EP 2 497 425 B1

Patent Office

des bevets (11) EP 2 497 425 B1

(1 9) ’ e "llmlmll‘mm“||H|Hl“|m|‘l“HllHl‘l‘l“ll‘|H‘|H||H‘|H||‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 8/08 (2006.01) A61B 5/02 (2006.01)

27.03.2019 Bulletin 2019/13
(21) Application number: 12155563.5

(22) Date of filing: 15.02.2012

(54) Ultrasound diagnostic apparatus and method of determining elasticity index reliability

Ultraschalldiagnosevorrichtung und Verfahren zur Bestimmung der Zuverlassigkeit des
Elastizitdtsindexes

Appareil de diagnostic a ultrasons et procédé pour déterminer la fiabilité d'index d’élasticité

(84) Designated Contracting States: (72) Inventor: Miyachi, Yukiya
AL ATBE BG CH CY CZDE DKEE ES FIFRGB Kanagawa (JP)
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR (74) Representative: Klunker IP

Patentanwilte PartG mbB

(30) Priority: 08.03.2011 JP 2011050130 DestouchesstraRe 68

80796 Miinchen (DE)
(43) Date of publication of application:

12.09.2012 Bulletin 2012/37 (56) References cited:
JP-A- 2007 006 914 JP-A- 2011 036 271
(73) Proprietor: Fujifilm Corporation US-A1- 2008 021 318 US-A1-2009 012 399
Minato-ku US-A1- 2009 318 806 US-A1-2010 113 930
Tokyo (JP) US-A1-2010 185090 US-A1-2011 015 524

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 497 425 B1 2

Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a technique for
measuring an elasticity index of a blood vessel using an
ultrasonic wave, and evaluating and determining the re-
liability of the elasticity index. In particular, the present
invention relates to an ultrasound diagnostic apparatus,
a method of determining elasticity index reliability, and a
program for determining elasticity index reliability which
determine the reliability of an elasticity index of a blood
vessel obtained by measurement using an ultrasonic
wave.

[0002] In order to perform non-invasive cardiac diag-
nosis on the basis of acoustic and elastic characteristics
of the heart muscle, it is necessary to percutaneously
measure microvibrations having an amplitude equal to
several tens of um or less in each site of a heart wall
over a frequency band up to hundreds of Hz consecu-
tively over several beats. Accordingly, a technique is
known in which the instantaneous position of a vascular
wall is determined using the amplitude and phase of a
detected signal, and the large amplitude displacement
motion of the vascular wall based on a heart stroke is
tracked, thereby obtaining the elastic modulus of a blood
vessel (see JP 10-5226 A). Specifically, the motion rate
waveform of microvibrations of a vascular wallis obtained
on the basis of the sequential position of the vascular
wall, tracking loci of parts taken at predetermined inter-
vals in the depth direction of the vascular wall are ob-
tained, and temporal changes in thickness of the parts
are calculated, thereby obtaining the elastic modulus of
a blood vessel. Document JP2011036271 discloses an
apparatus according to the preamble of the independent
claim 1.

SUMMARY OF THE INVENTION

[0003] However, when measuring the elastic modulus
of the blood vessel, it is necessary to track the displace-
ment of a vascular wall which is constantly in motion due
to heartbeat. Meanwhile, it can be understood that, if the
displacement due to heartbeat is excessive or if the po-
sition of the blood vessel to be measured is shifted, track-
ing fails, and the reliability of the obtained elastic modulus
is deteriorated.

[0004] The invention is defined in the independent
claims 1,8 and 9. Preferred embodiments are defined in
the dependent claims.

[0005] The invention has been finalized in considera-
tion of the above-described situation, and an object of
the invention is to provide an ultrasound diagnostic ap-
paratus, a method of determining elasticity index relia-
bility, and a program for determining elasticity index re-
liability capable of evaluating and determining the relia-
bility of an elasticity index, such as an elastic modulus,
measured using an ultrasonic wave, giving notification
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to a user, such as a measurement technician, when re-
liability is lacking, and preventing various diagnoses from
being performed on the basis of an elasticity index, such
as an unreliable elastic modulus, thereby performing ac-
curate diagnosis.

[0006] In order to achieve the above objects, the
present invention provides an ultrasound diagnostic ap-
paratus comprising: control means for controlling trans-
mission and reception of an ultrasonic beam; tracking
means for tracking displacements in a transmission di-
rection of a plurality of points of a blood vessel in the
transmission direction of the ultrasonic beam; calculation
means for calculating an elasticity index of the blood ves-
sel based on the tracking result of the tracking means;
acquisition means for acquiring the direction of a dis-
placement or the amount of displacement in the trans-
mission direction of a specific point of the blood vessel;
and determination means for determining reliability of the
elasticity index based on the acquisition result of the ac-
quisition means.

[0007] The plurality of points are on a posterior vascu-
lar wall, and the specific point is at least on the posterior
vascular wall.

[0008] When the posterior vascular wall is displaced
toward outside of the blood vessel in a heart contraction
phase, the determination means determines that the re-
liability of the elasticity index is high.

[0009] When the posterior vascular wall is displaced
toward an anterior vascular wall by equal to or greater
than 0.11 mm during a period in which the blood vessel
increases from a minimum diameter to a maximum di-
ameter, the determination means preferably determines
that the reliability of the elasticity index is low.

[0010] Preferably, the plurality of points are on a pos-
terior vascular wall, and the specific pointis on an anterior
vascular wall and the posterior vascular wall.

[0011] When the center position of the blood vessel is
displaced toward the anterior wall by equal to or greater
than 0.24 mm during a period in which the blood vessel
increases from a minimum diameter to a maximum di-
ameter, the determination means preferably determines
that the reliability of the elasticity index is low.

[0012] When a blood vessel center displacement to-
ward the anterior wall in one heartbeat is equal to or great-
er than 0.49 mm, the determination means preferably
determines that the reliability of the elasticity index is low.
[0013] Preferably, the ultrasound diagnostic apparatus
further comprises warning means for giving a warning
when the determination means determines that the reli-
ability of the elasticity index is low.

[0014] The blood vessel is preferably a carotid artery
of a human body.

[0015] The present invention also provides a method
of determining elasticity index reliability, the method com-
prising: a control step of controlling transmission and re-
ception of an ultrasonic beam; a tracking step of tracking
displacements in a transmission direction of a plurality
of points of a blood vessel in the transmission direction
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of the ultrasonic beam; a calculation step of calculating
an elasticity index of the blood vessel based on the track-
ing result in the tracking step; an acquisition step of ac-
quiring the direction of a displacement or the amount of
displacement in the transmission direction of a specific
point of the blood vessel; and a determination step of
determining the reliability of the elasticity index based on
the acquisition result in the acquisition step.

[0016] The present invention also provides a program
for determining elasticity index reliability, the program
causing a computer to execute the control step, the track-
ing step, the calculation step, the acquisition step, the
blood vessel and the determination step of the method
of determining elasticity index reliability.

[0017] The presentinvention also provides a computer
readable storage medium with the program for determin-
ing elasticity index reliability stored therein.

[0018] According to the invention, it is possible to eval-
uate and determine the reliability of an elastic modulus
measured using an ultrasonic wave, give notification to
a user, such as a measurement technician, when relia-
bility is lacking, and prevent the user from continuing to
make unnecessary measurement without change or
making various diagnoses on the basis of an elastic mod-
ulus lacking in reliability, thereby performing accurate di-
agnosis.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1is a perspective view showing the appearance
of the main configuration of an ultrasound diagnostic
system according to Embodiment 1 of the invention.
Fig. 2 is a block diagram showing the main configu-
ration of an ultrasound diagnostic apparatus shown
in Fig. 1 and peripheral devices connected to the
ultrasound diagnostic apparatus.

Fig. 3 is a schematic view illustrating the outline of
a tracking process in the ultrasound diagnostic ap-
paratus shown in Fig. 1.

Fig. 4 is a graph showing an example of temporal
changes in the positions y of tracking points P1 to P5.
Figs. 5A and 5B are graphs showing an example of
a time-varying waveform of a thickness between ad-
jacent reflectors.

Fig. 6 is a schematic view showing a condition in
which the elastic modulus of a carotid artery of a
person is measured.

Fig. 7A is a schematic view illustrating a variation in
an abutment angle of an ultrasound probe on a cer-
vical region when viewed from a head region accord-
ing to Embodiment 1 and including the cross section
of the cervical region, and Fig. 7B is a schematic
view of a head region and a cervical region of a per-
son.

Figs. 8A to 8C are graphs showing an example of
time-varying waveforms of a change rate of the di-
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ameter of a vascular wall at each position, a blood
vessel diameter, and a displacement of each track-
ing point of the vascular wall.

Figs. 9A to 9C are graphs showing another example
of time-varying waveforms of a change rate of the
diameter of a vascular wall at each position, a blood
vessel diameter, and a displacement of each track-
ing point of the vascular wall.

Fig. 10 is a table showing a blood vessel center dis-
placement in one heartbeat, displacements from a
minimum diameter timing to a maximum diameter
timing of a posterior vascular wall and a blood vessel
center, and the reliability of an elastic modulus when
measured from different directions.

Figs. 11A and 11B are schematic views illustrating
a cause for deterioration in the reliability of an elastic
modulus.

Fig. 12is a sectional view schematically showing the
layered structure of a carotid artery.

Figs. 13A, 13B, and 13C are graphs showing a
change of each part of a blood vessel in one heart-
beat when measured from different directions with
the jugular vein as a window while an ultrasound
probe is pushed and abutted on a subject.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Hereinafter, embodiments of the invention will
be described with reference to the accompanying draw-
ings. The same components are denoted by the same
reference numerals.

(Embodiment 1)

[0021] Fig. 1isaperspective view showing anexample
of the appearance of the main configuration of an ultra-
sound diagnostic system 500 according to Embodiment
1 of the invention. Here, description will be provided as
to a case where an ultrasound probe serving as a probe,
an ultrasound diagnostic apparatus which controls the
ultrasound probe, analyzes the reception signal of an ob-
tained ultrasonic echo and synthesizes an image, and a
display which displays the synthesized image are sepa-
rately provided.

[0022] As shown in Fig. 1, the ultrasound diagnostic
system 500 includes an ultrasound diagnostic apparatus
100, an ultrasound probe 200, a user operating unit 300,
and a display 400.

[0023] Though not shown, the ultrasound probe 200 is
a probe which performs transmission and reception of
an ultrasonic beam by a plurality of ultrasound transduc-
ers of a one-dimensional or two-dimensional transducer
array, and is used in a state where an array portion at
the tip thereof having the ultrasound transducers ar-
ranged thereon abuts on the surface of a subject. The
ultrasound transducers transmit an ultrasonic beam to-
ward the subject in response to an actuation signal to be
applied, receive an ultrasonic echo reflected by the sub-
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ject, and output a reception signal. Each ultrasound
transducer is constituted by a vibrator in which electrodes
are formed at both ends of a piezoelectric material (pie-
zoelectric body), such as piezoelectric ceramic repre-
sented by PZT (Pb (lead) zirconate titanate) or a piezo-
electric polymer represented by PVDF (polyvinylidene
difluoride). If a pulsed or continuous-wave voltage is ap-
plied across the electrodes of the vibrator, the piezoelec-
tric body expands and contracts. With the expansion and
contraction, pulsed or continuous ultrasonic waves are
produced from the vibrators, and the ultrasonic waves
are synthesized to form an ultrasonic beam. When re-
ceiving the propagating ultrasonic echo, the vibrators ex-
pand and contract, and electric signals are produced.
The electric signals are output as the reception signal of
the ultrasonic echo. As the type of the ultrasound probe,
there are various types, such as a convex type, a linear
scan type, and a sector scan type. The ultrasound probe
200 is connected to the ultrasound diagnostic apparatus
100 by acable 202, and the operation thereofis controlled
by the ultrasound diagnostic apparatus 100.

[0024] The ultrasound diagnostic apparatus 100 has a
function of performing overall control of the operations
of the respective units of the ultrasound diagnostic sys-
tem 500. The ultrasound diagnostic apparatus 100 trans-
mits and receives an ultrasonic beam through the ultra-
sound probe 200, or produces a tomographic image from
the received ultrasonic echo and displays the tomograph-
ic image on the display 400. The ultrasound diagnostic
apparatus 100 produces a B-mode image or an M-mode
image as a tomographic image, and displays the pro-
duced image on the display 400 in real time. The ultra-
sound diagnostic apparatus 100 also has a function of
displaying a thickness change waveform of a vascular
wall or the like or a function of calculating and displaying
an elasticity index (in this case, for example, an elastic
modulus) of atissue under observation. The detailed con-
figuration of the ultrasound diagnostic apparatus 100 will
be described below.

[0025] The user operating unit 300 includes a key-
board, a pointing device, and various buttons or dials. An
operator (user), such as a physician or a technician, op-
erates the ultrasound diagnostic system 500 using the
user operating unit 300. For example, the operator des-
ignates various setting values relating to the operation
mode of the ultrasound diagnostic system 500 according
to a site under observation or changes the depth of the
focus of the ultrasonic beam transmitted from the ultra-
sound probe 200 using the user operating unit 300. The
operator designates a region of interest (hereinafter, ab-
breviated as ROI) using the user operating unit 300.
[0026] The display 400 is, for example, a raster scan-
type LCD or the like, and displays an ultrasound image
as a moving image or a stillimage on the basis of analog-
converted image signals output from the ultrasound di-
agnostic apparatus 100.

[0027] Fig. 2is a block diagram showing the main con-
figuration of the ultrasound diagnostic apparatus 100 and
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peripheral devices connected to the ultrasound diagnos-
ticapparatus 100. Description of the configuration having
already been shown in Fig. 1 will not be repeated.
[0028] The ultrasound diagnostic apparatus 100 in-
cludes a transmission/reception controller 111, a trans-
mission circuit 113, areception circuit 115, a tomographic
image producer 117, a display processor 119, a tracking
point setter 121, a tracker 125, a vascular wall thickness
change calculator 127, a tracking point displacement cal-
culator 128, a blood pressure input unit 129, an elastic
modulus calculator 132, and an elastic modulus reliability
determiner 133. As the peripheral devices connected to
the ultrasound diagnostic apparatus 100, the ultrasound
probe 200, a blood pressure gauge 103, and the display
400 are provided.

[0029] The transmission/reception controller 111 se-
quentially sets the transmission direction of the ultrasonic
beam of the ultrasound probe 200 and the reception di-
rection of the ultrasonic echo through the transmission
circuit 113 and the reception circuit 115. The transmis-
sion/reception controller 111 has a transmission control
function of selecting a transmission delay pattern in ac-
cordance with the set transmission direction and a re-
ception control function of selecting a reception delay
pattern in accordance with the set reception direction.
The transmission delay pattern is the pattern of delay
time which is imposed to the actuation signal of each
ultrasound transducer so as to form an ultrasonic beam
in a desired direction by ultrasonic waves transmitted
from a plurality of ultrasound transducers of the ultra-
sound probe 200. The reception delay pattern is the pat-
tern of delay time which is imposed on a reception signal
so as to extract an ultrasonic echo from a desired direc-
tion by ultrasonic waves received by a plurality of ultra-
sound transducers. A plurality of transmission delay pat-
terns and a plurality of reception delay patterns are stored
in an internal memory (not shown), and are appropriately
selected and used depending on the situation.

[0030] The transmission circuit 113 includes a plurality
of channels, and produces a plurality of actuation signals
which are applied to a plurality of ultrasound transducers
of the ultrasound probe 200. At this time, the delay time
can be imposed on each of a plurality of actuation signals
on the basis of a transmission delay pattern selected by
the transmission/reception controller 111. The transmis-
sion circuit 113 may adjust the delay amount of each of
a plurality of actuation signals and supply a plurality of
actuation signals to a plurality of ultrasound transducers
of the ultrasound probe 200 such that ultrasonic waves
transmitted from a plurality of ultrasound transducers
form an ultrasonic beam. Alternatively, the transmission
circuit 113 may supply a plurality of actuation signals to
the ultrasound probe 200 such that ultrasonic waves
transmitted from a plurality of ultrasound transducers at
once reach the entire imaging region of the subject.
[0031] Similarly to the transmission circuit 113, the re-
ception circuit 115 includes a plurality of channels. The
reception circuit 115 amplifies a plurality of analog signals
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received through a plurality of ultrasound transducers,
and converts the analog signals to digital reception sig-
nals. The reception circuit 115 performs areception focus
process in which the delay time is imposed on each of a
plurality of reception signals on the basis of a reception
delay pattern selected by the transmission/reception
controller 111, and the reception signals are added. With
this reception focus process, the focus of an ultrasonic
echo is narrowed to form sound ray signals (sound ray
data).

[0032] Next, the reception circuit 115 performs an en-
velope detection process on sound ray data through a
low pass filter process or the like, and corrects attenua-
tion depending on the distance in accordance with the
depth of the reflection position of the ultrasonic wave
through STC (Sensitivity Time gain Control). Sound ray
data processed in the above-described manner is se-
quentially stored in a cine memory (not shown) which
has storage capacity to accumulate sound ray data for a
plurality of frames. The reception circuit 115 includes an
image data producer (not shown). The reception circuit
115 directly inputs sound ray data to be directly supplied
to the image data producer in a live mode, and inputs
sound ray data to be supplied from the cine memory to
the image data producer in a freeze mode. The reception
circuit 115 performs a preprocess, such as Log (logarith-
mic) compression or gain adjustment, on sound ray data
to produce image data, and outputs image data to the
tomographic image producer 117 and the tracking point
setter 121.

[0033] The tomographic image producer 117 converts
(raster-converts) image data of an ultrasound image sup-
plied from the reception circuit 115 to image data accord-
ing to a normal television signal scan system, performs
necessary image processes, such as a gradation proc-
ess, and outputs image data to the display processor 119.
[0034] The tracking point setter 121 sets an ROI (re-
gion of interest) in an ultrasound image represented by
image data supplied from the reception circuit 115, and
sets a plurality of tracking points for automatic tracking
of a vascular wall displacement waveform, a blood vessel
diameter, or the like in the ROl in the depth direction (the
transmission direction of the ultrasonic wave) of the sub-
ject. Information relating to the tracking points is output
to the tracker 125. The operator may manually set the
tracking points while viewing display on the display 400
or the tracking point setter 121 may automatically set the
tracking points on the basis of a specific algorithm.
[0035] Although the tracking points set by the tracking
point setter 121 are also used to determine the reliability
of an elastic modulus described below, all the tracking
points which are set for automatic tracking of a vascular
wall displacement waveform, a blood vessel diameter,
or the like may not be used to determine the reliability of
an elastic modulus. Accordingly, the operator may man-
ually set one or a plurality of specific tracking points,
which are used to determine the reliability of an elastic
modulus, from among all the tracking points, or the track-
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ing point setter 121 may automatically set one or a plu-
rality of tracking points, which are used to determine the
reliability of an elastic modulus, on the basis of a specific
algorithm.

[0036] Although in this embodiment, the setting of the
ROI by the tracking point setter 121 is performed through
operator's manual designation of the ROI by the user
operating unit 300, the setting of the ROl may be auto-
matically performed on the basis of image data. For ex-
ample, in the case of ultrasound diagnosis of a carotid
artery, since (1) an ultrasonic echo in a blood vessel is
weak and low luminance is achieved on a B-mode image,
and (2) in a cross-section where the carotid artery is
viewed, the size of the carotid artery is about 1 cm and
largest as a blood vessel, the carotid artery can be au-
tomatically detected comparatively simply from image
data.

[0037] The tracker 125 automatically identifies each
tracking point set by the tracking point setter 121 from
ultrasonic tomographic image data, and recognizes the
displacement of the tracking point as a tracking target,
that is, a change in the position of a vascular wall (vas-
cularwall displacement). The tracker 125 outputs a thick-
ness change waveform of the vascular wall obtained by
recognizing a change in the position of the vascular wall
to the vascular wall thickness change calculator 127 as
a vascular wall displacement waveform, and outputs the
displacement of a specific tracking point for determining
the reliability of an elastic modulus to the tracking point
displacement calculator 128 as data. Displacement data
output from the tracker 125 to the vascular wall thickness
change calculator 127 may include only the displacement
of the vascular posterior wall or may include both the
displacement of the posterior wall and the displacement
of the anterior wall.

[0038] The vascular wall thickness change calculator
127 obtains a heart contraction phase blood vessel di-
ameter (maximum blood vessel diameter) Ds and a heart
dilatation phase blood vessel diameter (minimum blood
vessel diameter) Dd on the basis of the thickness change
waveform of the vascular wall obtained by tracking in the
tracker 125. That is, a change in the blood vessel diam-
eter D is tracked from image data, and the maximum
blood vessel diameter Ds and the minimum blood vessel
diameter Dd are obtained. The vascular wall thickness
change calculator 127 calculates a change in the thick-
ness of the vascular wall from the thickness change
waveform of the vascular wall and outputs the change in
the thickness of the vascular wall to the elastic modulus
calculator 132.

[0039] The tracking point displacement calculator 128
calculates the direction of the displacement and the
amount of displacement in the depth direction (the trans-
mission direction of the ultrasonic wave) of the subject
at the specific tracking point from displacement data for
determining the reliability of the elastic modulus supplied
from the tracker 125, and outputs the direction of the
displacement and the amount of displacement as the cal-
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culation result to the elastic modulus reliability determiner
133.

[0040] On the other hand, the blood pressure gauge
103 is a cuff-type blood pressure gauge in which a cuff
is wound around the upper arm of the subject to measure
a maximum value Ps and a minimum value Pd in corre-
spondence with heart contraction and dilatation. Meas-
ured blood pressure data is automatically or manually
input to the blood pressure input unit 129 of the ultra-
sound diagnostic apparatus 100.

[0041] Theblood pressureinputunit129is aninterface
with the blood pressure gauge 103 and the ultrasound
diagnostic apparatus 100, and outputs input blood pres-
sure data to the elastic modulus calculator 132.

[0042] The elastic modulus calculator 132 calculates
an elastic modulus, which is one of the indexes repre-
senting blood vessel elasticity using vascular wall thick-
ness change data and blood pressure data respectively
supplied from the vascular wall thickness change calcu-
lator 127 and the blood pressure input unit 129, and out-
puts elastic modulus to the elastic modulus reliability de-
terminer 133.

[0043] The elastic modulus reliability determiner 133
evaluates and determines the reliability of elastic modu-
lus data supplied from the elastic modulus calculator 132
on the basis of the direction of the displacement and the
amount of displacement output from the tracking point
displacement calculator 128 by a process described be-
low, and outputs the determination result to the display
processor 119.

[0044] Thedisplay processor 119 generates image da-
ta for display on the basis of image data supplied from
the tomographic image producer 117. The image for dis-
play is mainly a tomographic image, such as a B-mode
image or an M-mode image, the thickness change wave-
form of the vascular wall, or the like, and the evaluation
result or determination result supplied from the elastic
modulus reliability determiner 133 is displayed together.
When a notification signal indicating that the reliability of
the elastic modulus is low is input from the elastic mod-
ulus reliability determiner 133, the display processor 119
displays a character, a figure, or the like on the display
400 to give a user a warning. The warning may be the
sounding of an alarm tone, or the like. The display proc-
essor 119 may have an image processing function of
performing an image process, such as a linear gradation
process including gain adjustment and contrast adjust-
ment or a nonlinear gradation process including y cor-
rection. The display processor 119 includes a D/A con-
verter, converts image data for display to an analog im-
age signal, and outputs the analog image signal to the
external display 400.

[0045] Fig. 3 is a schematic view illustrating the outline
of a tracking process which is performed on a vascular
wall by the ultrasound diagnostic apparatus 100 of this
embodiment.

[0046] As a method for the tracking process, there are
various methods, such as a pattern matching method of
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atomographicimage, a zero cross point method, a tissue
Doppler method, and a phase difference tracking meth-
od, and in principle, any method may be used. The ultra-
sound diagnostic apparatus 100 of this embodiment
tracks the displacement in the position of each of a plu-
rality of reflectors on an intima-media complex in a pos-
terior vascular wall set on one ultrasonic beam using ei-
ther or both of amplitude information and phase informa-
tion of quadrature detection output.

[0047] For example, Fig. 3 shows an example where
an ultrasonic beam B26 is transmitted from the ultra-
sound probe 200 toward a subject 21, the ultrasonic
beam B26 passes through an anterior vascular wall 23
and an intravascular cavity 24 and reaches tracking
points P1, P2, P3, P4, and P5 on a posterior vascular
wall 25, the ultrasound diagnostic apparatus 100 re-
ceives an ultrasonic echo signal from each of the tracking
points P1 to P5 through the ultrasound probe 200, and
the tracker 125 tracks the vascular wall of a blood vessel
22, consequently, the thickness of the vascular wall. The
tracking points P1 to P5 are manually or automatically
set as the positions of five reflectors, that is, first to fifth
reflectors (hereinafter, respectively called a reflector 1,
a reflector 2, a reflector 3, a reflector 4, and a reflector
5) on the posterior vascular wall 25 by the tracking point
setter 121. The tracker 125 tracks the set tracking points
P1, P2, P3, P4, and P5, and obtains a temporal change
in the position of each tracking point.

[0048] Although an example will be described where
plaque 27 is on the posterior vascular wall 25, and a
portion of the plaque 27 where part of the posterior vas-
cular wall 25 is inflated toward the intravascular cavity
24 is tracked, as will be understood, the tracking process
of the ultrasound diagnostic apparatus 100 may be per-
formed even when no plaque is provided.

[0049] Fig. 4 is a graph showing an example of tem-
poral changes in the positions y of the tracking points P1
to P5 obtained by the tracker 125. Curves L1 to L5 which
represent changes in the position correspond to the
tracking points P1 to P5. From this drawing, it is obvious
how the positions of the tracking points P1 to P5 are
changed in a single heartbeat or whether or not there is
a difference in the amount of displacement (the degree
of recess) due to the tracking points. Accordingly, if the
difference in the changes in the positions of adjacent re-
flectors (for example, P2 and P3) is calculated, the time-
varying waveform of the vascular wall thickness can be
obtained.

[0050] Fig. 5A shows a time-varying waveform of the
thickness between the reflector 1 and the reflector 2 as
adjacent reflectors of the vascular wall. In the drawing,
Ah1 represents the amount of change in the thickness.
Fig. 5B shows a time-varying waveform of a thickness
between the reflector 3 and the reflector 4. Inthe drawing,
Ah3 represents the amount of change in the thickness.
From these drawings, it is understood that, while a tissue
between the reflector 3 and the reflector 4 is a tissue
which is comparatively soft and may be significantly re-
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cessed by pressure, a tissue between the reflector 1 and
the reflector 2 is a tissue which is comparatively hard and
cannot be significantly recessed due to pressure, that is,
a hardened tissue.

[0051] As described above, although the degree of
elasticity of the vascular wall can be recognized by the
time-varying waveform of the vascular wall thickness, for
more quantitative discussion, distortion ¢ of a blood ves-
selin the radial direction can be calculated by Expression

).
= Dby /by, - (1)

[0052] Here, ¢;represents distortion in the radial direc-
tion between reflectors i and i+1 of the vascular wall, Ah;
represents the maximum value of a change in the thick-
ness between the reflectors i and i+1 in the heart con-
traction phase, and hy; represents a thickness between
the reflectors i and i+1 at the end of the heart dilatation
phase.

[0053] Inthe elastic modulus calculator 132, an elastic
modulus E,; in the radial direction and an elastic modulus
E, in the circumferential direction between the reflectors
of the vascular wall can be calculated by Expressions (2)
and (3) further using the blood pressure measured by
the blood pressure gauge 103.

Ap

E,=—2L _ _ (2)
(A 1 h)

1 r
E, =—(-*%+1
o z(hd )

_A_p__ (3)
(AR 1 hy)

[0054] Here, ry represents an intravascular radius at
the end of the hear dilatation phase, hy is a vascular wall
thickness at the end of the heart dilatation phase, hy; is
a thickness between the reflectors i and i+1 at the end
of the heart dilatation phase, Ah; is the maximum value
of a change in the thickness between the reflectors i and
i+1 in the heart contraction phase, and Ap represents a
blood pressure difference between the heart contraction
phase and the dilatation phase.

[0055] Although the elastic modulus of the vascular
wall orthe like is measured by the above-described meth-
od, the study of the inventors shows that, when tracking
is measured by the above-described method, the meas-
urement precision of the elastic modulus may be consid-
erably lowered. This is presumably because the meas-
urement of the elastic modulus is performed on the
premise that a minute displacement of the vascular wall
in motion can be correctly tracked. For example, it is un-
derstood that, when tracking of a minute displacement
has failed due to erroneous recognition of a tracking point
due to various reasons, the resultant elastic modulus is
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a meaningless value. Hereinafter, this viewpoint will be
described in detail.

[0056] As a typical example, in this specification, a
case where an elastic modulus is measured for a carotid
artery will be described. When a carotid artery is taken
as the target, there is a phenomenon in which the preci-
sion of an elastic modulus is considerably degraded in a
specific case. Fig. 6 is a diagram showing a mode in
which the elastic modulus of the carotid artery of a person
is measured using the ultrasound diagnostic apparatus
100 of this embodiment. In this case, the carotid artery
wall is observed while the ultrasound probe 200 abuts
on a cervical region 32 of the subject along the carotid
artery 31.

[0057] Since the depth of the carotid artery 31 is ap-
proximately 1 to 3 cm, a depth D necessary for the ob-
servation is about 3 cm. It is known that the average
sound speed Vs in a human body is 1400 to 1600 m/s,
in a carotid artery of a healthy person, the boundary be-
tween an intravascular cavity and a posterior vascular
wallintimais displaced by about 0.5 mm in one heartbeat,
and the displacement rate of the boundary in the depth
direction is about 5 to 8 mm/s. For this reason, in order
to calculate reliable distortion ¢ with satisfactory repro-
ducibility, it is necessary to suppress measurement er-
rors of tracking points set in the boundary and the sur-
roundings to be equal to or smaller than 10% of 0.5 mm
which is the amount of displacement of the carotid artery
wallin one heartbeat, thereby tracking the tracking points
with precision. Accordingly, when a carotid artery of a
healthy personis observed, 0.05 mm-+5m/s=0.01s, and
in order to acquire the displacement of 0.05 mm, it is
necessary that a frame rate FR is equal to or higher than
100 1/s. In the case of a subject who has the fast motion
of the vascular wall depending on the heartbeat due to
a high blood pressure or the like, it is preferable that the
frame rate be about 400 1/s. From these, in the ultra-
sound diagnostic apparatus 100, D=3, Vs=1400 m/s, and
FR=400 1/s. It is assumed that the number of ultrasonic
beam transmissions per frame is 58.

[0058] As shown in Fig. 6, although the ultrasound
probe 200 abuts on the cervical region 32 along the ca-
rotid artery 31, from the detailed verification of the inven-
tors, in general, there are broadly two patterns regarding
from which direction of the cervical region 32 a physician
or a technician (hereinafter, simply referred to as a tech-
nician) abuts the ultrasound probe 200 on the cervical
region 32. Fig. 7A is a schematic view illustrating a var-
iation in the abutment angle of the ultrasound probe 200
on the cervical region 32. Fig. 7A is a sectional view of
the cervical region 32 taken along the line A-A of Fig. 7B
when viewed from a head region 41. As shown in Fig.
7A, with regard to the direction in which the ultrasound
probe 200 abuts on the cervical region 32, there are the
following two methods. A first method is a method in
which the ultrasound probe 200 abuts from a direction
D51 and the carotid artery 31 is observed. This corre-
sponds to a case where the ultrasound probe 200 abuts
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in front of the subject. A second method is a method in
which the ultrasound probe 200 abuts from a direction
D52, and with the jugular vein 35 as a window, the carotid
artery 31 is observed beyond the window (through the
jugular vein 35). At this time, an ultrasonic beam trans-
mitted from the ultrasound probe 200 passes through the
jugular vein 35 and then reaches the carotid artery 31.
This way of abutment corresponds to a case where the
ultrasound probe 200 abuts from the side of the subject.
[0059] One of the reasons for the use of the second
method resides in that, since a vein is filled with blood,
the ultrasonic beam is little reflected, and as shown in
Fig. 7A, the jugular vein is close to the carotid artery. For
this reason, itis possible to prevent a phenomenon (fog-
ging phenomenon) in which an artifact from a tissue (jug-
ular vein) through which the ultrasonic beam first passes
is superimposed on an ultrasound image of a tissue (ca-
rotid artery) as a diagnostic target, and the intravascular
cavity is blurred. That is, the reason is considered to be
that, according to the second method, animage with com-
paratively satisfactory image quality is likely to be ob-
tained.

[0060] Figs.8Ato8C show an example of time-varying
waveforms of indexes (hereinafter, collectively referred
to as a vascular wall thickness) relating to the vascular
wall with high reliability when tracking of the vascular wall
is performed with satisfactory precision. In this example,
the ultrasound probe 200 abuts in front of the subject,
and measurement is performed.

[0061] Specifically, Fig. 8A is a diagram showing tem-
poral changes in the change rate of the diameter of the
vascular wall at respective positions (specifically, an an-
terior wall adventitia side, a posterior wall intima side, a
posterior wall adventitia side, and an anterior wall adven-
titia-anterior wall intima). Fig. 8B is a diagram showing a
temporal change in a blood vessel diameter (specifically,
the distance between the anterior wall adventitia and the
posterior wall intima). Fig. 8C is a diagram showing tem-
poral changes in displacement at respective tracking
points (specifically, a position on the anterior wall adven-
titia side, an approximately center position, a position on
the posterior wall intima side, and a position on the pos-
terior wall adventitia side) of the vascular wall.

[0062] As will be understood from Fig. 8A, when the
time-varying waveform of the vascular wall thickness with
high reliability is obtained when tracking of the vascular
wall is performed with satisfactory precision, the wave-
form appears in a state of being substantially vertically
symmetrical with respect to the line of the rate 0. For
example, if the anterior wall adventitia and the posterior
wall intima or the posterior wall adventitia of Fig. 8A are
substantially symmetrical, reliability increases. For ex-
ample, in Fig. 8C, if the anterior wall adventitia side and
the posterior wall intima side or the posterior wall adven-
titia side are substantially symmetrical, reliability increas-
es. That is, it can be expected that the elastic modulus
of the blood vessel with high reliability is generally ob-
tained from the time-varying waveform of the vascular
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wall thickness having a substantially vertically symmet-
rical shape.

[0063] In Fig. 8C, although a two-dot-chain line repre-
sents the displacement of the approximately center po-
sition, and specifically, represents the displacement of
the middle point between the anterior wall adventitia side
and the posterior wall intima side. With regard to an ac-
curate center position, the anterior wall intima side and
the posterior wall intima side may be used. In this case,
the anterior wall adventitia side and the posterior wall
intima side which are easily diagnosed in ultrasound di-
agnosis (that is, an ultrasonic echo is strong, and noise,
such as fog from other locations, is small) are used. In
the ultrasound diagnosis, as described above, for relia-
bility determination, it is determined whether or not the
anterior wall and the posterior wall are symmetrically in
motion. Accordingly, since the posterior wall intima side
and the posterior wall adventitia side have the same mo-
tion on a scale, called a diameter change, a displacement
waveform becomes (anterior wall adventitia side-poste-
rior wall intima side displacement)~(anterior wall intima
side-posterior wall intima side displacement)~(anterior
wall adventitia side-posterior wall adventitia side dis-
placement). From above, in Fig. 8A, a temporal change
in the change rate of the anterior wall adventitia-anterior
wall intima indicated by a two-dot-chain line is obtained.
[0064] Figs.9Ato 9C show an example of time-varying
waveforms of indexes (vascular wall thickness) relating
to the vascular wall with low reliability when the tracking
precision of the vascular wall is not satisfactory. Similarly
to Figs. 8A to 8C, Figs. 9A to 9C are diagrams showing
temporal changes in the change rate of the diameter of
the vascular wall at each position, a blood vessel diam-
eter, and a displacement of the vascular wall at each
tracking point. In this example, the ultrasound probe 200
abuts from the side of the subject, and measurement is
performed. Unlike Fig. 8A, the waveform shown in Fig.
9A is vertically asymmetrical with respect to the line of
therate 0. This waveform is a waveform which is obtained
when tracking of the vascular wall does not function nor-
mally. The elastic modulus of the blood vessel obtained
at this time is generally predicted to have low reliability.
In Fig. 9C, contrary to Fig. 8C, since the anterior wall
adventitia side and the posterior wall intima side or the
posterior wall adventitia side are not symmetrical, relia-
bility is deteriorated.

[0065] The reason for which the reliability of the elastic
modulus tobe measured is low is considered. With regard
to the measurement of the elastic modulus, it is neces-
sary to track a minute displacement of the vascular wall
in motion. However, if the position of the blood vessel
itself is moved, a phenomenon is considered in which (1)
the displacement of the blood vessel is shifted from the
center axis of the ultrasonic beam in the elevation direc-
tion, (2) a fluctuation range itself increases and then an
errorwhen the minute displacement is tracked increases,
(3) the hand of the technician is primarily shifted, and the
abutment position of the ultrasound probe is shifted, or
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the like. From this fact, the inventors have thought that
it is to be determined whether or not the position of the
blood vessel itself is being largely moved so as to eval-
uate and determine reliability. Accordingly, the ultra-
sound diagnostic apparatus 100 of this embodiment ob-
tains the center position of the blood vessel and acquires
the temporal change in the center position of the blood
vessel to determine the reliability of the measured elastic
modulus of the blood vessel. Specifically, the ultrasound
diagnostic apparatus 100 calculates the average of the
positions of the anterior wall and the posterior wall of the
blood vessel, and sets the average as the center position
of the blood vessel. When higher precision is demanded,
the average of the position of the anterior wall adventitia
and the position of the posterior wall intima may be cal-
culated and set as the center position of the blood vessel.
That is, the middle of the position of the anterior wall
adventitia and the position of the posterior wall intima
may be set as the center position of the blood vessel.
[0066] Fig. 10is a table which represents a blood ves-
sel center displacementin one heartbeat, displacements
from a minimum diameter timing to a maximum diameter
timing of the posterior vascular wall and the blood vessel
center, and the reliability of the elastic modulus when a
time-varying waveform of a vascular wall thickness with
high reliability is obtained and when a time-varying wave-
form of a vascular wall thickness with low reliability is
obtained.

[0067] First, description will be provided as to a blood
vessel center displacement in one heartbeat, displace-
ments from a minimum diameter timing to a maximum
diameter timing of the posterior vascular wall and the
blood vessel center, and the reliability of the elastic mod-
ulus when measuring from two different directions of Fig.
10, that is, when measuring from "anterior (front)" in
which a time-varying waveform of a vascular wall thick-
ness with high reliability is obtained and when measuring
with "a vein as a window" in which a time-varying wave-
form of a vascular wall thickness with low reliability is
obtained.

[0068] In the case of a healthy person, generally, with
regard to the reliability of the elastic modulus, it is pre-
dicted that the elastic modulus is equal to or smaller than
300 kPa. Accordingly, when the elastic modulus is equal
to or smaller than 300 kPa, it is evaluated as "reliability:
0", and when a value considerably distant from 300 kPa
is used, it is evaluated as "reliability: X". As will be un-
derstood from this drawing, while, when measuring from
the front (the cases of Figs. 8A to 8C), the reliability of
the elastic modulus is high, when measuring from the
side with the jugular vein as a window (the cases of Figs.
9A to 9C), the reliability of the elastic modulus is lacking.
[0069] Focusing on the amount of displacement of the
blood vessel center position, it is understood that, when
the amount of displacement of the center position of the
blood vessel is near 0.1 mm (0.09 to 0.12), reliability is
"O" and reliability is high. It is understood that, when the
amountof displacement of the center position of the blood
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vessel is equal to or greater than 0.49 mm, reliability is
"X" and reliability is low.

[0070] Focusing on the amount of displacement from
the minimum diameter timing to the maximum diameter
timing of the blood vessel center, it is understood that,
when the amount of displacement from the minimum di-
ameter timing to the maximum diameter timing of the
blood vessel center has a slightly negative value (-0.07
mm to -0.03 mm), reliability is "O" and reliability is high.
It is understood that, when the amount of displacement
between both timings of the blood vessel center has a
positive value (0.24 mm to 0.34 mm) equal to or greater
than 0.24 mm, reliability is "X" and reliability is low. In
this embodiment, when the amount of displacement be-
tween both timings of the blood vessel center is equal to
or greater than 0.24 mm toward the anterior wall, it can
be determined that the reliability of the elasticity index is
low.

[0071] Accordingly, when the center position of the
blood vessel is displaced by 0.24 mm or more toward the
anterior wall, the ultrasound diagnostic apparatus 100 of
this embodiment determines that the reliability of the
elasticity index is low.

[0072] As described above, in particular, it is under-
stood that, when a carotid artery is observed beyond a
window of a jugular vein, the reliability of the elastic mod-
ulus is deteriorated. Figs. 11A and 11B are schematic
views illustrating a reason for deterioration in the relia-
bility of the elastic modulus. From these drawings, it is
possible to inferamechanism which causes deterioration
in the reliability of the elastic modulus. For example, there
is a situation in which, in the direction D51, the carotid
artery 31 is interposed between both tissues in the direc-
tion D51 and is difficult to move. Meanwhile, since the
jugular vein 35 has pressure lower than surrounding tis-
sues in the direction D52, there is a situation in which the
carotid artery 31 is likely to expand toward the jugular
vein 35. Accordingly, as shown in Fig. 11B, the carotid
artery 31 expands while leaning to the jugular vein 35
(the contour of a carotid artery 31a after expansion is
indicated by a broken line). In this case, it is considered
that, since a state where (1) the displacement of the blood
vessel is shifted from the center axis of the ultrasonic
beam in the elevation direction, or (2) a fluctuation range
itselfincreases and then an error when a minute displace-
ment is tracked increases considerably appears, the re-
liability of the elastic modulus is deteriorated. As will be
understood from Fig. 11A, the center of the carotid artery
31 moves in the direction D52, but moves little in the
direction D51.

[0073] Although an example has been described in
which, when the analysis of the mechanism for deterio-
ration in reliability is in progress, the center position of
the blood vessel is obtained and reliability is determined
on the basis of the displacement in the above case, it is
understood that reliability can be determined by observ-
ing the motion of the posterior vascular wall having a
specific displacement direction as in the case where the
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carotid artery is observed in the direction D52 beyond
the window of the jugular vein. That s, the inventors have
found that, focusing on only the posterior vascular wall
from among the layers constituting the blood vessel, the
posterior vascular wall is directly tracked, making it pos-
sible to determine the reliability of the elastic modulus.
[0074] Fig. 12 is a sectional view schematically show-
ing the layered structure of the carotid artery. A detailed
sectional view is shown in which a posterior wall intima
78, a posterior wall media 79, and a posterior wall ad-
ventitia 81 are shown as the posterior vascular wall. In
this embodiment, a "posterior wall vascular cavity-intima
boundary 77" or "posterior wall media-adventitia bound-
ary 80" having high following performance through track-
ing out of the posterior vascular wall as a tracking target
is used. In particular, since the vascular cavity has a low
signal level in image data, tracking is likely to fail. Ac-
cordingly, the "posterior wall vascular cavity-intima
boundary 77" or "posterior wall media-adventitia bound-
ary 80" whose line clearly appears on an M-mode image
is preferably used. Accordingly, a measurement time is
reduced, thereby reducing the load imposed on a physi-
cian or a subject.

[0075] Fig. 12 shows an anterior wall adventitia 71, an
anterior wall media 73, and an anterior wall intima 74 as
the anterior vascular wall, and also shows an anterior
wall adventitia-media boundary 72, an anterior wall inti-
ma-vascular cavity boundary 75, and a vascular cavity
76.

[0076] Theinventorshave furtherreachedanovel con-
cept. In normal tracking, it is assumed that the position
of the blood vessel is not changed along with the heart-
beat and the blood vessel diameter simply expands and
contracts. At this time, the vascular wall simply expands
and contracts along with the heartbeat with the blood
vessel center as a symmetric axis. That is, the anterior
vascular wall and the posterior vascular wall are dis-
placed in opposing directions toward the outside of the
blood vessel. However, as described above, when ob-
taining an image of the carotid artery with the jugular vein
as a window, the entire blood vessel is shifted (moved)
toward the jugular vein with the heartbeat. At this time,
while the anterior vascular wall out of the vascular wall
is displaced in the same direction as the normal tracking,
in many cases, the posterior vascular wall is displaced
in the same direction as in the anterior vascular wall, that
is, toward the anterior wall, instead of being displaced
toward the outside of the blood vessel. Accordingly, the
inventors have focused on the displacement direction of
the posterior vascular wall and have conceived that the
reliability of the elastic modulus can be determined by
the direction.

[0077] Figs. 13A, 13B, and 13C are graphs showing a
displacement (displacement direction and amount of dis-
placement) of each site (vascular wall position: tracking
point) in one heartbeat when measuring from different
directions (from anterior and from the side with a vein as
a window) and measuring from the side with the jugular
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vein as a window in a state where the ultrasound probe
is pushed and abutted on the subject.

[0078] First, Figs. 13A and 13B corresponding to the
case where measurementis performed from two different
directions of "anterior" and "side with vein as window" in
the table of Fig. 10 will be subsequently described.
[0079] As will be understood from these drawings, the
displacement direction has a characteristic, and in the
case of Fig. 13B in which reliability is deteriorated, when
the displacementdirection, specifically, the displacement
of the posterior wall is toward the anterior wall, reliability
is deteriorated. Although in Figs. 8A to 8C or Figs. 9A to
9C, the reliability of the elastic modulus can be predicted
on the basis of the time-varying waveform of the vascular
wall thickness to some extent, in Figs. 13A and 13B, itis
understood that the reliability of the elastic modulus can
be determined from the displacement direction of the vas-
cular wall.

[0080] When measurement is performed from two dif-
ferent directions in the table of Fig. 10, it can be said that
the table is used to determine reliability from the displace-
ment direction of the vascular wall. Description will be
provided as to the displacement from the minimum di-
ameter timing to the maximum diameter timing of the
posterior vascular wall in Fig. 10. As will be understood
from the table, when the amount of displacement be-
tween the minimum and maximum diameter timings of
the posterior vascular wall is a negative value equal to
or smaller than -0.14 mm (-0.19 mm to -0.14 mm), it is
understood that reliability is "O" and reliability is high.
That is, when the posterior vascular wall is displaced to-
ward the outside of the blood vessel in the heart contrac-
tion phase, it can be evaluated and determined that the
reliability of the elasticity index is high.

[0081] On the other hand, when the amount of dis-
placement between both timings of the posterior vascular
wall is a positive value equal to or greater than 0.11 mm,
it is understood that reliability is " X" and reliability is lack-
ing. Accordingly, when the posterior vascular wall is dis-
played by 0.11 mm or more toward the anterior wall, the
ultrasound diagnostic apparatus 100 of this embodiment
determines that the reliability of the elasticity index is low.
[0082] Through additional studies by the inventors, it
isunderstood thatthere is a measurement method which,
even when measurement is performed from the side with
the jugular vein as a window, can suppress the amount
of displacement of the center position of the blood vessel,
thereby acquiring a reliable elastic modulus.

[0083] Fig. 13C is a graph showing a displacement
(displacement direction and amount of displacement) of
each site (vascular wall position: tracking point) of the
blood vessel in one heartbeat when measuring from the
side with the jugular vein as a window. Meanwhile, the
ultrasound probe may be pushed and abutted on the sub-
ject to perform measurement. In this way, external pres-
sureis applied tothe jugular veintoincrease the pressure
in the jugular vein and therefore it is considered that the
carotid artery is difficult to move toward the jugular vein,
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and the amount of displacement of the blood vessel is
suppressed, thereby acquiring a reliable elastic modulus.
[0084] The table of "press with vein as window" of Fig.
10 is the table which shows the reliability of the elastic
modulus in the case of Fig. 13C, that is, the case where
the ultrasound probe is pushed and abutted on the sub-
ject and measurement is performed from the side with
the jugular vein as a window.

[0085] As will be understood from the table, focusing
on the amount of displacement of the blood vessel center
position, itis understood that the amount of displacement
of the center position of the blood vesselis slightly greater
than when measuring from the front (anterior) and sig-
nificantly smaller than when measuring from the side with
the jugular vein as a window. In this case, the displace-
ment toward the anterior wall is 0.12 mm to 0.21 mm,
that is, is smaller than 0.3 mm, reliability is "O", and reli-
ability is high.

[0086] Focusing on the amount of displacement from
the minimum diameter timing to the maximum diameter
timing of the blood vessel center, it is understood that
the amount of displacement is greater than when meas-
uring from the front (anterior) and is significantly smaller
than when measuring from the side with the jugular vein
as a window. The displacement toward the anterior wall
is -0.01 mm to +0.08 mm, that is, is smaller than 0.01
mm, reliability is "O", and reliability is high.

[0087] Focusing on the displacement direction from
the amount of displacement from the minimum diameter
timing to the maximum diameter timing of the posterior
vascular wall, it is understood that, similarly to the case
where measurement is performed from the front (anteri-
or), the displacement direction of the posterior vascular
wall is the displacement toward the posterior vascular
wall, not the displacement of the posterior vascular wall
toward the anterior wall as seen when measurement is
performed from the side with the jugular vein as a window.
In this case, reliability is "O" and reliability is high.
[0088] As described above, even when measurement
is performed from the side with the jugular vein as a win-
dow, it is understood that, when the ultrasound probe is
pushed and abutted on the subject and measurement is
performed from the side with the jugular vein as a window,
a reliable elastic modulus is obtained.

[0089] According to the invention, even in a system in
which the measurement result differs depending on the
technique of the technician or the like, it is possible to
give an objective index regarding whether or not the
measurement may be continued.

[0090] As described above, according to the ultra-
sound diagnostic apparatus of the invention, in the ultra-
sound diagnostic apparatus which calculates the thick-
ness change waveform of the vascular wall or the like
based on aheart stroke, and calculates an elasticity index
or an elasticimage, the displacement of the vascular wall
or the blood vessel center position is calculated and dis-
played, thereby giving a warning relating to the reliability
of the elasticity of the blood vessel. As described above,
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the lowering in the measurement precision of the elastic
modulus of the blood vessel is caused by the direction
in which the measurement technician abuts the ultra-
sound probe on the human body, or the like, and if the
probability that the measurement precision is lowered
can be provided to the measurement technician, the
measurement technician can correct the abutment direc-
tion of the ultrasound probe, the degree of compression,
or the like, thereby avoiding the lowering of the meas-
urement precision.

[0091] In the above-described configuration, in the ul-
trasound diagnostic apparatus which calculates the
thickness change waveform of the vascular wall or the
like based on a heart stroke, and calculates an elasticity
index or an elastic image, the amount of displacement
of the vascular wall or the blood vessel center position
is calculated and displayed, thereby giving a warning re-
lating to the reliability of the elasticity of the blood vessel.
[0092] The above-described embodiment of the inven-
tion is merely illustrative of the invention, and is not in-
tended to limit the configuration of the invention. The ul-
trasound diagnostic apparatus or the like according to
the invention is not limited to the above-described em-
bodiment.

[0093] For example, although in this specification, a
case has been described where the reliability of the vas-
cular elastic modulus of the carotid artery is determined,
intrinsically, the invention can be applied to a case where
a local point which pulsates due to the heartbeat is
tracked to measure an elasticity index, such as an elastic
modulus. That is, the target is not limited to the carotid
artery, and may be abdominal aorta, iliac artery or the like.
[0094] A local point may not pulsate. A system may be
used in which an external force is applied to move a track-
ing point, whereby an elastic modulus can be measured
on the basis of the movement direction and the displace-
ment.

[0095] Although in the foregoing embodiment, a case
has been described where the elastic modulus is used
as the elasticity index of the blood vessel, distortion of
the blood vessel in the radial direction may be used as
the elasticity index of the blood vessel.

[0096] Although in the foregoing embodiment, the con-
figuration is implemented by a central processing unit
(CPU) and software which causes the CPU to perform
various processes, these may be implemented by hard-
ware, such as digital circuits or analog circuits. Software
is stored in an internal memory (not shown).

[0097] The algorithm of the method of evaluating or
determining elasticity index reliability of the blood vessel
according to the invention is described in a programming
language, and compiled as necessary. The program for
evaluating or determining elasticity index reliability of the
blood vessel is stored in a memory (storage medium)
and executed by an information processing unit of an-
other device. Therefore, itis possible to realize the same
functions as the ultrasound diagnostic apparatus accord-
ing to the invention.



21 EP 2 497 425 B1 22

[0098] Thatis, the method of evaluating or determining
elasticity index reliability of the blood vessel according
to the invention can be processed on a computer by ex-
ecuting the program.

[0099] For example, the program for evaluating or de-
termining elasticity index reliability of the blood vessel
according to the invention has a procedure for causing
the computer, specifically the CPU, to execute the re-
spective steps of the method of evaluating or determining
elasticity index reliability of the blood vessel. The pro-
gram having this procedure may be constituted by one
or a plurality of program modules.

[0100] The program for evaluating or determining elas-
ticity index reliability of the blood vessel having the pro-
cedure to be executed by the computer may be stored
in amemory (storage device) of the computer or a server,
or may be stored in a storage medium. At the time of
execution, the program is read out from the memory or
the storage medium by the computer (CPU) or another
computer and executed. Therefore, the invention may be
implemented as a computer readable memory or storage
medium which stores the program for evaluating or de-
termining elasticity index reliability of the blood vessel for
causing the computer to execute the method of evaluat-
ing or determining elasticity index reliability of the blood
vessel.

[0101] The ultrasound diagnostic apparatus, the meth-
od of evaluating or determining elasticity index reliability,
and the program for evaluating or determining elasticity
index reliability according to the embodiments of the in-
vention may be used for the purposes of, for example,
an ultrasound diagnostic apparatus which is loaded on
acartand moved to each room in a hospital, a lightweight
and portable ultrasound diagnostic apparatus which is
used at patient's home, a measurement system which
measures only an elasticity index of a blood vessel using
an ultrasonic wave, and the like.

Claims

1. Anultrasound diagnostic apparatus (100) which de-
termines reliability of an elasticity index of a blood
vessel of a subject by transmitting ultrasonic beams
toward the blood vessel of the subject and receiving
ultrasonic echoes reflected by the blood vessel of
the subject using an ultrasound probe abutted on an
outer surface of the subject, comprising:

control means (111) for controlling transmission
and reception of the ultrasonic beam;

tracking means (125) for tracking displacements
in a transmission direction of a plurality of points
of the blood vessel in the transmission direction
of the ultrasonic beam;

calculation means (132) for calculating the elas-
ticity index of the blood vessel based on the
tracking result of the tracking means;
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acquisition means (128) for acquiring the direc-
tion of a displacement and/or the amount of the
displacement in the transmission direction of
one or more specific points being on a posterior
vascular wall of the blood vessel among the plu-
rality of points; and

determination means (133) for determining reli-
ability of the elasticity index based on the direc-
tion of the displacement and/or the amount of
displacement of the one or more specific points
acquired by the acquisition means, character-
ised in that the determination means is config-
ured to determine that the reliability of the elas-
ticity index is high, when the posterior vascular
wallis displaced toward outside of the blood ves-
sel in a heart contraction phase, based on the
direction of the displacement of the one or more
specific points being on the posterior vascular
wall.

The ultrasound diagnostic apparatus according to
claim 1,

wherein, when the posterior vascular wall is dis-
placed toward an anterior vascular wall by equal to
or greater than 0.11 mm during a period in which the
blood vessel increases from a minimum diameter to
a maximum diameter, the determination means is
configured to further determine that the reliability of
the elasticity index is low based on the direction of
the displacement and the amount of displacement
of the one or more specific points being on the pos-
terior vascular wall.

The ultrasound diagnostic apparatus according to
claim 1 or 2,

wherein the acquisition means further acquires the
direction of the displacement and the amount of dis-
placement in the transmission direction of the one
or more specific points being on the posterior vas-
cular wall and on an anterior vascular wall of the
blood vessel among the plurality of points, and the
determination means is configured to further deter-
mine the average of the center position of the blood
vessel based on the average of the positions of the
one or more specific points being on the posterior
vascular wall and on the anterior vascular wall, and
the reliability of the elasticity index is further based
on the temporal change of the center position of the
blood vessel.

The ultrasound diagnostic apparatus according to
claim 3,

wherein, when the center position of the blood vessel
is displaced toward the anterior wall by equal to or
greater than 0.24 mm during a period in which the
blood vessel increases from a minimum diameter to
a maximum diameter, the determination means is
configured to further determine that the reliability of
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the elasticity index is low.

The ultrasound diagnostic apparatus according to
claim 3,

wherein, when athe center position of the blood ves-
sel is displaced toward the anterior wall in one heart-
beat is equal to or greater than 0.49 mm, the deter-
mination means is configured to further determine
that the reliability of the elasticity index is low.

The ultrasound diagnostic apparatus according to
any one of claims 1 to 5, further comprising:
warning means for giving a warning when the deter-
mination means determines that the reliability of the
elasticity index is low.

The ultrasound diagnostic apparatus according to
any one of claims 1 to 6,

wherein the blood vessel is a carotid artery of a hu-
man body.

A method of determining elasticity index reliability
which determines reliability of an elasticity index of
a blood vessel of a subject by transmitting ultrasonic
beams toward the blood vessel of the subject and
receiving ultrasonic echoes reflected by the blood
vessel of the subject using an ultrasound probe abut-
ted on an outer surface of the subject, the method
comprising:

a control step of controlling transmission and re-
ception of the ultrasonic beam;

a tracking step of tracking displacements in a
transmission direction of a plurality of points of
the blood vessel in the transmission direction of
the ultrasonic beam;

a calculation step of calculating the elasticity in-
dex of the blood vessel based on the tracking
result in the tracking step;

an acquisition step of acquiring the direction of
a displacement and / or the amount of displace-
mentin the transmission direction of one or more
specific points being on a posterior vascular wall
of the blood vessel among the plurality of points;
and

a determination step of determining the reliabil-
ity of the elasticity index based on the direction
of the displacement and / or the amount of dis-
placement of the one or more specific points ac-
quired in the acquisition step, characterised in
that when the posterior vascular wall is dis-
placed toward outside of the blood vessel in a
heart contraction phase, the reliability of the
elasticity index is determined as being high
based on the direction of the displacement of
the one or more specific points being on the pos-
terior vascular wall in the determination step.
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A program for determining elasticity index reliability,
the program causing a computer to execute the con-
trol step, the tracking step, the calculation step, the
acquisition step, and the determination step of the
method of determining elasticity index reliability ac-
cording to claim 8.

A computer readable storage medium with the pro-
gram for determining elasticity index reliability ac-
cording to claim 9 stored therein.

Patentanspriiche

1.

Ultraschalldiagnosevorrichtung (100), die die Zuver-
Iassigkeit eines Elastizitatsindex’ eines BlutgefaRes
eines Probanden dadurch bestimmt, dass Ultra-
schallstrahlen auf das Blutgefal des Probanden ge-
sendet werden und Ultraschallechos, die von dem
Blutgefa des Probanden reflektiert werden, emp-
fangen werden, unter Verwendung einer Ultraschall-
sonde, die an einer Auf3enflache des Probanden an-
liegt, umfassend:

eine Steuereinrichtung (111) zum Steuern des
Sendens und Empfangens des Ultraschall-
strahls;

eine Verfolgungseinrichtung (125) zum Verfol-
gen von Versetzungen in einer Senderichtung
mehrerer Punkte des Blutgefales in der Sen-
derichtung des Ultraschallstrahls;

eine Berechnungseinrichtung (132) zum Be-
rechnen des Elastizitdtsindex’ des Blutgefales
aufder Grundlage des Verfolgungsergebnisses
der Verfolgungseinrichtung;

eine Erfassungseinrichtung (128) zum Erfassen
der Richtung eines Versatzes und/oder des Be-
trages des Versatzes in der Senderichtung ei-
nes oder mehrerer spezifischer Punkte auf einer
hinteren GefalRwand des BlutgefaRes von den
mehreren Punkten; und

eine Bestimmungseinrichtung (133) zum Be-
stimmen der Zuverlassigkeit des Elastizitatsin-
dex’ basierend auf der Richtung des Versatzes
und/oder des Betrags des Versatzes von dem
einen oder den mehreren spezifischen Punkten,
wie er von der Erfassungseinrichtung erfasst
wurde,

dadurch gekennzeichnet, dass die Bestimmungs-
einrichtung konfiguriert ist zum Bestimmen, dass die
Zuverlassigkeit des Elastizitatsindex’ hoch ist, wenn
die hintere Gefallwand zur AuRenseite des Blutge-
falkes in einer Herzkontraktionsphase versetzt wird,
basierend auf der Richtung des Versatzes des einen
oder der mehreren spezifischen Punkte auf der hin-
teren Gefallwand.
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Vorrichtung nach Anspruch 1,

beider, wenn die hintere GefaRwand in Richtung der
vorderen GefaRwand ungleich oder mehr als 0,11
mm wahrend einer Zeitspanne versetzt wird, in der
das Blutgefal von einem Minimum-Durchmesser zu
einem Maximum-Durchmesser gréfier wird, die Be-
stimmungseinrichtung konfiguriert ist, um weiterhin
zu bestimmen, dass die Zuverlassigkeit des Elasti-
zitatsindex’ gering ist, basierend auf der Richtung
des Versatzes und des Betrags des Versatzes des
einen oder der mehreren spezifischen Punkte auf
der hinteren GefaBwand.

Vorrichtung nach Anspruch 1 oder 2,

beider die Erfassungseinrichtung weiterhin die Rich-
tung des Versatzes und den Betrag des Versatzes
in Senderichtung von dem einen oder den mehreren
spezifischen Punkten auf der hinteren GefaRwand
und auf einer vorderen GefaRwand des Blutgefalles
unter den mehreren Punkten erfasst, und

die Bestimmungseinrichtung konfiguriert ist, um wei-
terhin den Durchschnittswert der Mittelposition des
Blutgefalles zu bestimmen, basierend auf dem
Durchschnitt der Orte des einen oder der mehreren
spezifischen Punkte auf der hinteren GefaRwand
und auf der vorderen GefalRwand, und die Zuverlas-
sigkeit des Elastizitatsindex’ weiterhin auf der zeitli-
chen Anderung der Mittelposition des BlutgefaRes
basiert.

Vorrichtung nach Anspruch 3,

bei der, wenn die Mittelposition des Blutgefales in
Richtung der hinteren Wand um gleich oder mehr
als 0,24 mm wahrend einer Zeitspanne versetzt wird,
in der das BlutgefalR von einem Minimum-Durch-
messer auf einen Maximum-Durchmesser grofier
wird, die Bestimmungseinrichtung konfiguriert ist,
um weiterhin festzustellen, dass die Zuverlassigkeit
des Elastizitatsindex’ gering ist.

Vorrichtung nach Anspruch 3,

bei der, wenn die Mittelposition des Blutgefales in
Richtung der hinteren Wand in einem Herzschlag
um 0,49 mm oder mehr versetzt wird, die Bestim-
mungseinrichtung konfiguriert ist, um weiterhin fest-
zustellen, dass die Zuverlassigkeit des Elastizitats-
index gering ist.

Vorrichtung nach einem der Anspriiche 1 bis 5 wei-
terhin umfassend:

eine Warneinrichtung zum Abgeben einer Warnung,
wenn die Bestimmungseinrichtung feststellt, dass
die Zuverlassigkeit des Elastizitatsindex’ gering ist.

Vorrichtung nach einem der Anspriiche 1 bis 6,
bei der das Blutgefal eine Halsschlagader eines
menschlichen Koérpers ist.

10

15

20

25

30

35

40

45

50

55

14

EP 2 497 425 B1

8.

10.

26

Verfahren zum Bestimmen der Elastizitatsindex-Zu-
verlassigkeit, welches die Zuverladssigkeit eines
Elastizitatsindex eines Blutgefafles eines Proban-
den dadurch bestimmt, dass mit Hilfe einer Ultra-
schallsonde, die an einer AuRenflache des Proban-
den anliegt, Ultraschallstrahlen in Richtung des Blut-
gefales des Probanden gesendet und von dem Blut-
gefal des Probanden reflektierte Ultraschallechos
empfangen werden, umfassend:

einen Steuerschritt zum Steuern des Sendens
und des Empfangens des Ultraschallstrahls;
einen Verfolgungsschritt des Verfolgens von
Versetzungen in einer Senderichtung mehrerer
Punkte des BlutgefaRes in der Senderichtung
des Ultraschallstrahls;

einen Rechenschritt des Berechnens des Elas-
tizitdtsindex des Blutgefaes auf der Grundlage
des in dem Verfolgungsschritt erhaltenen Ver-
folgungsergebnisses;

einen Erfassungsschritt des Erfassens der Rich-
tung eines Versatzes und/oder des Betrags des
Versatzes in der Senderichtung von einem oder
von mehreren spezifischen Punkten auf einer
hinteren GefaBwand des Blutgefdfles unter den
mehreren Punkten; und

einen Bestimmungsschritt des Bestimmens der
Zuverlassigkeit des Elastizitatsindex’ auf der
Grundlage der Richtung des Versatzes
und/oder des Betrags des Versatzes des einen
oder der mehreren spezifischen Punkte, die/der
in dem Erfassungsschritt erfasst wurde,
dadurch gekennzeichnet, dass,

wenn die hintere GefdBwand zur Auflenseite
des Blutgefalles wahrend einer Herzkontrakti-
onsphase versetzt wird, die Zuverlassigkeit des
Elastizitdtsindex’ als hoch eingestuft wird auf-
grund der Richtung des Versatzes des einen
oder der mehreren spezifischen Punkte auf der
hinteren GefalRwand in dem Bestimmungs-
schritt.

Programm zum Bestimmen der Elastizitatsindex-
Zuverlassigkeit, wobei das Programm einen Com-
puter veranlasst, den Steuerschritt, den Verfol-
gungsschritt, den Berechnungsschritt, den Erfas-
sungsschritt und den Bestimmungsschritt des Ver-
fahrens zum Bestimmen der Elastizitatsindex-Zu-
verlassigkeit nach Anspruch 8 auszufiihren.

Computerlesbares Speichermedium mit dem darauf
gespeicherten Programm zum Bestimmen der Elas-
tizitdtsindex-Zuverlassigkeit nach Anspruch 9.

Revendications

1.

Appareil de diagnostic a ultrasons (100), lequel dé-
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termine la fiabilité d’un indice d’élasticité d’un vais-
seau sanguin d’un sujet en transmettant des fais-
ceaux ultrasonores vers le vaisseau sanguin du sujet
et en recevant des échos ultrasonores réfléchis par
le vaisseau sanguin du sujet a 'aide d’'une sonde
échographique aboutant sur une surface extérieure
du sujet, comprenant :

un moyen de commande (111) pour commander
la transmission et la réception du faisceau
ultrasonore ;

un moyen de poursuite (125) pour poursuivre
des déplacements de poursuite dans une direc-
tion de transmission d’une pluralité de points du
vaisseau sanguin dans la direction de transmis-
sion du faisceau ultrasonore ;

un moyen de calcul (132) pour calculer 'indice
d’élasticité du vaisseau sanguin sur la base du
résultat de poursuite du moyen de poursuite ;
un moyen d’acquisition (128) pour acquérir la
direction d’'un déplacement et/ou la quantité du
déplacement dans la direction de transmission
d’'un ou de plusieurs points spécifiques se trou-
vant sur une paroi vasculaire postérieure du
vaisseau sanguin parmi la pluralité de points, et
un moyen de détermination (133) pour détermi-
ner la fiabilité de l'indice d’élasticité sur la base
de la direction du déplacement et/ou de la quan-
tité de déplacement du un ou plusieurs points
spécifiques acquis par le moyen d’acquisition,
caractérisé en ce que le moyen de détermina-
tion est configuré pour déterminer que la fiabilité
delindice d’élasticité est élevée, lorsque la paroi
vasculaire postérieure est déplacée vers I'exté-
rieur du vaisseau sanguin dans une phase de
contraction du coeur, sur la base de la direction
du déplacement du un ou plusieurs points spé-
cifiques se trouvant sur la paroi vasculaire pos-
térieure.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1,

dans lequel lorsque la paroi vasculaire postérieure
est déplacée vers une paroi vasculaire antérieure a
raison de 0,11 mm ou plus sur une période durant
laquelle le vaisseau sanguin augmente d’un diame-
tre minimal a un diamétre maximal, le moyen de dé-
termination est configuré pour déterminer en outre
que la fiabilité de I'indice d’élasticité est faible, surla
base de la direction du déplacement et de la quantité
de déplacement du un ou plusieurs points spécifi-
ques se trouvant sur la paroi vasculaire postérieure.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1 ou 2,

dans lequel le moyen d’acquisition acquiert en outre
la direction du déplacement et la quantité de dépla-
cement dans la direction de transmission du un ou
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de plusieurs points spécifiques se trouvant sur la pa-
roi vasculaire postérieure et sur une paroi vasculaire
antérieure du vaisseau sanguin parmi la pluralité de
points, et

le moyen de détermination est configuré pour déter-
miner en outre la moyenne de la position centrale
du vaisseau sanguin, sur la base de la moyenne des
positions des un ou plusieurs points spécifiques se
trouvant sur la paroi vasculaire postérieure et sur la
paroi vasculaire antérieure, et la fiabilité de I'indice
d’élasticité repose en outre sur le changement tem-
porel de la position centrale du vaisseau sanguin.

Appareil de diagnostic a ultrasons selon la revendi-
cation 3,

dans lequel lorsque la position centrale du vaisseau
sanguin est déplacée vers la paroi antérieure a rai-
son de 0,24 mm ou plus sur une période durant la-
quelle le vaisseau sanguin augmente d’'un diamétre
minimal a un diamétre maximal, le moyen de déter-
mination est configuré pour déterminer en outre que
la fiabilité de l'indice d’élasticité est faible.

Appareil de diagnostic a ultrasons selon la revendi-
cation 3,

danslequellorsqu’une position centrale du vaisseau
sanguin est déplacée vers la paroi antérieure dans
un battement de coeur a raison de 0,49 mm ou plus,
le moyen de détermination est configuré pour déter-
miner en outre que la fiabilité de l'indice d’élasticité
est faible.

Appareil de diagnostic a ultrasons selon I'une quel-
conque des revendications 1 a 5, comprenant en
outre :

un moyen d’avertissement pour émettre un avertis-
sement lorsque le moyen de détermination détermi-
ne que la fiabilité de I'indice d’élasticité est faible.

Appareil de diagnostic a ultrasons selon I'une quel-
conque des revendications 1 a 6,

dans lequel le vaisseau sanguin est une carotide
d’un corps humain.

Procédé destiné a déterminer la fiabilité d’indice
d’élasticité, lequel détermine la fiabilité d’un indice
d’élasticité d’'un vaisseau sanguin d'un sujet en
transmettant des faisceaux ultrasonores vers le vais-
seau sanguin du sujet et en recevant des échos ul-
trasonores réfléchis par le vaisseau sanguin du sujet
a l'aide d’'une sonde échographique aboutant sur
une surface extérieure du sujet, le procédé compre-
nant les étapes suivantes :

une étape de commande pour commander la
transmission et la réception du faisceau
ultrasonore ;

une étape de poursuite pour poursuivre des dé-
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placements dans une direction de transmission
d’'une pluralité de points du vaisseau sanguin
dans la direction de transmission du faisceau
ultrasonore ;

une étape de calcul pour calculer l'indice d’élas-
ticité du vaisseau sanguin surla base du résultat
de poursuite lors de I'étape de poursuite ;

une étape d’acquisition pour acquérir la direc-
tion d’un déplacement et/ou la quantité du dé-
placement dans la direction de transmission
d’un ou de plusieurs points spécifiques se trou-
vant sur une paroi vasculaire postérieure du
vaisseau sanguin parmi la pluralité de points, et
une étape de détermination pour déterminer la
fiabilité de I'indice d’élasticité sur la base de la
direction du déplacement et/ou de la quantité de
déplacement du un ou plusieurs points spécifi-
ques acquis lors de I'étape d’acquisition,
caractérisé en ce que lorsque la paroi vascu-
laire postérieure est déplacée vers I'extérieur du
vaisseau sanguin dans une phase de contrac-
tion du coeur, la fiabilité de I'indice d’élasticité
est déterminée comme étant élevée sur la base
de la direction du déplacement du un ou plu-
sieurs points spécifiques se trouvant sur la paroi
vasculaire postérieure lors de I'étape de déter-
mination.

Programme destiné a déterminer la fiabilité d’indice
d’élasticité, le programme faisant en sorte qu’un or-
dinateur exécute I'étape de commande, I'étape de
poursuite, I'étape de calcul, I'étape d’acquisition, et
I'étape de détermination du procédé destiné a dé-
terminer la fiabilité d’'un indice d’'élasticité selon la
revendication 8.

Support de stockage pouvant étre lu par ordinateur
sur lequel est stocké le programme destiné a déter-
miner la fiabilité d’'indice d’élasticité selon la reven-
dication 9.
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