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$201_

Scan along blood vessel in longitudinal direction
and construct transverse 3D image

$202._

Analyze transverse 3D image to
determine measurement position-orientation
for measurement target region in blood vessel

8203

Map and display transverse 3B image,
measurement position~orientation information and
current position-orientation information
of ultrasound probe in same coordinate space

7

T

- Does current
““position-orientation information
of ultrasound probe differ from
_ measurement position—orientation o
. information by no greater than
. threshold valus?

S205 Yes

Ahcaguire longitudinal tomographic image
for property measurement
at current position-orientation

5206 _

\

Analyze longitudinal tomographic image
to caloulate property of vascular wall
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FIG. 5

Indication of relative
positions of neck and
carotid artery

¢

v Indication of
movement direction
for ultrasound probe

Navigation information display example
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S301

Sean along blood vesse! in fongitudinal direction
and construct transverse 3D image

$302

Aralyze transverse 3D image to determine
first measurement positicn-orientation in blood vaessel

S303.

Map and display transverss 3D image
first measurement positiornorientation information
and current position-orientation information of
ultrasound probe in same coordinate space

\\
3304:;;,,,wff”’ﬁa;;w;urrent
—~position-orjentation information
of ultrasound probe differ from No

. first position-orientation information e
T by no greater than e

S305-_
Acquire longitudinal tomographic image
for measurement target region determination
at current position-orientation
8306

Datect measurement reference position from fongitudinal
tomographic image and determine update information

307

Determine second measurement position-orientation and
measurement tarpget region based on first measurement
position-orientation information and update information,
and newly acouire longitudinat tomographic image inciuding
measurement range when measurement range is not inctuded in
iongitudingl tomographic image acquired in Step S305

8308 X
i Calculate property of vascular wall in measursment range j

(7]

End
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FI1G. 13

{ Start

Scan along blood vessel in iengitudinal direction
and construct transverse 3D image

S20t .

S202 |
Analyze transverse 30 image to
determine measuremant position-orientation
for measurement targel region in blood vessel

S202A_

Analyze transverse 30 image of blood vesse!
to acquire property of vascuiar wall

5203

A,

Map and display transverse 30 imags,
measurement position-orientation information and
currant position-orientation information
af ultrasound probe in same coordinate spacs

S04
Does current
position-orientation information
of uitrasound probe differ from A
. measurement position-orientation
~..information by no greater than "
. threshoid value?

5205
Acquire longitudinal tomographic image
for property measurement
gt current position-orientation
5206
Analyze longitudinal tomographic image
to catculate property of vascular wall

{ End }
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FIG. 15

Carotid artery

,//’ L—‘L 91 y
(Longitudinal tomographic
;i\ifage acguisition)
91x

(Transverse tomographic
image acquisition)

[ R
N
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5201

Scan along blood vessel in longitudinal direction
and construct transverse 3D image

5202

)

Analyze transverse 3D image to
determine measurement position-ortentation
for measurement target region in blood vesssl

S204B._

Set scan plane differing from
measurement position-orientation
by no greater than threshold value

$20658.__

Acquire longitudinal tomographic image for
property measurement at set scan plane

SZ068 .

Aralyze ultrasound image scauired at set scan plane
1o measure property of vascular wall
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FIG. 17

40A

Transducer column {,’,éé;@
923 <>l y

A Movement

Garotid arte;;\izl\\\gz

X
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FIG. 18A

FIG. 18B

F_-

FIG. 18C Q

O 7':52 < _.. FDD
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F16. 20

215 Internal carotid artery (IR
217 Bifurcation of the comon caratid artery Bif)

\ 2‘5\4 Butb of the comon carotid artery (ull)
\ N

- 213 Common caretid artery (COA)
‘{\\ \
AN
)

/i \ N

\ \\\

Peripheral end ‘_/,;:) : i Tentral end
V E /"’f

i //’ M

/ 219

# Gommon carotid srtery-bulb boundary

215 {CCA-hulb boundary)

Externai carotid artery
(ECA)
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F1G. 214
M&dia~adventitéa\\_\ /}/Tunjga intima
interface  NF Sl , .
. Tunica media
Lumgn~intima~&»/'ﬂ
interface (&7 A @L. Tunica adventitia
Arterial structure {fransverse cross—section)
Fi1G6. 218
//—Tunica adventitia
/ ~Tunica
Hedia-advent itia — g </ media | Intinavedia
interface /ﬁ’f' o~ Tunica | CODieX
Lumen-int ima- / / | intima_
interface j / }men
{ P
Arterial structure (longitudinal cross-ssction)
FI16. 216
_j.Plague

Intima—media hypertrophy {longitudinal cross-section)
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FIG. 25

{ Start }

Scan along blood vessel in
fongitudinal direction
and construct transverse 3D image

S001 ..

$002._

Analyze transverse 3D image
1o determzne measurement position
and maximum effective plane

3003

Measure intima-media thickness
in fongitudinal cross-section
generated from transverse 30 image

Coi )
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F1G. 26A

AN

Part A

Longitudinal cross—section generated
from transverse 3D image

F1G. 26B

Magnified view of part A

_—Tunica intim
. Tunica media
.~ lunica adventitia

US 2014/0081142 A1

@ Intima—media
thickness (IMT)
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ULTRASOUND DIAGNOSTIC APPARATUS
AND CONTROL METHOD FOR
ULTRASOUND DIAGNOSTIC DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Applica-
tionNo. PCT/JP2013/002728 filed Apr. 23, 2013, designating
the United States of America, the disclosure of which, includ-
ing the specification, drawings and claims, is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] Thepresent disclosure relates to an ultrasound diag-
nostic apparatus and control method thereof that analyze
ultrasound images to automatically determine a position of a
measurement target, and guide operation by an operator in a
manner such that an ultrasound image of the position can be
acquired.

DESCRIPTION OF THE RELATED ART

[0003] Diagnostic imaging apparatuses which are com-
monly used on living organisms include X-ray diagnostic
apparatuses, MRI (Magnetic Resonance Imaging) diagnostic
apparatuses and ultrasound diagnostic apparatuses. Among
the above apparatuses, ultrasound diagnostic apparatuses in
particular have advantages in terms of non-invasiveness and
real time usage, and therefore are widely used in health
examinations and diagnosis. An ultrasound diagnostic appa-
ratus may be used on various diagnostic targets such as blood
vessels, heart, liver and breasts. In particular, in recent years
there has been interest in using examination of the carotid
artery in order to determine risk of arteriosclerosis.

[0004] The following explains examination of the carotid
artery using an ultrasound diagnostic apparatus. FIGS. 19A-
19D are provided for explaining an image viewed when scan-
ning the carotid artery with the ultrasound diagnostic appa-
ratus. FIG. 19A illustrates an ultrasound probe. A plurality of
ultrasound transducers are arranged in a column on the ultra-
sound probe. Herein, the column of ultrasound transducers is
referred to as a transducer column When ultrasound transduc-
ers are arranged in a 1D (one dimensional) array, such as in
the present example, an ultrasound image is obtained of a 2D
(two dimensional) scan plane directly below the ultrasound
transducers. As illustrated in FIG. 19B, in examination of the
carotid artery, images are acquired which are viewed in a
direction in which the carotid artery extends (herein referred
to as a longitudinal direction) and also images are acquired
which are viewed in a direction which is roughly perpendicu-
lar to both the longitudinal direction and a depth direction of
the skin (herein referred to as a transverse direction). When
the ultrasound probe is scanned along the carotid artery in the
transverse direction, longitudinal tomographic images are
acquired which are cross-section images along a longitudinal
axis of the carotid artery, such as illustrated in FIG. 19C. On
the other hand, when the ultrasound probe is scanned along
the carotid artery in the longitudinal direction, transverse
tomographic images are acquired which are cross-section
images that cut across the carotid artery in the transverse
direction, such as illustrated in FIG. 19D.

[0005] The following explains structure of the carotid
artery. FIG. 20 is a perspective diagram illustrating structure
of the carotid artery along the longitudinal direction thereof.
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As illustrated in FIG. 20, the carotid artery includes a com-
mon carotid artery (CCA) 213 which configures a central end
of the carotid artery, and an internal carotid artery (ICA) 215
and an external carotid artery (ECA) 216 which configure a
peripheral end of the carotid artery. A bulb of the common
carotid artery (bulb) 214 is located between the CCA 213, and
the ICA 215 and the ECA 216. Also, a bifurcation of the
common carotid artery (Bif) 217 is located at a branching
point from the bulb 214 to the ICA 215 and the ECA 216.
[0006] The following explains structure of a vascular wall.
FIGS. 21A-21C are schematic diagrams illustrating structure
ofavascular wall of an artery. As illustrated in FIGS. 21 A and
21B, the vascular wall of the artery is configured by three
layers. In an outward direction from a lumen of the artery, the
three layers are referred to as a tunica intima, a tunica media
and a tunica adventitia. An interface between the lumen and
the tunica intima is referred to as a lumen-intima interface and
an interface between the tunica media and the tunica adven-
titia is referred to as a media-adventitia interface.

[0007] In carotid artery examination, thickness of the vas-
cular wall is used as an indicator of a degree of progression of
arteriosclerosis. As arteriosclerosis progresses, hypertrophy
occurs mainly of the tunica intima and the tunica media.
Consequently, in examination of the carotid artery using
ultrasound, thickness of an intima-media complex consisting
of the tunica intima and the tunica media, referred to as an
intima-media thickness (IMT), is measured by detecting the
lumen-intima interface and the media-adventitia interface. A
state in which hypertrophy of the intima-media complex
causes the IMT to exceed a predetermined valuein a localized
area is referred to as a plaque. FIG. 21C illustrates change in
structure of the vascular wall in the above state. Depending on
size of the plaque, treatment may be necessary such as
medicinal treatment or surgical treatment to remove the
plaque. Consequently, accurate measurement of intima-me-
dia thickness is vital in diagnosis of arteriosclerosis.

[0008] However, intima-media thickness varies depending
on a part of the carotid artery which is measured. Also, it is
difficult for an examiner to grasp 3D (three dimensional)
shape of the carotid artery due to the carotid artery being
concealed in the neck, thus examination of the carotid artery
requires a high degree of procedural skill. In regards to the
above, methods have been proposed for carotid artery exami-
nation in which measurement is automated, thus removing
the need for a high degree of procedural skill. For example,
Patent Literature 1 proposes an art in which a plurality of
tomographic images acquired by manually scanning an ultra-
sound probe along a longitudinal direction of a carotid artery
are used to construct a 3D image of the carotid artery, and
subsequently a longitudinal cross-section image is extracted
from the 3D image for use in IMT measurement. The method
disclosed in Patent Literature 1 is explained with reference to
FIG. 22.

[0009] FIG. 22 1s aschematic diagram illustrating a method
of constructing a 3D image of the carotid artery. A scan is first
performed in the longitudinal direction along the entire length
of the carotid artery, thus acquiring a plurality of transverse
tomographic images (FIG. 22, section (a)). Vascular contours
of the carotid artery are extracted from each of the transverse
tomographic images (FIG. 22, section (b)). Next, the vascular
contours in each frame are arranged in a 3D space (FIG. 22,
section (¢)), and a 3D image of the carotid artery is con-
structed by for example generating polygons based on apices
of the vascular contours (FIG. 22, section (d)). Finally, the 3D
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image is analyzed to extract a longitudinal cross-section
image along a vascular central axis for use in IMT measure-
ment.

CITATION LIST

Patent Literature

[Patent Literature 1]

[0010] Japanese Patent Application Publication No. 2003-
305039
SUMMARY
Technical Problem
[0011] Due to the nature of arteriosclerosis, regular perfor-

mance of IMT measurement is necessary, and for purposes of
accurate diagnosis, preferably IMT measurement should be
performed at the same position during each measurement.
Patent Literature 1 discloses a method for extracting, from a
3D image of the carotid artery, a longitudinal cross-section
image for IMT measurement, along a vascular central axis of
a carotid artery. However, Patent Literature 1 does not dis-
close an art which can accurately determine a position and an
orientation of an ultrasound probe which are appropriate for
IMT measurement.

[0012] Consequently, in the conventional art an operator is
required to manually perform operations to determine a mea-
surement target region for IMT and to guide the ultrasound
probe to the measurement target region. Consequently, mea-
surement is difficult if the operator does not possess a high
degree of procedural skill and increased examination time is
required in order to ensure accurate measurement.

[0013] Inlight of the above problem, the present disclosure
aims to provide an ultrasound diagnostic apparatus and a
control method thereof which allow an operator to perform
IMT measurement easily, even if the operator does not pos-
sess a high degree of procedural skill.

Solution to Problem

[0014] In order to solve the above problem, in one general
aspect of the present disclosure an ultrasound diagnostic
apparatus, to which an ultrasound probe and a position-ori-
entation detection unit, configured to detect a position and an
orientation of the ultrasound probe, are connectable, com-
prises: atransmission-reception processing unit configured to
transmit an ultrasound wave toward a blood vessel which is a
measurement target via the ultrasound probe and to receive a
reflected ultrasound wave from the blood vessel via the ultra-
sound probe; a 2D image generation unit configured to gen-
erate a tomographic image of the blood vessel based on the
reflected ultrasound wave; a measurement position-orienta-
tion determination unit configured to determine a measure-
ment target region of the blood vessel, based on a 3D image of
the blood vessel generated from a plurality of transverse
tomographic images acquired by scanning of the ultrasound
probe along the blood vessel in a longitudinal direction, and
to determine a measurement position and a measurement
orientation of the ultrasound probe for acquiring a longitudi-
nal tomographic image including the measurement target
region; a judgment unit configured to judge whether a current
position and a current orientation of the ultrasound probe,
detected by the position-orientation detection unit at a current
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time, differ from the measurement position and the measure-
ment orientation respectively by no greater than a threshold
value; and a property measurement unit configured to calcu-
late a property of a vascular wall of the blood vessel in the
measurement target region, wherein when the judgment unit
judges that the current position and the current orientation
differ from the measurement position and the measurement
orientation respectively by no greater than the threshold
value, the property measurement unit calculates the property
of the vascular wall based on the longitudinal tomographic
image of the blood vessel.

Advantageous Effects of Invention

[0015] The ultrasound diagnostic apparatus relating to the
present disclosure can be easily operated, even by an operator
who does not possess a high degree of procedural skill, to
quickly perform IMT measurement, and thus accuracy and
reproducibility of IMT measurement by the operator who
does not possess a high degree of procedural skill can be
improved.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1is a block diagram illustrating configuration
of an ultrasound diagnostic apparatus 10 relating to a first
embodiment.

[0017] FIGS. 2A-2E illustrate an overview of functions of
the ultrasound diagnostic apparatus 10 relating to the first
embodiment.

[0018] FIG. 3 is a flowchart illustrating operations of the
ultrasound diagnostic apparatus 10 relating to the first
embodiment.

[0019] FIGS.4A-4C are provided for explaining operations
of the ultrasound diagnostic apparatus 10, relating to the first
embodiment, in Step S202.

[0020] FIG. 5 illustrates a display example of navigation
information in the ultrasound diagnostic apparatus 10 relating
to the first embodiment.

[0021] FIG. 6 is a block diagram illustrating functional
configuration of an ultrasound diagnostic apparatus 20 relat-
ing to a second embodiment.

[0022] FIGS. 7A and 7B are overview diagrams provided
for explaining a method for combining results of analysis of
transverse and longitudinal tomographic images in the ultra-
sound diagnostic apparatus 20 relating to the second embodi-
ment.

[0023] FIG. 8 is a flowchart illustrating operations of the
ultrasound diagnostic apparatus 20 relating to the second
embodiment.

[0024] FIGS.9A-9C are diagrams provided for explaining
arelationship between a longitudinal tomographic image and
a measurement target region in the ultrasound diagnostic
apparatus 20 relating to the second embodiment.

[0025] FIG. 10A is a flowchart illustrating determination of
a measurement position and a measurement orientation dur-
ing IMT measurement by the ultrasound diagnostic apparatus
20 relating to the second embodiment, and FIG. 10B is a
flowchart illustrating determination of a measurement posi-
tion and a measurement orientation during Max-IMT mea-
surement by the ultrasound diagnostic apparatus 20 relating
to the second embodiment.

[0026] FIG. 11 is ablock diagram illustrating configuration
of an ultrasound diagnostic apparatus 30 relating to a third
embodiment.
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[0027] FIGS. 12A-12C are diagrams provided for explain-
ing a method for measuring plaque volume in the ultrasound
diagnostic apparatus 30 relating to the third embodiment.
[0028] FIG. 13 is a flowchart illustrating operations of the
ultrasound diagnostic apparatus 30 relating to the third
embodiment.

[0029] FIG. 14 is ablock diagram illustrating configuration
of an ultrasound diagnostic apparatus 40 relating to a fourth
embodiment.

[0030] FIG. 15 is a schematic diagram illustrating an ultra-
sound probe 91 used by the ultrasound diagnostic apparatus
40 relating the fourth embodiment.

[0031] FIG. 16 is a flowchart illustrating operations of the
ultrasound diagnostic apparatus 40 relating to the fourth
embodiment.

[0032] FIG. 17 is a schematic diagram illustrating an ultra-
sound probe 92 used by an ultrasound diagnostic apparatus
40A relating to a modified example of the fourth embodi-
ment.

[0033] FIGS. 18A-18C are provided for explaining a con-
figuration in which a control method for an ultrasound diag-
nostic apparatus relating to a fifth embodiment is imple-
mented by a computer system executing a program recorded
on a recording medium such as a floppy disk.

[0034] FIGS. 19A-19D are provided for explaining an
image which is viewed when using an ultrasound diagnostic
apparatus to scan a carotid artery.

[0035] FIG. 20 is a perspective diagram illustrating struc-
ture of the carotid artery along a longitudinal direction
thereof.

[0036] FIGS.21A-21C are schematic diagrams illustrating
structure of a vascular wall of an artery.

[0037] FIG.22is aschematic diagram illustrating a method
of constructing a 3D image of the carotid artery in a conven-
tional ultrasound diagnostic apparatus.

[0038] FIGS. 23A-23C are schematic diagrams for
explaining a method envisaged by the inventors for defining a
position and an orientation of a cross-section of a measure-
ment target blood vessel, at which an ultrasound image appro-
priate for IMT measurement can be acquired by anultrasound
diagnostic apparatus.

[0039] FIG.24is ablock diagram illustrating configuration
of an ultrasound diagnostic apparatus 00 envisaged by the
inventors.

[0040] FIG. 25 is a flowchart illustrating operations of the
ultrasound diagnostic apparatus 00 envisaged by the inven-
tors.

[0041] FIGS. 26A and 26B illustrate a longitudinal cross-
section image extracted from a transverse 3D image which is
generated from a plurality of transverse tomographic images
acquired by scanning along the carotid artery in the longitu-
dinal direction using the ultrasound diagnostic apparatus 00
envisaged by the inventors.

DETAILED DESCRIPTION

Background Leading to Embodiments of Present
Disclosure

[0042] The inventors performed wide ranging research into
an ultrasound diagnostic apparatus for determining a mea-
surement target region for IMT.

[0043] FIGS. 23A-23C are schematic diagrams for
explaining, in an ultrasound diagnostic apparatus envisaged
by the inventors, a method for defining a position and an
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orientation of a cross-section of atarget blood vessel, at which
an ultrasound image appropriate for IMT measurement can
be acquired. FIG. 23 A illustrates on a 3D image, the position
and the orientation of the cross-section of the blood vessel, at
which the ultrasound image appropriate for IMT measure-
ment can be acquired. A measurement position and a mea-
surement orientation may vary depending on an objective of
examination. For example, as illustrated in FIG. 23B, during
IMT measurement for diagnosis of arteriosclerosis, a mea-
surement target region is defined in terms of longitudinal
direction of the carotid artery as a region which is a predeter-
mined distance from a measurement reference point, set
based on external shape of the carotid artery. In terms of
transverse direction, as illustrated in FIG. 23C, a cross-sec-
tion which is a measurement target is defined as an arbitrary
flat plane (hereinafter referred to as a maximum effective
plane) containing a line (hereinafter referred to as a central
line) which joins center points of vascular contours extracted
from each of the transverse tomographic images configuring
the 3D image. An orientation of the maximum effective plane
of the transverse tomographic images is input by an operator.
IMT is calculated by analyzing the 3D image in the measure-
ment target cross-section which is determined as described
above.

[0044] FIG.24is ablock diagram illustrating configuration
of an ultrasound diagnostic apparatus 00 envisaged by the
inventors. The ultrasound diagnostic apparatus 00 includes an
ultrasound image acquisition unit 001, a transverse 3D image
construction unit 002, a measurement position-orientation
determination unit 003 and a transverse information measure-
ment unit 004. A 3D image of the carotid artery is constructed
from a plurality of transverse tomographic images acquired
by scanning along the carotid artery in the longitudinal direc-
tion using an ultrasound probe. Based on the 3D image, a
predetermined position along a longitudinal cross-section is
determined and IMT is calculated at a position in the 3D
image corresponding to the position which is determined.
[0045] The ultrasound image acquisition unit 001 acquires
a plurality of transverse tomographic images shCine through
scanning along the carotid artery in the longitudinal direction
and inputs the transverse tomographic images shCine into the
transverse 3D image construction unit 002. The transverse 3D
image construction unit 002 extracts contours of the carotid
artery from each of the transverse tomographic images
shCine and constructs a 3D image (referred to below as a
transverse 3D image) by arranging the contours in a 3D space.
The measurement position-orientation determination unit
003 determines a measurement position for IMT and an ori-
entation of a maximum effective plane in a transverse cross-
section, based on input by an operator. The transverse infor-
mation measurement unit 004 measures IMT from a cross-
section of the blood vessel in the transverse 3D image, which
is defined by the measurement position and the maximum
effective plane.

[0046] FIG. 25 is a flowchart illustrating operations of the
ultrasound diagnostic apparatus 00 envisaged by the inven-
tors. In Step S001 the carotid artery is scanned in the longi-
tudinal direction and a transverse 3D image is constructed. In
Step S002, the transverse 3D image is analyzed and based on
input from an operator, a measurement position for IMT and
a maximum effective plane is determined. In Step S003 IMT
is measured from the transverse 3D image.

[0047] In the ultrasound diagnostic apparatus 00, IMT is
measured based on the transverse 3D image, which is gener-
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ated from the plurality of transverse tomographic images
acquired through scanning the ultrasound probe along the
carotid artery in the longitudinal direction. FIGS. 26A and
26B illustrate a longitudinal cross-section extracted from the
transverse 3D image, which is generated from the plurality of
transverse tomographic images acquired through scanning
along the carotid artery in the longitudinal direction using the
ultrasound image analysis device 00 envisaged by the inven-
tors. A blood vessel pulsates in synchronization with beats of
the heart, and therefore position and size of vascular contours
of the blood vessel vary in accordance with the pulsations.
When scanning along the carotid artery in the longitudinal
direction, the ultrasound probe is moved in the longitudinal
direction while scanning the entire length of the carotid
artery. As a consequence of the above, each of the transverse
tomographic images is acquired during a different phase of
the pulsations. Hence, the vascular contours vary in size for
transverse tomographic images acquired during different
phases of the pulsations. Also, when a longitudinal cross-
section is extracted from a transverse 3D image, which is
generated using transverse tomographic images acquired dut-
ing different phases of the pulsations, unevenness of the lon-
gitudinal cross-section arises such as illustrated in FIGS. 26A
and 26B. Furthermore, vascular wall thickness in the longi-
tudinal cross-section also varies in the longitudinal direction
in accordance with the pulsations, thus variation occurs in
results of IMT measurement performed using the longitudi-
nal cross-section. As a consequence of the above variation,
accurate IMT measurement may not be possible using the
transverse tomographic images acquired by scanning along
the carotid artery in the longitudinal direction.

[0048] As explained above, when measuring IMT of the
vascular wall of the carotid artery, a region which is a prede-
termined distance from a measurement reference position can
be defined as a target position in order to automatically deter-
mine a measurement target region for IMT. The measurement
reference position is set based on external shape of the carotid
artery. For example, the measurement reference position may
be set based on a CCA-bulb boundary 219.

[0049] The inventors focused on an idea that once the mea-
surement target region is determined from the transverse 3D
image, if the ultrasound probe can be positioned in accor-
dance with the measurement target region to newly acquire a
longitudinal tomographic image, IMT can be measured with-
out being affected by the pulsations. The inventors considered
that in order to achieve the above, provision is required of a
unit for detecting a position and an orientation of the ultra-
sound probe and a method for guiding the ultrasound probe to
a measurement position and a measurement orientation for
acquiring the longitudinal tomographic image of the mea-
surement target region. Upon dedicated investigation into a
method for determining a measurement target region for mea-
suring IMT in a carotid artery and subsequently guiding, in a
simple manner, an ultrasound probe to a position and an
orientation for acquiring an ultrasound image of the measure-
ment target region, the inventors conceived of an ultrasound
diagnostic apparatus relating to each embodiment of the
present disclosure.

[0050] The following explains, with reference to the draw-
ings, an ultrasound diagnostic apparatus and a control method
thereof relating to each of the embodiments.
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Outline of Embodiments

[0051] One non-limiting and exemplary embodiment pro-
vides an ultrasound diagnostic apparatus to which an ultra-
sound probe and a position-orientation detection unit, con-
figured to detect a position and an orientation of the
ultrasound probe, are connectable, the ultrasound diagnostic
apparatus comprising: a transmission-reception processing
unit configured to transmit an ultrasound wave toward a blood
vessel which is a measurement target via the ultrasound probe
and to receive a reflected ultrasound wave from the blood
vessel via the ultrasound probe; a 2D image generation unit
configured to generate a tomographic image of the blood
vessel based on the reflected ultrasound wave; a measurement
position-orientation determination unit configured to deter-
mine a measurement target region of the blood vessel, based
on a 3D image of the blood vessel generated from a plurality
of transverse tomographic images acquired by scanning of
the ultrasound probe along the blood vessel in a longitudinal
direction, and to determine a measurement position and a
measurement orientation of the ultrasound probe for acquir-
ing a longitudinal tomographic image including the measure-
ment target region; a judgment unit configured to judge
whether a current position and a current orientation of the
ultrasound probe, detected by the position-orientation detec-
tion unit at a current time, differ from the measurement posi-
tion and the measurement orientation respectively by no
greater than a threshold value; and a property measurement
unit configured to calculate a property ofa vascular wall of the
blood vessel in the measurement target region, wherein when
the judgment unit judges that the current position and the
current orientation differ from the measurement position and
the measurement orientation respectively by no greater than
the threshold value, the property measurement unit calculates
the property of the vascular wall based on the longitudinal
tomographic image of the blood vessel.

[0052] Alternatively, a display may be connectable to the
ultrasound diagnostic apparatus, and the ultrasound diagnos-
tic apparatus may further comprise a display control unit
configured to control the display to display the 3D image of
the blood vessel, the measurement position and the measure-
ment orientation, and the current position and the current
orientation of the ultrasound probe.

[0053] Alternatively, the ultrasound diagnostic apparatus
may further comprise the position-orientation detection unit.
[0054] Alternatively, the ultrasound diagnostic apparatus
may further comprise a transverse 3D image construction unit
configured to construct the 3D image of the blood vessel
based on the plurality of transverse tomographic images and
based on position-orientation information indicating a posi-
tion and an orientation of the ultrasound probe when each of
the transverse tomographic images is acquired.

[0055] Alternatively, the blood vessel may be a carotid
artery, and the property of the vascular wall may be an intima-
media thickness.

[0056] Alternatively, the measurement position-orientation
determination unit may determine the measurement target
region for intima-media thickness based on a boundary posi-
tion between a common carotid artery and a bulb of the
common carotid artery, and may determine the measurement
position and the measurement orientation in a manner such
that the measurement target region is included in a reception
signal acquisition range of the ultrasound probe when the
ultrasound probe is positioned at the measurement position
and the measurement orientation.
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[0057] Alternatively, the measurement position-orientation
determination unit may detect a position of maximum hyper-
trophy, at which the intima-media thickness is a maximum
value, in at least one part of the carotid artery, and may
determine the measurement position and the measurement
orientation in a manner such that the position of maximum
hypertrophy is included in a reception signal acquisition
range of the ultrasound probe when the ultrasound probe is
positioned at the measurement position and the measurement
orientation, and the part of the carotid artery may be a com-
mon carotid artery, a bulb of the common carotid artery or an
internal carotid artery.

[0058] Alternatively, the measurement position-orientation
determination unit may detect a position of maximum hyper-
trophy, at which the intima-media thickness is a maximum
value, in at least one part of the carotid artery, the part of the
carotid artery may be a common carotid artery, a bulb of the
common carotid artery or an internal carotid artery, and the
property measurement unit may measure an intima-media
volume in a region including the position of maximum hyper-
trophy, based on the 3D image of the blood vessel.

[0059] Another non-limiting and exemplary embodiment
provides an ultrasound diagnostic apparatus to which an
ultrasound probe and a position-orientation detection unit,
configured to detect a position and an orientation of the ultra-
sound probe, are connectable, the ultrasound diagnostic appa-
ratus comprising: a transmission-reception processing unit
configured to transmit an ultrasound wave toward a blood
vessel which is a measurement target via the ultrasound probe
and to receive a reflected ultrasound wave from the blood
vessel via the ultrasound probe; a 2D image generation unit
configured to generate a tomographic image of the blood
vessel based on the reflected ultrasound wave; a measurement
position-orientation determination unit configured to deter-
mine a measurement target region of the blood vessel, based
on a plurality of transverse tomographic images acquired by
scanning of the ultrasound probe along the blood vessel in a
longitudinal direction and based on position-orientation
information indicating a position and an orientation of the
ultrasound probe when each of the transverse tomographic
images is acquired, and to determine a measurement position
and a measurement orientation of the ultrasound probe for
acquiring a longitudinal tomographic image including the
measurement target region; a judgment unit configured to
judge whether a current position and a current orientation of
the ultrasound probe, detected by the position-orientation
detection unit at a current time, differ from the measurement
position and the measurement orientation respectively by no
greater than a threshold value; and a property measurement
unit configured to calculate a property ofa vascular wall of the
blood vessel in the measurement target region, wherein when
the judgment unit judges that the current position and the
current orientation differ from the measurement position and
the measurement orientation respectively by no greater than
the threshold value: the transmission-reception unit transmits
the ultrasound wave and receives the reflected ultrasound
wave via the ultrasound probe which is positioned at the
current position and the current orientation; the 2D image
generation unit generates the longitudinal tomographic
image of the blood vessel based on the reflected ultrasound
wave; and the property measurement unit calculates the prop-
erty of the vascular wall based on the longitudinal tomo-
graphic image of the blood vessel.
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[0060] Another non-limiting and exemplary embodiment
provides an ultrasound diagnostic apparatus to which an
ultrasound probe and a position-orientation detection unit,
configured to detect a position and an orientation of the ultra-
sound probe, are connectable, the ultrasound diagnostic appa-
ratus comprising: a transmission-reception processing unit
configured to transmit an ultrasound wave toward a blood
vessel which is a measurement target via the ultrasound probe
and to receive a reflected ultrasound wave from the blood
vessel via the ultrasound probe; a 2D image generation unit
configured to generate a tomographic image of the blood
vessel based on the reflected ultrasound wave; a transverse 3D
image construction unit configured to construct a 3D image of
the blood vessel based on a plurality of transverse tomo-
graphic images acquired by scanning of the ultrasound probe
along the blood vessel in alongitudinal direction and based on
position-orientation information indicating a position and an
orientation of the ultrasound probe when each of the trans-
verse tomographic images is acquired; a transverse informa-
tion analysis unit configured to determine, based on the 3D
image of the blood vessel, a measurement position and a
measurement orientation of the ultrasound probe for acquir-
ing a longitudinal tomographic image for measuring a prop-
erty of a vascular wall of the blood vessel; a judgment umt
configured to judge whether a current position and a current
orientation of the ultrasound probe, detected by the position-
orientation detection unit at a current time, differ from the
measurement position and the measurement orientation
respectively by no greater than a threshold value; a longitu-
dinal information analysis unit configured to determine an
updated measurement position of the ultrasound probe for
acquiring a longitudinal tomographic image including a mea-
surement target region of the blood vessel; a measurement
position determination unit configured to determine the mea-
surement target region of the blood vessel for measuring the
property of the vascular wall, based on the updated measure-
ment position; and a property measurement unit configured to
calculate the property of the vascular wall in the measurement
target region based on the longitudinal tomographic image,
wherein when the judgment unit judges that the current posi-
tion and the current orientation differ from the measurement
position and the measurement orientation respectively by no
greater than the threshold value: the transmission-reception
unit transmits the ultrasound wave and receives the reflected
ultrasound wave via the ultrasound probe which is located at
the current position and the current orientation; the 2D image
generation unit generates the longitudinal tomographic
image of the blood vessel based on the reflected ultrasound
wave; the longitudinal information analysis unit determines
the updated measurement position based on the longitudinal
tomographic image; the measurement position determination
unit determines the measurement target region, for measuring
the property of the vascular wall, based on the updated mea-
surement position; and the property measurement unit calcu-
lates the property of the vascular wall in the measurement
target region based on the longitudinal tomographic image of
the blood vessel.

[0061] Another non-limiting and exemplary embodiment
provides an ultrasound diagnostic apparatus to which an
ultrasound probe is connectable which is configured such that
at least one transducer column thereof, having a plurality of
ultrasound transducers arranged in a column, is configured to
scan in a row direction perpendicular to the column, the
ultrasound diagnostic apparatus comprising: a transmission-
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reception processing unit configured to transmit an ultra-
sound wave toward a blood vessel which is a measurement
target via the ultrasound probe and to receive a reflected
ultrasound wave from the blood vessel via the ultrasound
probe; a 2D image generation unit configured to generate a
tomographic image of the blood vessel based on the reflected
ultrasound wave; a measurement position-orientation deter-
mination unit configured to determine a measurement target
region of the blood vessel for measuring a property of a
vascular wall of the blood vessel based on a 3D image of
vascular contours formed by arranging in a 3D space, vascu-
lar contours of the blood vessel extracted from a plurality of
tomographic images generated by the 2D image generation
unit, the tomographic images being acquired by scanning of
the transducer column in the row direction along one direc-
tion of the blood vessel and the vascular contours being
arranged based on each of the tomographic images and a row
direction position of the transducer column when the tomo-
graphic image is acquired; a scan plane setting unit config-
ured to determine a column position of the ultrasound trans-
ducers for acquiring a tomographic image that is parallel to
the row direction and that includes the measurement target
region, and to instruct the transmission-reception processing
unit to perform transmission processing and reception pro-
cessing for acquiring a tomographic image for property mea-
surement at the column position; and a property measurement
unit configured to measure the property of the vascular wall
by analyzing the tomographic image for property measure-
ment.

[0062] Alternatively, the ultrasound probe may be config-
ured in a manner such that a plurality of transducer columns
thereof, each having by a plurality of ultrasound transducers
arranged in a column, are arranged in the row direction pet-
pendicular to the column.

[0063] Alternatively, the ultrasound probe may be config-
ured in a manner such that a transducer column thereof,
having a plurality of ultrasound transducers arranged in a
column, is configured to move in a direction perpendicular to
the column.

[0064] Another non-limiting and exemplary embodiment
provides a control method for an ultrasound diagnostic appa-
ratus to which an ultrasound probe and a position-orientation
detection unit, configured to detect a position and an orienta-
tion of the ultrasound probe, are connectable, the control
method comprising: a step of transmitting an ultrasound wave
toward a blood vessel which is a measurement target via the
ultrasound probe and receiving a reflected ultrasound wave
from the blood vessel via the ultrasound probe; a step of
generating a tomographic image of the blood vessel based on
the reflected ultrasound wave; a step of determining a mea-
surement target region of the blood vessel based on a 3D
image of the blood vessel generated from a plurality of trans-
verse tomographic images acquired by scanning of the ultra-
sound probe along the blood vessel in a longitudinal direc-
tion, and determining a measurement position and a
measurement orientation of the ultrasound probe for acquir-
ing a longitudinal tomographic image including the measure-
ment target region; a step of judging whether a current posi-
tion and a current orientation of the ultrasound probe,
detected by the position-orientation detection unit at a current
time, differ from the measurement position and the measure-
ment orientation respectively by no greater than a threshold
value; and a step of calculating a property of a vascular wall
ofthe blood vessel in the measurement target region, based on
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the longitudinal tomographic image, when the current posi-
tion and the current orientation of the ultrasound probe differ
from the measurement position and the measurement orien-
tation respectively by no greater than the threshold value.

First Embodiment

[0065] The following explains, with reference to the draw-
ings, an ultrasound diagnostic apparatus relating to a first
embodiment.

[0066] When an ultrasound diagnostic apparatus 10 relat-
ing to the first embodiment measures a property of a vascular
wall of a blood vessel which is a measurement target, the
ultrasound diagnostic apparatus 10 determines a measure-
ment target region in the blood vessel for measuring the
property of the vascular wall. The ultrasound diagnostic appa-
ratus 10 automatically determines a measurement position
and a measurement orientation for an ultrasound probe at
which an ultrasound image can be acquired of a scan plane
that includes the measurement target region. Herein, the term
“scan plane” refers to a region of which an ultrasound image
can be acquired. In addition to the above, the ultrasound
diagnostic apparatus 10 guides an operator using a display
screen in a manner such that the ultrasound image can be
acquired of the scan plane indicated by the measurement
position and the measurement orientation. The ultrasound
diagnostic apparatus 10 also automatically judges whether a
position and an orientation of the ultrasound probe operated
by the operator match the measurement position and the
measurement orientation respectively. When the above posi-
tions and orientations match, the ultrasound diagnostic appa-
ratus 10 acquires an ultrasound image thereat and measures
the property of the vascular wall from the ultrasound image.
The present embodiment is explained using IMT of a carotid
artery as an example of the property of the vascular wall of the
blood vessel, which is the measurement target.

[0067] <Configuration>
[0068] (General Configuration)
[0069] FIG. 1 is a block diagram illustrating functional

configuration of the ultrasound diagnostic apparatus 10 relat-
ing to the first embodiment. FIGS. 2A-2F illustrate an over-
view of functions of the ultrasound diagnostic apparatus 10.
[0070] As illustrated in FIG. 1, the ultrasound diagnostic
apparatus 10 is configured in a manner such that an ultrasound
probe 90, a probe position-orientation detection unit 104 and
a display 80 are each electrically connectable to the ultra-
sound diagnostic apparatus 10. The ultrasound probe 90
transmits an ultrasound wave towards a subject and receives a
reflected ultrasound wave from the subject, the probe posi-
tion-orientation detection unit 104 detects a position and an
orientation of the ultrasound probe 90, and the display 80
displays information. FIG. 1 illustrates the ultrasound diag-
nostic apparatus 10 with the ultrasound probe 90, the probe
position-orientation detection unit 104 and the display 80
each connected thereto. The ultrasound diagnostic apparatus
10 includes a transmission-reception processing unit 100, a
2D image generation unit 101, a transverse 3D image con-
struction unit 102, a measurement position-orientation deter-
mination unit 103, a judgment unit 105, a property measure-
ment unit 106 and a display control unit 107.

[0071] (Ultrasound Probe 90)

[0072] The ultrasound probe 90 includes a transducer col-
umn, which has a plurality of piezoelectric elements arranged
in a column as a 1D array (not illustrated). The ultrasound
probe 90 receives a transmission signal supplied from the
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transmission-reception processing unit 100 as a pulse or con-
tinuous electrical signal, and converts the transmission signal
into a pulse or continuous ultrasound wave. While the trans-
ducer column is in contact with skin surface of the subject, the
ultrasound probe 90 emits an ultrasound beam from the skin
surface toward the carotid artery. In order to acquire a tomo-
graphic image which is a transverse cross-section of the
carotid artery, the ultrasound beam is emitted while the ultra-
sound probe 90 is orientated such that the transducer column
is perpendicular to the longitudinal direction of the carotid
artery. The ultrasound probe 90 also receives an ultrasound
echo signal which is an ultrasound wave reflected from the
subject. The ultrasound probe 90 converts the ultrasound echo
signal into an electrical signal through the transducer column,
and supplies the electrical signal to the transmission-recep-
tion processing unit 100.

[0073] In order that a plurality of transverse tomographic
images of the carotid artery can be acquired, the ultrasound
probe 90 is scanned along the carotid artery in the longitudi-
nal direction with the ultrasound probe 90 orientated such that
the transducer column is approximately perpendicular to the
longitudinal direction of the carotid artery. The above opera-
tion is referred to below as a “hand scan”. FIG. 2A is a
schematic diagram of a situation in which the ultrasound
probe 90 is used to perform a hand scan along the carotid
artery in the longitudinal direction. The transducer column of
the ultrasound probe 90 is applied against the skin surface and
an ultrasound beam is transmitted while moving the ultra-
sound probe 90 in a single direction longitudinally along the
carotid artery. During the above, the ultrasound probe 90
should preferably be moved along the carotid artery in the
longitudinal direction at a constant speed in order that the
plurality of transverse tomographic images can be acquired at
constant intervals relative to one another.

[0074] For example, when a degree of allowable error of a
measurement plane when acquiring a transverse tomographic
image is 0.25 mm and when a frame acquisition rate is 20
frames/sec, scanning should preferably be performed in the
longitudinal direction at a speed of 5 mm/sec.

[0075] Through the above, the ultrasound probe 90 receives
an ultrasound echo signal for a transverse cross-section of the
carotid artery corresponding to a position which the ultra-
sound probe 90 is moved to. Subsequently, the ultrasound
probe 90 converts the ultrasound echo signal to an electrical
signal and supplies the electrical signal to the transmission-
reception processing unit 100.

[0076] (Probe Position-Orientation Detection Unit 104)

[0077] The probe position-orientation detection unit 104
detects a position and an orientation of the ultrasound probe
90, and outputs the position and the orientation to the trans-
verse 3D image construction unit 102 and the judgment unit
105, which are explained further below. As illustrated in FIG.
2A, the probe position-orientation detection unit 104 is for
example configured by an image capture sub-unit 1044, such
as a CCD camera, and optical markers 1045 which are
attached to the ultrasound probe 90, for example at four
different locations. The optical markers 1045 are captured by
the image capture sub-unit 104a and based on positions of the
optical markers 1045, relative positions of the optical markers
1045 relative to one another, and change in the positions and
the relative positions, the probe position-orientation detection
unit 104 detects in real time, the position and the orientation
of the ultrasound probe 90 in 3D space. In the above, the
subject is assumed not to move during examination of IMT
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and the operator is assumed to possess enough procedural
skill to be able to perform a hand scan of the ultrasound probe
90 along the carotid artery of the subject in the longitudinal
direction, in order to acquire transverse tomographic images
of the carotid artery. When the operator performs the hand
scan to acquire the plurality of transverse tomographic
images of the carotid artery, with regards to each of the
transverse tomographic images, a position and an orientation
of the ultrasound probe 90 is detected for a point in time when
the transverse tomographic image is acquired. The probe
position-orientation detection unit 104 sends the position and
the orientation of the ultrasound probe 90 when each of the
transverse tomographic images is acquired to the transverse
3D image construction unit 102 and the judgment unit 105, in
accompaniment to an order in which the transverse tomo-
graphic image is acquired during the hand scan. The trans-
verse 3D image construction unit 102 and the judgment unit
105 are explained further below.

[0078] FIG. 2A illustrates one example of the probe posi-
tion-orientation detection unit 104 detecting the position and
the orientation of the ultrasound probe 90. In order that an
image of the optical markers 1045 can be acquired using the
image capture sub-unit 1044, the image capture sub-unit 104a
is positioned so that the optical markers 1045 are not posi-
tioned ina blind spot of the image capture sub-unit 1044, even
when the ultrasound probe 90 is moved. Herein, an example
is given in which the image capture sub-unit 104a is posi-
tioned above the subject in order to reduce blind spot occur-
rence. Furthermore, by positioning a plurality of image cap-
ture sub-units 104a, blind spot occurrence can be further
reduced due to each of the optical markers 1045 only needing
to be visible from one of the image capture sub-units 104a.
Thus, the position and the orientation of the ultrasound probe
90 can be detected while the ultrasound probe 90 is scanned
along the carotid artery in the longitudinal direction.

[0079] (Transmission-Reception Processing Unit 100)
[0080] Thetransmission-reception processing unit 100 per-
forms transmission processing to generate a pulse or continu-
ous electrical signal for causing the ultrasound probe 90 to
transmit an ultrasound beam and to supply the electrical sig-
nal to the ultrasound probe 90 as a transmission signal.
[0081] The transmission-reception processing unit 100
also performs reception processing to amplify and A/D con-
vert an electrical signal received from the ultrasound probe
90, thus generating a reception signal. The reception signal is
for example formed from a plurality of signals in a direction
along the transducer column and in a depth direction away
from the transducer column Each of the signals is an A/D
converted digital signal of an electrical signal converted from
amplitude of an echo signal. Through the above, a reception
signalis generated for atransverse cross-section of the carotid
artery in each of a plurality of frames in the hand scan
described above. The transmission-reception processing umit
100 supplies the reception signal for each of the plurality of
frames to the 2D image generation unit 101.

[0082] (2D Image Generation Unit 101)

[0083] Basedoneach of the reception signals, the 2D image
generation unit 101 generates a 2D image shCine which is a
transverse tomographic image of the carotid artery for a frame
to which the reception signal corresponds. Thus, the 2D
image generation unit 101 generates a plurality of 2D images
shCine. The 2D image generation unit 101 supplies the 2D
images shCine to the transverse 3D image construction unit
102. Each of the 2D images shCine is an image signal, the
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image signal being the reception signal on which coordinate
conversion has been performed so as to correspond to an
orthogonal coordinate system. The 2D image generation unit
101 supplies each of the 2D images shCine to the transverse
3D image construction unit 102, accompanied by an order in
which the 2D image shCine is acquired during the hand scan.

[0084]

[0085] The transverse 3D image construction unit 102
extracts vascular contours of the carotid artery from each of
the 2D images shCine. As illustrated in FIG. 2B, extraction of
vascular contours is performed based on the transverse tomo-
graphic images, for example using a common image process-
ing technique, such as edge detection processing, in order to
extract contours of parts of the vascular wall of the blood
vessel. Subsequently, the vascular contours from each of the
transverse tomographic images are mapped in a 3D space to
construct a 3D image of the carotid artery based on position
and orientation of a scan plane, which is calculated from the
position and the orientation of the ultrasound probe 90 at
which the transverse tomographic imageis acquired, received
from the probe position-orientation detection unit 104. The
3D image of the carotid artery is for example constructed by
generating a polygon from contour apices of each of the
transverse tomographic images. The transverse 3D image
construction unit 102 maps the vascular contours in the 3D
space and outputs coordinates shCont of the vascular con-
tours to the measurement position-orientation determination
unit 103.

(Transverse 3D Image Construction Unit 102)

[0086] (Measurement Position-Orientation Determination
Unit 103)
[0087] Based on the vascular contours and the coordinates

shCont of the vascular contours, the measurement position-
orientation determination unit 103 analyzes 3D shape of the
vascular contours. The measurement position-orientation
determination unit 103 determines measurement position-
orientation information locRef indicating a position and an
orientation of the ultrasound probe 90 configuring a scan
plane at which a longitudinal tomographic image for IMT
measurement can be acquired. The measurement position-
orientation determination unit 103 also determines measure-
ment range information mesRan indicating a measurement
range for IMT.

[0088] Forexample, based on the vascular contours and the
coordinates shCont thereof, the measurement position-orien-
tation determination unit 103 calculates variation in outer
diameter of the tunica adventitia in the longitudinal direction
and detects a point of inflection as a boundary position 219
(herein, referred to as a CCA-bulb boundary 219) between the
CCA 213 and the bulb 214. Using the CCA-bulb boundary
219 as a point of origin, the measurement position-orientation
determination unit 103 determines an IMT measurement
range 212 to be a range extending for 1-2 cm from a start
point, which is a point 1 cm toward the CCA 213 from the
point of origin. The measurement position-orientation deter-
mination unit 103 outputs the IMT measurement range 212
which is determined as measurement range information mes-
Ran. The measurement position-orientation determination
unit 103 also calculates a measurement position and a mea-
surement orientation, which are respectively a position and an
orientation of the ultrasound probe 90 at which a longitudinal
tomographic image of a scan plane including the IMT mea-
surement range 212 can be acquired. The measurement posi-
tion-orientation determination unit 103 outputs the measure-
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ment position and the measurement orientation as
measurement position-orientation information locRef.
[0089] The measurement position and the measurement
orientation are not limited to being determined by the method
described above. For example, alternatively position of the
tunica adventitia or variation of IMT in the longitudinal direc-
tion may be calculated, a point of inflection thereof may be
detected as the CCA-bulb boundary 219, and the IMT mea-
surement range 212 may be defined as a predetermined range
relative to a point of origin which is set as the CCA-bulb
boundary 219 which is detected.

[0090] IMT measurement should preferably be performed
using a maximum effective plane which passes centrally
through the carotid artery. The above is due to an ultrasound
signal being incident approximately perpendicular to a near
wall and a far wall of vascular contours in a transverse tomo-
graphic image of the maximum effective plane, and thus a
stronger reflected wave can be acquired by the ultrasound
transducers.

[0091] The measurement position-orientation determina-
tion unit 103 outputs the measurement position-orientation
information locRef and the measurement range information
mesRan to the display control unit 107. Subsequently, navi-
gation is performed in order to guide the operator to move the
ultrasound probe 90 to the measurement position and the
measurement orientation, which indicate position and orien-
tation of a scan plane.

[0092] (Judgment Unit 105)

[0093] The judgment unit 105 receives current position-
orientation information locCur from the probe position-ori-
entation detection unit 104, which indicates a current position
and a current orientation of the ultrasound probe 90 being
operated by the operator.

[0094] The judgment unit 105 performs a comparison of
the measurement position-orientation information locRef
and the position-orientation information locCur to judge
whether the current position-orientation information locCur
differs from the measurement position-orientation informa-
tion locRef by no greater than a predetermined threshold
value. The current position-orientation information locCur,
indicating the current position and the current orientation of
the ultrasound probe 90, is acquired directly from the probe
position-orientation detection unit 104. On the other hand, the
measurement position-orientation information locRef is
information indicating a position and an orientation of the
ultrasound probe 90 which configure a scan plane at which a
longitudinal tomographic image for IMT measurement can
be acquired. The judgment unit 105 is able to directly com-
pare the two types of information described above.

[0095] Ina situation in which the current position-orienta-
tion information locCur indicates the current position and the
current orientation of the ultrasound probe 90, and the mea-
surement position-orientation information locRef for
example indicates a position and an orientation of a scan
plane at which the longitudinal tomographic image for IMT
can be acquired, the two types of information cannot be
directly compared. In the above situation, in order that the two
types of information can be directly compared, the measure-
ment position-orientation information locRef is required to
be converted into a position and an orientation of the ultra-
sound probe 90 which configure the scan plane described
above.

[0096] Alternatively, the two types of information can be
directly compared in a situation in which the current position-
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orientation information locCur indicates a position and an
orientation of a scan plane currently configured by the ultra-
sound probe 90 and the measurement position-orientation
information locRef indicates the position and the orientation
of the scan plane at which the longitudinal tomographic
image for IMT measurement can be acquired.

[0097] The judgment unit 105 outputs the current position-
orientation information locCur to the display control unit 107,
indicating the current position and the current orientation of
the ultrasound probe 90.

[0098] When the current position-orientation information
locCur differs from the measurement position-orientation
information locRef by no greater than the predetermined
threshold value, the judgment unit 105 may instruct the trans-
mission-reception processing unit 100 to perform transmis-
sion processing and reception processing to acquire a longi-
tudinal tomographic image for property measurement, thus
newly acquiring a longitudinal tomographic image. The 2D
image generation unit 101 receives a reception signal from
the transmission-reception processing unit 100, generates a
2D image loCine which is a longitudinal tomographic image
based on the reception signal and supplies the 2D image
loCine to the property measurement unit 106, which is
explained further below.

[0099] (Property Measurement Unit 106)

[0100] The property measurement unit 106 acquires the 2D
image loCine from the 2D image generation unit 101 and
measures IMT in a range indicated by the measurement range
information mesRan.

[0101] Through the above, the property measurement unit
106 measures IMT based on the 2D image loCine, which is a
longitudinal tomographic image acquired at the current posi-
tion when the judgment unit 105 judges that the current posi-
tion-orientation information locCur differs from the measure-
ment position-orientation information locRef by no greater
than the threshold value.

[0102] As explained above, a vascular wall is configured by
atunica intima, a tunica media and a tunica adventitia in order
of innermost position and IMT refers to intima-media thick-
ness which is thickness of an intima-media complex. The
property measurement unit 106 measures IMT by detecting
the intima-media between the lumen and the tunica adventitia
in a 2D image generated based on a reception signal. IMT is
measured from the longitudinal tomographic image of the
blood vessel using a method which is, for example, based on
a method recited in International Publication No. WO2007/
108359. The display 80 is controlled to display results of IMT
measurement.

[0103] (Display Control Unit 107)

[0104] Thedisplay control unit 107 receives, from the mea-
surement position-orientation determination unit 103, the
measurement range information mesRan, which indicates the
IMT measurement range, and the measurement position-ori-
entation information locRef, which indicates the measure-
ment position and the measurement orientation of the ultra-
sound probe 90 configuring the scan plane in the transverse
3D image at which the longitudinal tomographic image for
IMT measurement can be acquired. The display control unit
107 controls the display 80 to display the scan plane and the
IMT measurement range superimposed on the transverse 3D
image.

[0105] The display control unit 107 also receives, from the
judgment unit 105, the current position-orientation informa-
tion locCur, which indicates the current position and the
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current orientation of the ultrasound probe 90 being operated
by the operator. The display control unit 107 controls the
display 80 to display a scan plane configured by the ultra-
sound probe 90 at the current position and the current orien-
tation indicated by the current position-orientation informa-
tion locCur.

[0106] The display control unit 107 also receives, from the
property measurement unit 106, information indicating
results of IMT measurement and controls the display 80 to
display the results of IMT measurement. During the above, a
more user friendly configurationis achieved by displaying the
IMT measurement range 212, for which IMT measurement is
performed, in accompaniment with the 3D image.

[0107] FIG. 2C illustrates an example of navigation display
presented to the operator. A scan plane (solid-line rectangle)
including a measurement target region set by the measure-
ment position-orientation information locRef and a current
scan plane (dashed-line rectangle) calculated from the current
positionand the current orientation of the ultrasound probe 90
are displayed superimposed on the 3D image of the carotid
artery. While viewing the navigation display, the operator
should preferably move the ultrasound probe 90 in order that
position of the dashed-line rectangle matches position of the
solid-line rectangle. When at a position such as illustrated in
FIG. 2D, where difference between the two rectangles is no
greater than a threshold value, a longitudinal tomographic
image is acquired at the position. IMT measurement is per-
formed based on the longitudinal tomographic image which
is acquired and the IMT measurement range indicated by the
measurement range information mesRan, and results of the
IMT measurement are displayed as illustrated in FIG. 2E.

[0108]

[0109] Operation of the ultrasound diagnostic apparatus
10, configured as described above, is explained below with
reference to FIG. 3. FIG. 3 is a flowchart illustrating opera-
tions related to IMT measurement in the ultrasound diagnos-
tic apparatus 10 relating to the first embodiment. Transmis-
sion of an ultrasound beam toward a carotid artery of a subject
and reception of an ultrasound beam from the carotid artery is
achieved using a conventional method, and therefore expla-
nation thereof is omitted. In other words, the following
explains operations up until automatic determination of IMT
measurement range and performance of IMT measurement in
the IMT measurement range.

[0110] (Step S201)

[0111] InStep S201, a hand scan of the ultrasound probe 90
along the carotid artery in the longitudinal direction is pet-
formed with the transducer column of the ultrasound probe 90
orientated approximately perpendicularly to the longitudinal
direction, thus acquiring a plurality of transverse tomo-
graphic images of the carotid artery. Subsequently, vascular
contours of the carotid artery are extracted from each of the
transverse tomographic images. A 3D image of the carotid
artery is constructed by mapping the vascular contours
extracted from each of the transverse tomographic images to
a 3D space, based on a position and an orientation of a scan
plane corresponding to the transverse tomographic image.
During the above, the position and the orientation of the scan
plane is calculated from a position and an orientation of the
ultrasound probe 90 when the transverse tomographic image
corresponding to the scan plane is acquired. The position and
the orientation of the ultrasound probe 90 are received from
the probe position-orientation detection unit 104. Among the

<Operation>
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tunica intima, the tunica media and the tunica adventitia,
contours are extracted of at least the tunica adventitia.

[0112] (Step S202)

[0113] InStep S202, shape of contours of the tunica adven-
titia in the transverse 3D image is analyzed to determine a
measurement position and a measurement orientation of the
ultrasound probe 90, at which a tomographic image can be
acquired including a measurement target region of the blood
vessel. In order that IMT measurement can be performed
using a longitudinal tomographic image, the measurement
position and the measurement orientation are determined by
determining a position and an orientation of the ultrasound
probe 90 configuring a scan plane for acquiring a longitudinal
tomographic image including the measurement target region.

[0114] For example, as explained above, based on the vas-
cular contours and the coordinates shCont thereof, variation
in outer diameter of the tunica adventitia in the longitudinal
direction is calculated and a point of inflection is detected as
the CCA-bulb boundary 219. The CCA-bulb boundary 219 is
taken as a point of origin and a point 1 cm toward the CCA 213
from the point of origin is taken as a start point of the IMT
measurement range 212, which is a range of predetermined
size starting therefrom. Subsequently, a measurement posi-
tion and a measurement orientation of the ultrasound probe
90 are calculated for acquiring a longitudinal tomographic
image of a scan plane which includes the IMT measurement
range 212. The measurement position and the measurement
orientation are output as measurement position-orientation
information locRef. IMT measurement should preferably be
performed using a maximum effective plane which passes
centrally through the carotid artery and which has a predeter-
mined orientation in the transverse direction.

[0115] FIGS. 4A-4C are diagrams for explaining opera-
tions of the ultrasound diagnostic apparatus 10, relating to the
first embodiment, in Step S202. FIG. 4A illustrates a longi-
tudinal cross-section view of the contours of the tunica adven-
titia in the transverse 3D image constructed in Step S201. In
early stage arteriosclerosis, hypertrophy of the intima-media
complex close to the bulb 214 is common. Therefore, in
screening for arteriosclerosis IMT measurement is recom-
mended in a range extending for 1-2 cm from a start point,
which is set as a point 1 cm toward the CCA 213 from the
CCA-bulb boundary 219. The CCA-bulb boundary 219 can
be detected as a point of inflection in a curve of vascular
diameter.

[0116] FIG. 4B is a graph illustrating a curve of vascular
diameter plotted on the vertical axis against distance in the
longitudinal direction plotted on the horizontal axis for when
the carotid artery is scanned in the longitudinal direction from
the central end to the peripheral end thereof. The point of
inflection is a position at which curvature of the curve of
vascular diameter changes from positive to negative. Herein,
the point of inflection is determined based on change in diam-
eter in a longitudinal cross-section which is 1D information,
however alternatively 2D information may be used such as
change in area of transverse contours in the direction of the
scan. By using change in area, location of the point of inflec-
tion can be determined in a manner which is less affected by
errors in contour extraction, which for example occur due to
fluctuation in contour position. Alternatively, the point of
inflection may be calculated after performing low-pass filter
processing on the vascular contours with regards to the lon-
gitudinal direction in order to reduce noise.
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[0117] FIG. 4C illustrates the measurement target region as
a region of 1 cm in width extending from a position 1 cm
toward the CCA 213 from the point of inflection, which
indicates the CCA-bulb boundary 219. Herein, the point of
inflection is one example of a measurement reference posi-
tion for determining the measurement target region. Alterna-
tively, a different position such as the Bif 217 may be used as
the measurement reference position. Furthermore, distance
from the measurement reference point, measurement range
and the like are defined differently in different diagnostic
protocols and therefore are not limited to being 1 cm such as
described above.

[0118] The longitudinal cross-section illustrated in FIG.
4Aisaflat plane passing through the CCA 213 or the bulb 214
and also passing through a central position of vascular con-
tours of each ofthe ICA 215 and the ECA 216. However, the
longitudinal tomographic image may alternatively be an arbi-
trary flat plane including a central line of vascular contours of
each of the CCA 213 and the bulb 214.

[0119] The maximum effective plane is selected as a flat
plane which includes a central line of a part of the carotid
artery close to the measurement reference position. Prefer-
ably the maximum effective plane should be determined
using a preset method which has a high degree of reproduc-
ibility. For example, the maximum effective plane may be
determined to be aflat plane including the central line close to
the measurement reference position and also a central line of
contours of the ICA 215 close to the Bif 217. Alternatively,
the maximum effective plane may be determined to be a flat
plane of least squares in terms of distance from the central line
close to the measurement reference position and also a central
line of contours of each of the ICA 215 and the ECA 216 close
to the Bif 217. Further alternatively, the maximum effective
plane may be determined and subsequently the measurement
reference position may be determined based on contours of
the tunica adventitia in the maximum effective plane.

[0120] A plurality of measurement target regions may alter-
natively be set, for example by setting a plurality of measure-
ment target regions in the CCA 213 or by setting measure-
ment target regions in a plurality of different parts of the
carotid artery such as the CCA 213 and the ICA 215. The
maximum effective plane may also be set as a plurality of
different cross-sections, for example maximum effective
planes may be set at three different orientations, each sepa-
rated by an interval of 60 degrees. The CCA-bulb boundary
219 may alternatively be set as a position at which a gradient
of the curve illustrated in FIG. 4B exceeds a threshold value,
or as aposition at which the vascular diameter or vascular area
increases to a predetermined value relative to the CCA 213.

[0121] (Step S203)

[0122] 1In Step S203, based on the measurement position-
orientation information locRef and the current position-ori-
entation information locCur, a current scan plane and a target
scan plane are mapped in the same coordinate space and
presented to the operator as navigation information displayed
on the display 80. The operator moves the ultrasound probe
90 in accordance with the navigation information. Once the
ultrasound probe 90 is moved to the measurement position
and measurement orientation by the operator, a longitudinal
tomographic image is acquired.

[0123] The current scan plane, which is a scan plane of the
ultrasound probe 90 at the current position and the current
orientation, and the target scan plane, which is a scan plane of
the ultrasound probe 90 when at the measurement position
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and the measurement orientation, are displayed on a naviga-
tion screen ina manner such that relative positions thereofcan
be easily understood.

[0124] FIG. 5 illustrates a display example of navigation
information in the ultrasound diagnostic apparatus 10 relating
to the first embodiment. As illustrated in FIG. 5, the 3D image
of the carotid artery and position of a head of the subject, or
the target scan plane and the current scan plane, may be
displayed with guidance information, such as a direction in
which the ultrasound probe 90 should be moved.

[0125] (Step S204)

[0126] In Step S204 a judgment is performed as to whether
the current position-orientation information locCur differs
from the measurement position-orientation information
locRef by no greater than the threshold value, and when the
judgment is affirmative, operations proceed to Step S205.
When the judgment is negative, the operator continues to
move the ultrasound probe 90 until the current position-ori-
entation locCur differs from the measurement position-ori-
entation information locRef by no greater than the threshold
value.

[0127] (Step S205)

[0128] In Step S205, a longitudinal tomographic image is
acquired at the current position of the ultrasound probe 90.
[0129] (Step S206)

[0130] InStep S206, IMT measurement is performed in the
measurement range indicated by the measurement range
information mesRan, based on the ultrasound image acquired
in Step S205. IMT measurement is performed by detecting
the lumen-intima interface and the media-adventitia inter-
face. A sudden change in brightness values in a B mode image
is observed at the above interfaces, thus when a tomographic
image is scanned perpendicular to the interfaces, the inter-
faces can be detected based on change in brightness values. A
specific limitation on blood vessel shape, such as smooth
change in blood vessel shape, may also be used as comple-
mentary information when detecting the interfaces. Also,
IMT measurement is not limited to measurement of an aver-
age value of IMT in the measurement range, and alternatively
a maximum value of IMT in the measurement range may be
measured.

[0131] <Effects>

[0132] As explained above, through the ultrasound diag-
nostic apparatus 10, the operator is presented with a measure-
ment position and a measurement orientation of the ultra-
sound probe 90 during navigation, which configure a scan
plan at which a longitudinal tomographic image can be
acquired of a measurement target region for IMT in a blood
vessel. Therefore, the operator is always able to acquire a
longitudinal tomographic image including the measurement
target region, and thus is able to accurately measure IMT.
[0133] Also, a longitudinal tomographic image is newly
acquired at the measurement position and the measurement
orientation for acquiring the longitudinal tomographic of
measurement target region, and IMT measurement is per-
formed based on the longitudinal tomographic image which
is acquired. Therefore, a problem does not occur of results of
IMT measurement varying in the longitudinal direction in
accordance with vascular pulsations, such as occurs when
IMT measurement is performed based on a longitudinal
cross-section generated from a transverse 3D image.

[0134] Furthermore, the operator is only required to move
the ultrasound probe 90 to the measurement position and the
measurement orientation which are presented to the operator,
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thus IMT measurement can be easily performed even without
a high degree of procedural skill.

Modified Examples

[0135] The above is an explanation of the ultrasound diag-
nostic apparatus 10 relating to the present embodiment. The
ultrasound diagnostic apparatus in the present disclosure is of
course not limited to the ultrasound diagnostic apparatus
explained in the present embodiment and various modified
examples of the ultrasound diagnostic apparatus in the
present embodiment are possible, such as explained below.
[0136] (1) Explanation of the ultrasound diagnostic appa-
ratus 10 uses the carotid artery as an example of a measure-
ment target, however the measurement target is not limited to
the carotid artery. Alternatively, the measurement target may
be a different blood vessel such as an abdominal aorta or a
tibial artery, or may be a different body part such as a breast or
liver. Also, so long as surface of the body is scanned while an
operator moves a probe, an image may be acquired using an
image modeling diagnostic device other than the ultrasound
probe, for example a device which uses photo-acoustic ultra-
sound waves or near infra-red light.

[0137] (2) For the ultrasound diagnostic apparatus 10, the
probe position-orientation detection unit 104, which is con-
nectable to the ultrasound diagnostic apparatus 10, is
explained using an example in which the probe position-
orientation detection unit 104 is configured by the image
capture sub-unit 104a and the optical markers 1045. How-
ever, the probe position-orientation detection unit 104 is not
limited to the above configuration. For example, the position
and the orientation of the ultrasound probe may alternatively
be detected using a magnetic sensor, an acceleration sensor or
agyroscope. If'a magnetic sensor is used, the position and the
orientation of the ultrasound probe can be detected by attach-
ing a receiver of the magnetic sensor to the ultrasound probe
and detecting change in a magnetic field generated by a mag-
netic field generator.

[0138] (3) For the ultrasound diagnostic apparatus 10, in
Step S201 the ultrasound probe 90 is scanned in the longitu-
dinal direction and a transverse 3D image is constructed.
However, scan direction is not limited to the above. So long as
an overall image of the carotid artery can be acquired over a
range which includes the measurement target region, the scan
may alternatively acquire a plurality of longitudinal tomo-
graphic images, or may acquire a combination of transverse
and longitudinal tomographic images. Even when a scan is
performed in a different direction, vascular contours can be
extracted from ultrasound images which are acquired.
[0139] (4) The ultrasound diagnostic apparatus 10 has a
configuration in which a phase is not stipulated for acquisi-
tion of the longitudinal tomographic image in Step S205.
However, vascular diameter and IMT vary in accordance with
vascular pulsations. Therefore, alternatively a configuration
may be adopted in which measurement is performed in a
phase corresponding to end-diastolic timing, during which
vascular diameter is at a minimum value. In the above con-
figuration, judgment is performed in Step S205 as to whether
a current phase of vascular pulsations matches a predeter-
mined phase, in addition to performing the judgment of dif-
ference between the two types of position information. The
current phase of vascular pulsations may be acquired through
an external device such as an electrocardiogram device or
may be acquired through analysis of movement in ultrasound
images. For example, by keeping the ultrasound probe sta-
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tionary, for at least one heart beat, at a position where the two
types of position information differ by no greater than the
threshold value, a phase can be selected in which diameter or
area of vascular contours is a minimum value. Alternatively,
a plurality of ultrasound images may be acquired while the
two types of position information differ by no greater than the
threshold value. Further alternatively, IMT may be measured
as an average value of IMT in a fixed period during end-
diastolic timing of the heart beat.

[0140] (5) The ultrasound diagnostic apparatus 10 con-
structs a 3D image in Step S202, however so long as positions
in a 3D space can be acquired for vascular contours extracted
from ultrasound images, construction of a 3D image is not
essential.

[0141] (6) The ultrasound diagnostic apparatus 10 has a
configuration in which the transverse 3D image construction
unit constructs a transverse 3D image from a plurality of
transverse tomographic images generated through the trans-
mission-reception processing unit 100 and the 2D image gen-
eration unit 101, based on tomographic images acquired by
the ultrasound probe. However, a 3D image or a plurality of
transverse tomographic images used to construct a transverse
3D image may be acquired through a different imaging
modality to the ultrasound diagnostic apparatus, such as CT
or MRI. In the above configuration, by calculating in advance
a correspondence between a 3D coordinate system when the
3D image is acquired and the position and the orientation of
the ultrasound probe, the ultrasound probe can be guided to a
position and an orientation of a measurement target region
determined from the 3D image.

[0142] (7) It is not essential that all processing in Steps
5202 and 5205 is performed automatically, and alternatively
aportionof processing in Step S202 ora portion of processing
in Step S205 may be performed manually by the operator.
[0143] (8) The ultrasound diagnostic apparatus 10 has a
configuration in which navigation is performed with regards
to a scan plane for acquiring a longitudinal tomographic
image for IMT measurement. Alternatively, navigation may
also be performed when acquiring a plurality of transverse
tomographic images for constructing a transverse 3D image.
For example, when scanning in the longitudinal direction to
acquire the plurality of transverse tomographic images, infor-
mation may be displayed on the navigation screen indicating
whether movement speed is within a recommended range, in
order that the ultrasound probe is moved at an optimal speed
in accordance with a frame rate of ultrasound image acquisi-
tion. Furthermore, instead of constructing a transverse 3D
image after completion of scanning to acquire transverse
tomographic images ofa region to be examined, alternatively
transverse 3D images may be constructed one after another in
real-time or close to real-time while scanning in the longitu-
dinal direction, using transverse tomographic images of
which acquisition is complete. Through the above configura-
tion, scanning can be performed while checking a region of
which scanning is already complete, thus facilitating judg-
ment as to whether or not a required region is included in the
scan.

[0144] (9) The ultrasound diagnostic apparatus 10 relating
to the first embodiment has a configuration in which IMT is
the property of the vascular wall of the carotid artery which is
measured. However, the present disclosure is not limited by
the above and in an alternative configuration the property of
the vascular wall which is measured may be a different physi-
cal property. For example, the property of the vascular wall
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which is measured may be a physical property of the carotid
artery such a viscoelastic property. The viscoelastic property
may for example be elasticity, strain amount or viscosity of
the carotid artery.

[0145] The ultrasound diagnostic apparatus in the present
disclosure can also effectively measure elastic modulus as the
property of the vascular wall of the carotid artery, by measur-
ing temporal variation in measured IMT values caused by
vascular pulsations. Examination accuracy can be improved
by measuring at the same measurement position during each
examination.

Second Embodiment

[0146] The following explains, with reference to the draw-
ings, an ultrasound diagnostic apparatus 20 and a control
method thereof relating to a second embodiment. The ultra-
sound diagnostic apparatus 20 is the same as the ultrasound
diagnostic apparatus 10 in terms of constructing a 3D image
from a plurality of transverse tomographic images acquired
by scanning along the carotid artery in the longitudinal direc-
tion and in terms of measuring IMT from a longitudinal
tomographic image of a measurement target region which is
determined. However, the ultrasound diagnostic apparatus 20
differs from the ultrasound diagnostic apparatus 10 in terms
of determining a measurement position and a measurement
orientation of a measurement target region for IMT using
results from both analysis of the transverse tomographic
images configuring the 3D image and also analysis of a lon-
gitudinal tomographic image which is newly acquired.

[0147] <Configuration>
[0148] (General Configuration)
[0149] FIG. 6 is a block diagram illustrating functional

configuration of the ultrasound diagnostic apparatus 20 relat-
ing to the second embodiment. As illustrated in FIG. 6, the
ultrasound diagnostic apparatus 20 is configured in a manner
such that an ultrasound probe 90, a probe position-orientation
detection unit 104 and a display 80 are each electrically
connectable to the ultrasound diagnostic apparatus 20. The
ultrasound probe 90 transmits an ultrasound wave towards a
subject and receives an ultrasound wave from the subject, the
probe position-orientation detection unit 104 detects a posi-
tion and an orientation of the ultrasound probe 90, and the
display 80 displays information. FIG. 6 illustrates the ultra-
sound diagnostic apparatus 20 with the ultrasound probe 90,
the probe position-orientation detection unit 104 and the dis-
play 80 each connected thereto.

[0150] The ultrasound diagnostic apparatus 20 includes a
transmission-reception processing unit 100, a 2D image gen-
eration unit 101, a transverse 3D image construction unit 102,
a display control unit 107, a transverse information analysis
sub-unit 203q, a longitudinal information analysis sub-unit
2035, a measurement position determination sub-unit 203¢, a
judgment unit 205 and a property measurement unit 206.
[0151] The transverse information analysis sub-unit 203a,
the longitudinal information analysis sub-unit 2035 and mea-
surement position determination sub-unit 203¢ configure a
transverse-longitudinal information usage unit 210. The fol-
lowing focuses on explanation of configuration and opera-
tions of the judgment unit 205 and each of the sub-units
configuring the transverse-longitudinal information usage
unit 210.

[0152] Thetransmission-reception processing unit 100, the
2D image generation unit 101, the transverse 3D image con-
struction unit 102, the display control unit 107 and the prop-
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erty measurement unit 206 have the same functions as ele-
ments ofthe same reference signs in the ultrasound diagnostic
apparatus 10, and therefore explanation thereof is omitted.
The ultrasound probe 90 and the probe position-orientation
detection unit 104 used in the present embodiment have the
same configuration as the ultrasound probe 90 and the probe
position-orientation detection unit 104 used by the ultrasound
diagnostic apparatus 10, and therefore explanation thereof is
also omitted.

[0153] (Transverse Information Analysis Sub-Unit 203q)
[0154] The transverse information analysis sub-unit 203a
analyzes a transverse 3D image in the same way as the mea-
surement position-orientation determination unit 103 in the
first embodiment and outputs first measurement position-
orientation information locRefl, which includes at least
information relating to a measurement target region for IMT
in the carotid artery and a maximum effective plane.

[0155] (Judgment Unit 205)

[0156] Thejudgment unit 205 judges whether current posi-
tion-orientation information locCur of a current scan plane of
the ultrasound probe 90, matches the first measurement posi-
tion-orientation information locRef1. When judging that the
current position-orientation information locCur differs from
the first measurement position-orientation information
locRef1 by no greater than a threshold value, the judgment
unit 205 may instruct the transmission-reception processing
unit 100 and the 2D image generation unit 101 to newly
acquire a longitudinal tomographic image loCine at a current
position and a current orientation of the ultrasound probe 90.
The transmission-reception processing unit 100 and the 2D
image generation unit 101 acquire the longitudinal tomo-
graphic image loCine at the current position and the current
orientation of the ultrasound probe 90, and the 2D image
generation unit 101 outputs the longitudinal tomographic
image loCine to the longitudinal information analysis sub-
unit 2035.

[0157] (Longitudinal Information Analysis Sub-Unit 2034)
[0158] The longitudinal information analysis sub-unit
203 analyzes the longitudinal tomographic image loCine to
create update information locSup for the measurement posi-
tion and outputs the update information locSup to the mea-
surement position determination sub-unit 203¢. Among the
measurement position and the maximum effective plane, the
longitudinal information analysis sub-unit 2035 updates at
least the measurement position.

[0159] The following explains a method for combined use
of results of analysis of transverse and longitudinal tomo-
graphic images. The transverse information analysis sub-unit
203a determines a measurement position and a measuremnient
orientation based on a longitudinal cross-section which is
generated from the transverse 3D image. Unfortunately, due
to influence of vascular pulsations, detection of a measure-
ment reference position during the above may not be suffi-
ciently accurate. Therefore, the longitudinal information
analysis sub-unit 2035 detects the measurement reference
position, and thus determines a measurement position, based
on tunica adventitia contours extracted from the longitudinal
tomographic image loCine. The tunica adventitia contours
are extracted using differences between brightness values ina
B-mode image, in the same way as extraction of vascular
contours from each of the transverse tomographic images. In
an ultrasound image which is a longitudinal tomographic
image, contours appear as straight lines or gradual curves.
Therefore, limitations may be set in extraction processing in
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order that contours are extracted which have characteristic
shapes such as described above. The longitudinal information
analysis sub-unit 2035 determines the measurement position
from the tunica adventitia contours which are extracted, using
the same method as used by the transverse information analy-
sis sub-unit 203« to determine the measurement position.

[0160] (Measurement Position Determination Sub-Unit
203¢)
[0161] The measurement position determination sub-unit

203¢ determines second measurement position-orientation
information locRef2 based on the first measurement position-
orientation information locRefl and the update information
locSup. Specifically, the second measurement position-orien-
tation information locRef2 is configured by the maximum
effective plane in the first measurement position-orientation
information locRefl and the measurement position in the
update information locSup.

[0162] The measurement position determination sub-unit
203¢ also sets measurement range information mesRan2 for
IMT measurement in a scan plane determined by the second
measurement position-orientation information locRef2 and
outputs the measurement range information mesRan2 to the
property measurement unit 206.

[0163] FIGS. 7A and 7B are overview diagrams provided
for explaining a method for combining results of analysis of
transverse and longitudinal tomographic images in the ultra-
sound diagnostic apparatus 20 relating to the second embodi-
ment. Ina transverse tomographic image such as illustrated in
FIG. 7A, a center of contours is not easily influenced by
vascular pulsations, therefore the transverse tomographic
image can be used to accurately determine a maximum effec-
tive plane.

[0164] On the other hand, unevenness of longitudinal con-
tours due to vascular pulsations does not occur in a longitu-
dinal tomographic image such as illustrated in FIG. 7B.
Therefore, the longitudinal tomographic image illustrated in
FIG. 7B can be used to accurately determine a measurement
reference position and thus also to accurately determine a
measurement position, which is set a predetermined distance
from the measurement reference position. As a consequence
of the above, the maximum effective plane and the measure-
ment position can both be accurately determined by combin-
ing results of analysis of transverse and longitudinal tomo-
graphic images.

[0165] (Property Measurement Unit 206)

[0166] The property measurement unit 206 measures IMT
in a range indicated by the measurement range information
mesRan2 which corresponds to the measurement target
region.
[0167]

[0168] Operation of the ultrasound diagnostic apparatus
20, configured as described above, is explained below with
reference to FIG. 8. FIG. 8 is a flowchart illustrating opera-
tions related to IMT measurement in the ultrasound diagnos-
tic apparatus 20 relating to the second embodiment. Trans-
mission of an ultrasound beam toward a carotid artery in a
subject and reception of an ultrasound beam from the carotid
artery is achieved using a conventional method, and therefore
explanation thereof is omitted. In other words, the following
explains operations up until automatic determination of mea-
surement range for IMT and performance of IMT measure-
ment in the measurement range.

<Operation>
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[0169] (Step S301)

[0170] In Step S301 the ultrasound probe 90 is scanned
along the blood vessel in the longitudinal direction and a
transverse 3D image of vascular contours is constructed.
[0171] (Step S302)

[0172] In Step S302 the transverse 3D image is analyzed to
determine first measurement position-orientation informa-
tion locRef1 relating to a measurement target region.

[0173] (Step S303)

[0174] In Step S303 navigation information is displayed by
mapping in a 3D space at least the transverse 3D image, the
first measurement position-orientation information locRef 1
and information indicating a scan plane of the ultrasound
probe 90 at a current position and a current orientation
thereof. Based on the navigation information, the operator
moves the ultrasound probe 90 to a first measurement position
and a first measurement orientation indicated by the first
measurement position-orientation information locRef 1.
[0175] (Step S304)

[0176] In Step S304 a judgment is performed to judge
whether the current position and the current orientation of the
ultrasound probe 90 differ from the first measurement posi-
tion and the first measurement orientation respectively by no
greater than a threshold value. When the judgment is affirma-
tive processing proceeds to Step S305 and when the judgment
is negative the operator continues to move the ultrasound
probe 90.

[0177] (Step S305)

[0178] In Step S305 a longitudinal tomographic image
loCine is acquired at the current position and the current
orientation of the ultrasound probe 90.

[0179] (Step S306)

[0180] In Step S306 vascular contours of the tunica adven-
titia are extracted from the longitudinal tomographic image
loCine acquired in Step S305, a measurement reference posi-
tion is detected and update information locSup is determined.
Using the same method as performed by the transverse infor-
mation analysis sub-unit 203a, a measurement position is
determined from the vascular contours which are extracted.
In other words, a measurement position is redetermined by
analyzing the longitudinal tomographic image using the same
method as the measurement position-orientation determina-
tion unit 103 in the first embodiment.

[0181] (Step S307)

[0182] In Step S307 second measurement position-orienta-
tion information locRef2 is determined based on the first
measurement position-orientation information locRefl and
the update information locSup. Measurement range informa-
tion mesRan?2 is also determined, indicating a measurement
range for IMT.

[0183] The processing flow described above is for a con-
figuration in which, once a longitudinal tomographic image
for measurement is determined in Step S305, update infor-
mation locSup is determined in Step S306 based on the lon-
gitudinal tomographic image. However, when a position and
an orientation indicated by the first measurement position-
orientation information locRefl and differ respectively from
a position and an orientation indicated by the second mea-
surement position-orientation information locRef2 by a large
amount, a case may arise in which the longitudinal tomo-
graphic image acquired in Step S305 does not include the
measurement range corresponding to the second measure-
ment position-orientation information locRef2.
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[0184] FIGS. 9A-9C are provided for explaining relation-
ship between a longitudinal tomographic image and a mea-
surement target region in the ultrasound diagnostic apparatus
20 relating to the second embodiment.

[0185] FIG. 9A illustrates a case in which the measurement
range is included in the longitudinal tomographic image
acquired in Step S305. In the left side of FIG. 9A, reference
sign (1) indicates a measurement reference position which is
calculated based on analysis of the transverse 3D image.
Reference sign (2) indicates a scan plane which is set based on
the measurement reference position (1). Reference sign (3)
indicates a measurement reference position which is calcu-
lated based on analysis of the longitudinal tomographic
image. Reference sign (4) indicates a measurement range
which is set based on the measurement reference position (1).
[0186] Inthe right side of FIG. 9A, reference sign (5) indi-
cates a measurement range which is set based on the mea-
surement reference position (3). IMT is measured in the mea-
surement range (5). In the above case, the scan plane (2)
includes the measurement range (5), and therefore a problem
does not occur during IMT measurement.

[0187] On the other hand, in a case illustrated in FIG. 9B a
difference between the measurement reference position (1)
and the measurement reference position (3) is large. Conse-
quently, in the above case the scan plane (2) does not include
the measurement range (5), and therefore IMT cannot be
measured correctly.

[0188] As illustrated in FIG. 9C, in order to prevent the
above problem from occurring, once the measurement range
(5) has been determined based on the longitudinal tomo-
graphic image acquired in Step S305, a scan plane (6) may be
set based on the measurement reference position (3) in order
that the scan plane (6) includes the measurement range (5). A
longitudinal tomographic image of the scan plane (6) may be
newly acquired and IMT may be measured in Step S308
based on the longitudinal tomographic image which is newly
acquired.

[0189] During the above, position of the scan plane which
is reset is presented on the navigation screen. For example, by
indicating position of the scan plane which is initially set
using flashing display and indicating position of the scan
plane which is reset using non-flashing display, differentia-
tion between the two different scan planes is possible. Alter-
natively, in order that navigation can be performed as a series
of operations up until resetting of the scan plane, once the
current position and the current orientation differ from the
first measurement position and the first measurement orien-
tation respectively by no greater than a threshold value, a
longitudinal tomographic image may be acquired at the cur-
rent position, resetting of the scan plane may be performed,
the navigation screen may be updated to reflect the reset scan
plane and the operator may be guided to the reset scan plane.
IMT measurement is performed based on a longitudinal
tomographic image acquired at the reset scan plane.

[0190] (Step S308)

[0191] In Step S308, based on the longitudinal tomo-
graphic image loCine, IMT is measured in the measurement
range indicated by the measurement range information mes-
Ran2, which corresponds to the measurement target region.

[0192] <Specific Examples of Diagnostic Methods Mea-
suring IMT>
[0193] The following explains specific examples of diag-

nostic methods in which IMT is measured. There are broadly
speaking two different types of diagnostic method with
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regards to IMT in the carotid artery. In one method which is
for screening purposes such as in a health check-up, a degree
of arteriosclerosis is judged by measuring IMT at a predeter-
mined position in the carotid artery. The above measurement
is referred to as an IMT measurement. In another method
which is for precise diagnostic purposes, a search is per-
formed for a position at which IMT has a maximum value in
the CCA and the bulb, or alternatively in the ICA or the ECA.
IMT is subsequently measured only at the position of the
maximum value and positions within a predetermined dis-
tance thereof, for example positions within 1 cm either side of
the position of the maximum value. The above measurement
is referred to as a Max-IMT measurement.

[0194] FIG.10A is a flowchart illustrating determination of
measurement position-orientation information during IMT
measurement and FIG. 10B is a flowchart illustrating deter-
mination of measurement position-orientation during Max-
IMT measurement.

[0195] (Determination of Measurement Position-Orienta-
tion Information During IMT Measurement)

[0196] First, in Step S3021 of IMT measurement, a trans-
verse 3D image is analyzed to detect a vascular central line in
order to determine a maximum effective plane.

[0197] Next, in Step S3022 the transverse 3D image is
analyzed to determine a provisional position of the CCA-bulb
boundary 219.

[0198] In Step S3023 first measurement position-orienta-
tion information is determined based on the maximum effec-
tive plane and the provisional position of the CCA-bulb
boundary 219.

[0199] In Step S3061 a longitudinal tomographic image,
which is acquired by the operator performing operation in
accordance with navigation, is analyzed to determine a con-
firmed position of the CCA-bulb boundary 219.

[0200] Finally, in Step S3071 second measurement posi-
tion-orientation information is determined based on the maxi-
mum effective plane determined in Step S3021 and the con-
firmed position of the CCA-bulb boundary 219 determined in
Step S3061.

[0201] (Determination of Measurement Position-Orienta-
tion Information During Max-IMT Measurement)

[0202] First, in Step S3025 of Max-IMT measurement, a
transverse 3D image is analyzed to detect a vascular central
line and to determine a maximum effective plane for use in
measurement.

[0203] Next, in Step S3026 the transverse 3D image is
analyzed to determine a provisional position of maximum
hypertrophy of the intima-media complex. A position of
maximum hypertrophy may be detected in each part of the
carotid artery such as the CCA and the bulb, or alternatively
in the ICA orthe ECA. Further alternatively, the carotid artery
may be divided into a plurality of sections along the scan
direction thereof, and a position of maximum hypertrophy
may be detected in each of the sections. In a configuration
such as described above, a position of maximum hypertrophy
is detected in each of the parts or sections, thus a plurality of
positions of maximum hypertrophy are set. In an alternative
configuration, instead of detecting one or more points of
maximum hypertrophy, each part in which IMT exceeds a
predetermined threshold value may be detected.

[0204] Next, in Step S3027 first measurement position-
orientation information is determined, based on the maxi-
mum effective plane and the provisional position of maxi-
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mum hypertrophy, in order that a scan plane is the maximum
effective plane at the point of maximum hypertrophy.

[0205] In Step S3062 a longitudinal tomographic image,
which is acquired by the operator performing operation in
accordance with navigation, is analyzed to determine a con-
firmed position of maximum hypertrophy.

[0206] Finally, in Step S3072 second measurement posi-
tion-orientation information is determined based on the maxi-
mum effective plane determined in Step S3025 and the con-
firmed position of maximum hypertrophy determined in Step
S3062.

[0207] Inorder to perform repeated examinations over time
or confirm effectiveness of medication, preferably measure-
ment during each subsequent examination should be per-
formed at the same position as that of a point of maximum
hypertrophy measured during an initial examination. The
Max-IMT measurement method described above is highly
effective for accurately determining position of the point of
maximum hypertrophy.

[0208] Alternatively, a plurality of maximum effective
planes may be set for performing measurement and measure-
ment position-orientation information may be presented to
the operator in a manner such as to guide the operator to
measure the plurality of maximum effective planes in order.
Particularly in Max-IMT measurement, which targets a site
where a plaque is formed, by performing measurements for a
plurality of maximum effective planes, a 3D shape of the
plaque can be more accurately determined. For example, a
maximum effective plane found to have a maximum IMT
through analysis of a transverse 3D image may be used as a
reference, and maximum effective planes differing by a pre-
determined angle may also be targets for measurement.
[0209] <Effects>

[0210] Vascular pulsations cause unevenness of contours in
alongitudinal cross-section image which is generated from a
transverse 3D image. Consequently, accuracy is reduced
when determining a measurement reference position by ana-
lyzing the contours in the longitudinal cross-section image,
and therefore a measurement position cannot be accurately
determined. When determining the measurement reference
position, reduction in accuracy such as described above pre-
sents a problem.

[0211] In response to the above problem, the ultrasound
diagnostic apparatus 20 relating to the second embodiment
determines a position and an orientation at which a longitu-
dinal tomographic image can be acquired including a mea-
surement target region for IMT, based on a transverse 3D
image, and subsequently determines the measurement target
region based on the longitudinal tomographic image which is
newly acquired. In a conventional configuration in which a
measurement target region for IMT is determined based on a
longitudinal cross-section generated from a transverse 3D
image, a problem occurs of a measurement reference posi-
tion, which is used as a reference for determining the mea-
surement target region for IMT in terms of the longitudinal
direction, varying due to vascular pulsations. However, the
above problem does not occur in the ultrasound diagnostic
apparatus 20 due to the configuration described above. There-
fore, through the ultrasound diagnostic apparatus 20 the
operator can acquire a longitudinal tomographic image
including the measurement target region and thus can accu-
rately measure IMT.

[0212] Furthermore, through determination of measure-
ment position using both transverse and longitudinal tomo-
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graphic images, the ultrasound diagnostic apparatus 20 pro-
vides improved IMT measurement accuracy. Consequently,
accuracy and reproducibility can be significantly improved
for IMT measurement performed by ultrasound diagnosis of
a blood vessel.

Modified Examples

[0213] The above is an explanation of the ultrasound diag-
nostic apparatus 20 relating to the present embodiment. The
ultrasound diagnostic apparatus in the present disclosure is of
course not limited to the ultrasound diagnostic apparatus
explained in the present embodiment and various modified
examples of the ultrasound diagnostic apparatus in the
present embodiment are also possible, such as explained
below.

[0214] (1) The operations for Max-IMT measurement in
FIG. 10B are explained using an example in which second
measurement-orientation information is determined using
both transverse and longitudinal tomographic images, how-
ever the operations in FIG. 10B may also be adapted for use
in the ultrasound diagnostic apparatus 10. In the ultrasound
diagnostic apparatus 10, measurement position-orientation
information is determined based only on analysis of trans-
verse tomographic images, therefore only operation steps for
determining first measurement position-orientation informa-
tion are necessary.

[0215] (2) The ultrasound diagnostic apparatus 20 may
alternatively have a configuration in which the operator can
switch between IMT measurement illustrated in FIG. 10A
and Max-IMT measurement illustrated in FIG. 10B. When
switching between IMT measurement and Max-IMT mea-
surement, a switching signal is input into the transverse-
longitudinal information usage unit 210 and the transverse-
longitudinal information usage unit 210 switches between
modes for IMT measurement and Max-IMT measurement
based on the signal which is input.

[0216] (3) An objective in the present embodiment is navi-
gation. However, the method described in the present
embodiment for accurately determining a position using both
transverse and longitudinal tomographic images may be used
for a different objective. For example, a longitudinal tomo-
graphic image may be used to accurately measure position,
relative to a measurement reference position, of a plaque
which is detected in a transverse 3D image.

Third Embodiment

[0217] The following explains, with reference to the draw-
ings, an ultrasound diagnostic apparatus 30 and a control
method thereof relating to a third embodiment. The ultra-
sound diagnostic apparatus 30 is the same as the ultrasound
diagnostic apparatus 10 in terms of constructing a 3D image
from a plurality of transverse tomographic images, which are
acquired by scanning along the carotid artery in the longitu-
dinal direction, and in terms of measuring IMT from a longi-
tudinal tomographic image of a measurement target region
which is determined. However, the ultrasound diagnostic
apparatus 30 differs from the ultrasound diagnostic apparatus
10 in terms of analyzing a property of a vascular wall, such as
plaque surface area, plaque volume, percentage area stenosis
or percentage diameter stenosis, from the 3D image based on
the transverse tomographic images configuring the 3D image.

[0218] <Configuration>
[0219] (General Configuration)
[0220] FIG. 11 is a block diagram illustrating functional

configuration of the ultrasound diagnostic apparatus 30 relat-
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ing to the third embodiment. As illustrated in FIG. 11, the
ultrasound diagnostic apparatus 30 is configured in a manner
such that an ultrasound probe 90, a probe position-orientation
detection unit 104 and a display 80 are each electrically
connectable to the ultrasound diagnostic device 30. The ultra-
sound probe 90 transmits an ultrasound wave towards a sub-
ject and receives an ultrasound wave from the subject, the
probe position-orientation detection unit 104 detects a posi-
tion and an orientation of the ultrasound probe 90, and the
display 80 displays information. FIG. 11 illustrates the ultra-
sound diagnostic apparatus 30 with the ultrasound probe 90,
the probe position-orientation detection unit 104 and the dis-
play 80 each connected thereto.

[0221] The ultrasound diagnostic apparatus 30 includes a
transmission-reception processing unit 100, a 2D image gen-
eration unit 101, atransverse 3D image construction unit 102,
ameasurement position-orientation determination unit 103, a
judgment unit 105, a display control unit 107 and a property
measurement unit 306. The following explanation focuses on
operations of the measurement position-orientation determi-
nation unit 103 and the property measurement unit 306. The
transmission-reception processing unit 100, the 2D image
generation unit 101, the transverse 3D image construction
unit 102, the judgment unit 105 and the display control unit
107 in the ultrasound diagnostic apparatus 30 have the same
functions as elements of the same reference signs in the
ultrasound diagnostic apparatus 10, and therefore explana-
tion thereofis omitted. The ultrasound probe 90 and the probe
position-orientation detection unit 104 used by the ultrasound
diagnostic apparatus 30 have the same configuration as the
ultrasound probe 90 and the probe position-orientation detec-
tion unit 104 used by the ultrasound diagnostic apparatus 10,
and therefore explanation thereof is also omitted.

[0222] (Measurement Position-Orientation Determination
Unit 103)
[0223] The measurement position-orientation determina-

tion unit 103 analyzes shape of lumen-intima interface con-
tours and media-adventitia interface contours in a transverse
3D image, detects a position of maximum hypertrophy for
IMT in a longitudinal cross-section of a blood vessel and
identifies the position as a plaque at which hypertrophy of the
intima-media occurs.

[0224]

[0225] The property measurement unit 306 acquires a 2D
image loCine from the 2D image generation unit 101 and
measures IMT in a range indicated by the measurement range
information mesRan in the same way as in the ultrasound
diagnostic apparatus 10. IMT measurement from the 2D
image loCine is the same as in the ultrasound diagnostic
apparatus 10, therefore explanation thereof is omitted. The
property measurement unit 306 also acquires the 3D image
shCont of vascular contours from the transverse 3D image
construction unit 102, analyzes a property of the vascular wall
from the 3D image shCont, and outputs measurement results
to the display control unit 107. Plaque surface area, plaque
volume, percentage area stenosis or percentage diameter
stenosis can for example be measured from the 3D image
shCont as the property of the vascular wall.

[0226] FIGS. 12A-12C are provided for explaining a
method for measuring plaque volume of the ultrasound diag-
nostic apparatus 30 relating to the third embodiment. As
explained above, a localized area in which hypertrophy of the
intima-media causes IMT to exceed a predetermined value is

(Property Measurement Unit 306)
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referred to as a plaque. FIG. 12A illustrates change in struc-
ture of the vascular wall in the above situation.

[0227] Inorderto measure a plaque, the measurement posi-
tion-orientation determination unit 103 determines a position
of maximum hypertrophy of the intima-media in the carotid
artery, as illustrated in FIG. 12A. Next, the property measure-
ment unit 306 calculates intima-media cross-sectional area in
each of a plurality of transverse tomographic images close to
the position of maximum hypertrophy. FIG. 12A illustrates
an example in which intima-media cross-sectional area is
calculated in transverse tomographic images which are cross-
sections at three different locations indicated by lines A-A,
B-B and C-C. In order to calculate cross-sectional area of the
intima-media in each ofthe cross-sections, the property mea-
surement unit 306 first uses an image processing method,
such as edge detection processing or an active contour
method, to extract a lumen-intima interface contour and a
media-adventitia interface contour based on the transverse
tomographic image corresponding to the cross-section. Next,
the property measurement unit 306 calculates an area
included between the lumen-intima interface contour and the
media-adventitia interface contour, and thus calculates the
cross-sectional area of the intima-media in the cross-section
as a plaque area.

[0228] Next, plaque volume can be calculated as illustrated
in FIG. 12B by multiplying plaque area in each of the cross-
sections by a distance to a neighboring cross-section in order
to perform integration of plaque area in the longitudinal direc-
tion.

[0229] Ina situation in which each of the transverse cross-
sections is inclined by an angle 8 relative to the longitudinal
direction, plaque volume can be calculated accurately by
integrating in the longitudinal direction after performing a
correction by multiplying the plaque area in each of the cross-
sections by sin 6.

[0230]

[0231] Operation of the ultrasound diagnostic apparatus
30, configured as described above, is explained below with
reference to FIG. 13. FIG. 13 illustrates a flowchart for the
ultrasound diagnostic apparatus 30 relating to the third
embodiment. Operations in Steps S201, S202 and from Step
S203 onward are the same as in the ultrasound diagnostic
apparatus 10, therefore explanation thereof is omitted.

[0232] (Step S202A)

[0233] In Step S202A the measurement position-orienta-
tion determination unit 103 analyzes shape of lumen-intima
interface contours and media-adventitia interface contours in
a transverse 3D image, detects a position of maximum hyper-
trophy for IMT in a longitudinal cross-section of a blood
vessel and identifies the position of maximum hypertrophy as
a plaque at which hypertrophy of the intima-media occurs.

[0234] Next, the property measurement unit 306 calculates
plaque area in each of a plurality of transverse cross-sections
close to the position of maximum hypertrophy for IMT in the
longitudinal cross-section. The property measurement unit
306 calculates the plaque are in each of the cross-sections
using shape of lumen-intima interface contours and media-
adventitia interface contours in the transverse 3D image. As
described above, the plaque area in each of the cross-sections
is calculated by calculating a cross-sectional area of the
intima-media between a lumen-intima interface contourand a
media-adventitia interface contour in the cross-section. Next,
plaque volume is calculated by multiplying the plaque area in

<Operation>
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each of the cross-sections by a distance to a neighboring
cross-section in order to perform integration of plaque area in
the longitudinal direction.

[0235] The plaque volume which is calculated is presented
to the operator, through display by the display 80, as naviga-
tion information mapped to the same coordinate space as the
transverse 3D image, the position of maximum hypertrophy,
and the lumen-intima interface contours and the media-ad-
ventitia interface contours in each of the transverse cross-
sections. 3D contours of the plaque can be acquired by inter-
polating contours in a plurality of longitudinal images which
are acquired. Alternatively, volume may for example be based
on results of the interpolation.

[0236] <Effects>

[0237] The ultrasound diagnostic apparatus 30 relating to
the third embodiment detects a position of maximum hyper-
trophy by analyzing a transverse 3D image, and calculates
plaque volume by first calculating plaque area in each of a
plurality of transverse cross-sections close to the position of
maximum hypertrophy and by subsequently multiplying the
plaque area in each of the cross-sections by a distance to a
neighboring cross-section in order to integrate plaque area in
the longitudinal direction. In other words, the ultrasound
diagnostic apparatus 30 can accurately measure size of a
plaque. Quantitative evaluation during plaque diagnosis is
difficult, but through the above configuration objectiveness of
the quantitative evaluation can be improved. Therefore, treat-
ment such as medicinal treatment or surgical treatment to
remove the plaque can be performed appropriately based on
the plaque diagnosis. Measurement of plaque volume is par-
ticularly effective in determining, at an early stage, effective-
ness of medicinal treatment in causing reduction in size of a
plaque.

Modified Examples

[0238] The above is an explanation of the ultrasound diag-
nostic apparatus 30 relating to the present embodiment. The
ultrasound diagnostic apparatus in the present disclosure is of
course not limited to the ultrasound diagnostic apparatus
explained in the present embodiment and various modified
examples of the ultrasound diagnostic apparatus in the
present embodiment are also possible, such as explained
below.

[0239] (1) The ultrasound diagnostic apparatus 30 is
explained using plaque area and plaque volume as examples
of properties of the vascular wall which are acquired from the
3D image and analyzed. However, other properties of the
vascular wall, which can be acquired from the 3D image, may
also be calculated, such as percentage area stenosis or per-
centage diameter stenosis. For example, percentage area
stenosis can be calculated by calculating a ratio of a cross-
sectional area within the lumen-intima interface when a
plaque is present with respect to a cross-sectional area within
the lumen-intima interface estimated for when the plaque is
not present. The cross-sectional area within the lumen-intima
interface when the plaque is not present can be estimated by
extrapolation of the lumen-intima interface in parts of a trans-
verse tomographic image in which the plaque is not present.
[0240] (2) The ultrasound diagnostic apparatus 30 analyzes
plaque area and plaque volume from a 3D image, which is
constructed from a plurality of transverse tomographic
images acquired by performing a hand scan in the longitudi-
nal direction. However, in an alternative configuration plaque
volume may be measured using a plurality of longitudinal
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tomographic images acquired at equal intervals over an entire
extent of a plaque. In the above configuration, longitudinal
tomographic images required for measuring plaque volume
may be determined and navigation may be performed in a
manner such that the longitudinal tomographic images are
acquired.

[0241] (3) In order that temporal change of a plaque can be
observed, navigation may alternatively be performed based
on positional relationship of'a 3D image and ascanplane in an
examination which is used as a reference.

[0242] For example, an initial examination may be used as
areference by at least storing a positional relationship of a 3D
image and a scan plane in the initial examination. More spe-
cifically, the positional relationship which is stored may be a
distance from a measurement reference position in the carotid
artery. such as the Bif 217 or the CCA-bulb boundary 219,
and an orientation of the scan plane relative to a central line of
the CCA 213, or an orientation of the scan plane relative to a
flat plane passing through points on a central line of the CCA
213 and the ICA 215, or the CCA 213 and the ECA 216.
During a subsequent examination, once a scan is performed in
the longitudinal direction and a 3D image is constructed, a
reference scan plane which is stored is displayed superim-
posed on the 3D image. Through the above, the operator can
easily acquire an ultrasound image at the reference scan
plane.

[0243] Consequently, when measuring presence or thick-
ness of carotid artery plaques, which are a major cause of
cerebral infarction, a measurement position for a plaque can
be determined in a transverse direction cross-section of the
carotid artery, and the plaque can be measured at the same
position during each examination, allowing observation of
temporal change in size of the plaque.

Fourth Embodiment

[0244] The following explains, with reference to the draw-
ings, an ultrasound diagnostic apparatus 40 and a control
method thereof relating to a fourth embodiment. The ultra-
sound diagnostic apparatus 40 is the same as the ultrasound
diagnostic apparatus 10 in terms of constructing a 3D image
from a plurality of transverse tomographic images, which are
acquired by scanning along the carotid artery in the longitu-
dinal direction, and in terms of measuring IMT from a longi-
tudinal tomographic image of a measurement target region
which is determined. However, the ultrasound diagnostic
apparatus 40 differs from the ultrasound diagnostic apparatus
10 in terms that the ultrasound diagnostic apparatus 40 is
configured such that an ultrasound probe 91, which is pro-
vided with a plurality of transducer columns thereon, is con-
nectable to the ultrasound diagnostic apparatus 40. Each of
the transducer columns has a plurality ofultrasound transduc-
ers arranged in a column direction and the transducer col-
umns are arranged in a row direction which is perpendicular
to the column direction. The ultrasound diagnostic apparatus
40 also differs in terms that provision of a position-orientation
detection unit 104 for detecting a position and an orientation
of the ultrasound probe is not necessary.

[0245] <Configuration>
[0246] (General Configuration)
[0247] FIG. 14 is a block diagram illustrating functional

configuration of the ultrasound diagnostic apparatus 40 relat-
ing to the fourth embodiment. As illustrated in FIG. 14, the
ultrasound diagnostic apparatus 40 is configured in a manner
such that the ultrasound probe 91 and a display 80 are each
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electrically connectable to the ultrasound diagnostic device
40. The ultrasound probe 91 transmits an ultrasound wave
toward a subject and receives an ultrasound wave from the
subject, and the display 80 displays information. FIG. 14
illustrates the ultrasound diagnostic apparatus 40 with the
ultrasound probe 91 and the display 80 each connected
thereto.

[0248] The ultrasound diagnostic apparatus 40 includes a
transmission-reception processing unit 100, a 2D image gen-
eration unit 101, atransverse 3D image construction unit 102,
ameasurement position-orientation determination unit 103, a
property measurement unit 106, a display control unit 107
and a scan plane setting unit 408. The following focuses on
explanation of configuration and operation of the scan plane
setting unit 408. The ultrasound probe 91 is also explained.
The transmission-reception processing unit 100, the 2D
image generation unit 101, the transverse 3D image construc-
tion unit 102, the measurement position-orientation determi-
nation unit 103, the property measurement unit 106 and the
display control unit 107 in the ultrasound diagnostic appara-
tus 40 have the same functions as elements of the same
reference signs in the ultrasound diagnostic apparatus 10, and
therefore explanation thereof is omitted.

[0249] (Ultrasound Probe 91)

[0250] FIG. 15 is aschematic diagram illustrating the ultra-
sound probe 91 used by the ultrasound diagnostic apparatus
40 relating to the fourth embodiment. As illustrated in FIG.
15, a plurality of transducer columns 91a, which each have a
plurality of piezoelectric elements arranged in straight line in
a column direction X, are provided on the ultrasound probe
91. The transducer columns 91a are arranged in a row direc-
tionY which is perpendicular to the column direction X, thus
forming a matrix of transducers 91¢ in a 2D array.

[0251] The ultrasound probe 91 receives a transmission
signal supplied from the transmission-reception processing
unit 100 as a pulse or continuous electrical signal, and con-
verts the transmission signal into a pulse or continuous ultra-
sound wave. While the transducers 91¢ are in contact with
skin surface of a subject, the ultrasound probe 91 emits an
ultrasound beam from the skin surface toward the carotid
artery. In order to acquire a 2D image of a transverse cross-
section of the carotid artery, the ultrasound probe 91 is for
example positioned so that the column direction X of the
transducers 91¢ arranged in the 2D array is perpendicular to
the longitudinal direction of the carotid artery. In order to
form a scan plane 91x perpendicular to the longitudinal direc-
tion, at least one of the transducer columns 91a is driven to
emit an ultrasound beam. In the above situation, if a plurality
of the transducer columns 91a are driven a scan plane is
formed by beamforming. The ultrasound probe 91 also
receives an ultrasound echo signal which is an ultrasound
wave reflected from the subject. The ultrasound probe 91
converts the ultrasound echo signal to an electrical signal
through the transducer columns 91a and supplies the electri-
cal signal to the transmission-reception processing unit 100.
[0252] In order to acquire a plurality of transverse tomo-
graphic images of the carotid artery, the transducer columns
91a which are driven, are electrically scanned in the row
direction Y, and thus are scanned along the carotid artery in
the longitudinal direction. With the transducers 91c¢ of the
ultrasound probe 91 in contact with the skin surface, the
transducer columns 91a which are driven, transmit an ultra-
sound beam scanning in the row direction Y, which is the
longitudinal direction of the carotid artery.
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[0253] (Transmission-Reception Processing Unit 100) A
plurality of scan planes 91x are formed perpendicular to the
longitudinal direction, and by driving the transducer columns
91a to scan a plurality of times along the row direction Y
(referred to below as a row direction scan), reception signals
are successively generated for carotid artery cross-sections in
a plurality of frames corresponding one-to-one to the scan
planes 91x. The transmission-reception processing unit 100
supplies the reception signal in each of the plurality of frames
to the 2D image generation unit 101.

[0254] (2D Image Generation Unit 101)

[0255] Foreachofthe frames, the 2D image generation unit
101 generates a 2D image shCine, which is a transverse
tomographic image of the carotid artery corresponding to the
frame, based on the reception signal in the frame. The 2D
image generation unit 101 supplies the 2D images shCine to
the 3D image construction unit 102. Each of the 2D images
shCine is supplied to the transverse 3D image construction
unit 102 with a column number, indicating a column for
which the 2D image shCine is acquired in the row direction
scan.

[0256] (Transverse 3D Image Construction Unit 102)
[0257] The transverse 3D image construction unit 102
extracts vascular contours of the carotid artery from each of
the 2D images shCine. The transverse 3D image construction
unit 102 subsequently constructs a 3D image of the carotid
artery by mapping the vascular contours extracted from each
of the transverse tomographic images in a 3D space, based on
position of a scan plane of which the transverse tomographic
image is acquired. During the above, the transverse 3D image
construction unit 102 constructs the 3D image of the carotid
artery by connecting the vascular contours in an order corre-
sponding to order in which the transverse tomographic
images, from which the vascular contours are extracted, are
acquired during the row direction scan. The transverse 3D
image construction unit 102 outputs the vascular contours
mapped in the 3D space and coordinates shCont of the vas-
cular contours to the measurement position-orientation deter-
mination unit 103.

[0258] (Measurement Position-Orientation Determination
Unit 103)
[0259] The measurement position-orientation determina-

tion unit 103 analyzes a transverse 3D image in the same way
as the measurement position-orientation determination unit
103 in the first embodiment and outputs measurement posi-
tion-orientation information locRef including at least infor-
mation relating to a measurement target region for IMT in the
carotid artery and a maximum effective plane.

[0260] (Scan Plane Setting Unit 408)

[0261] The scan plane setting unit 408 determines a scan
plane for the ultrasound probe 91 in order to acquire a longi-
tudinal tomographic image including the measurement target
region for IMT, based on the measurement position-orienta-
tion information locRef. The scan plane setting unit 408
instructs the transmission-reception processing unit 100 to
perform transmission processing and reception processing in
order to acquire the longitudinal tomographic image for prop-
erty measurement at the scan plane which is determined.
[0262] Specifically, the ultrasound probe 91 is positioned at
the same position as when acquiring the transverse tomo-
graphic images, and the ultrasound probe 91 is orientated
such that the column direction X of the transducers 91c,
arranged as a matrix in a 2D array, is perpendicular to the
longitudinal direction of the carotid artery. Next, in order to
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form a scan plane 91y, which is parallel to the longitudinal
direction, at least one transducer row 915, which is parallel to
the row direction Y and the longitudinal direction, is driven to
emit an ultrasound beam. In the above situation, if a plurality
of transducer rows 915 are driven the scan plane 91y is formed
by beamforming. The ultrasound probe 91 also receives an
ultrasound sound echo signal which is an ultrasound wave
reflected from the subject, converts the ultrasound echo signal
to an electrical signal through the transducer rows 915, and
supplies the electrical signal to the transmission-reception
processing unit 100.

[0263] Upon receiving the reception signal from the trans-
mission-reception processing unit 100, the 2D image genera-
tion unit 101 generates a 2D image loCine, which is a longi-
tudinal tomographic image, based on the reception signal and
supplies the 2D image loCine to the property measurement
unit 106, which is explained below.

[0264] (Property Measurement Unit 106)

[0265] The property measurement unit 106 acquires the 2D
image loCine from the 2D image generation unit 101 and
measures IMT in a range indicated by the measurement range
information mesRan.

[0266] Through the above, the property measurement unit
106 measures IMT based on the longitudinal tomographic
image loCine acquired at the scan plane 91y, which is deter-
mined by the scan plane setting unit 408 based on the mea-
surement position-orientation information locRef.

[0267] (Display Control Unit 107)

[0268] The display control unit 107 receives the measure-
ment position-orientation information locRef, which indi-
cates the scan plane, and the measurement range information
mesRan, which indicates the measurement range for IMT,
from the measurement position-orientation determination
unit 103. The display control unit 107 controls the display 80
to display the scan plane and the measurement range for IMT
superimposed on the transverse 3D image.

[0269] The display control unit 107 also receives informa-
tion indicating results of IMT measurement from the property
measurement unit 106 and controls the display 80 to display
the results. During the above, a more user friendly configu-
ration is achieved by displaying the IMT measurement range
212, in which IMT measurement is performed, with the 3D
image.

[0270] <Operation>

[0271] Operation of the ultrasound diagnostic apparatus
40, configured as described above, is explained below with
reference to FIG. 16. FI1G. 16 illustrates a flowchart for the
ultrasound diagnostic apparatus 40 relating to the fourth
embodiment.

[0272] (Step S201)

[0273] In Step S201, the transducer columns of the ultra-
sound probe 91 are positioned approximately perpendicular
to the longitudinal direction of the carotid artery, and trans-
ducer columns which are driven are scanned along the carotid
artery in the longitudinal direction to acquire a plurality of
transverse tomographic images of the carotid artery. Subse-
quently, vascular contours are extracted from each of the
transverse tomographic images. Based on positions and ori-
entations of scan planes each corresponding to the one of the
transverse tomographic images, the vascular contours are
mapped in a 3D space in order to construct a 3D image of the
carotid artery. During the above, a position and an orientation
of each of the scan planes is calculated based on a column
number, received from the ultrasound probe 91, for which a
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transverse tomographic image of the scan plane is acquired.
Among the tunica intima, the tunica media and the tunica
adventitia, when extracting vascular contours, contours are
extracted for at least the tunica adventitia.

[0274] (Step S202)

[0275] Using the same method as in the first embodiment,
in Step S202 shapes of contours of the tunica adventitia in the
transverse 3D image are analyzed to determine a position and
an orientation of a scan plane of the ultrasound probe 91 for
acquiring a tomographic image including a measurement tar-
get region of the blood vessel. In order that IMT measurement
is performed using a longitudinal tomographic image, a posi-
tion and an orientation are acquired which are of a scan plane
for acquiring a longitudinal tomographic image which
includes the measurement target region.

[0276] (Step S204B)

[0277] In Step S204B a scan plane of the ultrasound probe
91 for acquiring the longitudinal tomographic image includ-
ing the measurement target region for IMT is determined such
as to differ from the measurement position-orientation infor-
mation locRef by no greater than a threshold value. In order
that the scan plane is formed parallel to the longitudinal
direction, the scan plane is determined such that at least one of
the transducer rows, which are parallel to the longitudinal
direction, is driven.

[0278] (Step S205B)

[0279] 1In Step S205B the ultrasound probe 91 is driven to
acquire the longitudinal tomographic image at the scan plane
determined in Step S204B. In order to perform the above, the
scan plane setting unit 408 instructs the transmission-recep-
tion processing unit 100 to perform transmission processing
and reception processing to acquire an ultrasound image at
the scan plane, which is a longitudinal tomographic image for
property measurement.

[0280] (Step S206B)

[0281] In Step S206B, IMT measurement is performed in
the range indicated by the measurement range information
mesRan, based on the ultrasound image acquired in Step
S205B, using the same method as in the first embodiment.
[0282] <Effects>

[0283] As explained above, the ultrasound diagnostic appa-
ratus 40 can be used with the ultrasound probe 91 which has
a configuration in which the plurality of transducer columns
91a, each having a plurality of ultrasound transducers
arranged in the column direction X, are configured to scan in
the row direction Y perpendicular to the column direction X.
Thus, the ultrasound diagnostic apparatus 40 can easily set a
scan plane 91y of the ultrasound probe 91 for acquiring a
longitudinal tomographic image of a measurement target
region for IMT in a blood vessel. Therefore, through the
ultrasound diagnostic apparatus 40 the operator is always
able to acquire the longitudinal tomographic image including
the measurement target region, and thus can perform IMT
measurement accurately.

[0284] Also, IMT measurement is performed based on the
longitudinal tomographic image which is newly acquired at
the scan plane 91y, at which the longitudinal tomographic
image of the measurement target region for IMT can be
acquired. Therefore, a problem does not occur of results of
IMT measurement varying along the longitudinal direction in
accordance with vascular pulsations, such as occurs when
IMT measurement is performed based on a longitudinal
cross-section generated from a transverse 3D image.
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[0285] Furthermore, setting of the scan plane 91y of the
ultrasound probe 91, at which the longitudinal tomographic
image of the measurement target region for IMT in the blood
vessel can be acquired, is performed automatically. There-
fore, the operator is not required to move the ultrasound probe
91 and IMT measurement can be easily performed even if the
operator does not possess a high degree of procedural skill.

Modified Examples

[0286] The above is an explanation of the ultrasound diag-
nostic apparatus 40 relating to the present embodiment. The
ultrasound diagnostic apparatus in the present disclosure is of
course not limited to the ultrasound diagnostic apparatus
explained in the present embodiment and various modified
examples of the ultrasound diagnostic apparatus in the
present embodiment are also possible, such as explained
below.

[0287] (1) For the ultrasound diagnostic apparatus 40, the
ultrasound probe 91 is explained using an example in which
transducers 91¢ are arranged in a matrix as a 2D array con-
sisting of a plurality of transducer columns 91a, each having
a plurality of ultrasound transducers arranged in the column
direction X, which are arranged in a row direction Y perpen-
dicular to the column direction X. However, so long as the
ultrasound probe is configured in a manner such that at least
one transducer column thereof, having a plurality of ultra-
sound transducers arranged in a column direction, is config-
ured to scan in a row direction perpendicular to the column
direction, the ultrasound probe may alternatively be config-
ured in a manner such that the transducer column is movable
perpendicular to the column direction. For example, a 3D
image may be acquired using a mechanical oscillating type
ultrasound probe in which a 1D array of ultrasound transduc-
ers moves in an oscillating motion within the ultrasound
probe.

[0288] FIG. 17 is a schematic diagram illustrating an ultra-
sound probe 92 used by an ultrasound diagnostic apparatus
40A relating to a modified example of the ultrasound diag-
nostic apparatus 40 relating to the fourth embodiment. The
ultrasound probe 92 is configured in a manner such that a
transducer column 92a thereof, having a plurality of ultra-
sound transducers arranged in a column direction X, is move-
able in a row direction Y perpendicular to the column direc-
tion X. The transducer column 92a moves in the row direction
Y through a oscillating motion. A scan plane 92x can be
formed parallel to the column direction X by driving the
transducer column 924. On the other hand, a scan plane 92y
can be formed parallel to the row direction Y by driving at
least one of the transducers in the transducer column 92a
while moving the transducer column 924 in the row direction
Y. A transverse 3D image is constructed from a plurality of
transverse tomographic images acquired at scan planes 92x. A
position and an orientation are determined at which a longi-
tudinal tomographic image of a measurement target region
for IMT can be acquired and, through the scan plane setting
unit 408, a scan plane 92y can be set for acquiring the longi-
tudinal tomographic image. Therefore, through the above
configuration the operator can always acquire the longitudi-
nal tomographic image including the measurement target
region and thus can perform IMT measurement accurately.
[0289] (2) The present embodiment is explained using an
example in which, in terms of a 3D probe for acquiring a 3D
image, a matrix probe is used as an example of a 2D array
probe having ultrasound transducers arranged in a 2D array
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on a probe surface thereof. However, the 2D array probe
which is used is not limited to the type described above and
alternatively a different type of probe may be selected such as
a linear probe, convex probe or sector probe.

[0290] (3) In a situation in which an observation range of a
3D probe is narrow, scanning may be performed while mov-
ing the 3D probe and 3D images acquired at different posi-
tions of the 3D probe may be connected in order to acquire a
3Dimage over a wider range. In other words, when the carotid
artery is greater in extent than a 3D region which can be
acquired during a single scan using the 3D probe, by connect-
ing 3D areas acquired through scanning a plurality of times, a
3D image can be acquired of the entire carotid artery. During
the above, the 3D probe may be moved in a manner such that,
among the 3D images acquired through the plurality of scans,
neighboring 3D images overlap with one another. Further-
more, when connecting the 3D images, the 3D images may be
connected so as to be continuous by matching positions of
vascular contours in transverse cross-section images
extracted from the 3D images or by matching central lines of
the vascular contours.

Fifth Embodiment

[0291] By recording on a recording medium such as a
floppy disk, a program for implementing the control method
for an ultrasound diagnostic apparatus described in each of
the above embodiments, an independent computer system
can easily execute processing described in each of the above
embodiments.

[0292] FIGS. 18A-18C are provided for explaining a con-
figuration in which the control method for an ultrasound
diagnostic apparatus described in each of the above embodi-
ments is executed by a computer system using a program
recorded on a recording medium such as a floppy disk.

[0293] FIG. 18A illustrates an example of physical format
of a floppy disk FD, which is an example of a recording
medium. FIG. 18B illustrates an external front view, a cross-
section view and an internal view of the floppy disk FD. The
floppy disk FD is housed in a case F. A plurality of tracks Tr
are formed on a surface of the floppy disk FD in concentric
circles from an outer circumference to an inner circumference
of the floppy disk FD. Each track is divided into 16 sectors Se
in terms of angle from a center of the floppy disk FD. There-
fore, the above program can be stored on a floppy disk by
recording the program in an allotted region on the floppy disk
FD.

[0294] FIG. 18C illustrates a configuration for executing
the program recorded on the floppy disk FD. When recording
the program for implementing the control method ofan ultra-
sound diagnostic apparatus on the floppy disk FD, a computer
system Cs writes the program using a floppy disk drive.
Furthermore, when constructing, in a computer system, the
control method of an ultrasound diagnostic apparatus which
is implemented by the program recorded on the floppy disk,
the program is read from the floppy disk by the floppy disk
drive and is transmitted to the computer system.

[0295] Inthe above explanation, a floppy disk is used as an
example of a recording medium, however alternatively an
optical disk may be used in the same way. The recording
medium is not limited to being a floppy disk or an optical disk,
and alternatively may be any medium on which a program can
be recorded, such as an IC (Integrated Circuit) card ora ROM
cassette.
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[0296] Functional blocks in each of the ultrasound diagnos-
tic apparatuses illustrated in FIGS. 1, 6, 11 and 14 may
typically be implemented through large scale integration
(LSI) as integrated circuits. Each of the functional blocks may
be integrated into a chip or alternatively all or a portion of the
functional blocks may be integrated into a single chip.

[0297] The above refers to LSI, but depending on the
degree of integration the above may also be referred to as IC,
system LSI, super LSI or ultra LSI.

[0298] Also, circuit integration is not limited to LSI and
may alternatively be realized through a dedicated circuit or a
general processor. For example, a dedicated circuit for graph-
ics processing may be used such as a graphic processing unit
(GPU). A field programmable gate array (FPGA), which is
programmable after the LSI is manufactured, or a reconfig-
urable processor, which allows for reconfiguration of the
connection and setting of circuit cells inside the LSI, may
alternatively be used.

[0299] Furthermore, if technology for forming integrated
circuits that replaces LSI were to emerge, owing to advances
in semiconductor technology or to another derivative tech-
nology, the integration of functional blocks may naturally be
accomplished using such technology. Application of biotech-
nology is also possible.

[0300] Furthermore, the configuration elements of each of
the ultrasound diagnostic apparatuses illustrated in FIGS. 1,
6, 11 and 14 may be connected via a network such as the
Internet or a local area network (LAN). For example, in an
alternative configuration ultrasound images may be read from
an accumulation device or a server in a network, which stores
the ultrasound images therein. Additional functions of each of
the configuration elements may also be performed through
the network.

[0301]

[0302] Each of the embodiments described above is a non-
limiting and exemplary embodiment of the apparatus in the
present disclosure. Numbers, shapes, materials, configura-
tion elements, connection structure and position of the con-
figuration elements, processes, orders of processes and the
like described in the embodiments are merely non-limiting
examples thereof. Configuration elements described in the
embodiments but not recited in independent claims, which
each indicate a general concept of the present disclosure, are
explained as arbitrary configuration elements for purposes of
configuring preferable embodiments.

[0303] Furthermore, in drawings referred to in the above
embodiments, in order to facilitate understanding, configura-
tion elements are not necessarily illustrated to scale. The
present disclosure is not limited by the above embodiments,
and appropriate modifications may be made so long as such
modifications do not cause deviation from the general con-
cept of the present disclosure.

[0304] In an ultrasound diagnostic apparatus, circuit com-
ponents, leads and the like mounted on circuit boards are also
present. Various different embodiments of electrical wiring
and electrical circuits are possible based on common knowl-
edge in the technical field of imaging diagnostic apparatuses,
however as such embodiments are not directly relevant to
explanation of the present disclosure, explanation thereof is
omitted. The above drawings are schematic diagrams and do
not necessarily provide entirely accurate illustrations.

[Supplementary Explanation]
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INDUSTRIAL APPLICABILITY a property measurement unit configured to calculate a
[0305] Through the ultrasound diagnostic apparatus and propetty of a vascular yvall Oi the.: blood vessel in the
the control method thereof in the present disclosure, naviga- measur'ement target' r'eglon, wherein .
tion information is provided to an operator in order that IMT when theJudgmeI}t umt.Judgf;s that the current position and
of a blood vessel can be measured at a most suitable scan the 'c'urrent orientation differ frgm th'e measurerpent
plane, and therefore IMT measurement can be easily per- position and the measurement orientation respectively
formed with a high degree of reproducibility. Consequently, by no greater tl'lan the threshold value, the property
the ultrasound diagnostic apparatus and the control method measurement unit calc.ulat.es the property .of.the vascular
thereof in the present disclosure improve diagnosis accuracy wall based on the longitudinal tomographic image of the
and reduce examination time, for example in screening for blood vessel.
arteriosclerosis, and therefore are applicable for widespread 2. The ultrasound diagnostic apparatus of claim 1 to which
use in the field of medical diagnostic apparatuses. a display is connectable, further comprising
a display control unit configured to control the display to
REFERENCE SIGNS LIST display the 3D image of the blood vessel, the measure-
[0306] 10, 20, 30, 40, 40A ultrasound diagnostic appa- et positigr} and the measurement orieptation, and the
ratus Themm e current position and the current orientation of the ultra-
[0307] 80 display sound probe. . .
[0308] 90, 91, 92 ultrasound probe 3. Thg ultrasound diagnostic apparatus of claim 1, further
[0309] 100 transmission-reception processing unit Comprising
[0310] 101 2D image generation unit the position-orientation detection unit.
[0311] 102 transverse 3D image construction unit 4. The ultrasound diagnostic apparatus of claim 1, further
[0312] 103 measurement position-orientation determi- comprising
nation unit atransverse 3D image construction unit configured to con-

[0313] 104 probe position-orientation detection unit

[0314] 104a image capture sub-unit

[0315] 1045 optical marker

[0316] 105, 205 judgment unit

[0317] 106, 206, 306 property measurement unit

[0318] 107 display control unit

[0319] 203a transverse information analysis sub-unit

[0320] 2035 longitudinal information analysis sub-unit

[0321] 203¢ measurement position determination sub-
unit

[0322] 408 scan plane setting unit

1. An ultrasound diagnostic apparatus to which an ultra-

struct the 3D image of the blood vessel based on the
plurality of transverse tomographic images and based on
position-orientation information indicating a position
and an orientation of the ultrasound probe when each of
the transverse tomographic images is acquired.

5. The ultrasound diagnostic apparatus of claim 1, wherein

the blood vessel is a carotid artery, and

the property of the vascular wall is an intima-media thick-
ness.

6. The ultrasound diagnostic apparatus of claim 5, wherein

the measurement position-orientation determination unit

determines the measurement target region for intima-
media thickness based on a boundary position betweena
common carotid artery and a bulb of the common carotid
artery, and determines the measurement position and the
measurement orientation in a manner such that the mea-

sound probe and a position-orientation detection unit, con-
figured to detect a position and an orientation of the ultra-
sound probe, are connectable, the ultrasound diagnostic
apparatus comprising:

a transmission-reception processing unit configured to
transmit an ultrasound wave toward a blood vessel
which is a measurement target via the ultrasound probe
and to receive a reflected ultrasound wave from the
blood vessel via the ultrasound probe;

a 2D image generation unit configured to generate a tomo-
graphic image of the blood vessel based on the reflected
ultrasound wave;

a measurement position-orientation determination unit
configured to determine a measurement target region of
theblood vessel, based ona 3D image of the blood vessel
generated from a plurality of transverse tomographic
images acquired by scanning of the ultrasound probe
along the blood vessel in a longitudinal direction, and to
determine a measurement position and a measurement
orientation of the ultrasound probe for acquiring a lon-
gitudinal tomographic image including the measure-
ment target region;

a judgment unit configured to judge whether a current
position and a current orientation of the ultrasound
probe, detected by the position-orientation detection
unit at a current time, differ from the measurement posi-
tion and the measurement orientation respectively by no
greater than a threshold value; and

surement target region is included in a reception signal
acquisition range of the ultrasound probe when the ultra-
sound probe is positioned at the measurement position
and the measurement orientation.

7. The ultrasound diagnostic apparatus of claim 5, wherein

the measurement position-orientation determination unit
detects a position of maximumhypertrophy, at which the
intima-media thickness is a maximum value, in at least
one part of the carotid artery, and determines the mea-
surement position and the measurement orientation in a
manner such that the position of maximum hypertrophy
is included in a reception signal acquisition range of the
ultrasound probe when the ultrasound probe is posi-
tioned at the measurement position and the measure-
ment orientation, and

the part of the carotid artery is a common carotid artery, a
bulb of the common carotid artery or an internal carotid
artery.

8. The ultrasound diagnostic apparatus of claim 5, wherein

the measurement position-orientation determination unit
detects a position of maximum hypertrophy, at which the
intima-media thickness is a maximum value, in at least
one part of the carotid artery,
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the part of the carotid artery is a common carotid artery, a
bulb of the common carotid artery or an internal carotid
artery, and
the property measurement unit measures an intima-media
volume in a region including the position of maximum
hypertrophy, based on the 3D image of the blood vessel.
9. An ultrasound diagnostic apparatus to which an ultra-
sound probe and a position-orientation detection unit, con-
figured to detect a position and an orientation of the ultra-
sound probe, are connectable, the ultrasound diagnostic
apparatus comprising:
a transmission-reception processing unit configured to
transmit an ultrasound wave toward a blood vessel
which is a measurement target via the ultrasound probe
and to receive a reflected ultrasound wave from the
blood vessel via the ultrasound probe;
a 2D image generation unit configured to generate a tomo-
graphic image of the blood vessel based on the reflected
ultrasound wave;
measurement position-orientation determination unit
configured to determine a measurement target region of
the blood vessel, based on a plurality of transverse tomo-
graphic images acquired by scanning of the ultrasound
probe along the blood vessel in a longitudinal direction
and based on position-orientation information indicat-
ing a position and an orientation of the ultrasound probe
when each of the transverse tomographic images is
acquired, and to determine a measurement position and
a measurement orientation of the ultrasound probe for
acquiring a longitudinal tomographic image including
the measurement target region;
a judgment unit configured to judge whether a current
position and a current orientation of the ultrasound
probe, detected by the position-orientation detection
unit at a current time, differ from the measurement posi-
tion and the measurement orientation respectively by no
greater than a threshold value; and
a property measurement unit configured to calculate a
property of a vascular wall of the blood vessel in the
measurement target region, wherein
when the judgment unit judges that the current position and
the current orientation differ from the measurement
position and the measurement orientation respectively
by no greater than the threshold value:
the transmission-reception unit transmits the ultrasound
wave and receives the reflected ultrasound wave via
the ultrasound probe which is positioned at the current
position and the current orientation,

the 2D image generation unit generates the longitudinal
tomographic image of the blood vessel based on the
reflected ultrasound wave; and

the property measurement unit calculates the property of
the vascular wall based on the longitudinal tomo-
graphic image of the blood vessel.

10. An ultrasound diagnostic apparatus to which an ultra-
sound probe and a position-orientation detection unit, con-
figured to detect a position and an orientation of the ultra-
sound probe, are connectable, the ultrasound diagnostic
apparatus comprising:

a transmission-reception processing unit configured to
transmit an ultrasound wave toward a blood vessel
which is a measurement target via the ultrasound probe
and to receive a reflected ultrasound wave from the
blood vessel via the ultrasound probe;
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a 2D image generation unit configured to generate a tomo-
graphic image of the blood vessel based on the reflected
ultrasound wave;

a transverse 3D image construction unit configured to con-
structa 3D image of the blood vessel based on a plurality
of transverse tomographic images acquired by scanning
of the ultrasound probe along the blood vessel in a lon-
gitudinal direction and based on position-orientation
information indicating a position and an orientation of
the ultrasound probe when each of the transverse tomo-
graphic images is acquired;

a transverse information analysis unit configured to deter-
mine, based on the 3D image of the blood vessel, a
measurement position and a measurement orientation of
the ultrasound probe for acquiring a longitudinal tomo-
graphic image for measuring a property of a vascular
wall of the blood vessel;

a judgment unit configured to judge whether a current
position and a current orientation of the ultrasound
probe, detected by the position-orientation detection
unit at a current time, differ from the measurement posi-
tion and the measurement orientation respectively by no
greater than a threshold value;

longitudinal information analysis unit configured to

determine an updated measurement position of the ultra-

sound probe for acquiring a longitudinal tomographic
image including a measurement target region of the
blood vessel;
a measurement position determination unit configured to
determine the measurement target region of the blood
vessel for measuring the property of the vascular wall,
based on the updated measurement position; and
a property measurement unit configured to calculate the
property of the vascular wall in the measurement target
region based on the longitudinal tomographic image,
wherein
when the judgment unit judges that the current position and
the current orientation differ from the measurement
position and the measurement orientation respectively
by no greater than the threshold value:
the transmission-reception unit transmits the ultrasound
wave and receives the reflected ultrasound wave via
the ultrasound probe which is located at the current
position and the current orientation;

the 2D image generation unit generates the longitudinal
tomographic image of the blood vessel based on the
reflected ultrasound wave;

the longitudinal information analysis unit determines
the updated measurement position based on the lon-
gitudinal tomographic image;

the measurement position determination unit deter-
mines the measurement target region, for measuring
the property of the vascular wall, based on the updated
measurement position; and

the property measurement unit calculates the property of
the vascular wall in the measurement target region
based on the longitudinal tomographic image of the
blood vessel.

11. An ultrasound diagnostic apparatus to which an ultra-
sound probe is connectable which is configured such that at
least one transducer column thereof, having a plurality of
ultrasound transducers arranged in a column, is configured to
scan in a row direction perpendicular to the column, the
ultrasound diagnostic apparatus comprising:
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a transmission-reception processing unit configured to
transmit an ultrasound wave toward a blood vessel
which is a measurement target via the ultrasound probe
and to receive a reflected ultrasound wave from the
blood vessel via the ultrasound probe;

a 2D image generation unit configured to generate a tomo-
graphic image of the blood vessel based on the reflected
ultrasound wave;

a measurement position-orientation determination unit
configured to determine a measurement target region of
the blood vessel for measuring a property of a vascular
wall of the blood vessel based on a 3D image of vascular
contours formed by arranging in a 3D space, vascular
contours of the blood vessel extracted from a plurality of
tomographic images generated by the 2D image genera-
tion unit, the tomographic images being acquired by
scanning of the transducer column in the row direction
along one direction of the blood vessel and the vascular
contours being arranged based on each of the tomo-
graphic images and a row direction position of the trans-
ducer column when the tomographic image is acquired;

a scan plane setting unit configured to determine a column
position of the ultrasound transducers for acquiring a
tomographic image that is parallel to the row direction
and that includes the measurement target region, and to
instruct the transmission-reception processing unit to
perform transmission processing and reception process-
ing for acquiring a tomographic image for property mea-
surement at the column position; and

a property measurement unit configured to measure the
property of the vascular wall by analyzing the tomo-
graphic image for property measurement.

12. The ultrasound diagnostic apparatus of claim 11,

wherein

the ultrasound probe is configured in a manner such that a
plurality of transducer columns thereof, each having by
a plurality of ultrasound transducers arranged in a col-
umn, are arranged in the row direction perpendicular to
the column.
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13. The ultrasound diagnostic apparatus of claim 11,
wherein

the ultrasound probe is configured in a manner such that a
transducer column thereof, having a plurality of ultra-
sound transducers arranged in a column, is configured to
move in a direction perpendicular to the column.

14. A control method for an ultrasound diagnostic appara-
tus to which an ultrasound probe and a position-orientation
detection unit, configured to detect a position and an orienta-
tion of the ultrasound probe, are connectable, the control
method comprising:

a step of transmitting an ultrasound wave toward a blood
vessel which is a measurement target via the ultrasound
probe and receiving a reflected ultrasound wave from the
blood vessel via the ultrasound probe;

a step of generating a tomographic image of the blood
vessel based on the reflected ultrasound wave;

a step of determining a measurement target region of the
blood vessel based on a 3D image of the blood vessel
generated from a plurality of transverse tomographic
images acquired by scanning of the ultrasound probe
along the blood vessel in a longitudinal direction, and
determining a measurement position and a measurement
orientation of the ultrasound probe for acquiring a lon-
gitudinal tomographic image including the measure-
ment target region;

a step of judging whether a current position and a current
orientation of the ultrasound probe, detected by the posi-
tion-orientation detection unit at a current time, differ
from the measurement position and the measurement
orientation respectively by no greater than a threshold
value; and

a step of calculating a property of a vascular wall of the
blood vessel in the measurement target region, based on
the longitudinal tomographic image, when the current
position and the current orientation of the ultrasound
probe differ from the measurement position and the
measurement orientation respectively by no greater than
the threshold value.
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