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(57) ABSTRACT

An ultrasound diagnostic device for measuring a carotid
artery wall property includes a transmission-reception pro-
cessor, a transverse cross-sectional image generator, a trans-
verse cross-sectional image selector, and a relative angle cal-
culator. The transmission-reception processor performs
transmission and reception processing of ultrasound with
respect to the carotid artery. The transverse cross-sectional
image generator generates transverse cross-sectional images
based on reception signals for carotid artery cross-sections at
different positions. Each generated image depicts a carotid
artery transverse cross-section perpendicular to a longitudi-
nal direction. The transverse cross-sectional image selector
selects a specific image among the generated images that
depicts ICA and ECA cross-sections. The relative angle cal-
culator calculates relative angle of the ultrasound probe with
respect to the carotid artery in a plane parallel to the carotid
artery transverse cross-section, based on coordinates of the
ICA and ECA cross-sections in the specific image.

Longitudinal direction
of carotid artery



US 2014/0371593 A1

Dec. 18,2014 Sheet 1 of 17

Patent Application Publication

Ae|dsiq

—

91

9q0.d
punoseJy |

! 1
! 1
! Trun |
! uo119s|9s ageul H1un i
" _wgw_p%mwlmmogo <-| °sedois eiep i
m osJoAsUBRI | ounjoa qe m
! 0L I 6 !
" "
! 11UNn 11un “
! uo11e|no|eo Uo1710B 11X “
! o|gue aAIle |9y Jno1uoy “
! 1
m n—___L 8 T—— o m
1] 31un joua3uoo 31un juswspn( 53e.J07s agew! !
| Aejdsiq 9|3uUe aAllE|3Y | BUO13998-5509 !
! 1
R — 9SJaASURY | _
mm_ ¢l / 7 m
1 Jiun 1
i uoijeJaUss s3ewl !
i | BUO1]1998-55049 3un i
! | oesuensues)] Suisseooud ||
" 9 uoijdeosd— [T
_ Trun Trun UoISSIwsuBA] | !
i 11un Hun 9381018 9FeWI uoljeJsuss aeul — i
p| ueuesnsest UO13BUIWISIOP K | pii017005-55010[F ] | BUOIL098-55040 g ]
! LA 104 |BU1pNY 15U07 |BUI PN} 5U0T “
mq—\|\ el g g 19]]047U09 |
oovxln 991A9p 0l3sousde|p punose.]
n
I BId



Patent Application Publication  Dec. 18,2014 Sheet 2 of 17 US 2014/0371593 Al

FIG. 2
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FIG. 3
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FIG. 4
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FIG.5
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FIG. 11
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ULTRASOUND DIAGNOSTIC DEVICE AND
METHOD FOR CONTROLLING
ULTRASOUND DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound diag-
nostic device and a method for controlling an ultrasound
diagnostic device, and in particular relates to an art of early-
stage diagnosis of arteriosclerosis through carotid artery
examination.

BACKGROUND ART

[0002] In recent years an increasing number of patients
have been suffering from circulatory system related diseases,
including ischemic diseases such as myocardial and cerebral
infarction. In order to prevent such diseases it is important to
detect symptoms of arteriosclerosis and administer treatment
at an early stage.

[0003] Thickness of an intima-media complex in the
carotid artery (herein, referred to as intima-media thickness
or abbreviated as IMT) is attracting attention as an indicator
which can be used in diagnosis of arteriosclerosis. IMT is an
important indicator of early-stage atherosclerosis in the
carotid artery.

[0004] FIG. 14 is a cross-sectional diagram illustrating a
cross-section of the carotid artery in a direction in which the
carotid artery extends (herein, referred to as a longitudinal
cross-section). The carotid artery is a blood vessel that con-
sists of a vascular wall 201 and a lumen 204. The vascular
wall 201 is composed of a tunica intima 202, a tunica media
203, and a tunica adventitia 205 in respective order in a
direction outwards from the lumen 204. The term IMT refers
to thickness of an intima-media complex 206, which is a
complex of the tunica intima 202 and the tunica media 203.
An ultrasound diagnostic device can be used in order to
visualize the intima-media complex 206 between the lumen
204 and the tunica adventitia 205.

[0005] Ultrasound examination can be performed simply
and in a non-invasive manner, and therefore is commonly
used as a method for measuring IMT. In IMT measurement it
is advantageous to use the carotid artery as a measurenent
target in terms that the carotid artery is particularly suscep-
tible to arteriosclerosis, and also in terms that the carotid
artery is located at a relatively shallow depth approximately 2
cm to 3 cm under the skin surface, enabling simple measure-
ment by ultrasound. Measurement of IMT is typically per-
formed based on a two dimensional (2D) image which is an
ultrasound diagnostic image orientated along the longitudinal
direction of the carotid artery. More specifically, IMT can be
measured by detecting an interface between the lumen 204
and the tunica intima 202 illustrated in FIG. 14 (herein,
referred to as a lumen-intima interface 207), and an interface
between the tunica media 203 and the tunica adventitia 205
illustrated in FIG. 14 (herein, referred to as amedia-adventitia
interface 208).

[0006] FIG. 15 is a perspective diagram illustrating struc-
ture of the carotid artery in terms of the longitudinal direction.
As illustrated in FIG. 15, the carotid artery is configured by a
common carotid artery (herein, abbreviated as “CCA”) 213
located at a central end of the carotid artery, and an internal
carotid artery (herein, abbreviated as “ICA”) 215 and an
external carotid artery (herein, abbreviated as “ECA”) 216,
each located at a peripheral end of the carotid artery. The
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carotid artery is also configured by a bulb of the common
carotid artery (herein, abbreviated as “bulb”) 214 which is
located between the CCA 213 and each of the ICA 215 and
the ECA 216. A bifurcation of the common carotid artery
(herein, abbreviated as “bif”) 217 is located at a branching
point from the bulb 214 to the ICA 215 and the ECA 216.
[0007] FIG. 16 is a schematic diagram illustrating a 2D
image of the carotid artery orientated along the longitudinal
direction. As illustrated in FIG. 16, when an ultrasound diag-
nostic device is used to measure an IMT measurement range
212, aregion of interest (herein, abbreviated as “ROT”) 211 is
determined which either spans across a vascularwall which is
relatively far from the skin surface (herein, referred to as
far-side wall 209) or a vascular wall which is relatively close
to the skin surface (herein, referred to as near-side wall 210).
FIG. 16 illustrates an example in which the ROI 211 is deter-
mined such as to span across the far-side wall 209. A section
of vascular wall included within the ROI 211 is defined as the
IMT measurement range 212, and a value indicating IMT is
measured for example as a maximum value of IMT (herein,
referred to as max. IMT) or a mean value of IMT (herein,
referred to as mean IMT) measured in the IMT measurement
range 212. With regards to the IMT measurement range 212,
Non-Patent Literature | recommends that the IMT measure-
ment range 212 is set as a range which extends for 1 cm
towards the CCA 213, starting from a boundary 219 between
the CCA 213 and the bulb 214 (herein, referred to as a CCA-
bulb boundary 219).

[0008] Various methods have been proposed for enabling
simple IMT measurement by simplifying a complicated
operation of determining the ROI 211, which is used to define
the IMT measurement range 212. For example, Non-Patent
Literature 2 proposes a method for setting an IMT measure-
ment range in which an inflection point at the CCA-bulb
boundary 219 between the CCA 213 and the bulb 214 is
detected, and an IMT measurement range is set using the
inflection point as a reference.

CITATION LIST

Non-Patent Literature

[0009] [Non-Patent Literature 1] Journal of the American
Society of Echocardiography; February 2008; pp. 93-111

[0010] [Non-Patent Literature 2] Research Group for Early
Arteriosclerosis, “maxIMT Measurement”, [online], Sep.
9, 2010 (retrieved Sep.302011), URL: “www.imt-ca.com/
contents/e08.html”

SUMMARY OF INVENTION

Technical Problem

[0011] Due to the nature of arteriosclerosis, it is necessary
to perform IMT measurement periodically, and preferably
IMT measurement should be performed at the same position
during each measurement in order to ensure accurate diagno-
sis.

[0012] FIG. 17 is a schematic diagram illustrating a situa-
tion in which an ultrasound probe is applied against the skin
of a subject, in proximity to a carotid artery, during measure-
ment of a property of a vascular wall of the carotid artery
using an ultrasound diagnostic device. In order to perform
accurate diagnosis through measurement at the same mea-
surement position, it is necessary for the ultrasound probe to
be applied at a suitable position along the carotid artery of the
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subject. It is also necessary that the ultrasound probe is
applied against the skin such that an angle of the ultrasound
probe centered on the carotid artery of the subject is a preset
suitable angle. If variation occurs in the angle of the ultra-
sound probe centered on the carotid artery, it is difficult dur-
ing each IMT measurement to emit ultrasound towards the
same position in a cross-section of the vascular wall of the
carotid artery which is perpendicular to the longitudinal
direction (herein, referred to as a transverse cross-section).

[0013] Herein, the term transverse cross-section refers to a
vascular cross-section that exists in a plane extending in a
direction in which ultrasound is transmitted from the ultra-
sound probe (herein, referred to as a depth direction), which
is perpendicular to the longitudinal direction of the carotid
artery, and also extending in a direction which is perpendicu-
lar to both the depth direction and the longitudinal direction of
the carotid artery (herein, referred to as a transverse direc-
tion).

[0014] FIGS. 18A and 18B are cross-sectional schematic
diagrams illustrating positional relationship of the ultrasound
probe and the carotid artery in terms of the transverse direc-
tion. FIG. 18A illustrates a situation in which a central axis of
the ultrasound probe matches a vascular center of the carotid
artery. and F1G. 18B illustrates a situation in which the central
axis of the ultrasound probe is at a shifted angle relative to the
vascular center of the carotid artery. In the situation illustrated
in FIG. 18A, an ultrasound probe 2 is positioned in a direction
directly above a central axis 220 of the carotid artery, and
when ultrasound is emitted perpendicularly towards the
carotid artery, IMT measurement can be performed on a far-
side wall in a longitudinal cross-section perpendicular to the
skin surface, which is a standard measurement position for
IMT. On the other hand, in the situation illustrated in FIG.
18B, the ultrasound probe 2 is for example at a position
shifted to the right relative to the central axis 220 of the
carotid artery, and when ultrasound is emitted at an oblique
angle towards the carotid artery, IMT is measured in a section
of the vascular wall which is shifted to the left relative to the
far-side wall in the longitudinal cross-section perpendicular
to the skin surface. As described above, when variation occurs
in the angle of the ultrasound probe centered on the carotid
artery, measurement position becomes shifted such that IMT
measurement cannot be performed at the same positionin the
vascular wall during each measurement.

[0015] Non-Patent Literature 2 relates to a method for
determining an IMT measurement range at a predetermined
position in a vascular wall in a longitudinal cross-section of a
carotid artery, and does not relate to a method for determining
an IMT measurement range at a suitable position in the vas-
cular wall in a transverse cross-section of the carotid artery.
Consequently, the method disclosed in Non-Patent Literature
2 cannot be used in order to set an IMT measurement range at
the same position during each measurement of IMT, at least in
terms of position in the transverse direction, and therefore the
aforementioned method is not sufficient to ensure that an
accurate diagnosis is always possible.

[0016] Also note that position and shape of a carotid artery
may vary between different subjects. Furthermore, even for
the same subject, variation in position of a carotid artery may
occur depending on condition of a neck of the subject, for
example in terms of bending in an upwards, downwards, or
sideways direction. There is demand for a method which
takes into account the aforementioned variations and sets an
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IMT measurement range at a predetermined position in a
vascular wall in a transverse cross-section of the carotid
artery.

[0017] The present invention solves the conventional prob-
lem described above, and an objective thereofis to provide an
ultrasound diagnostic device, and a method for controlling an
ultrasound diagnostic device, which sets an IMT measure-
ment range at a predetermined position in a vascular wall ina
carotid artery transverse cross-section.

Solution to Problem

[0018] In order to achieve the objective described above,
one aspect of the present invention relates to an ultrasound
diagnostic device which is for measuring a property of a
vascular wall of a carotid artery and to which an ultrasound
probe is connectable, the ultrasound diagnostic device com-
prising: a transmission-reception processor that performs
transmission processing to supply a transmission signal to the
ultrasound probe in order to drive the ultrasound probe to
transmit ultrasound along a carotid artery cross-section at
each of a plurality of positions along a direction perpendicu-
lar to the carotid artery cross-section, and that performs
reception processing to generate a reception signal for the
carotid artery cross-section at each of the positions, based on
ultrasound reflected from the carotid artery and received by
the ultrasound probe; a transverse cross-sectional image gen-
erator that generates a plurality of transverse cross-sectional
images based on reception signals respectively generated at
the positions, each of the transverse cross-sectional images
depicting a carotid artery transverse cross-section that is pet-
pendicular to a longitudinal direction of the carotid artery; a
transverse cross-sectional image selector that selects, as a
specific image from among the transverse cross-sectional
images which are generated, a transverse cross-sectional
image that depicts an internal carotid artery cross-section and
an external carotid artery cross-section; and a relative angle
calculator that calculates a relative angle of the ultrasound
probe with respect to the carotid artery in a plane parallel to
the carotid artery transverse cross-section, based on coordi-
nates at which the internal carotid artery cross-section and the
external carotid artery cross-section are depicted in the spe-
cific image.

[0019] Furthermore, another aspect of the present invention
relates to a method for controlling an ultrasound diagnostic
device which is for measuring a property of a vascular wall of
a carotid artery and to which an ultrasound probe is connect-
able, the method comprising: performing transmission pro-
cessing to supply a transmission signal to the ultrasound
probe in order to drive the ultrasound probe to transmit ultra-
sound along a carotid artery cross-section at each of a plural-
ity of positions along a direction perpendicular to the carotid
artery cross-section, and performing reception processing to
generate a reception signal for the carotid artery cross-section
at each of the positions, based on ultrasound reflected from
the carotid artery and received by the ultrasound probe; gen-
erating a plurality of transverse cross-sectional images based
on reception signals respectively generated at the positions,
each of the transverse cross-sectional images depicting a
carotid artery transverse cross-section that is perpendicular to
a longitudinal direction of the carotid artery; selecting, as a
specific image from among the transverse cross-sectional
images which are generated, a transverse cross-sectional
image that depicts an internal carotid artery cross-section and
an external carotid artery cross-section; and calculating a
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relative angle of the ultrasound probe with respect to the
carotid artery in a plane parallel to the carotid artery trans-
verse cross-section, based on coordinates at which the inter-
nal carotid artery cross-section and the external carotid artery
cross-section are depicted in the specific image.

Advantageous Effects of Invention

[0020] Through the configuration described above, the
present invention enables appropriate measurement and man-
agement of the relative angle of the ultrasound probe in the
plane parallel to the carotid artery transverse cross-section
while the ultrasound is applied against skin surface at the nape
of the neck. Consequently, a measurement range can be set at
the same position in the transverse cross-section during each
measurement. Therefore, accurate measurement of a property
of the vascular wall such as IMT can be performed during
each measurement, enabling accurate diagnosis.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a block diagram illustrating functional
configuration of an ultrasound diagnostic device 1 relating to
a first embodiment.

[0022] FIG. 2 is a schematic diagram illustrating, for the
ultrasound diagnostic device 1 relating to the first embodi-
ment, a situation in which an ultrasound probe 2 is scanned
perpendicularly to a longitudinal direction of a carotid artery.
[0023] FIG. 3 illustrates, for the ultrasound diagnostic
device 1 relating to the first embodiment, frames of an
acquired reception signal which each include a transverse
cross-sectional image 300.

[0024] FIG. 4 is a block diagram illustrating functional
configuration of a transverse cross-sectional image selection
unit 10 in the ultrasound diagnostic device 1 relating to the
first embodiment.

[0025] FIG. 5 is a block diagram illustrating functional
configuration of a relative angle calculation unit 11 in the
ultrasound diagnostic device 1 relating to the first embodi-
ment.

[0026] FIG. 6 is a flowchart illustrating operation of the
ultrasound diagnostic device 1 relating to the first embodi-
ment.

[0027] FIG.7Aisaschematic diagram illustrating different
positions along an extension direction of a carotid artery, and
FIG. 7B is a schematic diagram illustrating 2D cross-sec-
tional images of the carotid artery that are respectively
acquired at positions (A) to (D) illustrated in FIG. 7A.
[0028] FIG. 8 is a cross-sectional schematic diagram illus-
trating, for the ultrasound diagnostic device 1 relating to the
first embodiment, one example of a method for calculating a
relative angle of the ultrasound probe with respect to the
carotid artery in a plane parallel to a carotid artery transverse
cross-section.

[0029] FIG. 9 is a block diagram illustrating functional
configuration of an ultrasound diagnostic device 1A relating
to a second embodiment.

[0030] FIG. 10 is a block diagram illustrating functional
configuration of a transverse cross-sectional image selection
unit 10A in the ultrasound diagnostic device 1A relating to the
second embodiment.

[0031] FIG. 11 is a block diagram illustrating functional
configuration of a relative angle calculation unit 11A in the
ultrasound diagnostic device 1A relating to the second
embodiment.
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[0032] FIG. 12 is a flowchart illustrating operation of the
ultrasound diagnostic device 1A relating to the second
embodiment.

[0033] FIG. 13 is across-sectional schematic diagram illus-
trating, for the ultrasound diagnostic device 1A relating to the
second embodiment, one example of a method for calculating
a relative angle of the ultrasound probe with respect to the
carotid artery in a plane parallel to a carotid artery transverse
cross-section.

[0034] FIG. 14 is a cross-sectional diagram illustrating a
cross-section of the carotid artery in a longitudinal direction
along the carotid artery.

[0035] FIG. 15 is a perspective diagram illustrating struc-
ture of the carotid artery along the longitudinal direction.
[0036] FIG. 16 is a schematic diagram illustrating a 2D
image of the carotid artery along the longitudinal direction.
[0037] FIG. 17 is a schematic diagram illustrating a situa-
tion in which an ultrasound probe is applied against skin in
proximity to a carotid artery of a subject when measuring a
property of a vascular wall of the carotid artery using the
ultrasound probe.

[0038] FIG. 18A is a cross-sectional schematic diagram
illustrating positional relationship of an ultrasound probe and
acarotid artery in terms of a transverse direction in a situation
in which a central axis of the ultrasound probe matches a
vascular center of the carotid artery, and FIG. 18B is a cross-
sectional schematic diagram illustrating the aforementioned
positional relationship in a situation in which the central axis
of the ultrasound probe is positioned at an angle which is
shifted relative to the vascular center of the carotid artery.

DESCRIPTION OF EMBODIMENTS

[0039] The following explains, with reference to the draw-
ings, ultrasound diagnostic devices, and methods for control-
ling an ultrasound diagnostic device, relating to embodiments
of the present invention.

SUMMARY OF EMBODIMENTS

[0040] One aspect of the present invention is an ultrasound
diagnostic device which is for measuring a property of a
vascular wall of a carotid artery and to which an ultrasound
probe is connectable, the ultrasound diagnostic device com-
prising: a transmission-reception processor that performs
transmission processing to supply a transmission signal to the
ultrasound probe in order to drive the ultrasound probe to
transmit ultrasound along a carotid artery cross-section at
each of a plurality of positions along a direction perpendicu-
lar to the carotid artery cross-section, and that performs
reception processing to generate a reception signal for the
carotid artery cross-section at each of the positions, based on
ultrasound reflected from the carotid artery and received by
the ultrasound probe; a transverse cross-sectional image gen-
erator that generates a plurality of transverse cross-sectional
images based on reception signals respectively generated at
the positions, each of the transverse cross-sectional images
depicting a carotid artery transverse cross-section that is per-
pendicular to a longitudinal direction of the carotid artery; a
transverse cross-sectional image selector that selects, as a
specific image from among the transverse cross-sectional
images which are generated, a transverse cross-sectional
image that depicts an internal carotid artery cross-section and
an external carotid artery cross-section; and a relative angle
calculator that calculates a relative angle of the ultrasound
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probe with respect to the carotid artery in a plane parallel to
the carotid artery transverse cross-section, based on coordi-
nates at which the internal carotid artery cross-section and the
external carotid artery cross-section are depicted in the spe-
cific image.

[0041] Alternatively, the transverse cross-sectional image
selector may further select, as an additional specific image
from among the transverse cross-sectional images which are
generated, a transverse cross-sectional image that depicts
either one of a common carotid artery cross-section and a
common carotid artery bulb cross-section, and the relative
angle calculator may calculate the relative angle of the ultra-
sound probe further based on coordinates at which the one of
the common carotid artery cross-section and the common
carotid artery bulb cross-section is depicted in the additional
specific image.

[0042] Alternatively, the ultrasound diagnostic device may
further comprise a notifier that notifies the relative angle
calculated by the relative angle calculator to an operator.
[0043] Alternatively, the relative angle calculator may cal-
culate the relative angle of the ultrasound probe based on
central coordinates of the internal carotid artery cross-section
and central coordinates of the external carotid artery cross-
section, or based on the central coordinates of the internal
carotid artery cross-section, the central coordinates of the
external carotid artery cross-section, and central coordinates
of the one of the common carotid artery cross-section and the
common carotid artery bulb cross-section.

[0044] Alternatively, the transverse cross-sectional image
selector may select at least one out of the specific image and
the additional specific image using, as a reference, a trans-
verse cross-sectional image that depicts a bifurcation of a
common carotid artery.

[0045] Alternatively, the transverse cross-sectional image
selector may determine the transverse cross-sectional image
that depicts the bifurcation of the common carotid artery
based on a number of carotid artery transverse cross-sections
depicted in each of the plurality of transverse cross-sectional
images which are generated.

[0046] Alternatively, the ultrasound diagnostic device may
further comprise a relative angle judger that performs a judg-
ment of whether the relative angle is a suitable angle.

[0047] Alternatively, the relative angle judger may store
therein a preset reference angle and may judge that the rela-
tive angle is the suitable angle when the relative angle is
within a predetermined range of the reference angle.

[0048] Alternatively, the ultrasound diagnostic device may
further comprise anotifier that notifies results of the judgment
performed by the relative angle judger to an operator.

[0049] Alternatively, the ultrasound diagnostic device may
further comprise: an ROI determiner that, upon the relative
angle judger judging that the relative angle is the suitable
angle, determines an ROI that defines a measurement range
for IMT measurement, using, as a reference, the transverse
cross-sectional image that depicts the bifurcation of the com-
mon carotid artery; and an IMT measurer that measures IMT
as the property of the vascular wall of the carotid artery using
a reception signal for a carotid artery cross-section included
in the ROL

[0050] Another aspect of the present invention is an ultra-
sound diagnostic device which is for measuring a property of
a vascular wall of a carotid artery and to which an ultrasound
probe is connectable, the ultrasound diagnostic device com-
prising: a transmission-reception processor that performs
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transmission processing to supply a transmission signal to the
ultrasound probe in order to drive the ultrasound probe to
transmit ultrasound along a carotid artery cross-section at
each of a plurality of positions along a direction perpendicu-
lar to the carotid artery cross-section, and that performs
reception processing to generate a reception signal for the
carotid artery cross-section at each of the positions, based on
ultrasound reflected from the carotid artery and received by
the ultrasound probe; a transverse cross-sectional image gen-
erator that generates a plurality of transverse cross-sectional
images based on reception signals respectively generated at
the positions, each of the transverse cross-sectional images
depicting a carotid artery transverse cross-section that is pet-
pendicular to a longitudinal direction of the carotid artery; a
transverse cross-sectional image selector that selects, as a
specific image from among the transverse cross-sectional
images which are generated, a transverse cross-sectional
image that depicts an internal carotid artery cross-section and
an external carotid artery cross-section, and that selects, as an
additional specific image from among the transverse cross-
sectional images which are generated, a transverse cross-
sectional image that depicts either one of a common carotid
artery cross-section and a common carotid artery bulb cross-
section; and a relative angle calculator that calculates a rela-
tive angle of the ultrasound probe with respect to the carotid
artery in a plane parallel to the carotid artery transverse cross-
section, based on coordinates at which either one of the inter-
nal carotid artery cross-section and the external carotid artery
cross-section is depicted in the specific image, and coordi-
nates at which the one of the common carotid artery cross-
section and the common carotid artery bulb cross-section is
depicted in the additional specific image.

[0051] Another aspect of the present invention is a method
for controlling an ultrasound diagnostic device which is for
measuring a property of a vascular wall of a carotid artery and
to which an ultrasound probe is connectable, the method
comprising: performing transmission processing to supply a
transmission signal to the ultrasound probe in order to drive
the ultrasound probe to transmit ultrasound along a carotid
artery cross-section at each of a plurality of positions along a
direction perpendicular to the carotid artery cross-section,
and performing reception processing to generate a reception
signal for the carotid artery cross-section at each of the posi-
tions, based on ultrasound reflected from the carotid artery
and received by the ultrasound probe; generating a plurality
of transverse cross-sectional images based on reception sig-
nals respectively generated at the positions, each of the trans-
verse cross-sectional images depicting a carotid artery trans-
verse cross-section that is perpendicular to a longitudinal
direction of the carotid artery; selecting, as a specific image
from among the transverse cross-sectional images which are
generated, a transverse cross-sectional image that depicts an
internal carotid artery cross-section and an external carotid
artery cross-section; and calculating a relative angle of the
ultrasound probe with respect to the carotid artery in a plane
parallel to the carotid artery transverse cross-section, based
on coordinates at which the internal carotid artery cross-
section and the external carotid artery cross-section are
depicted in the specific image.

[0052] Alternatively, the method may further comprise
selecting, as an additional specific image from among the
transverse cross-sectional images which are generated, a
transverse cross-sectional image that depicts either one of a
common carotid artery cross-section and a common carotid
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artery bulb cross-section, wherein the relative angle of the
ultrasound probe may be calculated further based on coordi-
nates at which the one of the common carotid artery cross-
section and the common carotid artery bulb cross-section is
depicted in the additional specific image.

[0053] Alternatively, the method may further comprise
notifying the relative angle which is calculated to an operator.

[0054] Alternatively, at least one out of the specific image
and the additional specific image may be selected using, as a
reference, a transverse cross-sectional image that depicts a
bifurcation of a common carotid artery, and the method may
further comprise: determining, when the relative angle is
judged to be a suitable angle, an ROI that defines a measure-
ment range for IMT measurement, using, as a reference, the
transverse cross-sectional image that depicts the bifurcation
of the common carotid artery; and measuring IMT as the
property of the vascular wall of the carotid artery using a
reception signal for a carotid artery cross-section included in
the ROL

[0055] Another aspect of the present invention is a method
for controlling an ultrasound diagnostic device which is for
measuring a property of a vascular wall of a carotid artery and
to which an ultrasound probe is connectable, the method
comprising: performing transmission processing to supply a
transmission signal to the ultrasound probe in order to drive
the ultrasound probe to transmit ultrasound along a carotid
artery cross-section at each of a plurality of positions along a
direction perpendicular to the carotid artery cross-section,
and performing reception processing to generate a reception
signal for the carotid artery cross-section at each of the posi-
tions, based on ultrasound reflected from the carotid artery
and received by the ultrasound probe; generating a plurality
of transverse cross-sectional images based on reception sig-
nals respectively generated at the positions, each of the trans-
verse cross-sectional images depicting a carotid artery trans-
verse cross-section that is perpendicular to a longitudinal
direction of the carotid artery; selecting, as a specific image
from among the transverse cross-sectional images which are
generated, a transverse cross-sectional image that depicts an
internal carotid artery cross-section and an external carotid
artery cross-section, and selecting, as an additional specific
image from among the transverse cross-sectional images
which are generated, a transverse cross-sectional image that
depicts either one of a common carotid artery cross-section
and a common carotid artery bulb cross-section; and calcu-
lating a relative angle of the ultrasound probe with respect to
the carotid artery in a plane parallel to the carotid artery
transverse cross-section, based on coordinates at which either
one of the internal carotid artery cross-section and the exter-
nal carotid artery cross-section is depicted in the specific
image, and coordinates at which the one of the common
carotid artery cross-section and the common carotid artery
bulb cross-section is depicted in the additional specific image.

[0056] The following provides detailed explanation, with
reference to the drawings, of embodiments of an ultrasound
diagnostic device and a method for controlling an ultrasound
diagnostic device relating to the present invention.

First Embodiment

[0057] The following explains an ultrasound diagnostic
device relating to a first embodiment with reference to the
drawings.
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<Configuration>

(General Configuration)

[0058] FIG. 1 is a block diagram illustrating functional
configuration of an ultrasound diagnostic device 1 relating to
the first embodiment.

[0059] The ultrasound diagnostic device 1 is electrically
connectable to an ultrasound probe 2 that transmits ultra-
sound towards a target and receives ultrasound from the tar-
get. FIG. 1 illustrates the ultrasound diagnostic device 1 in a
connected state with the ultrasound probe 2. The ultrasound
diagnostic device 1 includes a controller 400. The controller
400 includes a transmission-reception processing unit 3, a
longitudinal cross-sectional image generation unit 4, a longi-
tudinal cross-sectional image storage unit 5, a transverse
cross-sectional image generation unit 6, a transverse cross-
sectional image storage unit 7, a contour extraction unit 8, a
three dimensional (3D) volume data storage unit 9, a trans-
verse cross-sectional image selection unit 10, a relative angle
calculation unit 11, a relative angle judgment unit 12, an ROI
determination unit 13, an IMT measurement unit 14, and a
display control unit 15. Each of the above elements is con-
trolled by a control unit (not illustrated). The display control
unit 15 is connected to a display 16.

(Ultrasound Probe 2)

[0060] As illustrated in FIG. 2, the ultrasound probe 2
includes a transducer column configured by a plurality of
piezoelectric elements arranged in a column along an
arrangement direction. The ultrasound probe 2 is a so called
oscillating ultrasound probe in which the transducer column
is able to mechanically oscillate in a direction perpendicular
to the arrangement direction (herein, the aforementioned per-
pendicular direction is referred to as an oscillation direction).
[0061] Theultrasound probe 2 converts a transmission sig-
nal supplied from the transmission-reception processing unit
3, which is either a pulse or continuous electrical signal, into
pulse or continuous ultrasound. Note that the transmission-
reception processing unit 3 is explained further below. With
the transducer column applied against skin surface of a sub-
ject, the ultrasound probe 2 emits an ultrasound beam from
the skin surface towards a carotid artery of the subject. In
order to acquire a 2D image depicting a longitudinal cross-
section of the carotid artery, an ultrasound beam is emitted
while the ultrasound probe 2 is positioned with the transducer
column orientated along the carotid artery in a longitudinal
direction of the carotid artery. The ultrasound probe 2 subse-
quently receives an ultrasound echo signal which is ultra-
sound reflected from the subject, and converts the ultrasound
echo signal into an electrical signal through the transducer
column. The ultrasound probe 2 supplies the aforementioned
electrical signal to the transmission-reception processing umit
3. Through the above process, the transmission-reception
processing unit 3 acquires a reception signal which can be
used to generate the 2D image depicting the longitudinal
cross-section of the carotid artery.

[0062] As illustrated in FIG. 2, the ultrasound probe 2
causes the transducer column to oscillate in the direction
perpendicular to the arrangement direction, and acquires
ultrasound echo signals for generating a plurality of 2D
images that each depict a longitudinal cross-section of the
carotid artery. More specifically, the ultrasound probe 2
acquires ultrasound echo signals for generating a plurality of
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2D images that respectively depict longitudinal cross-sec-
tions of the carotid artery at each of a plurality of different
positions of the transducers during oscillation. During the
above, preferably an interval between subsequent acquisi-
tions of 2D images that each depict a longitudinal cross-
section of the carotid artery should be approximately equal to
an interval between neighboring transducers arranged in the
transducer column. For example, in a configuration in which
an interval between neighboring transducers in the arrange-
ment direction is 0.25 mm, supposing that the ultrasound
diagnostic device has a frame rate of 20 frames per second,
the transducer column is caused to oscillate at a speed in a
range from 4 mm/s to 6 mm/s, and preferably at approxi-
mately 5 mm/s. Through the above, 2D images that each
depict a longitudinal cross-section of the carotid artery are
acquired at intervals in a range of 0.2 mm to 0.3 mm, and
preferably at intervals of approximately 0.25 mm.

[0063] As explained above, the ultrasound probe 2 trans-
mits an ultrasound beam while applied against the skin sur-
face with the arrangement direction orientated along the lon-
gitudinal direction of the carotid artery. In accordance with
oscillation of the transducer column, the ultrasound probe 2
acquires an ultrasound echo signal for each oscillation posi-
tion, converts the ultrasound echo signal into an electrical
signal, and supplies the electrical signal to the transmission-
reception processing unit 3.

(Transmission-Reception Processing Unit 3)

[0064] The transmission-reception processing unit 3 per-
forms transmission processing by generating a pulse or con-
tinuous electrical signal in order to cause the ultrasound probe
2to transmit an ultrasound beam, and supplying the electrical
signal to the ultrasound probe 2 as a transmission signal.
[0065] The transmission-reception processing unit 3 also
performs reception processing by amplifying and A/D con-
verting an electrical signal received from the ultrasound
probe 2, thereby generating a reception signal. The reception
signal may for example include a plurality of signals acquired
in a direction along the transducer column and in a depth
direction away from the transducer column, wherein each of
the signals is a digital signal generated by A/D conversion of
an electrical signal converted to from amplitude of an ultra-
sound echo signal.

[0066] Herein, a reception signal is generated for a longi-
tudinal cross-section of each of a plurality of frames which
are acquired at a plurality of oscillation positions in terms of
the transverse direction of the carotid artery.

(Longitudinal Cross-Sectional Image Generation Unit 4)

[0067] The longitudinal cross-sectional image generation
unit 4 generates a longitudinal cross-sectional image of the
carotid artery based on the reception signals for the longitu-
dinal cross-sections of the plurality of frames. The longitudi-
nal cross-sectional image is generated based on a reception
signal for each of the transducers at a certain oscillation
position of the transducers in the ultrasound probe 2, among
the plurality of oscillation positions. The longitudinal cross-
sectional image is an image signal in which coordinate con-
version has mainly been applied to the reception signal in
order to correspond to a Cartesian coordinate system.

[0068] In the first embodiment, a longitudinal cross-sec-
tional image of the carotid artery is generated which corre-
sponds to a central position in an oscillation range illustrated
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in FIG. 2. The aforementioned central position is a central one
of the plurality of positions in the oscillation direction at
which the transmission-reception processing unit 3 acquires a
reception signal for alongitudinal cross-section. In a situation
in which the transmission-reception processing unit 3 does
not acquire a reception signal of a longitudinal cross-section
at the central position, the longitudinal cross-sectional image
generation unit 4 performs averaging or interpolation pro-
cessing. In other words, among the reception signals of the
longitudinal cross-sections which are respectively acquired at
the plurality of different positions, reception signals respec-
tively acquired at a plurality of positions in proximity to the
central position are used in order to generate a longitudinal
cross-sectional image of the carotid artery corresponding to
the central position, by performing averaging or interpolation
processing on the aforementioned reception signals. In an
alternative configuration, longitudinal cross-sectional images
of the carotid artery corresponding to a plurality of different
positions in the oscillation direction may be generated.

(Longitudinal Cross-Sectional Image Storage Unit 5)

[0069] The longitudinal cross-sectional image storage unit
5 stores therein a longitudinal cross-sectional image genet-
ated by thelongitudinal cross-sectional image generation unit
4. In the configuration described above in which longitudinal
cross-sectional images of the carotid artery corresponding to
a plurality of positions in the oscillation direction are genet-
ated, the longitudinal cross-sectional image storage unit 5
stores the longitudinal cross-sectional images in an order in
which the longitudinal cross-sectional images are acquired.

(Transverse Cross-Sectional Image Generation Unit 6)

[0070] The transverse cross-sectional image generation
unit 6 generates transverse cross-sectional images 300 of the
carotid artery based on reception signals from the transmis-
sion-reception processing unit 3. The transverse cross-sec-
tional image generation unit 6 generates each of the trans-
verse cross-sectional images 300 from a reception signal of a
certain transducer for each of the plurality of oscillation posi-
tions. The transverse cross-sectional image 300 is an image
signal in which coordination conversion has been mainly
applied to the reception signal in order to correspond to a
Cartesian coordinate system. The processing described above
is performed for each of the transducers in order to generate a
transverse cross-sectional image 300 for each of a plurality of
sequential frames in the arrangement direction, from a frame
corresponding to a transducer at one end of the transducer
column to a frame corresponding to a transducer at an oppo-
site end of the transducer column.

(Transverse Cross-Sectional Image Storage Unit 7)

[0071] FIG. 3 illustrates, for the ultrasound diagnostic
device 1 relating to the first embodiment, frames of an
acquired reception signal which each include a transverse
cross-sectional image 300. The transverse cross-sectional
image storage unit 7 stores therein the transverse cross-sec-
tional image 300 of each of the frames, for example attaching
a frame number to each of the transverse cross-sectional
images 300 in order starting from a transverse cross-sectional
image 300 generated using the transducer at the one end of the
transducer column.
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(Contour Extraction Unit 8)

[0072] The contour extraction unit 8 extracts contours of a
vascular wall of the carotid artery depicted in the transverse
cross-sectional image 300 of each of the frames stored in the
transverse cross-sectional image storage unit 7. The contour
extraction unit 8 for example performs contour extraction
using a common image processing technique such as edge
detection processing.

(3D Volume Data Storage Unit 9)

[0073] The3D volume data storage unit 9 stores therein, for
each of the frames, the contours in the transverse cross-sec-
tional image 300 extracted by the contour extraction unit 8.
Herein, a group of data extracted by performing contour
extraction for the transverse cross-sectional image 300 of
each of the plurality of frames is referred to as 3D volume
data.

(Transverse Cross-Sectional Image Selection Unit 10)

[0074] The transverse cross-sectional image selection unit
10 determines and selects a transverse cross-sectional image
300 of a frame corresponding to the bif 217 in terms of
position. As illustrated in FIG. 4, the transverse cross-sec-
tional image selection unit 10 includes a vascular position
detection sub-unit 100, a vascular cross-section number
detection sub-unit 101, and a frame selection sub-unit 102.

[Vascular Position Detection Sub-Unit 100]

[0075] The vascular position detection sub-unit 100 deter-
mines, for each of the transverse cross-sectional images 300
to which the 3D volume data relates, coordinates at which a
blood vessel is depicted in the transverse cross-sectional
image 300. For example, the vascular position detection sub-
unit 100 detects coordinates of contours corresponding to a
transverse cross-section of a vascular wall. The vascular posi-
tion detection sub-unit 100 also uses a position along the
transducer column at which the corresponding transverse
cross-sectional image 300 is acquired in order to determine a
coordinate of each of the contours in terms of the longitudinal
direction.

[Vascular Cross-Section Number Detection Sub-Unit 101]

[0076] The vascular cross-section number detection sub-
unit 101 detects a number of cross-sections of the carotid
artery which are depicted, which is indicated by a number of
ring shaped contours in the 3D volume data.

[Frame Selection Sub-Unit 102]

[0077] The frame selection sub-unit 102 determines and
selects a frame for a transverse cross-sectional image 300
corresponding to the bif 217 in terms of position, from among
transverse cross-sectional images 300 to which the 3D vol-
ume data relates. The bif 217 corresponds to a branching point
from thebulb 214 to the ICA 215 and the ECA 216. The frame
selection sub-unit 102 selects, as the frame for the transverse
cross-sectional image 300 corresponding to the bif 217 in
terms of position, a frame for a transverse cross-sectional
image 300 for which the vascular cross-section number detec-
tion sub-unit 101 detects that a number of cross-sections of
the carotid artery depicted therein has changed from one to
two.
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(Relative Angle Calculation Unit 11)

[0078] As illustrated in FIG. 5, the relative angle calcula-
tion unit 11 includes a central coordinates detection sub-unit
110 and an angle calculation sub-unit 111.

[Central Coordinates Detection Sub-Unit 110]

[0079] With respect to the transverse cross-sectional image
300 determined and selected by the transverse cross-sectional
image selection unit 10, the central coordinates detection
sub-unit 110 detects central coordinates of an ICA and an
ECA depicted in the selected transverse cross-sectional
image 300. In other words, the central coordinates detection
sub-unit 110 detects central coordinates of a contour corre-
sponding to the ICA and central coordinates of a contour
corresponding to the ECA. The central coordinates can for
example be detected using a commonly known method such
as a method for calculating a centroid of a contour.

[Angle Calculation Sub-Unit 111]

[0080] The angle calculation sub-unit 111 uses the central
coordinates of the ICA 215 and the ECA 216 depicted in the
transverse cross-sectional image 300, which are detected by
the central coordinates detection sub-unit 110, in order to
calculate a relative angle of the ICA 215 and the ECA 216,
depicted in the transverse cross-sectional image 300, relative
to the frame of the transverse cross-sectional image 300. The
frame of the transverse cross-sectional image 300 is set using
the ultrasound probe 2 as a reference. Calculation of the
relative angle of the ICA 215 and the ECA 216 which are
depicted in the transverse cross-sectional image 300, with
respect to the frame of the transverse cross-sectional image
300, enables calculation of a relative angle of the ultrasound
probe 2 in a plane parallel to a carotid artery transverse
cross-section.

(Relative Angle Judgment Unit 12)

[0081] The relative angle judgment unit 12 performs a
judgment as to whether the ultrasound probe 2 is positioned at
a suitable angle in the plane parallel to the carotid artery
transverse cross-section based on the relative angle calculated
by the angle calculation sub-unit 111. During an initial
examination using IMT measurement, the judgment is per-
formed by comparing the relative angle calculated by the
angle calculation sub-unit 111 and a reference angle that is a
preset recommended angle. When the relative angle is within
a predetermined range of the reference angle, the relative
angle judgment unit 12 judges that the ultrasound probe 2 is
positioned at a suitable angle. During subsequent examina-
tions using IMT measurement, the judgment is performed by
comparing the relative angle calculated by the angle calcula-
tion sub-unit 111 and a reference angle that is set as a relative
angle of the ultrasound probe 2 which has been stored during
a previous examination. When the relative angle is within a
predetermined range of the reference angle, the relative angle
judgment unit 12 judges that the ultrasound probe 2 is posi-
tioned at a suitable angle.

[0082] Consequently, in IMT measurement during an ini-
tial examination, an IMT measurement range can be deter-
mined at a predetermined position in a vascular wall in terms
of a transverse cross-section of a carotid artery, regardless of
variation in position or shape of the carotid artery arising
between different subjects. Furthermore, in a series of peri-
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odic IMT measurements, IMT can be measured at the same
position during each measurement regardless of variation in
neck condition arising due to bending upwards, downwards,
or sideways, thus enabling accurate diagnosis.

(Display Control Unit 15 and Display 16)

[0083] Thedisplay controlunit15 controls the display 16 to
display the relative angle calculated by the angle calculation
sub-unit 111 and results of the judgment performed by the
relative angle judgment unit 12. When the relative angle is
shifted relative to the reference angle, an operator of the
ultrasound probe 2 adjusts angle of the ultrasound probe 2,
while checking content displayed by the display 16, until the
angle of the ultrasound probe 2 matches the reference angle.
[0084] Note that although the first embodiment has a con-
figuration in which the display 16 displays the relative angle
which is calculated and the results of the judgment, such a
configuration is not a limitation. In other words, so long as the
relative angle and the results of the judgment are notified to
the operator, such information may alternatively be notified in
a different manner. For example, the display 16 may display
a difference between the reference angle and a current angle,
or the aforementioned information may be notified to the
operator through a sound, voice, warning light or the like,
instead of through the display 16.

(ROT Determination Unit 13)

[0085] Upon the relative angle judgment unit 12 judging
that the ultrasound probe 2 is positioned at a suitable angle,
the ROI determination unit 13 receives a judgment signal
from the relative angle judgment unit 12 and determines the
ROI 211 in order to perform IMT measurement, by using a
longitudinal cross-sectional image stored in the longitudinal
cross-sectional image storage unit 5.

[0086] More specifically, the ROI determination unit 13
determines the ROI 211 based on position of the bif 217
detected by the transverse cross-sectional image selection
unit 10. The ROI 211 defines a measurement range in which
IMT measurement is performed. In other words, based on the
position of the bif 217 detected by the transverse cross-sec-
tional image selection unit 10, the ROI determination unit 13
selects a position in the longitudinal cross-sectional image
stored in the longitudinal cross-sectional image storage unit 5
that corresponds to the preset IMT measurement range 212.
For example, the ROI 211 may be determined based on the
method disclosed in Non-Patent Literature 2, by detecting a
lumen-intima interface and a media-adventitia interface
depicted in the longitudinal cross-sectional image and deter-
mining the ROI 211 such as to span across a vascular wall as
illustrated in FIG. 16.

[0087] Note that the present embodiment has a configura-
tion in which ROI determination and IMT measurement are
performed automatically upon judging that the ultrasound
probe 2 is positioned at a suitable angle, but in an alternative
configuration the operator may perform ROI determination
manually upon seeing judgment results displayed on the dis-
play 16 which indicate that the ultrasound probe 2 is posi-
tioned at a suitable angle.

(IMT Measurement Unit 14)

[0088] The IMT measurement unit 14 measures IMT in the
ROI 211 and calculates an IMT value which is for example a
max. IMT or a mean IMT measured in the ROI 211. The
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display control unit 15 controls the display 16 to display the
IMT value calculated by the IMT measurement unit 14.
[0089] In other words, the IMT measurement unit 14 per-
forms IMT measurement in a range set by the ROI determi-
nation unit 13, in the longitudinal cross-sectional image
stored in the longitudinal cross-sectional image storage unit
5. As explained further above, the vascular wall 201 is com-
posed of the tunica intima 202, the tunica media 203, and the
tunica adventitia 205 in respective order in an outwards direc-
tion, and IMT refers to thickness of the intima-media com-
plex 206 composed of the tunica intima 202 and the tunica
media 203. The IMT measurement unit 14 performs IMT
measurement by detecting the intima-media complex 206
between the lumen 204 and the tunica adventitia 205 as
depicted in the longitudinal cross-sectional image stored in
the longitudinal cross-sectional image storage unit 5.

[0090] More specifically, the IMT measurement unit 14
detects a position of the lumen-intima interface 207 and a
position of the media-adventitia interface 208 of the vascular
wall in the ROI 211, based on signals corresponding to the
ROI 211 among all signals corresponding to the longitudinal
cross-sectional image stored in the longitudinal cross-sec-
tional image storage unit 5. The IMT measurement unit 14
measures IMT by measuring a distance between the position
of the lumen-intima interface 207 and the position of the
media-adventitia interface 208.

[0091] Detection of the respective positions of the lumen-
intima interface 207 and the media-adventitia interface 208 in
order to perform IMT measurement, can be performed based
on a commonly known method. For example, the IMT mea-
surement unit 14 may detect the respective positions of the
lumen-intima interface 207 and the media-adventitia inter-
face 208 based on a signal intensity waveform corresponding
to the longitudinal cross-sectional image using a method dis-
closed in International Publication No. W02007/108359.
[0092] Results of the aforementioned IMT measurement
are displayed on the display 16. Note that a 3D image may be
constructed from the contours in the transverse cross-sec-
tional image 300 of each frame by connecting the contours for
all of the frames in an order corresponding to order of the
frames. The 3D image may be displayed along with the IMT
measurement range 212 in which IMT is measured. Through
the above, information is displayed in a form which can be
easily understood by the operator, improving usability.

<Operation>

[0093] The following explains operation of the ultrasound
diagnostic device 1, configuration of which is described
above. FIG. 6 is a flowchart illustrating operation of the
ultrasound diagnostic device 1 relating to the first embodi-
ment.

(Step 1 (S01))

[0094] In Step 1 (S01) the transmission-reception process-
ing unit 3 performs transmission processing and reception
processing of ultrasound with the ultrasound probe 2 applied
again skin surface of the nape of the neck such that the
arrangement direction of the transducers is orientated along
the longitudinal direction of the carotid artery. Through the
above, the transmission-reception processing unit 3 generates
a reception signal based on an electrical signal from the
ultrasound probe 2. The transmission-reception processing
unit 3 acquires an ultrasound echo signal for each of a plural-
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ity of oscillation positions in terms of the transverse direction
of the carotid artery by causing oscillation, in the transverse
direction, of the transducer column of'the ultrasound probe 2.
Based on the ultrasound echo signals which are for longitu-
dinal cross-sections ofa plurality of frames, the transmission-
reception processing unit 3 generates a reception signal for
the longitudinal cross-section of each of the frames.

(Step 2 (S02))

[0095] In Step 2 (S02), based on the reception signals
acquired in Step 1 (S01) for the longitudinal cross-sections of
the plurality of frames, the longitudinal cross-sectional image
generation unit 4 generates one or more longitudinal cross-
sectional images. The longitudinal cross-sectional image
generation unit 4 generates each of the longitudinal cross-
sectional images based on reception signals for each of the
transducers of the ultrasound probe 2 at a certain oscillation
position among the plurality of oscillation positions of the
transducer column. In the present configuration, the longitu-
dinal cross-sectional image generation unit 4 generates a
longitudinal cross-sectional image of the carotid artery which
corresponds to the central position in the oscillation range of
the transducer column.

(Step 3 (S03))

[0096] In Step 3 (S03) the controller 400 stores the longi-
tudinal cross-sectional image, which is generated by the lon-
gitudinal cross-sectional image generation unit 4 in Step 1
(S01), in the longitudinal cross-sectional image storage unit

(Step 4 (S04))

[0097] In Step 4 (S04) the transverse cross-sectional image
generation unit 6 generates a transverse cross-sectional image
300 using a reception signal for a certain transducer at each of
the oscillation positions from among the reception signals
generated in Step 1 (S01). The above processing is performed
with respect to each of the transducers, thus generating a
transverse cross-sectional image 300 for each of a plurality of
successive frames ranging from a frame corresponding to a
transducer located at one end of the transducer column to a
frame corresponding to a transducer located at an opposite
end of the transducer column. As illustrated in F1G. 3, a frame
number is attached to the transverse cross-sectional image
300 of each of the frames in order starting from a transverse
cross-sectional image 300 generated through the transducer
located at the one end of the transducer column, and each of
the transverse cross-sectional images 300 is stored in the
transverse cross-sectional image storage unit 7.

(Step 5 (S05))

[0098] InStep 5 (S05)the contour extraction unit 8 extracts
contours of the carotid artery depicted in each of the trans-
verse cross-sectional images 300 stored in the transverse
cross-sectional image storage unit 7 for each of the frames.
The contour extraction unit 8 for example extracts the con-
tours using a commonly known image processing technique
such as edge detection processing. Each of the transverse
cross-sectional images 300 on which contour extraction has
been performed is stored as 3D volume data in the 3D volume
data storage unit 9.
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(Step 6 (S06))

[0099] In Step 6 (S06), the vascular position detection sub-
unit 100 detects, for each of the transverse cross-sectional
images 300 stored in the 3D volume data storage unit 9,
coordinates of a blood vessel depicted therein. For example,
the vascular position detection sub-unit 100 detects coordi-
nates of contours for a vascular wall in a transverse cross-
section through image scanning, wherein the contours iden-
tify position of the vascular wall within the frame. The
vascular position detection sub-unit 100 also determines a
coordinate of each of the contours in terms of the longitudinal
direction. The coordinate in the longitudinal direction is
determined by position in the transducer column of a trans-
ducer through which the transverse cross-sectional image 300
is acquired.

(Step 7 (S07))

[0100] In Step 7 (S07) the vascular cross-section number
detection sub-unit 101 detects, for each of the frames, a num-
ber of vascular cross-sections depicted in the transverse
cross-sectional image 300 of the frame. As a rule, the number
of vascular cross-sections is one when detected for a frame
which has been acquired with respect to the CCA and the
number of vascular cross-sections is two when detected for a
frame which has be acquired with respect to the ICA and the
ECA.

(Step 8 (S08))

[0101] In Step 8 (S08) the frame selection sub-unit 102
detects the bif 217 based on the number of vascular cross-
sections for each of the frames detected by the vascular cross-
section number detection sub-unit 101, and selects a frame for
whichthe transverse cross-sectional image 300 depicts the bif
217. As explained above, the bif 217 is a point at which
branching occurs from the bulb 214 to the ICA 215 and the
ECA 216. Therefore, the frame selection sub-unit 102 is able
to select the frame for which the transverse cross-sectional
image 300 depicts the bif 217 by, in terms of an order of
frames from the CCA 213 towards the ICA 215 and the ECA
216, selecting a first frame for which the transverse cross-
sectional image 300 depicts two vascular cross-sections
instead of one.

[0102] FIG. 7A is a schematic diagram illustrating a plu-
rality of different positions along an extension direction of the
carotid artery. FIG. 7B is a schematic diagram illustrating 2D
cross-sectional images of the carotid artery acquired at posi-
tions (A) to (D) illustrated in FIG. 7A. Among the plurality of
transverse cross-sectional images 300 of the carotid artery, in
FIG. 7B image (A) illustrates a transverse cross-sectional
image 300 acquired of the CCA 213, image (B) illustrates a
transverse cross-sectional image 300 acquired of the bulb 214
in proximity to the bif 217, image (C) illustrates a transverse
cross-sectional image 300 acquired of the bif 217, and image
(D) illustrates a transverse cross-sectional image 300
acquired of the ICA 215 and the ECA 216.

[0103] As explained above, the bif 217 is a point at which
branching occurs from the CCA 213 and the bulb 214, to the
ICA 215 and the ECA 216. Consequently, position of the bif
217 can be determined as a position corresponding to a trans-
verse cross-sectional image 300 in which contours of the ICA
215 and the ECA 216 are in contact, thus appearing as a single
contour as illustrated in image (C) in FIG. 7B. Therefore, the
frame of the transverse cross-sectional image 300 corre-
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sponding to image (C) in FIG. 7B is selected as the frame of
the transverse cross-sectional image 300 which depicts the bif
217.

[0104] Note that although the first embodiment has a con-
figuration in which the frame selection sub-unit 102 selects a
frame for a position corresponding to the bif 217, such a
configuration is not a limitation. For example, in an alterna-
tive configuration a frame may be selected which is a certain
number of frames in a direction towards the ICA 215 and the
ICA 215 from the bif 217.

[0105] Further alternatively, a frame may be selected for a
position in proximity to the bif 217 which is in a direction
towards the bulb 214 from the bif 217, and thus in which a
cross-section of the ICA 215 and a cross-section of the ECA
216 are depicted as partially connected cross-sections such as
illustrated in image (B) in FIG. 7B. In other words, a frame
should be selected from which two sets of central coordinates
can be acquired by the relative angle calculation unit 11 in
Step 9 (S09), either of two cross-sections respectively of the
ICA 215 and the ECA 216, or of a single cross-section which
is equivalent to the two cross-sections in terms of being able
to acquire the two sets of central coordinates.

[0106] Consequently, when the frame selection sub-unit
102 selects a frame in which two transverse cross-sections are
depicted which are respectively of the ICA 215 and the ECA
216, the frame selection sub-unit 102 is not limited to select-
ing a frame in which the cross-section of the ICA 215 and the
cross-section ofthe ECA 216 are depicted as two independent
cross-sections, but can also select a frame in which the cross-
section of the ICA 215 and the cross-section of the ECA 216
are connected, so long as central coordinates of each of the
aforementioned cross-sections can be determined.

(Step 9 (S09))

[0107] In Step 9 (S09)the relative angle calculation unit 11
detects two sets of central coordinates in a transverse cross-
sectional image 300 for the frame selected by the frame
selection sub-unit 102. FIG. 8 is a cross-sectional schematic
diagram illustrating one example of a method used in the
ultrasound diagnostic device 1 relating to the first embodi-
ment in order to calculate a relative angle of the ultrasound
probe with respect to the carotid artery in a plane parallel to a
carotid artery transverse cross-section. FIG. 8 illustrates an
example of the frame selected by the frame selection sub-unit
102 for which the transverse cross-sectional image 300
depicts the bif 217. A Y-axis in FIG. 8 corresponds to a depth
direction in which ultrasound is transmitted to and received
from the carotid artery by the ultrasound probe 2 when the
transducer column is at the central position in the oscillation
range. An X-axis in FIG. 8 corresponds to a direction which is
perpendicular to the Y-axis.

[0108] As illustrated in FIG. 8, in Step 9 (S09) the central
coordinates detection sub-unit 110 detects central coordi-
nates 301 of the ICA 215 depicted in the transverse cross-
sectional image 300 and central coordinates 302 of the ECA
216 depicted in the transverse cross-sectional image 300, in
accordance with the X-axis and the Y-axis. Note that the
central coordinates may for example be coordinates of a
centroid of a corresponding contour (i.e., coordinates which
are averaged values of all coordinates of the contour), or may
be coordinates midway between maximum and minimum
coordinates of the contour in terms of the X-axis and the
Y-axis.
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(Step 10 (S10))

[0109] In Step 10 (S10) the angle calculation sub-unit 111
calculates a relative angle of the ultrasound probe 2 with
respect to the carotid artery. As illustrated in FIG. 8, the angle
calculation sub-unit 111 calculates an angle 6 between the
X-axis and a straight line passing through the central coordi-
nates 301 and 302. Through the above, an angle at which the
ultrasound probe 2 1s positioned can be calculated using, as
references, the Y-axis along which ultrasound is transmitted
and received by the ultrasound probe 2 when the transducer
column is at the central position in oscillation range, and the
X-axis perpendicular to the Y-axis. In other words, a relative
angle of the ultrasound probe 2 can be calculated in a plane
parallel to a carotid artery transverse cross-section.

(Step 11 (S11))

[0110] In Step 11 (S11) the relative angle judgment unit 12
performs a judgment as to whether the relative angle calcu-
lated in Step 10 (S10) is a suitable angle. The judgment is
performed as explained below.

[0111] In a situation in which IMT measurement is being
performed during an initial examination of a subject, the
relative angle judgment unit 12 compares the relative angle
calculated by the angle calculation sub-unit 111 in Step 10
(510) with a reference angle which is a preset recommended
angle. The relative angle judgment unit 12 judges whether the
relative angle is within a predetermined range of the reference
angle. When the relative angle is within the predetermined
range of'the reference angle, the relative angle judgment unit
12 judges that the ultrasound probe 2 is positioned at a suit-
able angle.

[0112] In a situation in which IMT measurement is being
performed during a second examination of a subject, or any
examination subsequent thereto, the relative angle judgment
unit 12 compares the relative angle calculated by the angle
calculation sub-unit 111 in Step 10 (S10) with a reference
angle which is a relative angle of the ultrasound probe 2 that
has been stored during a past IMT measurement. The relative
angle judgment unit 12 judges whether the relative angle is
within a predetermined range of the reference angle. When
the relative angle is within the predetermined range of the
reference angle, the relative angle judgment unit 12 judges
that the ultrasound probe 2 is positioned at a similar angle to
during the past IMT measurement.

[0113] Thedisplay control unit 15 controls the display 16 to
display results of the judgment described above. In other
words, an actual measured value of the relative angle of the
ultrasound 2 in the plane parallel to the carotid artery trans-
verse cross-section and the results of the judgment by the
relative angle judgment unit 12 can be checked by the opera-
tor in real-time using the display 16, while the ultrasound
probe 2 is applied against the surface of the nape of the neck.
[0114] When the ultrasound probe 2 is not positioned as a
suitable angle, operation is repeated from Step 1 (S01) and the
operator adjusts angle of the ultrasound probe 2 while check-
ing the display 16 in order to position the ultrasound probe 2
atasuitable angle. Steps 1 (S01) to 11 (S11) are repeated until
the ultrasound probe 2 is positioned at a suitable angle.
[0115] Step 12 (S12) is performed once the ultrasound
probe 2 is positioned at a suitable angle. Transition to Step 12
(512) is performed automatically by the controller 400, but
alternatively the operator may check the display 16 and per-
form transition to Step 12 (S12) manually.
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(Step 12 (S12))

[0116] Once the ultrasound probe 2 has been positioned at
a suitable angle in Step 11 (S11), in Step 12 (812) the ROI
determination unit 13 sets the IMT measurement range 212 in
accordance with the bif 217 detected in Step 8 (S08). In other
words, the ROI determination unit 13 selects a predetermined
position corresponding to the IMT measurement range 212 in
the longitudinal cross-sectional image stored in the longitu-
dinal cross-sectional image storage unit 5, in accordance with
the bif 217, and thus determines the ROI 211 which defines a
range in which IMT measurement is performed. For example,
a lumen-intima interface and a media-adventitia interface
depicted in the longitudinal cross-sectional image may be
detected, and the ROI 211 may be determined so as to span
across the vascular wall as illustrated in FIG. 12, based on the
method disclosed in Non-Patent Literature 2.

[0117] The present embodiment has a configuration in
which, upon judging that the ultrasound probe 2 is positioned
at a suitable angle in Step 11(S11), an ROI is automatically
determined in Step 12 (S12) and IMT measurement is pet-
formed. However, in an alternative configuration the operator
may manually determine an ROI upon seeing judgment
results displayed on the display 16 which indicate that the
ultrasound probe 2 is positioned at a suitable angle.

(Step 13 (S13))

[0118] In Step 13 (S13) the IMT measurement unit 14
performs IMT measurement using the longitudinal cross-
sectional image stored in the longitudinal cross-sectional
image storage unit 5 in Step 3 (S03). More specifically, the
IMT measurement unit 14 performs IMT measurement in a
range in the aforementioned longitudinal cross-sectional
image which is determined by the ROI determination unit 13.
The IMT measurement unit 14 for example determines an
IMT value using measurement results for max. IMT, mean
IMT, or the like in the IMT measurement range 212, thus
completing IMT measurement.

<Effects>

[0119] Through the configuration described above, the
ultrasound diagnostic device and the method for controlling
an ultrasound diagnostic device relating to the present
embodiment calculate a relative angle of the ultrasound probe
2 with respect to the carotid artery based on a transverse
cross-sectional image 300 which depicts two transverse
cross-sections respectively of the ICA 215 and the ECA 216.
Judgment is also performed as to whether the relative angle
which is calculated is a suitable angle, and results of the
judgment are notified to the operator. IMT measurement is
performed once the relative angle which is calculated is
judged to be a suitable angle.

[0120] Through the above, in IMT measurement during an
initial examination, an IMT measurement range can be set at
a predetermined position in a vascular wall in a transverse
cross-section of a carotid artery, regardless of variation in
position or shape of the carotid artery between different sub-
jects. Furthermore, during a series of periodic IMT measure-
ments, IMT can be measured at the same position during each
measurement, regardless of variation in neck condition due to
upwards, downwards, or sideways bending, enabling accu-
rate diagnosis.

[0121] Furthermore, the operator can be notified of a cur-
rent angle of the ultrasound probe in a plane parallel to a
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carotid artery transverse cross-section and a suitable angle at
which the ultrasound probe should be positioned, through
display of the current angle and the suitable angle on the
display. Therefore, the operator can adjust the ultrasound
probeto an appropriate angle in real-time based on the display
which functions as a notification unit. Conventionally, deter-
mination of an IMT measurement range of a vascular wall in
a carotid artery transverse cross-section is difficult for an
operator who does not possess a high degree of procedural
skill, and a significant amount of examination time is neces-
sary in order to ensure accurate measurement. In contrast, the
present embodiment enables real-time adjustment of the
ultrasound probe to a suitable angle, thus enabling simple
IMT measurement.

Second Embodiment

[0122] The ultrasound diagnostic device 1 relating to the
first embodiment has a configuration in which the transverse
cross-sectional image selection unit 10 selects a transverse
cross-sectional image 300 of a frame corresponding to the
bifurcation of the common carotid artery, and the relative
angle calculation unit 11 calculates a relative angle of the
ultrasound probe in a plane parallel to a carotid artery trans-
verse cross-section based on the ICA 215 and the ECA 216. In
order to enable calculation of a relative angle of the ultra-
sound probe with greater accuracy, an ultrasound diagnostic
device 1A relating to a second embodiment calculates the
aforementioned relative angle based on a transverse cross-
sectional image 300 that depicts a cross-section of the ICA
215 and a cross-section of the ECA 216, and also based on a
transverse cross-sectional image 300 that depicts a cross-
section of the bulb 214 or a cross-section of the CCA 213.

<Configuration>

(General Configuration)

[0123] The following explains configuration of the ultra-
sound diagnostic device 1A relating to the second embodi-
ment. FIG. 9 is a block diagram illustrating functional con-
figuration of the ultrasound diagnostic device 1A. As
illustrated in FIG. 9, the ultrasound diagnostic device 1A
relating to the second embodiment differs from the ultra-
sound diagnostic device 1 relating to the first embodiment in
terms of configuration of a transverse cross-sectional image
selection unit 10A and a relative angle calculation unit 11A
included in a controller 400A. Other configuration elements
are the same as illustrated in FIG. 1 and explanation of such
configuration elements is omitted. Detailed explanation of
configuration of the ultrasound diagnostic device 1A relating
to the second embodiment is provided below with reference
to FIG. 9.

(Transverse Cross-Sectional Image Selection Unit 10A)

[0124] FIG. 10 is a block diagram illustrating functional
configuration of the transverse cross-sectional image selec-
tion unit 10A in the ultrasound diagnostic device 1A relating
to the second embodiment. As illustrated in FIG. 10, the
transverse cross-sectional image selection unit 10A includes
a vascular position detection sub-unit 100, a vascular cross-
section number detection sub-unit 101, and a frame selection
sub-unit 102A in the same way as in the first embodiment.
The vascular position detection sub-unit 100 and the vascular
cross-section number detection sub-unit 101 are the same as
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in the first embodiment and explanation thereof is omitted.
The frame selection sub-unit 102A selects two frames from
the 3D volume data. In the same way as in the first embodi-
ment, one of the frames corresponds to the bif 217 in terms of
position. The other frame is a frame which is a predetermined
number of frames from the bif 217 in a direction towards the
CCA213.

(Relative Angle Calculation Unit 11A)

[0125] FIG. 11 is a block diagram illustrating functional
configuration of the relative angle calculation unit 11A in the
ultrasound diagnostic device 1A relating to the second
embodiment. The relative angle calculationunit 11A includes
a central coordinates detection sub-unit 110A and an angle
calculation sub-unit 111A in the same way as in the first
embodiment.

[0126] The central coordinates detection sub-unit 110A
detects central coordinates of contours in respective trans-
verse cross-sectional images 300 of the two frames selected
by the transverse cross-sectional image selection unit 10A. In
other words, the central coordinates detection sub-unit 110A
detects central coordinates of a contour of the ICA 215 and a
contour of the ECA 216 depicted in a transverse cross-sec-
tional image 300 of one of the frames, and detects central
coordinates of a contour of the CCA 213 or a contour of the
bulb 214 depicted in a transverse cross-sectional image 300 of
the other frame.

[0127] The angle calculation sub-unit 111A calculates a
relative angle of the ultrasound probe 2 with respect to the
carotid artery in a plane parallel to a carotid artery transverse
cross-section, based on three sets of central coordinates
which are detected by the central coordinates detection sub-
unit 110A as described above.

<QOperation>

[0128] The following explains operation of the ultrasound
diagnostic device 1A relating to the second embodiment,
configuration of which is described above. FIG. 12 is a flow-
chart illustrating operation of the ultrasound diagnostic
device 1A.

(Steps 1 (S01) to 7 (807))

[0129] Steps from Step 1 (S01), in which transmission pro-
cessing and reception processing of ultrasound are per-
formed, to Step 7 (S07), in which a number of vascular
cross-sections which are depicted is detected for each frame
for which atransverse cross-sectional image 300 is generated,
are the same as for the ultrasound diagnostic device 1 relating
to the first embodiment. Therefore, explanation of Steps 1
(S01) to 7 (S07) is omitted.

(Step 8A (S08A))

[0130] In Step 8A (S08A) the frame selection sub-unit
102A detects the bif 217 based on the number of vascular
cross-sections detected for each of the frames by the vascular
cross-section number detection sub-unit 101, and selects two
frames to be used in calculation of the relative angle of the
ultrasound probe 2 with respect to the carotid artery.

[0131] The frame selection sub-unit 102A first detects the
bif 217 in the same way as described in the first embodiment.
Next, the frame selection sub-unit 102A selects a frame
which is a predetermined number of frames from a frame
corresponding to the bif 217 (herein, referred to as a reference
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frame) in a direction towards the ICA 215 and the ECA 216
(herein, referred to as a peripheral direction). The frame
selection sub-unit 102A also selects a frame which is a pre-
determined number of frames from the reference frame in a
direction towards the CCA 213 (herein, referred to as a central
direction).

[0132] During selection of the two frames described above,
by selecting the frame which is in the peripheral direction, the
frame selection sub-unit 102A selects a frame depicting a
cross-section of the ICA 215 and a cross-section of the ECA
216 in the same way as in the first embodiment. Also, by
selecting the frame which is in the central direction, the frame
selection sub-unit 102A selects a frame depicting a cross-
section of the CCA 213, or alternatively a cross-section of the
bulb 214.

(Step 9A (S09A))

[0133] InStep9A (S09A) the relative angle calculation unit
11A detects central coordinates of the respective cross-sec-
tions of the ICA 215, the ECA 216, and the CCA 213 depicted
in the two frames selected by the frame selection sub-umt
102A. The central coordinates are detected using the same
method as described in the first embodiment.

(Step 10A (S10A))

[0134] In Step 10A (S10A) the angle calculation sub-unit
111A calculates a relative angle of the ultrasound probe with
respect to the carotid artery in a plane parallel to a carotid
artery transverse cross-section, using the central coordinates
detected in Step 9A (S09A) of the respective cross-sections of
the ICA 215, the ECA 216, and the CCA 213. The following
explains, with reference to the drawings, one example of a
method for calculating the relative angle of the ultrasound
probe 2.

[0135] FIG. 13 is across-sectional schematic diagram illus-
trating, for the ultrasound diagnostic device 1A relating to the
second embodiment, one method for calculating the relative
angle of the ultrasound probe 2 with respect to the carotid
artery in the plane parallel to the carotid artery transverse
cross-section. FIG. 13 illustrates positions at which the ICA
215, the ECA 216, and the CCA 213 are depicted in the two
frames selected by the frame selection sub-unit 1024, in
terms of coordinates along an X-axis and a Y-axis. Note that
the respective cross-sections of the ICA 215, the ECA 216,
and the CCA 213 are illustrated in the same plane in FIG. 13
in order to facilitate understanding. In the same way as in FIG.
8, the Y-axis corresponds to the depth direction along which
ultrasound is transmitted and received by the ultrasound
probe 2 when the transducer column is at the central position
in the oscillation range, and the X-axis corresponds to a
direction perpendicular to the Y-axis.

[0136] In Step 10A (S10A) the angle calculation sub-unit
111A first calculates an angle 8, formed between a straight
line joining central coordinates 303 of the CCA 213 and
central coordinates 301 of the ICA 215, and a straight line
joining central coordinates 303 of the CCA 213 and central
coordinates 302 of the ECA 216. Next, the angle calculation
sub-unit 111A sets a straight line that passes through the
central coordinates 303 of the CCA 213 and that divides the
angle 0, into two equal segments as a reference line 304. The
angle calculation sub-unit 111A subsequently calculates an
angle 0, formed between the reference line 304 and the
Y-axis. The angle 8, is used as the relative angle of the ultra-



US 2014/0371593 Al

sound probe 2 in the plane parallel to the carotid artery trans-
verse cross-section. The method described above enables cal-
culation of an angle at which the ultrasound probe 2 is
positioned using, as references, the Y-axis along which ultra-
sound is transmitted and received the ultrasound probe 2
when the transducer column is at the central position in the
oscillation range, and the X-axis which is perpendicular to the
Y-axis. In other words, the method described above enables
calculation of the relative angle of the ultrasound probe 2 in
the plane parallel to the carotid artery transverse cross-sec-
tion.

[0137] As described above, in the presentembodiment rela-
tive angle of the ultrasound probe in the plane parallel to the
carotid artery transverse cross-section is calculated based on
central coordinates of respective cross-sections of the ICA
215, the ECA 216, and the CCA 213, which are detected in
transverse cross-sectional images 300 ofa plurality of frames
which are separated from each other by a predetermined
number of frames. Through the above, relative angle of the
ultrasound probe can be calculated with greater accuracy than
in the configuration described in the first embodiment, in
which relative angle of the ultrasound probe is calculated
using only a single frame for which the transverse cross-
sectional image 300 depicts the bif 217.

(Step 11A (S11A))

[0138] InStep 11A (S11A)therelative angle judgment unit
12 performs a judgment as to whether the relative angle
calculated in Step 10A (S10A) is a suitable angle, by using a
preset angle or a relative angle of the ultrasound probe 2
stored during a past measurement as a reference angle. The
above judgment is performed using the same method as in the
ultrasound diagnostic device 1 relating to the first embodi-
ment and explanation thereof is omitted. The present embodi-
ment differs to the first embodiment in terms that in Step 11A
(S11A), the reference angle is a relative angle of the ultra-
sound probe in the plane parallel to the carotid artery trans-
verse cross-section which is calculated based on three sets of
central coordinates of respective cross-sections of the ICA
215, the ECA 216, and the CCA 213.

[0139] Thedisplay controlunit 15 controls the display 16 to
display results of the judgment described above. When the
ultrasound probe 2 is positioned at a suitable angle, operation
proceeds to Step 12 (S12). On the other hand, when the
ultrasound probe 2 is not positioned at a suitable angle, opera-
tion is repeated from Step 1 (S01) and the operator adjusts
angle of the ultrasound probe 2, based on the judgment results
displayed on the display 16, in order to position the ultra-
sound probe 2 at a suitable angle.

(Steps 12 (S12) and 13 (S13))

[0140] When the ultrasound probe 2 is positioned at a suit-
able anglein Step 11A (S11A), the ROI determination unit 13
sets the IMT measurement range 212 in Step 12 (S12). In Step
13 (S13) the IMT measurement unit 14 performs IMT mea-
surement based on the longitudinal cross-sectional image
stored in the longitudinal cross-sectional image storage unit 5
during Step 3 (503). The display control unit 15 controls the
display 16 to display results of the IMT measurement. Steps
12 (S12) and 13 (S13) are the same as described for the
ultrasound diagnostic device 1 relating to the first embodi-
ment and explanation thereof is omitted.
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<Effects>

[0141] Through the configuration described above, the
ultrasound diagnostic device 1A relating to the second
embodiment calculates relative angle of the ultrasound probe
in the plane parallel to the carotid artery transverse cross-
section based on central coordinates of respective cross-sec-
tions of the ICA 215, the ECA 216, and the CCA 213,
extracted from respective transverse cross-sectional images
300 of a plurality of frames which are separated from each
other by a predetermined number of frames. Consequently,
the ultrasound diagnostic device 1A relating to the second
embodiment enables more accurate calculation of relative
angle of the ultrasound probe. As explained further above,
Non-Patent Literature 1 recommends setting IMT measure-
ment range 212 as a range extending from the CCA-bulb
boundary 219 for 1 cm towards the CCA as illustrated in FIG.
15. Note that the present embodiment has a configuration in
which relative angle of the ultrasound probe in the plane
parallel to the carotid artery transverse cross-section is cal-
culated using a transverse cross-sectional image 300 depict-
ing the ICA 215 and the ECA 216, and also a transverse
cross-sectional image 300 depicting the CCA 213, which is
located on an opposite side of the CCA-bulb boundary 219
relative to the ICA 215 and the ECA 216. Consequently, the
configuration described in the present embodiment enables
more accurate calculation of relative angle of the ultrasound
probe in proximity to the CCA-bulb boundary 219, compared
to the first embodiment.

Modified Examples

[0142] Ultrasound diagnostic devices relating to embodi-
ments of the present invention are described above, but the
present invention is of course not limited to the ultrasound
diagnostic devices explained in the embodiments. The ultra-
sound diagnostic devices explained as examples in the
embodiments may also be modified in various ways such as
described below.

[0143] (1) Asillustrated in FIG. 2, the ultrasound diagnos-
tic devices relating to the first embodiment and the second
embodiment each use an oscillating ultrasound probe as the
ultrasound probe 2. The aforementioned ultrasound diagnos-
tic devices also each have a configuration including the trans-
mission-reception processing unit 3 which performs trans-
mission processing to supply a transmission signal in order
that ultrasound is transmitted along a longitudinal cross-sec-
tion of the carotid artery at each of a plurality of positions
along a direction perpendicular to the longitudinal cross-
section, and which performs reception processing in order to
generate a reception signal for the longitudinal cross-section
of the carotid artery at each of the positions, based on reflected
ultrasound from the carotid artery which is received by the
ultrasound probe 2.

[0144] The present invention is not however limited to the
configuration described above and may have any configura-
tion which enables acquisition of an ultrasound echo signal
for alongitudinal cross-section and a transverse cross-section
of a carotid artery.

[0145] For example, alternatively a 2D array ultrasound
probe including a 2D array of transducers may be used. With
the transducers applied against the skin surface such that
transducers arranged in one arrangement direction thereof are
aligned along the longitudinal direction of the carotid artery,
an ultrasound beam can be scanned sequentially in another
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arrangement direction of the transducers in order to acquire
ultrasound echo signals for longitudinal cross-sections and
transverse cross-sections of the carotid artery.

[0146] In an alternative configuration, the transmission-
reception processing unit 3 may perform transmission pro-
cessing to supply a transmission signal in order that ultra-
sound is transmitted along a transverse cross-section of the
carotid artery at a plurality of positions along a direction
perpendicular to the transverse cross-section, and may pet-
form reception processing in order to generate a reception
signal for the carotid artery transverse cross-section at each of
the positions based on ultrasound reflected from the carotid
artery and received by the ultrasound probe 2.

[0147] (2) The ultrasound diagnostic devices relating to the
first embodiment and the second embodiment each have a
configuration in which the ROI determination unit 13 and the
IMT measurement unit 14 perform IMT measurement based
on a longitudinal cross-sectional image generated by the lon-
gitudinal cross-sectional image generation unit 4. Alterna-
tively IMT measurement may be performed using a reception
signal generated by the transmission-reception processing
unit 3, without using a longitudinal cross-sectional image.
Note that the longitudinal cross-sectional image generation
unit 4 illustrated in FIG. 1 may be omitted in a configuration
in which IMT measurement is performed using a reception
signal. Also note that in such a configuration, the longitudinal
cross-sectional image storage unit 5 is configured to store a
reception signal from which a longitudinal cross-sectional
image can be generated. In the configuration described above,
Step 2 (802) illustrated in FIG. 6 can be omitted and Step 3
(803) 1s modified to a step of storing a reception signal from
which a longitudinal cross-sectional image can be generated.

[0148] (3) The ultrasound diagnostic device 1 relating to
the first embodiment has a configuration in which relative
angle of the ultrasound probe in a plane parallel to a carotid
artery transverse cross-section is calculated using a trans-
verse cross-sectional image depicting the ICA 215 and the
ECA 216, and the ultrasound diagnostic device 1A relating to
the second embodiment has a configuration is which relative
angle of the ultrasound probe in a plane parallel to a carotid
artery transverse cross-section is calculated using a plurality
of transverse cross-sectional images 300 depicting the ICA
215, the ECA 216, and the CCA 213. However, relative angle
of the ultrasound probe in a plane parallel to a carotid artery
transverse cross-section can be calculated from transverse
cross-sectional images 300 depicting at least two out of the
ICA 215, the ECA 216, and the CCA 213. As a consequence,
in an alternative configuration transverse cross-sectional
images 300 of two frames may be selected in the same way as
in the second embodiment, and relative angle of the ultra-
sound probe may be calculated using central coordinates at
which the CCA is depicted and also central coordinates at
which either the ICA or the ECA is depicted. As described
further above, Non-Patent Literature 1 recommends that IMT
measurement range 212 is set as a range extending from the
CCA-bulb boundary 219 for 1 cm towards the CCA 213 as
illustrated in FIG. 15. In the alternative configuration
described above, relative angle of the ultrasound probe in a
plane parallel to a carotid artery transverse cross-section is
calculated using a transverse cross-sectional image 300
depicting the ICA 215 or the ECA 216 and a transverse
cross-sectional image 300 depicting the CCA 213, which are
transverse cross-sectional images 300 acquired at opposite
sides of the CCA-bulb boundary 219 relative to one another.
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Using transverse cross-sectional images 300 acquired at
opposite sides of the CCA-bulb boundary 219 enables more
accurate calculation of relative angle of the ultrasound probe
in proximity to the CCA-bulb boundary 219.

[0149] Consequently, an ultrasound diagnostic device
relating to the present modified example may comprise: a
transmission-reception processor that performs transmission
processing to supply a transmission signal to the ultrasound
probe in order to drive the ultrasound probe to transmit ultra-
sound along a carotid artery cross-section at each of a plural-
ity of positions along a direction perpendicular to the carotid
artery cross-section, and that performs reception processing
to generate a reception signal for the carotid artery cross-
section at each of the positions, based on ultrasound reflected
from the carotid artery and received by the ultrasound probe;
a transverse cross-sectional image generator that generates a
plurality of transverse cross-sectional images based on recep-
tion signals respectively generated at the positions, each of
the transverse cross-sectional images depicting a carotid
artery transverse cross-section that is perpendicular to a lon-
gitudinal direction of the carotid artery; a transverse cross-
sectional image selector that selects, as a specific image from
among the transverse cross-sectional images which are gen-
erated, a transverse cross-sectional image that depicts an
internal carotid artery cross-section and an external carotid
artery cross-section, and that selects, as an additional specific
image from among the transverse cross-sectional images
which are generated, a transverse cross-sectional image that
depicts either one of a common carotid artery cross-section
and a common carotid artery bulb cross-section; and a relative
angle calculator that calculates a relative angle of the ultra-
sound probe with respect to the carotid artery in a plane
parallel to the carotid artery transverse cross-section, based
on coordinates at which either one of the internal carotid
artery cross-section and the external carotid artery cross-
section is depicted in the specific image, and coordinates at
which the one of the common carotid artery cross-section and
the common carotid artery bulb cross-section is depicted in
the additional specific image.

[0150] (4) The ultrasound diagnostic devices relating to the
first embodiment and the second embodiment each have a
configuration in which the IMT measurement unit 14 per-
forms IMT measurement on a portion of a longitudinal cross-
sectional image of the carotid artery which is included in the
ROI 211 determined by the ROI determination unit 13. In an
alternative configuration, transverse cross-sectional images
ofaplurality of frames included in the ROI 211 determined by
the ROI determination unit 13 may be acquired from the
transverse cross-sectional image storage unit 7, and IMT
measurement may be performed for each of the frames using
the transverse cross-sectional image thereof. IMT can be
measured using a vascular cross-sectional image which
depicts a cross-section of a blood vessel along a transverse
direction thereof, based, for example, on a method disclosed
in International Publication No. W02012/105162. Note that
the bif 217 is detected and the ROI 211 is determined in the
same way as in the ultrasound diagnostic devices relating to
the first embodiment and the second embodiment. As a result
of IMT measurement being performed using transverse
cross-sectional images that each depict a central axis of the
blood vessel and a region proximal thereto, IMT measure-
ment is not affected by the transducer column becoming
shifted from a position corresponding to the central axis of the
blood vessel.
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[0151] (5) The ultrasound diagnostic devices relating to the
first embodiment and the second embodiment each have a
configuration in which the property of the vascular wall
which is measured using the reception signal for the cross-
section included in the ROT is IMT, but the present invention
is not limited to such a configuration and the property of the
vascular wall of the carotid artery may alternatively be a
property other than IMT. For example, alternatively the
present invention may be used to measure characteristic prop-
erties of the carotid artery such as viscoelastic properties.
Examples of viscoelastic properties include elasticity, strain,
and viscosity.

[0152] The present invention is also effective in a situation
in which, for example, presence of a carotid artery plaque—a
major cause of cerebral infarction—or thickness thereof is
measured as the property of the vascular wall of the carotid
artery. In such a situation, measurement position of a plaque
in a transverse cross-section of the carotid artery can be
determined and change in size of the plaque can be observed
by performing measurement at the same position during each
measurement.

[0153] The present invention is also effective in a situation
in which elastic modulus of the vascular wall of the carotid
artery is measured as the property of the vascular wall by
measuring temporal variation in IMT measurement values
resulting from pulsations of the carotid artery. In such a
situation, examination accuracy can be improved by perform-
ing measurement at the same position during each measure-
ment.

CONCLUSION

[0154] As described above, an ultrasound diagnostic device
relating to an embodiment of the present invention calculates
relative angle of an ultrasound probe with respect to a carotid
artery in a plane parallel to a carotid artery transverse cross-
section, using one or more transverse cross-sectional images
300. The ultrasound diagnostic device also performs a judg-
ment as to whether the relative angle which is calculated is a
suitable angle and notifies an operator of results of the judg-
ment. Upon judging that the relative angle is a suitable angle,
the ultrasound diagnostic device proceeds to IMT measure-
ment. Through the ultrasound diagnostic device described
above, an IMT measurement range can be set at a suitable
position in a vascular wall in the carotid artery transverse
cross-section, increasing accuracy of diagnosis by enabling
IMT measurement to be performed at the same position dut-
ing each measurement. Furthermore, the ultrasound diagnos-
tic device described above enables quick measurement of
IMT through an operation which is simple even for an opera-
tor who does not possess a high degree of procedural skill.

<<Supplementary Explanation>>

[0155] The embodiments described above merely illus-
trated preferable examples of implementation of the present
invention. Note that numbers, shapes, materials, configura-
tion elements, arrangement and connection of configuration
elements, steps, order of steps, and the like are merely
examples and are not intended to in any way limit the present
invention. Also note that configuration elements and steps
explained in the embodiments but not included in indepen-
dent claims indicating the most general concept ofthe present
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invention, are merely explained as optional configuration ele-
ments and steps which may be used in order to configure
preferable embodiments.

[0156] In order to facilitate understanding of the present
invention, drawings referred to in explanation of the embodi-
ments do not necessarily illustrate configuration elements to
scale. The present invention is not in any way limited by
contents of the embodiments described above and various
modifications are possible so long as such modifications do
not deviate from the intended scope of the present invention.
[0157] Furthermore, in an ultrasound diagnostic device,
parts such as circuit components and leads are mounted on a
circuit board. Electrical wiring and electrical circuits may be
implemented in various different configurations based on
common knowledge in related technical fields. However, as
such configurations are not directly related to explanation of
the present invention, explanation of such configurations is
omitted. Also note that the drawings are schematic diagrams
and thus do not necessarily correspond exactly to matter
illustrated thereby.

INDUSTRIAL APPLICABILITY

[0158] During measurement ofa property of a vascular wall
of a carotid artery, the present invention enables appropriate
measurement and management of an angle at which an ultra-
sound probe, applied against skin surface of a neck, is posi-
tioned in a plane parallel to a carotid artery transverse cross-
section, and thus enables quick and accurate measurement of
the property of the vascular wall through an operation which
can be simply performed even by an operator who does not
possess a high degree of procedural skill. Therefore, the
present invention can be widely applied to an ultrasound
diagnostic device, a method for controlling an ultrasound
diagnostic device, or the like.

REFERENCE SIGNS LIST

[0159] 1, 1A ultrasound diagnostic device

[0160] 2 ultrasound probe

[0161] 3 transmission-reception processing unit

[0162] 4 longitudinal cross-sectional image generation
unit

[0163] 5 longitudinal cross-sectional image storage unit

[0164] 6 transverse cross-sectional image generation
unit

[0165] 7 transverse cross-sectional image storage unit

[0166] 8 contour extraction unit

[0167] 9 3D volume data storage unit

[0168] 10, 10A transverse cross-sectional image selec-
tion unit

[0169] 11, 11A relative angle calculation unit

[0170] 12 relative angle judgment unit

[0171] 13 ROI determination unit

[0172] 14 IMT measurement unit

[0173] 15 display control unit

[0174] 16 display

[0175] 100 vascular position detection sub-unit

[0176] 101 vascular cross-section number detection sub-
unit

[0177] 102, 102A frame selection sub-unit

[0178] 110, 110A central coordinates detection sub-unit

[0179] 111, 111A angle calculation sub-unit

[0180] 201 vascular wall

[0181] 202 tunica intima
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[0182] 203 tunica media

[0183] 204 lumen

[0184] 205 tunica adventitia

[0185] 206 intima-media complex

[0186] 207 lumen-intima interface

[0187] 208 media-adventitia interface
[0188] 209 far-side wall

[0189] 210 near-side wall

[0190] 211 region of interest (ROI)
[0191] 212 IMT measurement range
[0192] 213 common carotid artery (CCA)
[0193] 214 common carotid artery bulb (bulb)
[0194] 215 internal carotid artery (ICA)

tion and the common carotid artery bulb cross-section is
depicted in the additional specific image.

23. The ultrasound diagnostic device of claim 21, further
comprising:

a notifier that notifies the relative angle calculated by the

relative angle calculator to an operator.

24. The ultrasound diagnostic device of claim 21, wherein
the relative angle calculator calculates the relative angle of the
ultrasound probe based on central coordinates of the internal
carotid artery cross-section and central coordinates of the
external carotid artery cross-section.

25. The ultrasound diagnostic device of claim 21, wherein
the transverse cross-sectional image selector selects the spe-

[0195] 216 external carotid artery (ECA) cific image using, as a reference, a transverse cross-sectional

[0196] 217 bifurcation of the common carotid artery image that depicts a bifurcation of a common carotid artery.

(bif) 26. The ultrasound diagnostic device of ¢laim 25, wherein

[0197] 219 CCA-bulb boundary the transverse cross-sectional image selector determines the

[0198] 300 transverse cross-sectional image transverse cross-sectional image that depicts the bifurcation

[0199] 301, 302, 303 central coordinates of the common carotid artery based on a number of carotid

[0200] 304 reference line artery transverse cross-sections depicted in each of the plu-

[0201] 400, 400A controller rality of transverse cross-sectional images which are gener-

1-20. (canceled) ated.

21. An ultrasound diagnostic device which measures a 27. The ultrasound diagnostic device of claim 25, further
property of a vascular wall of a carotid artery and to which an comprising:
ultrasound probe is connectable, the ultrasound diagnostic arelative angle judger that performs a judgment of whether
device comprising: the relative angle is a suitable angle.

atransmission-reception processor that performs transmis- 28. The ultrasound diagnostic device of claim 27, wherein

sion processing to supply a transmission signal to the  the relative angle judger stores therein a preset reference

ultrasound probe in order to drive the ultrasound probe  angle and judges that the relative angle is the suitable angle

to transmit ultrasound along a carotid artery cross-sec-  when the relative angle is within a predetermined range of the

tion at each of a plurality of positions along a direction ~ reference angle.

perpendicular to the carotid artery cross-section, and 29. The ultrasound diagnostic device of claim 27, further

that performs reception processing to generate a recep- comprising:

tion signal for the carotid artery cross-section at each of anotifier that notifies results of the judgment performed by

the positions, based on ultrasound reflected from the the relative angle judger to an operator.

carotid artery and received by the ultrasound probe; 30. The ultrasound diagnostic device of claim 27, further
atransverse cross-sectional image generator that generates comprising:

aplurality of transverse cross-sectional images based on an ROI determiner that, upon the relative angle judger

reception signals respectively generated at the positions,
each of the transverse cross-sectional images depicting a
carotid artery transverse cross-section that is perpen-
dicular to a longitudinal direction of the carotid artery;

atransverse cross-sectional image selector that selects, as a
specific image from among the transverse cross-sec-
tional images which are generated, a transverse cross-
sectional image that depicts an internal carotid artery
cross-section and an external carotid artery cross-sec-
tion; and

judging that the relative angle is the suitable angle, deter-
mines an ROI that defines a measurement range for IMT
measurement, using, as a reference, the transverse cross-
sectional image that depicts the bifurcation of the com-
mon carotid artery; and

an IMT measurer that measures IMT as the property of the
vascular wall of the carotid artery using a reception
signal for a carotid artery cross-section included in the
ROL

31. An ultrasound diagnostic device which measures a

arelative angle calculator that calculates a relative angle of
the ultrasound probe with respect to the carotid artery in
a plane parallel to the carotid artery transverse cross-

property of a vascular wall of a carotid artery and to which an
ultrasound probe is connectable, the ultrasound diagnostic
device comprising:

section, based on coordinates at which the internal
carotid artery cross-section and the external carotid
artery cross-section are depicted in the specific image.

22. The ultrasound diagnostic device of claim 21, wherein:

the transverse cross-sectional image selector further
selects, as an additional specific image from among the
transverse cross-sectional images which are generated, a
transverse cross-sectional image that depicts either one
of a common carotid artery cross-section and a common
carotid artery bulb cross-section; and

the relative angle calculator calculates the relative angle of
the ultrasound probe further based on coordinates at
which the one of the common carotid artery cross-sec-

atransmission-reception processor that performs transmis-
sion processing to supply a transmission signal to the
ultrasound probe in order to drive the ultrasound probe
to transmit ultrasound along a carotid artery cross-sec-
tion at each of a plurality of positions along a direction
perpendicular to the carotid artery cross-section, and
that performs reception processing to generate a recep-
tion signal for the carotid artery cross-section at each of
the positions, based on ultrasound reflected from the
carotid artery and received by the ultrasound probe;

atransverse cross-sectional image generator that generates
aplurality of transverse cross-sectional images based on
reception signals respectively generated at the positions,
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each of the transverse cross-sectional images depicting a
carotid artery transverse cross-section that is perpen-
dicular to a longitudinal direction of the carotid artery:;

atransverse cross-sectional image selector that selects, as a

specific image from among the transverse cross-sec-
tional images which are generated, a transverse cross-
sectional image that depicts an internal carotid artery
cross-section and an external carotid artery cross-sec-
tion, and that selects, as an additional specific image
from among the transverse cross-sectional images
which are generated, a transverse cross-sectional image
that depicts either one of a common carotid artery cross-
section and a common carotid artery bulb cross-section;
and

arelative angle calculator that calculates a relative angle of

the ultrasound probe with respect to the carotid artery in
a plane parallel to the carotid artery transverse cross-
section, based on coordinates at which either one of the
internal carotid artery cross-section and the external
carotid artery cross-section is depicted in the specific
image, and coordinates at which the one of the common
carotid artery cross-section and the common carotid
artery bulb cross-section is depicted in the additional
specific image.

32. The ultrasound diagnostic device of claim 31, further
comprising:

a notifier that notifies the relative angle calculated by the

relative angle calculator to an operator.

33. The ultrasound diagnostic device of claim 31, wherein
the relative angle calculator calculates the relative angle of the
ultrasound probe based on central coordinates of the one of
the internal carotid artery cross-section and the external
carotid artery cross-section, and central coordinates of the
one of the common carotid artery cross-section and the com-
mon carotid artery bulb cross-section.

34. The ultrasound diagnostic device of claim 31, wherein
the transverse cross-sectional image selector selects at least
oneout of the specific image and the additional specific image
using, as a reference, a transverse cross-sectional image that
depicts a bifurcation of a common carotid artery.

35. The ultrasound diagnostic device of claim 34, further
comprising:

arelative angle judger that performs a judgment of whether

the relative angle is a suitable angle;

an ROI determiner that, upon the relative angle judger

judging that therelative angle is the suitable angle, deter-
mines an ROI that defines a measurement range for IMT
measurement, using, as a reference, the transverse cross-
sectional image that depicts the bifurcation of the com-
mon carotid artery; and

an IMT measurer that measures IMT as the property of the

vascular wall of the carotid artery using a reception
signal for a carotid artery cross-section included in the
ROL

36. A method for controlling an ultrasound diagnostic
device which measures a property of a vascular wall of a
carotid artery and to which an ultrasound probe is connect-
able, the method comprising:

performing transmission processing to supply a transmis-

sion signal to the ultrasound probe in order to drive the
ultrasound probe to transmit ultrasound along a carotid
artery cross-section at each of a plurality of positions
along a direction perpendicular to the carotid artery
cross-section, and performing reception processing to
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generate a reception signal for the carotid artery cross-
section at each of the positions, based on ultrasound
reflected from the carotid artery and received by the
ultrasound probe;

generating a plurality of transverse cross-sectional images

based on reception signals respectively generated at the
positions, each of the transverse cross-sectional images
depicting a carotid artery transverse cross-section that is
perpendicular to a longitudinal direction of the carotid
artery;

selecting, as a specific image from among the transverse

cross-sectional images which are generated, a transverse
cross-sectional image that depicts an internal carotid
artery cross-section and an external carotid artery cross-
section; and

calculating a relative angle of the ultrasound probe with

respect to the carotid artery in a plane parallel to the
carotid artery transverse cross-section, based on coordi-
nates at which the internal carotid artery cross-section
and the external carotid artery cross-section are depicted
in the specific image.

37. The method of claim 36, further comprising:

selecting, as an additional specific image from among the

transverse cross-sectional images which are generated, a
transverse cross-sectional image that depicts either one
of a common carotid artery cross-section and a common
carotid artery bulb cross-section, wherein

the relative angle of the ultrasound probe is calculated

further based on coordinates at which the one of the
common carotid artery cross-section and the common
carotid artery bulb cross-section is depicted in the addi-
tional specific image.

38. The method of claim 36, further comprising:

notifying the relative angle which is calculated to an opera-

tor.

39. The method of claim 36, wherein the specific image is
selected using, as a reference, a transverse cross-sectional
image that depicts a bifurcation of a common carotid artery,
and the method further comprises:

judging whether the relative angle is a suitable angle;

determining, when the relative angle is judged to be the

suitable angle, an ROI that defines a measurement range
for IMT measurement, using, as a reference, the trans-
verse cross-sectional image that depicts the bifurcation
of the common carotid artery; and

measuring IMT as the property of the vascular wall of the

carotid artery using a reception signal for a carotid artery
cross-section included in the ROL.

40. A method for controlling an ultrasound diagnostic
device which measures a property of a vascular wall of a
carotid artery and to which an ultrasound probe is connect-
able, the method comprising:

performing transmission processing to supply a transmis-

sion signal to the ultrasound probe in order to drive the
ultrasound probe to transmit ultrasound along a carotid
artery cross-section at each of a plurality of positions
along a direction perpendicular to the carotid artery
cross-section, and performing reception processing to
generate a reception signal for the carotid artery cross-
section at each of the positions, based on ultrasound
reflected from the carotid artery and received by the
ultrasound probe;

generating a plurality of transverse cross-sectional images

based on reception signals respectively generated at the



US 2014/0371593 Al

positions, each of the transverse cross-sectional images
depicting a carotid artery transverse cross-section that is
perpendicular to a longitudinal direction of the carotid
artery;

selecting, as a specific image from among the transverse
cross-sectional images which are generated, a transverse
cross-sectional image that depicts an internal carotid
artery cross-section and an external carotid artery cross-
section, and selecting, as an additional specific image
from among the transverse cross-sectional images
which are generated, a transverse cross-sectional image
that depicts either one of'a common carotid artery cross-
section and a common carotid artery bulb cross-section;
and

calculating a relative angle of the ultrasound probe with
respect to the carotid artery in a plane parallel to the
carotid artery transverse cross-section, based on coordi-
nates at which either one of the internal carotid artery
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cross-section and the external carotid artery cross-sec-
tion is depicted in the specific image, and coordinates at
which the one of the common carotid artery cross-sec-
tion and the common carotid artery bulb cross-section is
depicted in the additional specific image.

41. The ultrasound diagnostic device of claim 22, wherein
the relative angle calculator calculates the relative angle of the
ultrasound probe based on central coordinates of the internal
carotid artery cross-section, central coordinates of the exter-
nal carotid artery cross-section, and central coordinates of the
one of the common carotid artery cross-section and the com-
mon carotid artery bulb cross-section.

42. The ultrasound diagnostic device of claim 22, wherein
the transverse cross-sectional image selector selects at least
one out of the specific image and the additional specific image
using, as a reference, a transverse cross-sectional image that
depicts a bifurcation of a common carotid artery.
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