not depend on the condition of the two-
dimensional image or on the shape of the subject’s carotid
artery. FIG. 18A is a perspective view of the carotid artery
along the longitudinal direction, and FIG. 18B is a schematic
view of expansion in the vicinity of the CCA-bulb boundary
219 at point (A) in FIG. 18A, used in the inventors’ consid-
erations. As shown in FIG. 18B, the vascular diameter
expands dramatically in the vicinity of the CCA-bulb bound-
ary. The boundary between the CCA and the bulb corresponds
to the onset of change in curvature, in terms of the surface
shape ofthe carotid artery along the longitudinal direction. As
such, detecting the onset of this change as shown in FIG. 18B
has been thought of as a method for extracting the CCA-bulb
boundary 219. Furthermore, dedicated investigation was pur-
sued into technology for reducing the effect of the ultrasound
probe transducer array being offset from the centre of the
carotid artery. As a result, the inventors arrived at the ultra-
sound diagnostic device of the present disclosure.

[0045] An ultrasound diagnostic device and an ultrasound
diagnostic device control method pertaining to the Embodi-
ments are described below, with reference to the accompany-
ing drawings.

Overview of Embodiments

[0046] In one aspect, an ultrasound diagnostic device to
which an ultrasound probe is connectable, measuring an IMT
ofavascular wall in a carotid artery comprises: atransmission
and reception processing unit performing a transmission pro-
cess of supplying a transmission signal for causing the ultra-
sound probe to transmit an ultrasound to a short-axis cross-
section at a plurality of different positions along the carotid
artery, and a reception process of receiving a signal based on
a reflected ultrasound received by the ultrasound probe from
the carotid artery and generating a reception signal for a
plurality of frames each corresponding to the short-axis
cross-section at one of the different positions; a two-dimen-
sional image generation unit generating a plurality of two-
dimensional images each corresponding to one of the frames,
based on the reception signal for each of the frames; a bulb
boundary detection unit measuring one or more of a perimeter
and a cross-sectional area of the vascular wall in the carotid
artery according to the short-axis cross-section in each of the
two-dimensional images, and detecting a boundary between a
common carotid artery and a common carotid artery bulb
according to: at least one of the perimeter and the cross-
sectional area; and position information indicating a respec-
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tive position along the carotid artery where each of the two-
dimensional images is acquired; a ROI determination unit
determining a ROI that defines a measurement range for
measuring the IMT, with respect to the boundary; and an IMT
measurement unit measuring the IMT in at least one of the
two-dimensional images in the ROL.

[0047] In another aspect, the bulb boundary detection unit
detects the boundary as an onset of change in size of the
perimeter or of the cross-sectional area.

[0048] In an alternate aspect, the bulb boundary detection
unit performs a border extraction process of extracting a
border of the vascular wall in the carotid artery from the
respective two-dimensional images corresponding to each of
the frames, and measures one or more of the perimeter and the
cross-sectional area using the border.

[0049] Ina further aspect, the bulb boundary detection unit
performs a determination process of determining whether
acquisition of the two-dimensional images has been per-
formed at respective positions that are separated by a prede-
termined interval with respect to the carotid artery.

[0050] Inan additional aspect, the bulb boundary detection
unit detects a coordinate position of the carotid artery for each
of the two-dimensional images, and determines affirmatively
when neighbouring two-dimensional images are separated by
a gap equal to or less than a predetermined value in terms of
the respective coordinate position of the two-dimensional
images.

[0051] 1In yet another aspect, the bulb boundary detection
unit determines an extension direction of the carotid artery
based on the two-dimensional images.

[0052] In still another aspect, the bulb boundary detection
unit detects a number of cross-sections present in the two-
dimensional images and determines the extension direction
according to the number of cross-sections and the position
information.

[0053] Inyeta further aspect, the extension direction is one
of: a peripheral direction from the common carotid artery
toward an internal carotid artery and an external carotid
artery; and a central direction from the internal carotid artery
and the external carotid artery toward the common carotid
artery.

[0054] In another alternate aspect, the ROI determination
unit determines the ROI for measuring the IMT according to
the boundary and the extension direction.

[0055] Alternatively, a control method for an ultrasound
diagnostic device to which an ultrasound probe is connect-
able, measuring an IMT of a vascular wall in a carotid artery
comprises: supplying a transmission signal for causing the
ultrasound probe to transmit an ultrasound to a short-axis
cross-section at a plurality of different positions along the
carotid artery; receiving a signal based on a reflected ultra-
sound received by the ultrasound probe from the carotid
artery and generating a reception signal for a plurality of
frames each corresponding to the short-axis cross-section at
one of the different positions; generating a plurality of two-
dimensional images each corresponding to one of the frames,
based on the reception signal for each of the frames; measur-
ing one or more of a perimeter and a cross-sectional area of
the vascular wall in the carotid artery according to the short-
axis cross-section in each ofthe two-dimensional images, and
detecting a boundary between a common carotid artery and a
common carotid artery bulb according to: at least one of the
perimeter and the cross-sectional area; and position informa-
tion indicating a respective position along the carotid artery
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where each of the two-dimensional images is acquired; deter-
mining a ROI that defines a measurement range for measuring
a predetermined IMT, with respect to the boundary; and mea-
suring the IMT in the ROI within each ofthe two-dimensional
images.

[0056] The following describes an ultrasound diagnostic
device and a control method for the ultrasound diagnostic
device as Embodiments pertaining to the present disclosure,
with reference to the accompanying drawings.

Embodiment 1

[0057] An ultrasound diagnostic device pertaining to
Embodiment 1 is described below, with reference to the
accompanying drawings.

Configuration
[0058] (General Configuration)
[0059] FIG.11isa block diagram illustrating the configura-

tion of an ultrasound diagnostic device 1 pertaining to
Embodiment 1.

[0060] The ultrasound diagnostic device 1 is configured to
be electrically connectable to an ultrasound probe 2 that
transmits and receives an ultrasound aimed at a subject. FIG.
1 illustrates the ultrasound diagnostic device 1 as connected
to the ultrasound probe 2. The ultrasound diagnostic device 1
includes a controller 300. The controller 300 includes a trans-
mission and reception processing unit 3, a two-dimensional
image generation unit 4, a two-dimensional image storage
unit 5, a bulb boundary detection unit 15, a RO detection unit
13, and an IMT measurement unit 14,

[0061] (Ultrasound Probe 2)

[0062] The ultrasound probe 2 includes a transducer array
in which a plurality of piezoelectric elements are arranged
into multiple columns. The ultrasound probe 2 converts a
transmission signal, which is an electronic signal provided in
pulse or continuous form by the later-described transmission
and reception processing unit 3, into an ultrasound beam in
pulse or continuous form, and when the transducer array is in
contact with the skin surface of the test subject, fires the
ultrasound beam toward the carotid artery from the skin sur-
face. In order to obtain a two-dimensional image of the
carotid artery in short-axis cross-section, the ultrasound
probe 2 is arranged such that the transducer array is perpen-
dicular to the longitudinal direction of the carotid artery when
the ultrasound beam is fired. The ultrasound probe 2 then
receives an ultrasound echo signal, which is an ultrasound
reflected from the subject, then converts the ultrasound echo
signal into an electronic signal through the transducer array
and provides the electronic signal to the transmission and
reception processing unit 3.

[0063] In order to obtain a plurality of two-dimensional
images of the short-axis cross-section of the carotid artery, a
hand scan is performed with the transducers arranged at one
end of the ultrasound probe 2 being disposed substantially
perpendicular to the longitudinal direction of the carotid
artery. FIG. 2 is a schematic diagram representing the hand
scan performed along the longitudinal direction of the carotid
artery using the ultrasound probe 2 of the ultrasound diagnos-
tic device 1 pertaining to Embodiment 1. The transducer array
of the ultrasound probe 2 is placed in contact with the skin
surface and displaced one way along the longitudinal direc-
tion of the carotid artery, and transmits the ultrasound beam.
In order to obtain a plurality of two-dimensional images of the
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short-axis cross-section in a predetermined interval, the dis-
placement of the ultrasound probe 2 is beneficially a motion
along the longitudinal direction of the carotid artery per-
formed at a fixed speed. Also, the ultrasound probe 2 is
beneficially displaced at a predetermined speed. The spacing
between the transducers of the ultrasound probe 2 and the
spacing between frames acquired along the displacement
direction are beneficially substantially equal. For example, an
inter-transducer spacing of 0.25 mm transducer array and an
inter-frame spacing of 2.5 mm are beneficial. For instance,
when the ultrasound diagnostic device 1 has a frame rate of 20
ps and the ultrasound probe 2 has an inter-transducer spacing
of 2.5 mm, then displacing the ultrasound probe 2 at a speed
of 4 mm/s to 6 mm/s, beneficially 5 mm/s, enables frames to
be acquired with inter-frame spacing of 0.2 mm to 0.3 mm,
beneficially 0.25 mm.

[0064] An ultrasound echo signal is then received for the
short-axis cross-section of the carotid artery corresponding to
each position to which the ultrasound probe 2 has been dis-
placed. Electrical signals are sequentially converted from the
ultrasound echo signal and supplied to the transmission and
reception processing unit 3. The above operation is hereinaf-
ter referred to as a hand scan.

[0065] (Transmission and Reception Processing Unit 3)
[0066] The transmission and reception processing unit 3
generates an electronic signal in pulse or continuous form for
causing the ultrasound probe 2 to transmit an ultrasound, and
performs a transmission process of providing the electronic
signal to the ultrasound probe 2 as a transmission signal.
[0067] The transmission and reception processing unit 3
performs a reception process of amplifying the electronic
signal received from the ultrasound probe 2 and performing
analogue-to-digital (hereinafter, A/D) conversion to generate
areception signal. The reception signal is, for example, made
up of aplurality of signals obtained along the transducer array
direction and in a depth direction oriented away from the
transducer array. Each of these is a digital signal obtained by
performing A/D conversion on an electronic signal converted
from the amplitude of an echo signal. Here, the reception
signal is generated for the short-axis cross-section of the
carotid artery in a plurality of frames corresponding to the
above-described hand scan. The reception signal for each of
these frames is supplied to the two-dimensional image gen-
eration unit 4.

[0068] (Two-dimensional Image Generation Unit 4)
[0069] The two-dimensional image generation unit 4 gen-
erates a two-dimensional image of a carotid artery short-axis
corresponding to each frame based on the reception signal,
then supplies the images to the two-dimensional image stor-
age unit 5. Each two-dimensional image is an image signal in
which a coordinate conversion has been applied to the recep-
tion signal with respect to a Cartesian coordinate system. The
two-dimensional images are stored in the two-dimensional
image storage unit 5 along with an ordering obtained in the
hand scan.

[0070] (Bulb Boundary Detection Unit 15)

[0071] The bulb boundary detection unit 15 measures at
least one of a perimeter and a cross-sectional area of the
carotid artery vascular wall according to the carotid artery
short-axis cross-section as seen in each of the two-dimen-
sional images. Then, the bulb boundary detection unit 15
detects a boundary between the common carotid artery and
the bulb according to said one of the perimeter and cross-
sectional area, and information indicating the position in the
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carotid artery at which each two-dimensional image was
obtained. The bulb boundary detection unit 15 includes a
border extraction unit 6, a three-dimensional volume data
storage unit 7, a cross-section information analysis unit 8, a
cross-section analysis data storage unit 9, a vascular direction
determination unit 10, a vascular direction data storage unit
11, and a bulb boundary determination unit 12. The function
of each component is described below.

[0072] (Border Extraction Unit 6)

[0073] The border extraction unit 6 uses a general image
processing method, such as edge detection, to extract a border
of the carotid artery vascular wall based on the two-dimen-
sional images stored in the two-dimensional image storage
unit 5.

[0074] (Three-Dimensional Volume Data Storage Unit 7)
[0075] The three-dimensional volume data storage unit 7
stores the border extracted by the border extraction unit 6 for
each frame. The collection of border data stored for the
frames is hereinafter termed three-dimensional volume data.
[0076] (Cross-Section Information Analysis Unit 8)
[0077] Thecross-section information analysis unit 8 analy-
ses the three-dimensional volume data stored in the three-
dimensional volume data storage unit 7 regarding whether or
not the hand scan has been correctly performed. The hand
scan is performed by transmitting and receiving an ultrasound
beam during displacement one way along the skin surface in
the longitudinal direction ofthe carotid artery. Thus, a portion
of the frame data may be missing due to the manner in which
the hand scan is performed. The cross-section information
analysis unit 8 is provided in order to prevent data errors due
to missing data.

[0078] FIG. 3 isa block diagram illustrating the configura-
tion of a cross-section information analysis unit 8 in the
ultrasound diagnostic device 1 pertaining to Embodiment 1.
The cross-section information analysis unit 8 includes a vas-
cular position detection unit 80, a vascular perimeter mea-
surement unit 81, a vascular cross-sectional area measure-
ment unit 82, a vascular cross-section detection unit 83, and a
cross-section information determination unit 84.

[0079] The vascular position detection unit 80 detects a
position of the vascular border in a single frame.

[0080] The vascular perimeter measurement unit 81 mea-
sures the length of the perimeter in the border according to
position information of the vascular border obtained by the
vascular position detection unit 80. The length of the perim-
eter is obtainable by taking any of a lumen-intima boundary
perimeter, a media-adventitia boundary perimeter, and a cir-
cumference of the vascular wall, the latter being the outer-
most portion of the blood vessel. Given that the tunica intima
and tunica media of the vascular wall are easily deformable
under the influence of the pulse, and that appropriate vascular
position is difficult to detect when plaque has formed in the
lumen, extracting the media-adventitia boundary of the cir-
cumference of the vascular wall as the vascular wall is ben-
eficial in that these issues have less effect.

[0081] Like the vascular perimeter measurement unit 81,
the vascular cross-sectional area measurement unit 82 mea-
sures the area of the border according to position information
of the border. Here, the cross-sectional area of the border is
obtainable from any of a range occupied by the lumen and
surrounded by the lumen-intima boundary in the carotid
artery. a range surrounded by the media-adventitia boundary,
and a range surrounded by the circumference of the vascular
wall that is the outermost portion of the blood vessel. Given
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that the tunica intima and tunica media of the vascular wall are
easily deformable under the influence of the pulse, and that
appropriate vascular position is difficult to detect when
plaque has formed in the lumen, extracting the media-adven-
titia boundary of the circumference of the vascular wall as the
vascular wall is beneficial in that these issues have less effect.
[0082] The vascular cross-section detection unit 83 detects
the number of carotid artery cross-sections in a single frame.
For areas farther along the peripheral direction than the Bif
217, two carotid artery cross-sections are present in a single
frame.

[0083] The cross-section information determination unit
84 determines whether or not the frames obtained in the hand
scan are continuous, according to results of the above-de-
scribed process, and thus checks whether or not the hand scan
has been performed correctly. That is, the cross-section infor-
mation determination unit 84 performs a determination pro-
cess of determining whether or not the two-dimensional
images have been acquired at positions along the carotid
artery with the predetermined spacing. Thus, the cross-sec-
tion information determination unit 84 detects a coordinate
position of the carotid artery in each two-dimensional image,
and determines that the two-dimensional images have been
acquired at positions along the carotid artery with the prede-
termined spacing when an offset between coordinate posi-
tions in neighbouring two-dimensional images is equal to or
less than a predetermined threshold.

[0084] The process performed by the cross-section infor-
mation analysis unit 8 is applied to each of the frames in the
three-dimensional volume data. Information obtained as a
result of this process is supplied to and stored in the cross-
section analysis data storage unit 9.

[0085] InEmbodiment 1, thelater-described bulb boundary
determination unit 12 is able to make a highly precise deter-
mination. Thus, only one of the vascular perimeter measure-
ment unit 81 and the vascular cross-sectional area measure-
ment unit 82 is necessary when the determination by the bulb
boundary determination unit 12 is not used.

[0086] (Vascular Direction Determination Unit 10)

[0087] The vascular direction determination unit 10 deter-
mines whether the hand scan has been performed from the
CCA toward the ICA/ECA (hereinafter, forward) or from the
ICA/ECA toward the CCA (hereinafter, backward), accord-
ing to the data stored in the cross-section analysis data storage
unit 9. That is, the direction of the hand scan is determined
from a plurality of frames in the three-dimensional volume
data. Specifically, variations in the border detected by the
vascular position detection unit 80 with respect to the longi-
tudinal direction are used to identify some of frames as central
direction data and other frames as peripheral direction data.
When the spacing between the respective coordinate posi-
tions of the front wall and the back wall increases along the
longitudinal direction, that direction is the peripheral direc-
tion given that the vascular diameter gradually increases over
distance from the CCA to the bulb.

[0088] (Vascular Direction Data Storage Unit 11)

[0089] The vascular direction data storage unit 11 stores
information obtained by the vascular direction determination
unit 10.

[0090] (Bulb Boundary Determination Unit 12)

[0091] Thebulb boundary determination unit 12 detects, as
the aforementioned boundary, the onset of change in the
vascular perimeter or in the cross-sectional area extracted
from each two-dimensional image of the frames. Specifically,
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the boundary between the CCA and the bulb is detected as an
inflection point based on the data in the cross-section analysis
data storage unit 9 and the vascular direction data storage unit
11. The details are described later.

[0092] (ROI Determination Unit 13)

[0093] The ROI determination unit 13 determines the ROI
211 defining a range for IMT measurement according to the
inflection point obtained by the bulb boundary determination
unit 12. That is, a frame corresponding to a predetermined
IMT measurement range 212 is selected. For example, for
correspondence with the recommended IMT measurement
range of Non-Patent Literature 1, a frame is selected in which
arange of 1 cm toward the CCA from the inflection point is
visible. This is selected as the IMT measurement range 212.
As described above, when the ultrasound probe is displaced at
a fixed speed along the longitudinal direction of the carotid
artery during ultrasound image capture, the frames corre-
sponding to the short-axis cross-section images are acquired
with fixed spacing. In such a case, each centimeter is divided
by the speed of ultrasound probe displacement to obtain a
number of frames to be used as the IMT acquisition target.
Here, the speed of ultrasound probe displacement is benefi-
cially a fixed predetermined speed, such as 4 mm/s to 6 mm/s.
[0094] (IMT Measurement Unit 14)

[0095] The IMT measurement unit 14 acquires a two-di-
mensional image from the two-dimensional image storage
unit 5 corresponding to the frames selected by the ROI deter-
mination unit 13 and performs the IMT measurement on each
such frame based on the corresponding two-dimensional
image. As described above, the vascular wall 201 is made up
of the tunica intima 202, the tunica media 203, and the tunica
adventitia 205. The IMT is a thickness measurement of the
intima-media 206, which is a complex of the tunica intima
202 and the tunica media 203. The IMT measurement unit 14
measures the IMT by detecting the intima-media 206
between the Iumen 204 and the tunica adventitia 205 in the
two-dimensional image generated according to the reception
signal. The two-dimensional image is a tomogram of a blood
vessel, showing the vascular cross-section in the short-axis
direction. A method for measuring the IMT from such an
image is described in International Patent Application Publi-
cation No. 2012/105162, for instance.

[0096] The results of IMT measurement are then displayed
on a (non-diagrammed) display. Alternatively, a three-dimen-
sional image of the carotid artery may be constructed by
combining the borders in the frames obtained through the
hand scan. Displaying the IMT measurement range 212 for
the IMT measurement on such a three-dimensional image
provides a configuration that is easier for the operator to use.

Operations

[0097] Theoperations of the ultrasound diagnostic device 1
configured as described above are explained with reference to
the flowchart of FIG. 4. FIG. 4 is a flowchart of operations
pertaining to IMT measurement by the ultrasound diagnostic
device 1 of Embodiment 1. The transmission and reception of
the ultrasound beam to the subject having the carotid artery
are performed by typical methods, and explanations thereof
are thus omitted. That is, the following explains operations
beginning when the ROI 211 is automatically determined and
ending when the IMT is measured in the ROI 211.

[0098] (Step 1 (S01))

[0099] Instep 1(S01), the transmission and reception pro-
cessing unit 3 generates a reception signal for each frame,
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based on the ultrasound echo signal obtained by the ultra-
sound probe 2 during the hand scan. In order to acquire a
two-dimensional image of the carotid artery short-axis cross-
section, the ultrasound probe 2 is arranged such that the
transducer array is substantially perpendicular to the longitu-
dinal direction of the carotid artery. the ultrasound probe 2 is
then displaced along the longitudinal direction of the carotid
artery. In order to obtain a plurality of two-dimensional
images of the short-axis cross-section in a predetermined
interval, the displacement of the ultrasound probe 2 is ben-
eficially a motion along the longitudinal direction of the
carotid artery performed at a predetermined fixed speed.

[0100] (Step 2 (S02))

[0101] FIGS. SA-5C illustrate data based on the two-di-
mensional image indicating a short-axis cross section of the
carotid artery as obtained by the ultrasound diagnostic device
1 of Embodiment 1. FIG. 5A illustrates the configuration ofa
two-dimensional image 100, FIG. 5B illustrates the configu-
ration of a carotid artery border 101 in each frame, and FIG.
5C illustrates the configuration of a three-dimensional image
102 of the carotid artery.

[0102] Instep 2 (S02), the two-dimensional image storage
unit 5 generates a two-dimensional image 100 for each frame
as illustrated in FIG. 5A, in accordance with the reception
signal obtained in step 1. The two-dimensional image 100 so
generated is then stored in the two-dimensional image storage
unit 5.

[0103] (Step 3 (S03))

[0104] In step (S03), a typical image processing method
such as that described above is applied to the two-dimen-
sional image 100 stored in two-dimensional image storage
unit 5 to extract a carotid artery border 101. The border 101 in
each frame is stored as three-dimensional volume data in the
three-dimensional volume data storage unit 7. Next, the bor-
der 101 in each of the frames obtained in the hand scan are
connected to construct a three-dimensional image 102 of the
carotid artery as shown in FIG. 5C. Next, the three-dimen-
sional image 102 is stored in the three-dimensional volume
data storage unit 7.

[0105] (Step 4 (S04))

[0106] In step 4 (S04), a determination is made regarding
whether or not the three-dimensional volume data are from a
correctly-performed hand scan. FIG. 6 is a flowchart of the
operations performed by the ultrasound diagnostic device 1 of
Embodiment 1 to determine whether or not the hand scan has
been correctly performed. Step 4 (S04) is described with
reference to FIG. 6.

[0107] (Step 41 (S41))

[0108] Instep41 (S41), the vascular position detection unit
80 scans the two-dimensional images subjected to image
processing by the border extraction unit 6, and detects a
coordinate position of the border 101 as X-Y coordinates
indicating the border 101 in FIG. 5B. Here, borders other than
the carotid artery vascular wall may appear as noise. This
noise may be treated by, for example, detecting a non-loop
border as not being the carotid artery cross-section and ignor-
ing or deleting that noise.

[0109]  (Step 42 (S42))

[0110] In step 42 (S42), the vascular perimeter measure-
ment unit 81 measures the perimeter of the border 101 accord-
ing to the coordinate position detected for the border 101 by
the vascular position detection unit 80. This represents the
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carotid artery perimeter. The border perimeter is usable as the
perimeter of the carotid artery tunica adventitia outer diam-
eter.

[0111] (Step 43 (S43))

[0112] In step 43 (S43), the vascular cross-sectional area
measurement unit 82 measures the cross section of the border
101 according to the coordinate position detected for the
border 101 by the vascular position detection unit 80. This
represents the carotid artery cross-sectional area. The cross-
sectional area of the border is used as a range surrounding the
outer diameter of the carotid artery tunica adventitia, which
includes the area taken up by the lumen.

[0113] Steps 42 (S42) and 43 (S43) may also be performed
in the opposite order, such that step 42 (S42) follows step 43
(S43). Also, as described above, the configuration may also
be such that only one of the perimeter and cross-sectional area
of the carotid artery is measured. In such a case, one of these
steps 1s not performed.

[0114] When measuring the perimeter and cross-sectional
area of the carotid artery, the positions of the lumen-intima
boundary and the media-adventitia boundary, as well as the
outer perimeter of the tunica adventitia may be used as refer-
ence for measurement. However, the tunica intima and tunica
media of the vascular wall are easily deformable under the
influence of the pulse. Also, appropriate measurement of the
perimeter and cross-sectional area is difficult when plaque
has formed in the lumen. As such, the perimeter and cross-
sectional area of the carotid artery are beneficially measured
with reference to the position of the media-adventitia bound-
ary or the outer perimeter of the tunica adventitia, which are
less affected by these issues.

[0115] (Step 44 (S44))

[0116] Instep 44 (S44), the number of carotid artery cross-
sections in each frame is detected. Normally, the number of
carotid artery cross-sections obtained by the above-described
process is one for a frame of the CCA and two for a frame of
the ICA and ECA, which are farther along the peripheral
direction than the bulb. Accordingly, the number of cross-
sections can never be three or greater. However, the vascular
position detection unit 80 may detect unprocessed loops of
the border 101. Such loops are identified as noise using the
information obtained by the vascular perimeter measurement
unit 81 or the vascular cross-sectional area measurement unit
82, and the noise may be ignored or deleted. Specifically, the
carotid artery has a diameter on the order of 10 mm and is very
large in comparison to typical blood vessels. As such, numeri-
cal information such as the perimeter and the cross-sectional
area serves as a basis for distinguishing the carotid artery
cross-section from noise.

[0117] (Step 45 (S45))

[0118] In step 45 (S45), the cross-section information
determination unit 84 uses the processing of steps 41 (S41)
through 44 (S44) to determine whether or not the frames
obtained in the hand scan are continuous.

[0119] Specifically, for each frame, a determination is
made based on the X-Y coordinate position of the border 101
identified as the carotid artery cross-section and the X-Y
coordinate position of the border 101 corresponding to an
immediately-preceding frame from the hand scan. For
example, the central position of the border 101 in each frame
is compared, and when the difference therebetween is equal
to or less than a predetermined threshold, the determination is
such that continuous frames have been obtained and that the
hand scan has been performed correctly. In such an affirma-
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tive case, the data are stored in the cross-section analysis data
storage unit 9 and the process advances to step 5 (S05).
However, in the negative case, the hand scan is redone without
proceeding to the next step.

[0120] (Step 5 (S05))

[0121] Instep5 (S05), the vascular direction determination
unit 10 determines the direction of the hand scan and stores
that direction in the vascular direction data storage unit 11.
FIG. 7TA schematically illustrates the carotid artery when the
hand scan is performed forward (in the direction of the
arrow), and FIG. 7B schematically shows two-dimensional
image as cross-sectional diagrams (A) through (D) of the
carotid artery as obtained by the scan of FIG. 7A.

[0122] The two-dimensional images of FIG. 7B include
image (A) of the CCA 213, image (B) of the vicinity of the
boundary between the CCA 213 and the bulb 214, image (C)
of the vicinity of the Bif 217, and image (D) of the ICA 215
and the ECA 216. As shown in FIG. 75, image (A) includes
one border 101 corresponding to the carotid artery cross-
section, and is thus identifiable as the CCA 213 side. Con-
versely, image (D) includes two borders, and is thus identifi-
able as the ICA 215 and ECA 216 side. Given that these
two-dimensional image have been acquired in order begin-
ning with image (A), the hand scan is identifiable as having
been performed in the forward direction.

[0123] (Step 6 (S06))

[0124] In step 6 (S06), the bulb boundary determination
unit 12 detects the boundary between the CCA and the bulb is
detected as the inflection point based on the data in the cross-
section analysis data storage unit 9 and the vascular direction
data storage unit 11. The inflection point at the boundary
between the CCA and the bulb is detected by associating the
perimeter and cross-sectional area of the border 101 with
each respective frame of the three-dimensional volume data,
taking the second derivative of the perimeter and cross-sec-
tional area, and extracting the inflection point ofthe perimeter
and cross-sectional area values.

[0125] First, the perimeter and cross-sectional area of the
border 101 in each frame of the three-dimensional volume
data are associated with each frame. FIG. 8 lists frame num-
bers in the reception signal obtained by the ultrasound diag-
nostic device 1 of Embodiment 1, and the perimeter and
cross-sectional area forthe border 101 in each frame. The first
frame is labelled frame 0, followed by frames 1, 2, ... n.

[0126] Next, the perimeter and cross-sectional area of the
border 101 corresponding to each frame in the three-dimen-
sional volume data shown in FIG. 8 are plotted in order of
acquisition during the hand scan. FIG. 9 shows a plotted
relationship frame numbers in the reception signal obtained
by the ultrasound diagnostic device 1 of Embodiment 1, and
the perimeter and cross-sectional area for the border 101
associated with each frame, in hand scan order. In FIG. 9, the
area is calculated as a number of pixels in the vascular cross-
section as shown in the two-dimensional image, and the
perimeter is calculated a number of pixels making up the
boundary between the vascular cross-section as shown in the
two-dimensional image and other portions of the image. Data
for the CCA and the bulb is sufficient for detecting the inflec-
tion point. ICA and ECA data are not required. Accordingly,
in Embodiment 1, the ICA and ECA data are omitted, and
only the data for the CCA and bulb are shown.
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[0127] As shown in FIG. 9, the perimeter and cross-sec-
tional area are subject to nearly identical variation. In the
CCA, the perimeter and cross-sectional area extend with
nearly constant values.

[0128] As described with reference to FIG. 18B, the round
shape of the bulb produces a increase in vascular diameter at
the transition from the CCA-bulb boundary into the bulb
itself. As a result, a sudden increase in perimeter and cross-
sectional area also occurs at the transition from the CCA-bulb
boundary into bulb. The data given in FIG. 9 also indicate that
the vascular perimeter and cross-sectional area in each frame
nearly match in terms of variation. The inflection point at the
boundary between the CCA and the bulb corresponds to the
onset of change from the stable CCA portion, in terms of the
perimeter and cross-sectional area. As such, the onset of
increasing values for the perimeter and cross-sectional area,
as shown in FIG. 9, is detected as the inflection point.
[0129] However, the onset of change in the perimeter and
cross-sectional area (i.e., the inflection point) is not easy to
find in the data shown in FIG. 9. Accordingly, a calculation
such as averaging the data in FIG. 9 and taking the second
derivative may be performed to more easily detect the onset of
change (i.e., the inflection point).

[0130] FIG. 10 is a plotted relationship between the frame
numbers and the results of taking a moving average from the
last two instances and computing the second derivative in
each frame, in hand scan order, from the cross-sectional area
(the data of F1G. 9) of the border 101 in each frame acquired
from the reception signal obtained by the ultrasound diagnos-
tic device 1 of Embodiment 1. The inflection point at the
boundary between the CCA and the bulb is found, in FIG. 10,
to be at frame 135, as seen upon applying the second deriva-
tive calculation process.

[0131] (Step 7 (S07))

[0132] Instep 7 (S07), the IMT measurement range 212 is
determined from the bulb boundary at the inflection point
detected in step 6 (S06). Specifically, the ROI determination
unit 13 determines the ROI 211 defining a range for IMT
measurement according to the inflection point obtained by the
bulb boundary determination unit 12. That is, a frame corre-
sponding to a predetermined IMT measurement range 212 is
selected. For example, for correspondence with the recom-
mended IMT measurement range of Non-Patent Literature 1,
a frame is selected in which a range of 1 cm toward the CCA
from the inflection point is visible. This is selected as the IMT
measurement range 212.

[0133] (Step 8 (S08))

[0134] In step 8 (S08), the IMT is measured in the deter-
mined IMT measurement range 212. Specifically, the IMT
measurement unit 14 performs the IMT measurement on each
frame selected by the ROI determination unit 13 based on the
corresponding two-dimensional image in the from the two-
dimensional image storage unit 5. For example, IMT mea-
surement is performed on each frame corresponding to the
IMT measurement range 212, and an IMT value is confirmed
by using measurement results such as the maxIMT or mean-
IMT.

Effects

[0135] According to the above configuration, the ultra-
sound diagnostic device 2 of Embodiment 1 is able to detect
the CCA-bulb boundary 219 using the perimeter and cross-
sectional area obtained from a short-axis cross-section image
and without depending on longitudinal direction curvature,
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despite, for example, a two-dimensional image being
acquired in which great curvature in the longitudinal direction
is present from the CCA to the bulb. Also there is no need to
place the transducer array near the centre of the short-axis
cross-section, such as when measuring IMT with a longitu-
dinal direction cross-section image. According to this con-
figuration, the CCA-bulb boundary 219 is easily detectable
irrespective of the subject’s carotid artery shape, and the
CCA-bulb boundary 219 is also automatically detectable.
Thus, the ultrasound diagnostic device 1 performing an IMT
measurement of a carotid artery vascular wall automatically
determines the ROI 211 defining the measurement range for
such measurement, enabling swift IMT measurement that is
convenient for an inexperienced operator.

Variation

[0136] Although the ultrasound diagnostic device has been
described according to the above Embodiments, no such limi-
tation is intended. The following variations may also be
applied to the ultrasound diagnostic device.

[0137] In Embodiment 1, the IMT measurement unit 14
performs the IMT measurement according to a two-dimen-
sional image. However, IMT measurement may also be per-
formed be performed according to a reception signal for each
frame, received by the transmission and reception processing
unit 3. FIG. 11 is a block diagram illustrating the configura-
tion of an ultrasound diagnostic device 1' pertaining to a
variation of Embodiment 1. A reception signal storage unit 50
is positioned after the transmission and reception processing
unit 3, and stores the reception signal supplied by the trans-
mission and reception processing unit 3. The IMT measure-
ment unit 14 acquires a reception signal from the reception
signal storage unit 50 corresponding to the frames selected by
the ROI determination unit 13 and performs the IMT mea-
surement on each such frame based on the corresponding
reception signal. As described above, the vascular wall 201 is
made up of the tunica intima 202, the tunica media 203, and
the tunica adventitia 205. The IMT is a thickness measure-
ment of the intima-media 206, which is a complex of the
tunica intima 202 and the tunica media 203. The IMT mea-
surement unit 14 measures the IMT by detecting the intima-
media 206 between the lumen 204 and tunica adventitia 205
in the reception signal. The results of IMT measurement are
then displayed on a (non-diagrammed) display.

Embodiment 2

[0138] The ultrasound diagnostic device 1 of Embodiment
1 analyses a cross-sectional image taken along the short axis
of the carotid artery as obtained by a hand scan with the
ultrasound probe 2 in the longitudinal direction of the carotid
artery, extracts the CCA-bulb boundary 219, and determines
the ROI 211 defining a measurement range for performing
IMT measurement. A ultrasound diagnostic device 1A pet-
taining to Embodiment 2 uses a ultrasound probe 2A in which
the transducer array oscillates in a direction perpendicular to
itself. Once the transducer array is arranged along the longi-
tudinal direction of the carotid artery, two-dimensional
images of the carotid artery are respectively acquired in the
short-axis and long-axis directions. The two-dimensional
images are analysed to extract a CCA-bulb boundary 219 and
determine a ROI 211 defining a range for IMT measurement.
[0139] FIG. 12 is a perspective view diagram illustrating
the configuration of an ultrasound diagnostic device 1A per-
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taining to Embodiment 2. As shown, the ultrasound diagnos-
tic device 1A of Embodiment 2 has the transducer array of the
ultrasound probe 2A arranged along the longitudinal direc-
tion carotid artery and acquires respective short-axis and
long-axis two-dimensional images of the carotid artery to
perform IMT measurement. The ultrasound probe 2A has
transducers that oscillate in a direction perpendicular to the
array direction. A plurality of short-axis cross-section two-
dimensional images is obtained in correspondence to the
pixels of the transducers that oscillate. Also, a two-dimen-
sional image in the longitudinal cross-section of the carotid
artery is acquired at each oscillation position. The ROI 211
defining the measurement range for measuring the IMT is
then determined according to the two-dimensional short-axis
cross-section images. The IMT is then measured from a two-
dimensional image in the longitudinal direction, where the
ROI 211 is found.

Configuration
[0140] (General Configuration)
[0141] The specific configuration of the ultrasound diag-

nostic device 1A pertaining to Embodiment 2 is described
below. FIG. 13 is a block diagram illustrating the configura-
tion of an ultrasound diagnostic device 1A pertaining to
Embodiment 2. The ultrasound diagnostic device 1A of
Embodiment 2 includes a transmission and reception pro-
cessing unit 3A, a two-dimensional image generation unit
4A, a two-dimensional image storage unit 5A, and an IMT
measurement unit 14A. These differ from the corresponding
components of the ultrasound diagnostic device 1 of Embodi-
ment 1. Other components are configured identically to those
shown in FIG. 1, and explanations thereof are thus omitted.
[0142] (Ultrasound Probe 2A)

[0143] The ultrasound diagnostic device 1A of Embodi-
ment 2 is configured to be electrically connectable to the
ultrasound probe 2A. The ultrasound probe 2A has transduc-
ers arranged in a row aligning with the longitudinal direction
of the carotid artery. An ultrasound beam is transmitted along
the longitudinal direction of the carotid artery and an ultra-
sound echo signal is received as a reflected ultrasound.
Accordingly, the ultrasound echo signal is received for gen-
erating the two-dimensional image of the carotid artery in
longitudinal cross-section. Also, as shown in FIG. 12, when
the transducers of the ultrasound probe 2A oscillate perpen-
dicularly with respect to the array direction, an ultrasound
echo signal is acquired for generating the short-axis cross-
section two-dimensional image of the carotid artery. Further,
an ultrasound echo signal for the two-dimensional image in
the longitudinal cross-section of the carotid artery is acquired
at each oscillation position.

[0144] (Transmission and Reception Processing Unit 3A)
[0145] The transmission process performed by the trans-
mission and reception processing unit 3A is as described in
Embodiment 1. However, the reception process includes gen-
erating a reception signal for generating a short-axis cross-
section two-dimensional image of the carotid artery for each
frame, and generating the reception signal for generating a
longitudinal cross-section of the carotid artery at each oscil-
lation position.

[0146] (Two-dimensional Image Generation Unit 4A)
[0147] The two-dimensional image generation unit 4 uses
the reception signal from the transmission and reception pro-
cessing unit 3A to generate the short-axis cross-section two-
dimensional image of the carotid artery for each frame, and to
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generate the longitudinal cross-section two-dimensional
image for the carotid artery at each oscillation position.
Among the longitudinal cross-section two-dimensional
image of the carotid artery so acquired, the two-dimensional
image used for IMT measurement is, for example, obtained at
a central position during oscillation, or acquired at a prede-
termined oscillation position while passing the centre of the
carotid artery.

[0148]

[0149] The two-dimensional image storage unit 5A stores
the longitudinal cross-section two-dimensional image of the
carotid artery for each oscillation position. The stored two-
dimensional images are used for IMT measurement. As in
Embodiment 1, the short-axis cross-section two-dimensional
images of the carotid artery for each frame are supplied to the
border extraction unit 6.

[0150] Afterward, the bulb boundary detection unit 15
applies the process described in Embodiment 1 to the short-
axis cross-section two-dimensional image to detect the
boundary between the CCA and the bulb. The ROI determi-
nation unit 13 then applied the process described in Embodi-
ment | to determine the ROI 211 that defines the measure-
ment range for measuring the IMT at the CCA-bulb
boundary.

[0151] (IMT Measurement Unit 14A)

[0152] The IMT measurement unit 14A measures the IMT
in the two-dimensional image having the ROI 211 determined
by the determination unit, the two-dimensional image being
of the carotid artery longitudinal cross-section. A method for
measuring the IMT from the cross-sectional image in the
longitudinal direction is described in International Patent
Application Publication No. 2007/108359, for instance. The
two-dimensional image generated by the two-dimensional
image generation unit 4A and used for IMT measurement is
beneficially obtained at a central position during oscillation,
or acquired at a predetermined oscillation position passing
the centre of the carotid artery, for example. As described
above, in order to realise an accurate IMT measurement, the
measurement must be performed when the transducer array is
in the vicinity of the short-axis cross-section centre along the
longitudinal direction of the carotid artery, as shown in FIG.
17A.

(Two-Dimensional Image Storage Unit 5A)

Effects

[0153] According to the above configuration, the ultra-
sound diagnostic device 1A pertaining to Embodiment 2, like
the ultrasound diagnostic device 1 pertaining to Embodiment
1, detects the CCA-bulb boundary 219 from the cross-sec-
tional area and perimeter obtained from the short-axis cross
section of the artery and determines the ROI 211 accordingly,
given that these measurements are independent of longitudi-
nal direction curvature. Also, the oscillation of the ultrasound
probe 2 enables IMT measurement in an ROI 211 from a
two-dimensional image of the longitudinal direction obtained
when the ultrasound probe 2 is in the vicinity of the artery
centre.

[0154] According to this configuration, the CCA-bulb
boundary 219 is easily detectable irrespective of the subject’s
carotid artery shape, and the CCA-bulb boundary 219 is also
automatically detectable. Thus, the ultrasound diagnostic
device 1 performing an IMT measurement of a carotid artery
vascular wall automatically determines the ROI 211 defining
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the measurement range for such measurement, enabling swift
IMT measurement that is convenient for an inexperienced
operator.

Variation

[0155] Although the ultrasound diagnostic device 1A of
Embodiment 2 has been described above, no limitation
thereto is intended. The following variations may also be
applied to the ultrasound diagnostic device.

[0156] The IMT measurement unit 14A of Embodiment 2
measures the IMT in the two-dimensional image having the
ROI 211 determined by the determination unit, the two-di-
mensional image being of the carotid artery longitudinal
cross-section. However, like the IMT measurement unit 14 of
Embodiment 1, the two-dimensional image in the short-axis
direction corresponding to a plurality of frames that include
the ROI 211 selected by the ROI determination unit 13 may be
acquired from the two-dimensional image storage unit 5, and
the IMT measurement may be performed in each frame based
on the two-dimensional image. A method for measuring the
IMT from the cross-sectional image in the short-axis direc-
tion is described in International Patent Application Publica-
tion No. 2012/105162, for instance. Like the ultrasound diag-
nostic device 1A pertaining to Embodiment 2, determining
the ROI 211 according to the boundary detected by the CCA-
bulb boundary 219 enables IMT measurement to be per-
formed from the two-dimensional images of a short-axis
cross-section, unaffected by offset of the transducer array
from the artery centre.

CONCLUSION

[0157] According to the above, Embodiments 1 and 2
detect the CCA-bulb boundary according to longitudinal
direction variation in the cross-sectional area and perimeter
found in a short-axis cross section of the carotid artery, and
determine the ROI 211 defining the range for IMT measure-
ment according to the CCA-bulb boundary. Thus, the ultra-
sound diagnostic device performing an IMT measurement of
a carotid artery vascular wall automatically determines the
ROI 211 defining the measurement range for such measure-
ment, enabling swift IMT measurement that is convenient for
an inexperienced operator.

Supplement

[0158] Each of the Embodiments described above is a non-
limiting Embodiment of the device of the present disclosure.
The quantities, shapes, materials, components, arrangement
position and connections between components, steps, order
of steps, and so on listed in the Embodiments are given as
examples, no limitation being intended thereby. Also, the
components listed in the Embodiments and steps not listed as
independent aspects representing highest-order concepts of
the disclosure are described as optional components for a
beneficial Embodiment.

[0159] Furthermore, in drawings referred to in the above
Embodiments, in order to facilitate understanding, configu-
ration elements are not necessarily illustrated to scale. The
present disclosure is not limited by the above Embodiments,
and appropriate modifications may be made so long as such
modifications do not cause deviation from the general con-
cept of the present disclosure.

[0160] Furthermore, the ultrasound diagnostic device is
configured as circuit elements, lead lines, and so on disposed
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on a substrate. However, the electrical connections and cir-
cuits thereof are technological matter widely known from
ultrasound diagnostic apparatus technology and the like and
are applicable to various configurations. As such, explana-
tions thereof are omitted as not being directly relevant to the
disclosure. The above-described drawings are schematics
that do not necessarily closely conform to reality.

INDUSTRIAL APPLICABILITY

[0161] The present disclosure is widely applicable to an
ultrasound diagnostic device and an ultrasound diagnostic
device control method enabling automatic determination of'a
ROI 211 for defining a measurement range in which to mea-
sure IMT of a carotid artery vascular wall, and enabling IMT
measurement to be quickly performed by an inexperienced
operator through simple operations.

LIST OF REFERENCE SIGNS
[0162] 1.1' 1A Ultrasound diagnostic device
[0163] 2.2A Ultrasound probe
[0164] 3. 3A Transmission and reception processing unit
[0165] 4. 4A Two-dimensional image generation unit
[0166] 5. 5A Two-dimensional image storage unit
[0167] 6 Border extraction unit
[0168] 7 Three-dimensional volume data storage unit
[0169] 8 Cross-section information analysis unit
[0170] 9 Cross-section analysis data storage unit
[0171] 10 Vascular direction determination unit
[0172] 11 Vascular direction data storage unit
[0173] 12 Bulb boundary determination unit
[0174] 13 ROI determination unit
[0175] 14, 14A IMT measurement unit
[0176] 15 Bulb boundary detection unit
[0177] 50 Reception signal storage unit
[0178] 80 Vascular position detection unit
[0179] 81 Vascular perimeter measurement unit
[0180] 82 Vascular cross-sectional area measurement unit
[0181] 83 Vascular cross-section detection unit
[0182] 84 Cross-section information determination unit
[0183] 100 Two-dimensional image
[0184] 101 Border
[0185] 102 Three-dimensional image
[0186] 201 Vascular wall
[0187] 202 Tunica intima
[0188] 203 Tunica media
[0189] 204 Lumen
[0190] 205 Tunica adventitia
[0191] 206 Intima-media
[0192] 207 Lumen-Intima boundary
[0193] 208 Media-Adventitia boundary
[0194] 209 Back wall
[0195] 210 Front wall
[0196] 211 Region of interest (ROI)
[0197] 212 IMT measurement range
[0198] 213 Common Carotid Artery (CCA)
[0199] 214 Bulb of the common carotid artery (Bulb)
[0200] 215 Internal Carotid Artery (ICA)
[0201] 216 External Carotid Artery (ECA)
[0202] 217 Bifurcation of the common carotid artery (Bif)
[0203] 219 CCA-Bulb boundary
[0204] 220 Artery center
[0205] 300, 300A Controller
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1. An ultrasound diagnostic device to which an ultrasound
probe is connectable, measuring an IMT of a vascular wall in
a carotid artery, comprising;

a transmission and reception processing unit performing a
transmission process of supplying a transmission signal
for causing the ultrasound probe to transmit an ultra-
sound to a short-axis cross-section at a plurality of dif-
ferent positions along the carotid artery, and a reception
process of receiving a signal based on a reflected ultra-
sound received by the ultrasound probe from the carotid
artery and generating a reception signal for a plurality of
frames each corresponding to the short-axis cross-sec-
tion at one of the different positions;

atwo-dimensional image generation unit generating a plu-
rality of two-dimensional images each corresponding to
one of the frames, based on the reception signal for each
of the frames;

abulb boundary detection unit measuring one or more of a
perimeter and a cross-sectional area of the vascular wall
in the carotid artery according to the short-axis cross-
section in each of the two-dimensional images, and
detecting a boundary between a common carotid artery
and a common carotid artery bulb according to: at least
one of the perimeter and the cross-sectional area; and
position information indicating a respective position
along the carotid artery where each of the two-dimen-
sional images is acquired;

a ROI determination unit determining a ROI that defines a
measurement range for measuring the IMT, with respect
to the boundary; and

an IMT measurement unit measuring the IMT in at least
one of the two-dimensional images in the ROL.

2. The ultrasound diagnostic device of claim 1, wherein

the bulb boundary detection unit detects the boundary as an
onset of change in size of the perimeter or of the cross-
sectional area.

3. The ultrasound diagnostic device of claim 1, wherein

the bulb boundary detection unit performs a border extrac-
tion process of extracting a border of the vascular wall in
the carotid artery from the respective two-dimensional
images corresponding to each of the frames, and mea-
sures one or more of the perimeter and the cross-sec-
tional area using the border.

4. The ultrasound diagnostic device of claim 1, wherein

the bulb boundary detection unit performs a determination
process of determining whether acquisition of the two-
dimensional images has been performed at respective
positions that are separated by a predetermined interval
with respect to the carotid artery.

5. The ultrasound diagnostic device of claim 4, wherein

the bulb boundary detection unit detects a coordinate posi-
tion of the carotid artery for each of the two-dimensional
images, and determines affirmatively when neighboring
two-dimensional images are separated by a gap equal to

12
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or less than a predetermined value in terms ofthe respec-

tive coordinate position of the two-dimensional images.

6. The ultrasound diagnostic device of claim 1, wherein

the bulb boundary detection unit determines an extension

direction of the carotid artery based on the two-dimen-
sional images.

7. The ultrasound diagnostic device of claim 6, wherein

the bulb boundary detection unit detects a number of cross-

sections present in the two-dimensional images and
determines the extension direction according to the
number of cross-sections and the position information.

8. The ultrasound diagnostic device of claim 6, wherein

the extension direction is one of:

a peripheral direction from the common carotid artery
toward an internal carotid artery and an external
carotid artery; and

a central direction from the internal carotid artery and
the external carotid artery toward the common carotid
artery.

9. The ultrasound diagnostic device of claim 6, wherein

the ROI determination unit determines the ROI for mea-

suring the IMT according to the boundary and the exten-
sion direction.

10. A control method for an ultrasound diagnostic device to
which an ultrasound probe is connectable, measuring an IMT
of a vascular wall in a carotid artery, comprising:

supplying a transmission signal for causing the ultrasound

probe to transmit an ultrasound to a short-axis cross-

section at a plurality of different positions along the
carotid artery;

receiving a signal based on a reflected ultrasound received

by the ultrasound probe from the carotid artery and

generating a reception signal for a plurality of frames
each corresponding to the short-axis cross-section at one
of the different positions;

generating a plurality of two-dimensional images each cor-

responding to one of the frames, based on the reception

signal for each of the frames;

measuring one or more of a perimeter and a cross-sectional

area of the vascular wall in the carotid artery according

to the short-axis cross-section in each of the two-dimen-
sional images, and detecting a boundary between a com-
mon carotid artery and a common carotid artery bulb
according to: at least one of the perimeter and the cross-

sectional area; and position information indicating a

respective position along the carotid artery where each

of the two-dimensional images is acquired,

determining a ROI that defines a measurement range for
measuring a predetermined IMT, with respect to the
boundary; and

measuring the IMT in at least one of the two-dimensional

images in the ROL
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