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(57) ABSTRACT

In an ultrasound diagnosis apparatus according to an
embodiment, processing circuitry obtains volume data cor-
responding to at least one cardiac cycle and being taken of
a region including the right ventricle of a patient. The
processing circuitry estimates motion information of a tissue
in the region by using the volume data. The processing
circuitry calculates information including at least one
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FIG.4B

B-plane in RV-3DT
(RV coronal-view)



Patent Application Publication  Oct. 4,2018 Sheet 6 of 10 US 2018/0279997 A1

(1-ky 8
1.2
1 g
N
\:\\
R N S, (N QU g=
------- B =22
0.6 B=1
—-—=- B=20112
0.4 —- =112
0.2
0 K
0 1.2




Patent Application Publication  Oct. 4,2018 Sheet 7 of 10 US 2018/0279997 A1

WITHOUT MOTION CORRECTION
6.0 Py
i X
20 iz S ] || ——- RVIT Lat.
2.0 @&’?\ﬁ'\‘“‘ 7 g0~ N || —-—RVIT Inf
\:\ - i T etes M ¥ )
-6.0 "\\ KT %i%ﬁ__—;m-;:ﬁfj’ ——-- RVIT Sept.
10.0 \Ni-—" Pl R I | RVOT Sept.
. Y - Py
N PRV O | e RVOT Free
~14.0 S T ——— Apical Free
-18.0 - == Apical Sept.
-22.0
26.0 global
\Q ___4-"-'—'.% o g— S —_ W, por— _— - ——
200 400 600 800 1000
WITH MOTION CORRECTION
6.0
2.0 —--—- RVIT Lat,
207 —-—RVIT Inf.
5.0 —-—-- RVIT Sept.
0.0 N ONT Bt gt gl L | | T RVOT Sept
----- RVOT Free
-14.0 — Apical Free
-18.0 —--- Apical Sept.
-22.0
26.0 global

A a2 S T TN J——y o o e v el e e —o.

200 400 600 800 1000




Patent Application Publication  Oct. 4,2018 Sheet 8 of 10 US 2018/0279997 A1

FIG.6B

o o " " b L ,,
"~ :w..“,__ 3 N \:: “:j:. { e ot -
LD T
WITHOUT MOTION WITH MOTION
CORRECTION CORRECTION

WITHOUT MOTION
CORRECTION WITH MOTION CORRECTION



Patent Application Publication  Oct. 4,2018 Sheet 9 of 10 US 2018/0279997 A1

FIG.7

< START ’

. S101
IS IT TIME TO
PERFORM PROCESS?
YES
READ TIME SERIOUS OF 5102
THREE-DIMENSIONAL MEDICAL IMAGE DATA
SET REGION OF INTEREST OF TARGET SITE l—wsma

SET ADDRESS NUMBERS IN PLURALITY OF
POSITIONS ON CONTOUR OF REGION OF $104
INTEREST

ESTIMATE MOTION OF POINT (PV_in) ON
PULMONARY VALVE LEVEL FROM MOTION OF
CRISTA SUPRAVENTRICULARIS (CSV) BY
PERFORMING EXTRAPOLATION PROCESS

MAKE ESTIMATION ON OTHER PQOINTS
{PV_out) ON SAME CIRCUMFERENCE FROM
MOTION OF POINT (PV_in) ON CONTOUR ON
PULMONARY VALVE LEVEL BY PERFORMING
EXTRAPOLATION PROCESS

MAKE ESTIMATION ON OTHER POINTS
(CSV___outh ON THE SAME CIRCUMFERENCE
ROM MOTION OF CRISTA
SUPRAVENTRICULARIS (CSV) BY
PERFORMING EXTRAPOLATION PROCESS

ESTIMATE MOTION OF ALL POINTS OF RIGHT
VENTRICULAR QUTFLOW TRACT BY
PERFORMING INTERPOLATION PROCESS

CALCULATE AT LEAST ONE SELECTED FROM
BETWEEN WALL MOTION INFORMATION AND
VOLUME INFORMATION

OUTPUT CALCULATED INFORMATION l” - S8111

END




Patent Application Publication  Oct. 4,2018 Sheet 10 of 10  US 2018/0279997 A1

FIG.8

BODY SSURFACE
PULMONARY\
VALVE
®V) TVALVE
(AV)
RIGHT LEFT
HEART HEART

SIDE SIDE

BACK SIDE

CROSS-

LINE-OF- \S;IEE%’ONAL

SIGHT
DIRECTION




US 2018/0279997 A1l

ULTRASOUND DIAGNOSIS APPARATTUS,
MEDICAL IMAGE PROCESSING
APPARATUS, AND MEDICAL IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2017-071980, filed on Mar. 21, 2017; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus, a medical image process-
ing apparatus, and a medical image processing method.

BACKGROUND

[0003] Conventionally, to objectively and quantitatively
evaluate functions of a site (e.g., an organ such as the heart)
of an examined subject (hereinafter, “patient”), various
types of techniques for analyzing three-dimensional video
data taken of such a site have been proposed. For example,
to evaluate cardiac functions, ultrasound diagnosis appara-
tuses can perform Wall Motion Tracking (WMT) processes
to analyze motion of cardiac walls.

[0004] During a WMT process, for example, a tracking
process that uses a pattern matching process on a local
region is performed on three-dimensional video data of the
heart acquired by using a body-surface ultrasound probe. As
a result, analysis results are output to indicate myocardial
strain of the left ventricle and/or the right ventricle of the
heart, or the like.

[0005] In this situation, when the right ventricle is
observed by implementing an apical approach method while
using a body-surface ultrasound probe, there are certain
locations where the observation is easy and certain locations
where the observation is difficult. For example, the right
ventricular outflow tract is known to be a location where the
observation is difficult. In actual examples where visibility
of the heart was studied by rotating a scanned plane while
using a two-dimensional array ultrasound probe capable of
acquiring three-dimensional data, visibility rates of the right
ventricular outflow tract were 23% for normal subjects and
75% for diseased subjects. It is reported that rendering the
right ventricular outflow tract is difficult especially for
normal subjects. Accordingly, when motion of the right
ventricle is analyzed by using three-dimensional video data
acquired by a body-surface ultrasound probe, the quality of
the analysis on the right ventricular outflow tract is degraded
with high frequency.

BRIEF DESCRIPTION OF THE DRAW

[0006] FIG.11is ablock diagram illustrating an exemplary
configuration of an ultrasound diagnosis apparatus accord-
ing to a first embodiment;

[0007] FIG. 2 isa drawing for explaining an initial contour
set by an estimating function according to the first embodi-
ment;

[0008] FIG. 3 is a drawing for explaining the crista
supraventricularis;
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[0009] FIGS. 4A and 4B are drawings for explaining a
process performed by the estimating function according to
the first embodiment;

[0010] FIG. 5 is another drawing for explaining the pro-
cess performed by the estimating function according to the
first embodiment;

[0011] FIGS. 6A to 6C are drawings for explaining
impacts of a motion correcting process performed by the
estimating function according to the first embodiment;
[0012] FIG. 7 is a flowchart illustrating a processing
procedure performed by the ultrasound diagnosis apparatus
according to the first embodiment; and

[0013] FIG. 8 is a drawing illustrating a positional rela-
tionship between the pulmonary valve and the aortic valve.

DETAILED DESCRIPTION

[0014] An ultrasound diagnosis apparatus according to an
embodiment includes processing circuitry. The processing
circuitry is configured to obtain volume data corresponding
to at least one cardiac cycle and being taken of a region
including the right ventricle of a patient. The processing
circuitry is configured to estimate motion information of a
tissue in the region by using the volume data. The processing
circuitry is configured to calculate information including at
least one selected from between wall motion information
and volume information related to the right ventricle, on the
basis of the motion information of the tissue. The processing
circuitry is configured to output the calculated information.
The processing circuitry corrects first motion information of
the right ventricular outflow tract, which is an outflow tract
of the right ventricle, by using second motion information of
a site that is positioned in the vicinity of the right ventricular
outflow tract and exhibits motion similar to that of the right
ventricular outflow tract.

[0015] Exemplary embodiments of an ultrasound diagno-
sis apparatus, a medical image processing apparatus, and a
medical image processing method will be explained below,
with reference to the accompanying drawings.

First Embodiment

[0016] FIG. 1 is a block diagram illustrating an exemplary
configuration of an ultrasound diagnosis apparatus 1 accord-
ing to a first embodiment. As illustrated in FIG. 1, the
ultrasound diagnosis apparatus 1 according to the first
embodiment includes an apparatus main body 100, an ultra-
sound probe 101, an input device 102, a display 103, and an
electrocardiograph 104. The ultrasound probe 101, the input
device 102, the display 103, and the electrocardiograph 104
are connected to one another so as to be able to communicate
with the apparatus main body 100.

[0017] The ultrasound probe 101 includes a plurality of
piezoelectric transducer elements. Each of the plurality of
piezoelectric transducer elements is configured to generate
an ultrasound wave on the basic of a drive signal supplied
thereto from transmitting and receiving circuitry 110
included in the apparatus main body 100. Further, the
ultrasound probe 101 is configured to receive a reflected
wave from a patient P and to convert the received reflected
wave into an electrical signal. Further, the ultrasound probe
101 includes matching layers provided for the piezoelectric
transducer elements, as well as a backing member or the like
that prevents ultrasound waves from propagating rearward
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from the piezoelectric transducer elements. In this situation,
the ultrasound probe 101 is detachably connected to the
apparatus main body 100.

[0018] When an ultrasound wave is transmitted from the
ultrasound probe 101 to the patient P, the transmitted ultra-
sound wave is repeatedly reflected on a surface of discon-
tinuity of acoustic impedances at a tissue in the body of the
patient P and is received as a reflected-wave signal by each
of the plurality of piezoelectric transducer elements included
in the ultrasound probe 101. The amplitude of the reflected-
wave signal is dependent on the difference between the
acoustic impedances on the surface of discontinuity on
which the ultrasound wave is reflected. When a transmitted
ultrasound pulse is reflected on the surface of a moving
blood flow, a cardiac wall, or the like, the reflected-wave
signal is, due to the Doppler effect, subject to a frequency
shift, depending on a velocity component of the moving
members with respect to the ultrasound wave transmission
direction.

[0019] For example, in the first embodiment, to scan the
patient P three-dimensionally, a mechanical four-dimen-
sional (4D) probe or two-dimensional (2D) array probe is
connected as the ultrasound probe 101 to the apparatus main
body 100. The mechanical 4D probe is capable of perform-
ing a two-dimensional scan by using a plurality of piezo-
electric transducer elements that are arranged in a row like
in a one-dimensional (1D) array probe and is also capable of
performing a three-dimensional scan by swinging the plu-
rality of piezoelectric transducer elements by a predeter-
mined angle (a swing angle). Further, the 2D array probe is
capable of performing a three-dimensional scan by using a
plurality of piezoelectric transducer elements that are
arranged in a matrix formation and is also capable of
performing a two-dimensional scan by transmitting and
receiving ultrasound waves in a converged manner.

[0020] The input device 102 includes a mouse, a key-
board, a button, a panel switch, a touch command screen, a
foot switch, a trackball, a joystick, and/or the like. The input
device 102 is configured to receive various types of setting
requests from an operator of the ultrasound diagnosis appa-
ratus 1 and to transfer the received various types of setting
requests to the apparatus main body 100.

[0021] The display 103 is configured to display a Graphi-
cal User Interface (GUI) used by the operator of the ultra-
sound diagnosis apparatus 1 to input the various types of
setting requests through the input device 102 and to display
ultrasound image data generated by the apparatus main body
100 or the like. Further, to inform the operator of processing
statuses of the apparatus main body 100, the display 103 is
configured to display various types of messages. Further, the
display 103 includes a speaker and is also capable of
outputting audio. For example, to inform the operator of the
processing statuses of the apparatus main body 100, the
speaker included in the display 103 is configured to output
a predetermined sound such as a beep sound.

[0022] The electrocardiograph 104 is configured to obtain
an electrocardiogram (ECG) of the patient P, as a biological
signal of the patient P. The electrocardiograph 104 transmits
the obtained electrocardiogram to the apparatus main body
100. In the first embodiment, an example will be explained
in which the electrocardiograph 104 is used as a means for
obtaining information about cardiac phases of the heart of
the patient P; however, possible embodiments are not lim-
ited to this example.
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[0023] The apparatus main body 100 is an apparatus
configured to generate ultrasound image data on the basis of
the reflected-wave signals received by the ultrasound probe
101. The apparatus main body 100 illustrated in FIG. 1 is an
apparatus capable of generating three-dimensional ultra-
sound image data on the basis of three-dimensional
reflected-wave data received by the ultrasound probe 101.
The three-dimensional ultrasound image data is an example
of either “three-dimensional medical image data” or “vol-
ume data”.

[0024] As illustrated in FIG. 1, the apparatus main body
100 includes the transmitting and receiving circuitry 110,
B-mode processing circuitry 120, Doppler processing cit-
cuitry 130, image generating circuitry 140, an image
memory 150, internal storage 160, and processing circuitry
170. The transmitting and receiving circuitry 110, the
B-mode processing circuitry 120, the Doppler processing
circuitry 130, the image generating circuitry 140, the image
memory 150, the internal storage 160, and the processing
circuitry 170 are connected to one another so as to be able
to communicate with one another.

[0025] The transmitting and receiving circuitry 110
includes a pulse generator, a transmission delay unit, a
pulser, and the like and is configured to supply the drive
signal to the ultrasound probe 101. The pulse generator is
configured to repeatedly generate a rate pulse used for
forming a transmission ultrasound wave, at a predetermined
rate frequency. The transmission delay unit is configured to
apply a transmission delay period that is required to con-
verge the ultrasound wave generated by the ultrasound probe
101 into the form of a beam and to determine transmission
directionality and that corresponds to each of the piezoelec-
tric transducer elements, to each of the rate pulses generated
by the pulse generator. Further, the pulser is configured to
apply the drive signal (a drive pulse) to the ultrasound probe
101 with timing based on the rate pulses. In other words, by
varying the delay periods applied to the rate pulses, the
transmission delay unit is able to arbitrarily adjust the
transmission directions of the ultrasound waves transmitted
from the surfaces of the piezoelectric transducer elements
[0026] The transmitting and receiving circuitry 110 has a
function that is able to instantly change the transmission
frequency, the transmission drive voltage, and the like, for
the purpose of executing a predetermined scanning sequence
on the basis of an instruction from the processing circuitry
170 (explained later). In particular, the function to change
the transmission drive voltage is realized by using linear-
amplifier-type transmission circuitry of which the value can
be instantly switched or by using a mechanism configured to
electrically switch between a plurality of power source units.
[0027] Further, the transmitting and receiving circuitry
110 includes a pre-amplifier, an Analog/Digital (A/D) con-
verter, a reception delay unit, an adder, and the like and is
configured to generate the reflected-wave data, by perform-
ing various types of processes on the reflected-wave signals
received by the ultrasound probe 101. The pre-amplifier is
configured to amplify the reflected-wave signal for each of
the channels. The A/D converter is configured to perform an
A/D conversion on the amplified reflected-wave signals. The
reception delay unit is configured to apply a delay period
required to determine reception directionality thereto. The
adder is configured to generate the reflected-wave data by
performing an adding process on the reflected-wave signals
processed by the reception delay unit. As a result of the
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adding process performed by the adder, reflected compo-
nents from the direction corresponding to the reception
directionality of the reflected-wave signals are emphasized.
A comprehensive beam for the ultrasound transmission and
reception is formed according to the reception directionality
and the transmission directionality.

[0028] When scanning a three-dimensional region of the
patient P, the transmitting and receiving circuitry 110 causes
the ultrasound probe 101 to transmit an ultrasound beam in
a three-dimensional direction. Further, the transmitting and
receiving circuitry 110 generates three-dimensional
reflected-wave data from the reflected-wave signals received
by the ultrasound probe 101.

[0029] The B-mode processing circuitry 120 is configured
to generate data (P-mode data) in which signal intensities are
expressed by degrees of brightness, by receiving the
reflected-wave data from the transmitting and receiving
circuitry 110 and performing a logarithmic amplification, an
envelope detection process, and/or the like thereon.

[0030] The Doppler processing circuitry 130 is configured
to generate data (Doppler data) obtained by extracting
moving member information such as velocity, dispersion,
power, and the like with respect to multiple points, by
performing a frequency analysis to obtain velocity informa-
tion from the reflected-wave data received from the trans-
mitting and receiving circuitry 110 and extracting blood
flows, tissues, contrast agent echo components based on the
Doppler effect.

[0031] The B-mode processing circuitry 120 and the Dop-
pler processing circuitry 130 illustrated in FIG. 1 are each
capable of processing both two-dimensional reflected-wave
data and three-dimensional reflected-wave data. In other
words, the B-mode processing circuitry 120 is configured to
generate two-dimensional B-mode data from two-dimen-
sional reflected-wave data and to generate three-dimensional
B-mode data from three-dimensional reflected-wave data.
Further, the Doppler processing circuitry 130 is configured
to generate two-dimensional Doppler data from two-dimen-
sional reflected-wave data and to generate three-dimensional
Doppler data from three-dimensional reflected-wave data.

[0032] The image generating circuitry 140 is configured to
generate ultrasound image data from the data generated by
the B-mode processing circuitry 120 and the Doppler pro-
cessing circuitry 130. In other words, the image generating
circuitry 140 is configured to generate two-dimensional
B-mode image data in which intensities of the reflected
waves are expressed by degrees of brightness, from the
two-dimensional B-mode data generated by the B-mode
processing circuitry 120. Further, the image generating
circuitry 140 is configured to generate two-dimensional
Doppler image data expressing the moving member infor-
mation from the two-dimensional Doppler data generated by
the Doppler processing circuitry 130. The two-dimensional
Doppler image data represents a velocity image, a dispersion
image, a power image, or an image combining any of these.
Further, the image generating circuitry 140 is also capable of
generating M-mode image data from time-series data of
B-mode data on one scanning line generated by the B-mode
processing circuitry 120. Further, the image generating
circuitry 140 is also capable of generating a Doppler wave-
form plotting the velocity information of a blood flow or a
tissue in a time series, from the Doppler data generated by
the Doppler processing circuitry 130.
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[0033] 1In this situation, generally speaking, the image
generating circuitry 140 converts (by performing a scan
convert process) a scanning line signal sequence from an
ultrasound scan into a scanning line signal sequence in a
video format used by, for example, television and generates
display-purpose ultrasound image data. More specifically,
the image generating circuitry 140 generates the display-
purpose ultrasound image data by performing a coordinate
transformation process compliant with the ultrasound scan-
ning mode used by the ultrasound probe 101. Further, as
various types of image processing processes besides the scan
convert process, the image generating circuitry 140 per-
forms, for example, an image processing process (a smooth-
ing process) to re-generate a brightness average value image,
an image processing process (an edge enhancement process)
that uses a differential filter inside an image, or the like, by
using a plurality of image frames resulting from the scan
convert process. Also, the image generating circuitry 140
combines text information of various parameters, scale
graduations, body marks, and the like with the ultrasound
image data.

[0034] In other words, the B-mode data and the Doppler
data are each ultrasound image data before the scan convert
process. The data generated by the image generating cir-
cuitry 140 is the display-purpose ultrasound image data after
the scan convert process. The B-mode data and the Doppler
data may be referred to as raw data.

[0035] Further, the image generating circuitry 140 gener-
ates three-dimensional B-mode image data by performing a
coordinate transformation process on the three-dimensional
B-mode data generated by the B-mode processing circuitry
120. Further, the image generating circuitry 140 generates
three-dimensional Doppler image data by performing a
coordinate transformation process on the three-dimensional
Doppler data generated by the Doppler processing circuitry
130. In other words, the image generating circuitry 140
generates “the three-dimensional B-mode image data and
the three-dimensional Doppler image data” each as “three-
dimensional ultrasound image data (volume data)”.

[0036] Further, to generate various types of two-dimen-
sional image data used for displaying the volume data on the
display 103, the image generating circuitry 140 performs a
rendering process on the volume data. An example of the
rendering process performed by the image generating cir-
cuitry 140 is a process of generating Multi Planar Recon-
struction (MPR) image data from the volume data by
implementing an MPR method. Other examples of the
rendering process performed by the image generating cir-
cuitry 140 include a process of performing a “Curved MPR”
process on the volume data and a process of performing a
“Maximum Intensity Projection” process on the volume
data. Other examples of the rendering process performed by
the image generating circuitry 140 include a Volume Ren-
dering (VR) process and a Surface Rendering (SR) process.

[0037] The image memory 150 is a memory configured to
store therein the display-purpose image data generated by
the image generating circuitry 140. Further, the image
memory 150 is also capable of storing therein any of the data
generated by the B-mode processing circuitry 120 and the
Doppler processing circuitry 130. After a diagnosis process,
for example, the operator is able to invoke any of the
B-mode data and the Doppler data stored in the image
memory 150. The invoked B-mode data and Doppler-data
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can serve as display-purpose ultrasound image data after
being routed through the image generating circuitry 140.

[0038] The image generating circuitry 140 stores, into the
image memory 150, ultrasound image data and the time at
which an ultrasound scan was performed to generate the
ultrasound image data, so as to be kept in correspondence
with an electrocardiogram transmitted thereto from the
electrocardiograph 104. By referring to the data stored in the
image memory 150, the processing circuitry 170 (explained
later) is able to obtain the cardiac phases during the ultra-
sound scan performed to generate the ultrasound image data.

[0039] The internal storage 160 is configured to store
therein control programs for performing ultrasound trans-
missions and receptions, image processing processes, and
display processes as well as various types of data such as
diagnosis information (e.g., patient’s IDs, medical doctors’
observations), diagnosis protocols, various types of body
marks, and the like. Further, the internal storage 160 may be
used, as necessary, for saving therein any of the image data
stored in the image memory 150. Further, the data stored in
the internal storage 160 may be transferred to an external
apparatus via an interface (not illustrated). Examples of the
external apparatus include a Personal Computer (PC) used
by a medical doctor who performs an image diagnosis
process, a storage medium such as a Compact Disk (CD) or
a Digital Versatile Disk (DVD), a printer, or the like.

[0040] The processing circuitry 170 is configured to con-
trol the overall processes performed by the ultrasound
diagnosis apparatus 1. More specifically, the processing
circuitry 170 is configured to control processes performed
by the transmitting and receiving circuitry 110, the B-mode
processing circuitry 120, the Doppler processing circuitry
130, and the image generating circuitry 140, on the basis of
the various types of setting requests input by the operator via
the input device 102 and the various types of control
programs and various types of data read from the internal
storage 160. Further, the processing circuitry 170 is config-
ured to exercise control so that the display 103 displays any
of the display-purpose ultrasound image data stored in the
image memory 150 and the internal storage 160.

[0041] Further, the processing circuitry 170 is configured
to execute an obtaining function 171, an estimating function
172, a calculating function 173, and an output controlling
function 174. In this situation, the obtaining function 171 is
an example of an obtaining unit. The estimating function
172 is an example of an estimating unit. The calculating
function 173 is an example of a calculating unit. The output
controlling function 174 is an example of an output con-
trolling unit. The contents of processes performed by the
obtaining function 171, the estimating function 172, the
calculating function 173, and the output controlling function
174 executed by the processing circuitry 170 will be
explained later.

[0042] In this situation, for example, processing functions
performed by the constituent elements of the processing
circuitry 170 illustrated in FIG. 1, namely the obtaining
function 171, the estimating function 172, the calculating
function 173, and the output controlling function 174, are
recorded in the internal storage 160 in the form of computer-
executable programs. The processing circuitry 170 is a
processor configured to realize the functions corresponding
to the programs by reading and executing the programs from
the internal storage 160. In other words, the processing
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circuitry 170 that has read the programs has the functions
illustrated within the processing circuitry 170 in FIG. 1.

[0043] In the first embodiment, the example is explained
in which the single processing circuit (i.e., the processing
circuitry 170) realizes the processing functions described
below. However, another arrangement is also acceptable in
which processing circuitry is structured by combining
together a plurality of independent processors, so that the
functions are realized as a result of the processors executing
the programs.

[0044] Next, a Wall Motion Tracking (WMT) process
performed by the ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment will be explained. In the fol-
lowing sections, an example will be explained in which the
processing circuitry 170 analyzes motion of cardiac walls by
performing a WMT process that uses three-dimensional
images 3DWMT); however, possible embodiments are not
limited to this example. For instance, the processing cir-
cuitry 170 is capable of not only performing the wall motion
tracking process, but also calculating volume information
related to the volume of the heart.

[0045] The obtaining function 171 is configured to obtain
volume data corresponding to at least one cardiac cycle and
being taken of a region including the right ventricle of the
patient P. For example, the obtaining function 171 obtains
three-dimensional medical image data that is taken of the
heart of the patient P and corresponds to at least one
heartbeat.

[0046] Forexample, the operator takes moving image data
represented by three-dimensional ultrasound image data
rendering myocardia, by performing a three-dimensional
scan on a region including the heart of the patient P, while
using a sector probe. The moving image data is, for example,
a group of ultrasound image data including ultrasound image
data corresponding to each temporal phase and having been
acquired as brightness-level signals in the B-mode. In this
situation, the “temporal phase” denotes an arbitrary point in
time (a time) in the cyclic motion of the heart and may also
be referred to as a “cardiac phase”.

[0047] Further, the image generating circuitry 140 is con-
figured to generate moving image data of the right ventricle
of the heart and to store the generated moving image data
into the image memory 150. After that, as a processing target
section, for example, the operator sets a section correspond-
ing to one heartbeat from an R-wave to the immediately
following R-wave in an electrocardiogram. Alternatively,
the first embodiment is also applicable to situations where
the processing target section is arranged to be a section
corresponding to two heartbeats or a section corresponding
to three heartbeats.

[0048] Further, the obtaining function 171 is configured to
obtain the group of ultrasound image data from the image
memory 150, for example. The group of ultrasound image
data includes three-dimensional ultrasound image data (vol-
ume data) in a plurality of frames contained in the section of
one heartbeat set by the operator.

[0049] The estimating function 172 is configured to esti-
mate motion information of the region including the right
ventricle, by using the volume data. For example, at first, the
estimating function 172 sets a region of interest (an initial
contour) corresponding to the right ventricle with the vol-
ume data, by performing the processing procedure described
below.
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[0050] For example, the operator designates an arbitrary
cardiac phase with respect to the group of volume data in a
time series obtained by the obtaining function 171. In this
situation, the designated arbitrary cardiac phase is an arbi-
trary frame among the frames contained in the section of the
one heartbeat. For example, an end-diastolic phase (the first
R-wave temporal phase) is most desirable. Further, when the
operator has designated the arbitrary cardiac phase, the
estimating function 172 sets the three-dimensional initial
contour with the ultrasound image data corresponding to the
designated cardiac phase.

[0051] In this situation, the three-dimensional initial con-
tour is generated, for example, by performing an interpolat-
ing process on two-dimensional contour lines each of which
is input with respect to a different one of a plurality of
reference MPR cross-sectional planes. For example, the
operator inputs a contour line indicating the contour of the
endocardium of the right ventricle, with respect to each of
the plurality of reference MPR cross-sectional planes. After
that, the estimating function 172 transforms the position of
the contour line input to each of the reference MPR cross-
sectional planes, into coordinates in three-dimensional ultra-
sound image data. Subsequently, the estimating function 172
generates a three-dimensional contour shape (the initial
contour) between the contour lines in the three-dimensional
ultrasound image data, by performing a spatial interpolating
process between the contour lines. In this manner, the
estimating function 172 sets the initial contour of the endo-
cardium of the right ventricle. Further, it is desirable to set
an initial contour of the epicardium of the right ventricle to
a position allowing a predetermined wall thickness (approxi-
mately 4 mm to 6 mm) from the plane of the endocardium.
[0052] FIG. 2 is a drawing for explaining the initial
contour set by the estimating function 172 according to the
first embodiment. FIG. 2 illustrates an initial contour (VE)
set with the right ventricle. In FIG. 2, the mesh structure
indicated with solid lines corresponds to the initial contour
(VI) set with the endocardium of the right ventricle. The
mesh structure indicated with broken lines corresponds to
the initial contour (VO) set with the epicardium of the right
ventricle.

[0053] As illustrated in FIG. 2, within the ultrasound
image data corresponding to the arbitrary cardiac phase, the
estimating function 172 sets the three-dimensional initial
contour (VE) in the position corresponding to the endocar-
dium of the right ventricle. In this situation, intersection
points of the mesh of the initial contour (VE) are constituent
points structuring either an inner contour or an outer contour
of the right ventricle. The intersection points correspond to
tracking points that are chronologically tracked for the
purpose of calculating motion information of the tissue.
[0054] Further, the estimating function 172 sets address
numbers in a plurality of positions on the contour of the
region of interest. For example, the estimating function 172
sets the address numbers with the plurality of constituent
points structuring the initial contour (VE) that was set. The
address numbers are numbers appended for the purpose of
identifying the tracking points. For example, the address
numbers are defined on the basis of the positions of the
tracking points on the endocardium of the heart. The address
numbers do not necessarily have to be numbers (numerals)
and may be any identification information (e.g., characters,
symbols, or the like) capable of identifying the positions of
the tracking points.
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[0055] For example, the estimating function 172 defines
the positions of the constituent points of the endocardium of
the heart as P_endo(t,h,d). In this situation, t denotes a frame
(a cardiac phase) contained in the section of the one heart-
beat, while h denotes an address number in the longitudinal
direction (the height), and d denotes an address number in
the circumferential direction (the azimuth). In the present
example, because the initial cross-sectional plane is set by
using the first R-wave temporal phase, =0 is satisfied.
[0056] Further, as a reference position in the circumfer-
ential direction, the estimating function 172 sets, for
example, an end part of the right ventricle positioned on the
tricuspid valve side and determines the value of d at the
constituent point in that position to be 0. In other words, the
position of the constituent point in the reference position can
be expressed as P_endo(0,h,0). Further, the estimating func-
tion 172 sequentially sets the address numbers d=0, 1, 2, 3
and so on with the constituent points in the circumferential
direction, starting with the constituent point in the reference
position. Further, from the three-dimensional initial contour,
the estimating function 172 determines the position of an
annular contour farthest from the cardiac apex to be a
reference position in the longitudinal direction and deter-
mines the value of h at the constituent point in that position
to be 0. In other words, the position of the constituent point
in the reference position can be expressed as P_endo(0,0,d).
Subsequently, the estimating function 172 sequentially sets
the address numbers h=0, 1, 2, 3, and so on with the
constituent points in the direction toward the cardiac apex,
starting with the constituent point in the reference position.
[0057] In this manner, the estimating function 172 sets the
plurality of constituent points (tracing points) having the
address numbers appended thereto, in the positions corre-
sponding to the endocardium of the right ventricle in the
volume data. For setting the initial contour, possible meth-
ods are not limited to the manual operation described above.
It is also acceptable to use another method by which the
estimating function 172 automatically or semi-automatically
detects the boundary in the image by using a dictionary
database for endocardium contour shapes (a statistical data-
base of contours that were set in the past, for example).
[0058] For example, the estimating function 172 tracks
positions of the plurality of constituent points in the plurality
of pieces of ultrasound image data included in the group of
volume data, by performing a tracking process that includes
a pattern matching process while using the volume data in
the initial temporal phase in which the plurality of constitu-
ent points were set and the volume data in the subsequent
temporal phase.

[0059] For example, when the plurality of constituent
points are set in the positions corresponding to the initial
contour, with respect to the volume data of the frame t=0
included in the group of volume data, the estimating func-
tion 172 tracks the positions of the constituent points in other
frames t, by performing a process including pattern match-
ing processes. More specifically, the estimating function 172
repeatedly performs the pattern matching processes between
the volume data in a frame in which a plurality of constituent
points have already been set and the volume data in the
frame adjacent to the frame. In other words, the estimating
fanction 172 tracks the positions of the constituent points
P_endo(t,h,d) in the volume data in the frames correspond-
ing to =0, 1, 2, 3, and so on, starting with the constituent
points P_endo(0,h,d) on the endocardium of the heart in the
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volume data corresponding to t=0. As a result, the estimating
function 172 obtains coordinate information of the constitu-
ent points structuring the endocardium of the heart, with
respect to each of the frames contained in the section of the
one heartbeat.

[0060] After that, by using the positions of the plurality of
constituent points in the plurality of pieces of ultrasound
image data included in the group of volume data, the
estimating function 172 calculates motion information indi-
cating motion of the tissue for each of the pieces of ultra-
sound image data. The motion information calculated by the
estimating function 172 is provided for the constituent
points (the tracking points) used for the calculation. More
specifically, for example, the motion information calculated
from the constituent points of the endocardium of the heart
is defined as V_endo(t,h,d). After that, the estimating func-
tion 172 stores the calculated motion information into the
image memory 150.

[0061] As explained above, the estimating function 172
estimates the motion information of the right ventricle.
Although the processes performed on the endocardium of
the right ventricle have been explained in the present
example, possible embodiments are not limited to this
example. For instance, the processes described above may
be performed not only on the endocardium, but on the
epicardium or on an intermediate layer between the endo-
cardium and the epicardium. Further, the estimating function
172 may perform the processes not only on the right
ventricle, but on any other predetermined arbitrary region
such as, for example, the left ventricle, the left atrium, the
right atrium, the entire heart, or the like.

[0062] On the basis of the motion information of the
tissue, the calculating function 173 is configured to calculate
information including at least one selected from between
wall motion information and volume information about the
right ventricle. In this situation, typical examples of the wall
motion information calculated by the calculating function
173 include a local myocardial displacement [mm] of each
of the constituent points in each frame, a local myocardial
strain value [%)] indicating a rate of change in the distance
between two points, or a temporal change in either of these
values such as a local myocardial velocity value [em/s] or a
local myocardial train rate [I/s], for example. However,
possible examples of the wall motion information are not
limited to these parameters. It is possible to use any param-
eter that can be calculated by using the coordinate informa-
tion of the plurality of constituent points in the frames. For
example, a component separation may be applied to any of
these pieces of wall motion information. For the right
ventricle, for example, indices such as a Longitudinal Strain
(LS) value obtained by separating the components in the
longitudinal direction or a Circumferential Strain (CS) value
obtained by separating the components in the circumferen-
tial direction may be used. These indices are calculated by
implementing a two-dimensional speckle tracking method
that uses a two-dimensional image (a long-axis image or a
short-axis image) of the right ventricle. Further, while a
three-dimensional speckle tracking method is implemented,
a local Area Change (AC) ratio may be defined. Because the
AC values do not require component separation processes,
it is possible to perform stable analyses even on a compli-
cated shape such as that of the right ventricle.

[0063] Further, examples of wall motion information that
are ofien clinically used for evaluating functions of the right
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ventricle include a Tricuspid Annular Plane Systolic Excur-
sion (TAPSE) value measured in the M-mode. Because the
M-mode is for one-dimensional analyses, with the TAPSE
value, a displacement component in the direction toward the
ultrasound probe 101 is observed with respect to a section in
the vicinity of the tricuspid valve ring. In contrast, by using
a three-dimensional speckle tracking method, it is possible
to obtain information of displacement that covers the entire
region of the right ventricle. In that situation, as for the
direction of the displacement, it is possible to detect a
displacement component in a longitudinal direction or in a
wall-thickness (radial) direction determined while using the
region of interest (the right ventricle) as reference. Further,
as an index that is not easily affected by the complicated
shape of the right ventricle, it is also acceptable to use a
moving distance D that involves no component separations
in certain directions (D=sqrt ((Px(n)-Px(n0))"2+(Py(n)-Py
(n0))"2+(Pz(n)-Pz(n0))"2)) where (Px(n),Py(n),Pz(n)) indi-
cates the position of a tracking point P, while n denotes a
temporal phase, and n0 denotes a reference temporal phase.

[0064] Further, the calculating function 173 is configured
to calculate volume information as an index for the pumping
function of the heart. For example, the calculating function
173 calculates volume information of a region of interest
including the right ventricle. In this situation, the region for
which the volume information is calculated by the calculat-
ing function 173 may be changed as appropriate.

[0065] In this manner, the calculating function 173 calcu-
lates the information including at least one selected from
between the wall motion information and the volume infor-
mation of the right ventricle, with respect to the group of
ultrasound image data. The one or more types of parameters
calculated by the calculating function 173 may be pre-set or
may be selected by the operator as appropriate.

[0066] The output controlling function 174 is configured
to output the calculated information. For example, the output
controlling function 174 outputs the information including
at least one selected from between the wall motion infor-
mation and the volume information of the right ventricle that
was calculated by the calculating function 173.

[0067] For example, the output controlling function 174
converts either the wall motion information or the volume
information calculated by the calculating function 173 into
color codes and further maps the color codes in a display
image. Alternatively, the output controlling function 174
calculates an average value for each of the segments
included in the region of interest, by using the wall motion
information calculated for each of the constituent points.
After that, the output controlling function 174 generates and
displays a time-change curve of the calculated average
values. As a result, the output controlling function 174 is
able to provide a functional analysis of the right ventricle for
each of the segments.

[0068] The output destination to which the information is
output by the output controlling function 174 is not limited
to the display 103. For example, the output controlling
function 174 may transmit the information to an arbitrary
apparatus connected thereto via a network. More specifi-
cally, the output controlling function 174 may transmit the
information to a server apparatus that manages data in the
hospital in a centralized manner or to an apparatus (e.g., a
report creating apparatus) used for creating diagnosis
reports. Further, for example, the output controlling function
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174 may store the information into a recording medium such
as a Digital Versatile Disk (DVD).

[0069] The WMT process performed by the ultrasound
diagnosis apparatus 1 according to the first embodiment has
thus been explained. However, when the right ventricle is
observed by implementing an apical approach method while
using a body-surface ultrasound probe, there are certain
locations where the observation is easy and certain locations
where the observation is difficult. For example, the right
ventricular outflow tract is known to be a location where the
observation is difficult. When an ultrasound scan is per-
formed from the body surface, because the scan angle is
large on the right ventricular outflow tract side and because
the right ventricular outflow tract is positioned close to the
ribs, the passage of ultrasound waves is limited with respect
to the opening of the ultrasound probe. Further, because the
ribs and the left lung (air), which do not pass ultrasound
waves, are positioned very close to the surroundings of the
right ventricular outflow tract, the signal intensities of the
ultrasound waves are therefore attenuvated, and the transmis-
sion/reception beam is not easily formed. Thus, it is con-
sidered that these factors make it difficult to observe the right
ventricular outflow tract when a body-surface ultrasound
probe is used.

[0070] In actual examples where visibility of the heart was
studied by rotating the scanned plane while using a two-
dimensional array ultrasound probe capable of acquiring
three-dimensional data, visibility rates of the right ventricu-
lar outflow tract were 23% for normal subjects and 75% for
diseased subjects. It is reported that rendering the right
ventricular outflow tract is difficult especially for normal
subjects. Accordingly, when the wall motion information of
the right ventricle is analyzed by using three-dimensional
video data acquired by a body-surface ultrasound probe, the
quality of the analysis on the right ventricular outflow tract
is degraded with high frequency.

[0071] To cope with this situation, the ultrasound diagno-
sis apparatus 1 according to the first embodiment performs
the processes described below, for the purpose of improving
the quality of the analyses performed on the motion of the
right ventricular outflow tract. In other words, the ultrasound
diagnosis apparatus 1 corrects motion information of the
right ventricular outflow tract, by using motion information
of a site that is positioned in the vicinity of the right
ventricular outflow tract and exhibits motion similar to that
of the right ventricular outflow tract. In the first embodi-
ment, an example will be explained in which the crista
supraventricularis is used as the site that is positioned in the
vicinity of the right ventricular outflow tract and exhibits
motion similar to that of the right ventricular outflow tract.
[0072] FIG. 3 is a drawing for explaining the crista
supraventricularis. FIG. 3 presents an anatomic model draw-
ing illustrating the lumen of the right ventricle, while the
right ventricle is unfolded from the free wall side. In FIG. 3,
the right ventricular apex is depicted at the top; the inter-
ventricular septum is depicted on the far side; the tricuspid
valve (TV) is depicted on the right; and the pulmonary valve
(PV) is depicted on the left.

[0073] As illustrated in FIG. 3, the crista supraventricu-
laris 1s positioned in a linking site that links the right
ventricular inlet tract (Inlet) starting from the tricuspid
valve, to the right ventricular outflow tract (RVOT) ending
at the pulmonary valve and is considered to be a medial site
that is neither an inflow tract nor an outflow tract. In the first
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embodiment, the crista supraventricularis is detected as an
apex position of the linking site on the right ventricular
lumen side.

[0074] As the inventors observed 3DWMT images of the
right ventricle obtained from animal experiments with tho-
racotomy that were not impacted from the ribs or the lungs,
as well as transesophageal echocardiography (TEE) probe
images in which body surface tissues and the ribs were
avoided, it was discovered that motion of the right ventricu-
lar outflow tract corresponds to motion of the crista
supraventricularis. In other words, in clinical cases where
motion of the right ventricular outflow tract was unsatisfac-
tory due to degradation of the right heart functions, motion
of the crista supraventricularis was also unsatisfactory. On
the contrary, in clinical cases where motion of the right
ventricular outflow tract was excellent, motion of the crista
supraventricularis was also excellent. Further, because the
crista supraventricularis is positioned farther from the ribs,
the sternum, and the left lung, compared to the right ven-
tricular outflow tract is, echo signals are more easily
acquired from the crista supraventricularis than from the
right ventricular outflow tract. For these reasons, in the first
embodiment, the crista supraventricularis is used as the site
that is positioned in the vicinity of the right ventricular
outflow tract and exhibits motion similar to that of the right
ventricular outflow tract.

[0075] The estimating function 172 according to the first
embodiment is configured to correct first motion information
of the right ventricular outflow tract, by using second motion
information of a site that is positioned in the vicinity of the
right ventricular outflow tract and exhibits motion similar to
that of the right ventricular outflow tract. In the following
sections, an example with processes performed on the endo-
cardium of the right ventricle will be explained; however,
possible embodiments are not limited to this example. For
instance, the processes described below may be performed
not only on the endocardium of the right ventricle, but on the
epicardium or on an intermediate layer between the endo-
cardium and the epicardium of the right ventricle.

[0076] FIGS. 4A, 4E, and 5 are drawings for explaining
processes performed by the estimating function 172 accord-
ing to the first embodiment. FIG. 4A illustrates a correcting
process performed on the initial contour (VI in FIG. 2) of the
right ventricular endocardium. FIG. 4B illustrates a right
ventricular (RV) coronal view. FIG. 5 illustrates an example
of a characteristic with which corrected motion amounts are
variably controlled by the estimating function 172.

[0077] At first with FIG. 4A, an example will be explained
in which, among all the constituent points included in the
contour of the right ventricular outflow tract, motion infor-
mation of a point PV_in is corrected by using motion
information of the crista supraventricularis (CSV), and sub-
sequently, other points are corrected. The point PV_in is the
constituent point positioned closest to the right ventricular
outflow tract among the points on the circumference of the
inner contour of the right ventricle corresponding to the
pulmonary valve level. In the following sections, the point
PV_in subject to the correction may also be referred to as a
“first site”, whereas a constituent point of the crista
supraventricularis (CSV) to be used for the correction may
also be referred to as a “second site”. Further, original
motion information at the point PV_in will be expressed as
“V1”, whereas original motion information in a position
Pesv of the crista supraventricularis will be expressed as
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“V2”. In this situation, the original motion information
denotes the motion information estimated in the WMT
process described above. The letter “V” denotes a three-
dimensional vector. The motion information in the first
embodiment denotes a three-dimensional motion vector.
Further, in the following sections, the absolute value of a
vector X will be expressed as 1XI.

[0078] In this situation, V2 additionally has a translation
component of the entire heart, besides a contraction com-
ponent of the myocardium at the crista supraventricularis.
For this reason, the estimating function 172 obtains motion
information “V2m” contributing to the systole of the crista
supraventricularis after eliminating the translation compo-
nent, so as to use “V2m” for the motion correction for the
point PV_in. For this purpose, the estimating function 172
calculates an inter-frame rate of change LSR(N) in the
length IL(N)| between a point Pa at the right ventricular apex
and the crista supraventricularis. In this situation, LSR(N)
can be expressed by using Expression (1) presented below.

LSRON=(ILNV+D)I=I LV /L) o)

[0079] In this situation, the translation of the entire heart
1s considered to be substantially equal at the point Pa and at
the crista supraventricularis. Accordingly, as indicated by
the numerator of Expression (1), the translation component
is cancelled out by calculating the vector difference between
L(N+1) and L(N). Further, because the change in the length
of IL(N)I* LSR(N) is defined by the orientation of the line
segment connecting the point Pa to the point Pesv of the
crista supraventricularis, V2m can be expressed by using
Expression (2) below, while using position vectors of these
two points. In the right side of Expression (2), the term in the
former half “Pcsv(N+1)-Pa(N+1)” expresses the vector
defining the length “IL(N+1)I”. The term in the latter half
“Pesv(N)-Pa(N)” expresses the vector defining the length

“ILON)I™.

V2m={Pesv(N+1)-Pa(N+1))-(esv(N)-Pa(N)) 2

[0080] Because the difference in the position vector of
each of the points between the frames corresponds to the
motion of the point, when the motion information of the
right ventricular apex is expressed as “V_PA”, Expression
(2) above can be expressed by using Expression (3) pre-
sented below. From Expression (3). it is understood that
V2m includes the motion information “V2” of the crista
supraventricularis.

V2m=V2-V_PA )

[0081] Next, motion information “V1m” is obtained,
which takes into account the contraction component at the
point PV_in. In this situation, because the right ventricular
outflow tract is an outflow tract of the blood flow, the
primary contraction component is considered to be a com-
ponent parallel to the direction of the blood flow. In the
contour position of the point PV_in illustrated in FIG. 4A,
the component parallel to the direction of the blood flow
corresponds to the axial direction of the tract that is perpen-
dicular to a cross-sectional plane of the tract (a cross-
sectional plane in the direction orthogonal to the contour of
the right ventricular outflow tract). It is possible to calculate
the axial direction of the tract as, for example, a unit normal
vector Nt_PV of a regression plane defined by using a group
of contour boundary positions in a ring formation corre-
sponding to a cross-sectional plane of the contour on the
pulmonary valve level.
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[0082] When Nt_PV is used as a direction component of
the point PV_in, because V1m is a projection component of
the original motion into this direction, V1m can be defined
by using Expression (4) presented below. In the following
sections, <ul,u2> denotes the inner product of vectors ul
and u2. The value of V1m calculated in this manner corre-
sponds to motion information Vo' resulting from a compo-
nent separation at the point PV_in (Vo'=V1m).

Vim={ v1, Ne_PV} 11 @)

[0083] Similarly, the direction vector Nt_CSV of the com-
ponent parallel to the direction of the blood flow with respect
to the motion at the crista supraventricularis is considered to
be the axial direction of the tract of the right ventricular
outflow tract going through the crista supraventricularis.
Accordingly, similarly to the example of the point PV _in, it
is possible to calculate Nt_CSV as a unit normal vector of
a regression plane defined by using a group of contour
positions in a ring formation corresponding to a cross-
sectional plane (among the directions orthogonal to the
contour of the right ventricular outflow tract corresponding
to anterior-wall-side hinge illustrated in FIG. 4A, the plane
that goes through the crista supraventricularis) of the crista
supraventricularis at the point Pesv.

[0084] Possible methods for calculating the axial direction
of the tract are not limited to the method described above.
For example, while taking the moving direction the blood
flow into consideration, it is also acceptable to calculate the
axial direction of the tract as a unit direction vector extend-
ing from the right ventricular apex Pa toward a position PG
of the center of gravity of the group of contour boundary
positions in the ring formation corresponding to the cross-
sectional plane in question.

[0085] In the present example, V2m includes the direction
component other than the blood flow direction. Accordingly,
a motion component V2mp that is parallel to the blood flow
direction at the crista supraventricularis and contributes to
the systole can be defined by using Expression (5) presented
below while using Nt_CSV.

V2mpi< V2m, NlﬁCSV) *Vm ©)

[0086] By performing the component separation in the
blood flow direction in this manner, with respect to the point
PV_in and the point Pcsv of which the motion directions are
not necessarily the same as each other because the positions
thereof and the contour directions are different from each
other, it is possible to compare and calculate the effective
components with each other, the effective components being
obtained by arranging the motion directions to be the same
as each other.

[0087] Next, we will discuss how to transfer the motion
information V2mp estimated at the point Pcsv as described
above to the point. PV_in that is positioned apart therefrom.
[0088] In this situation, to perform a commonly-used
one-dimensional interpolating process, values are given in
the positions at two ends, so that an interpolation value in an
arbitrary calculation position between the two ends is inter-
polated on the basis of both f the values in the positions at
the two ends. However, in the first embodiment, a value is
given only at one of the two end points. For this reason, to
perform an interpolating process while no value given at the
other end point, it is necessary to define an interpolation
value in the calculation position. This process will be
referred to as an “extrapolation process” in the first embodi-
ment.
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[0089] To perform the extrapolation process, it is defined
that “the contraction component based on a rate of change in
the length obtained from the crista supraventricularis is
equal to the contraction component at the point PV_in”.
Accordingly, it is possible to estimate motion information of
the point PV_in on the assumption that the rate of change
“LSR(N)” in the length IL(N)| connecting the right ven-
tricular apex to the crista supraventricularis is equal to the
rate of change “L1SR(N)” in the length IL1(N)I of the line
segment connecting the crista supraventricularis to the point
PV_in. In this situation, when the motion to be observed at
the point PV_in is expressed as V12m, it is possible to define
V12m by using Expression (6) presented below while using
the position vectors of the points.

V12m(PV_in(V+1)-Pesv(N+1))-(PV_in(N)-Pesv(N)) (6)

[0090] In Expression (6), the position Pesv(N) of the crista
supraventricularis before the move, the position Pcsv(N+1)
of the crista supraventricularis after the move, and the
position PV_(N) of the point PV_in before the move are
known; however, the position PV_in(N+1) of the point
PV _in after the move is unknown.

[0091] Because the difference in the position vector of
each of the points between the frames indicates the motion,
when the motion information of the point PV_in is
expressed as “V_PV_in”, Expression (6) above can be
expressed by using Expression (7) presented below. It is
understood from Expression (7) that V12m includes the
motion information V2 of the crista supraventricularis. Fur-
ther, as explained above, because the translation component
is considered to be substantially equal at the crista supraven-
tricularis and at the point PV_in, the translation component
is cancelled out from V12m as a result of the difference
calculating process between the two points.

V12m=V_PV_in-V2 0]
[0092] Next, the unknown position PV_in(N+1) will be
determined for the purpose of calculating V12m. In this
situation, because of the assumption that LSR(N) is equal to
L1SR(N), Expression (8) presented below is satisfied.

LSR(NY=LISR(NY=(IL1(N+1)=L1(N) )/ \L1(N) (8

[0093] Further, from Expression (8), Expression (9) pre-
sented below is satisfied.

(LSR(V)+1)* ILL(V)|=ILL(V+1) ©)

[0094] In this situation, it is possible to express L1(N) and
L1(N+1) by using Expressions (10) and (11) presented
below.

L1 (N)=(PV_in(N)-PesviN)) 10y

L1(N+1)=PV_in(N+1)-Pcsv(N+1) an

[0095] Accordingly, PV_in(N+1) can be calculated by
using Expression (12) presented below.

PV_in(N+1)=(LSRINJ+1)*L 1(N)+Pesv(N+1) 12

[0096] By assigning PV_in (N+1) to Expression (7)
above, V12 is calculated. Further, the motion component
V12mp resulting from a component separation in the blood
flow direction can be expressed by using Expression (13)
presented below while using the direction vector Nt_PV at
the point PV_in. The value of V12mp obtained in this
manner corresponds to corrected motion information Vs'
transferred from the crista supraventricularis to the point
PV_in (Vs'=V12mp).
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V12mp={ V12m, Ne_PV) *V12m (13)

[0097] As explained above, as the motion information of
the point PV_in resulting from the component separation in
the blood flow direction, the two pieces of motion informa-
tion, namely Vo' and Vs'(V12mp), are obtained. In this
situation, considering the situation where |Vo'l of the point
PV_in is decreased starting from the state where [Vo'l is
larger than 1Vs'| of the crista supraventricularis, no correc-
tion will be made when Vo'l is sufficiently large, because it
is considered that proper motion is obtained at the point
PV_in. In contrast, when Vo'l becomes smaller than 1Vs'|
because it is considered that proper motion is not obtained
at the point PV_in, the correction amount shall be adjusted.
[0098] In other words, in the first embodiment, corrected
motion information Ve is determined by comparing the
motion amount Vo'l of the point PV_in with the motion
amount |Vs'l of the crista supraventricularis Pcsv. For
example, the corrected motion information Ve is calculated
by using Expression (14) presented below.

Vs — Vo' (when |Vs'| 2 |Vo')) (14)
Vo=
¢ { 0 (when |Vs| < Vo)

[0099] In Expression (14), the value of |Vcl increases, as
the value of Vo'l becomes smaller relative to 1Vsl. When
Vo'l eventually becomes zero, Vc=Vs' is satisfled, and
[Vol=IVs'| is therefore satisfied. When a motion correction is
made on the point PV_in by using Expression (14), the
motion correction means that the motion of the point PV_in
is replaced with Vs' regardless of the motion Vo' of the point
PV_in, except for the component separation with the main
direction (corresponding to the situation where Nt_PV is
considered to be oriented in the exactly same direction as
V1.

[0100] Further, in place of Expression (14), it is also
possible to calculate corrected motion information Ve by
using Expression (15) presented below.

(VS = VDIV ) B Vs' (when |Vs'| 2 |Vo']) 15
Ve=
¢ { ] (when |Vs'| < |VO'|)
[0101] In Expression (15), when “1” is assigned to “f” in

the exponential term, the output changes while [Vs'lzIVo'l is
satisfied can be expressed by using Expression (16) pre-
sented below. In other words, when Expression (15) is used,
similarly to the situation where Expression (14) is used, the
value of | Vel increases as the value of Vo'l becomes smaller
relative to IVs'l, and when Vo'l eventually becomes zero,
Ve=Vs' is satisfied, and 1VcI=IVs'| 1s therefore satisfied.

Ve=Vs"(1-170"/1Vs") (16)
[0102] In this situation, we put “k=IVo'l/IVs'l”, which is
assigned to Expression (16) presented above corresponding

to when [Vs'lzIVo'l is satisfied, then Expression (16) can be
rearranged into Expression (17) presented below.

Ve=Vs™(1-kYp an
[0103] With regard to the variable term “(1-k)B” in

Expression (17) above, FIG. 5 illustrates the manner in
which the value changes depending on k, while the value of
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f is varied. In FIG. 5, the horizontal axis expresses “k”,
whereas the vertical axis expresses the variable term “(1-
kB

[0104] As illustrated in FIG. 5, the value of the variable
term decreases, as the value of k increases. Conversely,
when k decreases from 1, the variable term, which corre-
sponds to the corrected motion amount, increases. In par-
ticular, when “p=1” is satisfied, the value of the variable
term changes in the manner of a linear function (linearly), as
the value of k changes. Further, it is observed that when
“B>1" is satisfied, the corrected motion amount is smaller
than that during the linear change. It is also observed that
when “P=1” is satisfied, the corrected motion amount is
larger than that during the linear change. Accordingly,
freedom is granted where, when it is desired to obtain a
motion correction controlled value that is relatively large in
accordance with k, which is the ratio [Vo'l/IVs'l, “P<1” can
be selected; and when it is desired to obtain a motion
correction controlled value that is relatively small in accor-
dance with k, “f>1” can be selected.

[0105] As explained above, when the correction is made
by using Expression (15), it is possible to adjust how much
motion correction amount is to be applied as Ve, depending
on the setting of f. In this situation, from the viewpoint of
achieving a larger correction amount, it is desirable to set 3
to satisfy $=0.5 to 0.7 approximately.

[0106] Further, by using the corrected motion information
Ve for the crista supraventricularis obtained from the pro-
cesses described above, the point PV_in, which is subject to
the correction, is moved from PV_in(N) to PV_in(N+1). In
other words, in each of the frames used in the 3DWMT
process, the original motion Vo at the point PV_in is
replaced with Von calculated in Expression (18). In Expres-
sion (18), when “Vc={0} (where {0} denotes a zero vector)”
is satisfied, Von=Vo is true, which is equivalent to making no
corrections.

Von=Vo+Vc (18)

[0107] With the processes described above, the corrected
motion information Vc is obtained for the point PV_in,
which is one point of the right ventricular outflow tract, and
it is therefore possible to make the motion correction on the
point PV_in. However, to move the entire ROI related to the
right ventricular outflow tract, it is necessary to obtain the
corrected motion information Ve for all the constituent
points structuring the contour of the right ventricular outflow
tract.

[0108] To cope with this situation, among all the constitu-
ent points structuring the contour of the right ventricular
outflow tract, the estimating function 172 calculates cor-
rected motion information Ve for a plurality of constituent
points that are discretely positioned, by performing the
extrapolation process described above. After that, by per-
forming a spatial interpolation process while using the
corrected motion information Ve of the plurality of dis-
cretely-positioned constituent points, the estimating func-
tion 172 calculates corrected motion information for all the
constituent points of the right ventricular outflow tract. In
this situation, as the interpolation process, it is desirable to
perform a two-dimensional interpolating process by adopt-
ing, for example, a bi-linear interpolating process while
using corrected motion information Ve of four-point posi-
tions closest to the interpolation position or a one-dimen-
sional linear interpolating process while using corrected
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motion information Ve of two-point positions closest to the
interpolation position in both the longitudinal direction and
the circumferential direction of a boundary plane.

[0109] Alternatively, without using the interpolation pro-
cess, it is also possible to calculate the corrected motion
information Ve by using the extrapolation process described
above for all the constituent points of the right ventricular
outflow tract, for example. It should be noted, however,
because the calculation time period required by the interpo-
lation process is shorter than that required by the extrapo-
lation process described above, it is preferable to calculate
the corrected motion information for all the constituent
points of the right ventricular outflow tract by using the
interpolation process. In the following sections, an example
will be explained in which the estimating function 172
calculates the corrected motion information for all the
constituent points of the right ventricular outflow tract by
using the interpolation process.

[0110] As illustrated in FIG. 4A, for example, the esti-
mating function 172 calculates the corrected motion infor-
mation Vc of each of three points PV_out. In this situation,
the points PV_out are constituent points that are discretely
arranged on a ring-shaped boundary plane on the pulmonary
valve level and are different from the point PV_in.

[0111] In this situation, the point PV_in will be used as a
new “second site”, whereas the value Von described above
obtained at the point PV_in will be used as a new piece of
“motion information (V2) of the second site” at the second
site. Because the value Vo at the point PV_in is equal to
V_PV_in, “V2” in this situation can be expressed by using
Expression (19) by using previously-obtained “Vc”.

V2=Von=V_PV_in+Vc (19)

[0112] Further, by using each of the points “PV_out” as a
new “first site”, a new piece of corrected motion information
Ve with respect to the original motion V_PV_out of the first
site 1s calculated by performing the same process as the
extrapolation process described above.

[0113] First, the estimating function 172 performs a com-
ponent separation process in the blood flow direction. For
example, because the direction vector at the second site (the
point PV_in) is equal to Nt_PV, the motion information V2'
obtained from the component separation on the value V2
above can he expressed by using Expression (20) presented
below.

v v2, NPV i (20)

[0114] Subsequently, because the direction vector at each
of the points PV_out is equal to Nt_PV similarly to that at
the point PV_in, the value of Vo' resulting from a component
separation in this position can be expressed by using Expres-
sion (21) presented below.

Vo'={ ¥ PV out, Nt_PV) *V_PV out 1)

[0115] In this situation, the extrapolation process is based
on the notion that “contraction motion components in the
blood flow direction are equal to one another on the cir-
cumference on mutually-the-same right ventricular outflow
tract level”. In other words, V2' obtained as a direction
component at each of the points PV_out for the motion
information at the second site previously obtained at the
point PV_in will be given as Vs' to a corresponding one of
the points PV_out. In other words, Vs'=V2' is satisfied.

[0116] As a result, two pieces of motion information,
namely Vo' and Vs, are obtained for each of the points
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PV_out. Accordingly, by using the expressions above as
appropriate, the estimating function 172 calculates corrected
motion information Vel of each of the points PV_out.
[0117] After that, the extrapolation process in the circum-
ferential direction is similarly applicable to three points
CSV_out illustrated in FIG. 4A on the ring-shaped boundary
plane of the right ventricular outflow tract on the crista
supraventricularis level. In other words, because the second
site on the right ventricular outflow tract level is the crista
supraventricularis, Vs' is given to each of the points CSV_
out by using previously-obtained Vs'=V2mp.

[0118] Further, the original motion at each of the points
CSV_out serving as the first site will be expressed as
“V_CSV_out”. In this situation, because the direction of the
component separation is expressed as Nt_CSV, which was
previously obtained, it is possible to calculate Vo' resulting
from a component separation in this position by using
Expression (22) presented below.

Vo'={V_CSV_out,Ne_CSV)*F_CSV_out 22)

[0119] As a result, two pieces of motion information,
namely Vo' and Vs', are obtained for each of the points
CSV_out. Consequently, by using the expressions above as
appropriate, the estimating function 172 calculates the cor-
rected motion information Vc2 of each of the points CSV_
out.

[0120] In the first embodiment, because the corrected
motion information is calculated for the discrete points of
the right ventricular outflow tract, the corrected motion
information is calculated as described above with respect to
each of the points in the circumferential direction and the
tract axial direction by using the interpolation processes. In
one example, by performing the interpolation process that
uses the pieces of corrected motion information of the point
PV_in and the points PV_out, the estimating function 172
calculates the corrected motion information of each of the
constituent points on the circumference on the pulmonary
valve level. Further, by performing the interpolation process
that uses the pieces of corrected motion information of the
point Posy and the points CSV_out, the estimating function
172 calculates the corrected motion information of each of
the constituent points on the circumference on the crista
supraventricularis level. After that, by performing the inter-
polation process that uses the corrected motion information
of each of the constituent points on the circumference on the
pulmonary valve level and the corrected motion information
of each of the constituent points on the circumference on the
crista supraventricularis level, the estimating function 172
calculates the corrected motion information for each of the
points in the tract axial direction.

[0121] As explained above, the estimating function 172
calculates the corrected motion information at each of all the
constituent points of the right ventricular outflow tract. In
this situation, from the viewpoint of reducing the noise that
may occur at the time of the calculation of the corrected
motion information, a preferable embodiment includes the
process of obtaining corrected motion having a smooth
distribution by applying a spatial smoothing process (pref-
erably, a median filter process or a convolution average
process performed on the two-dimensional space of the
boundary plane mesh) to the distribution value of the
corrected motion information on the boundary plane with
respect to all the constituent points of the right ventricular
outflow tract obtained as described above.
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[0122] FIGS. 6A, 6B, and 6C are drawings for explaining
impacts of the motion correcting process performed by the
estimating function 172 according to the first embodiment.
FIG. 6A presents charts illustrating changes in Longitudinal
Strain (LS). FIG. 6B illustrates a display image in which
color codes corresponding to the motion information (where
darker colors are assigned to smaller values) are mapped
over the contour of the right ventricular endocardium. FIG.
6C illustrates the position of the right ventricular contour in
right ventricular (RV) coronal views.

[0123] Asillustrated in FIGS. 6A to 6C, it is observed that,
as a result of the motion correction (the correcting process)
according to the first embodiment, the right ventricular
outflow tract is arranged to have systolic movements, and
the LS curves in the corresponding two segments (“RVOT
Sept.” and “RVOT Free” in FIG. 6A) are corrected. More
specifically, in the situation without the motion correction,
as illustrated in the region R1 of FIG. 6B, darker colors are
assigned to the right ventricular outflow tract in comparison
to other regions. This means that the motion information of
the right ventricular outflow tract has a small value and is
almost zero in the example illustrated in FIG. 6E. In other
words, in the situation without the motion correction, it is
observed that the right ventricular outflow tract hardly
moves. For this reason, as illustrated in the region R3 of FIG.
6C, the right ventricular outflow tract is observed as locally
extending in the lower right direction of the drawing (as if
the right ventricular outflow tract were expanding). Further,
in the chart on the top section of FIG. 6A, LS exhibits a
positive value in the end-systolic phase. In contrast, in the
situation with the motion correction, as illustrated in the
region R2 of FIG. 6B, because lighter colors are assigned to
the right ventricular outflow tract in comparison to the
region R1, it is observed that motion information of the right
ventricular outflow tract is obtained. For this reason, the
extending of the site in the lower right direction illustrated
in the region R3 of FIG. 6C is resolved, so that the
contraction of the right ventricular outflow tract can be
observed as illustrated in the region R4 of FI1G. 6C. Also, in
the chart in the bottom section of FIG. 6A, it is observed that
the curve of LS of the right ventricular outflow tract is
improved.

[0124] FIG. 7 is a flowchart illustrating a processing
procedure performed by the ultrasound diagnosis apparatus
1 according to the first embodiment. The processing proce-
dure illustrated in FIG. 7 is started, for example, when an
instruction is received from the operator indicating that a
wall motion tracking process is to be started.

[0125] At step S101, it is judged whether it is time to
perform the process. For example, the input device 102
receives an instruction from the operator indicating that a
wall motion tracking process is to be started, and sends the
received instruction to the processing circuitry 170. When
having received the instruction transferred thereto by the
input device 102, the processing circuitry 170 determines
that it is time to perform the process (step S101: Yes) and
starts the processes at step S102 and thereafter. When it is
not time to perform the process (step S101: No), the pro-
cesses at step S102 and thereafter will not be started, and the
processing functions of the processing circuitry 170 remain
in a standby state.

[0126] When the judgment result at step S101 in the
affirmative, the obtaining function 171 reads three-dimen-
sional medical image data (volume data) at step S102. For
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example, the obtaining function 171 reads, from the image
memory 150, a group of volume data corresponding to at
least one cardiac cycle and being taken of a region including
the right ventricle of the patient P.

[0127] At step S103, the estimating function 172 sets a
region of interest of the target site. For example, by applying
a segmentation process to the volume data, the estimating
function 172 detects a region corresponding to the right
ventricle. After that, the estimating function 172 sets an
initial contour with the detected region.

[0128] At step S104, the estimating function 172 sets
address numbers with a plurality of positions on the contour
of the region of interest. For example, the estimating func-
tion 172 sets a plurality of tracking points (constituent
points) to which the address numbers have been assigned,
with positions corresponding to the contour of the right
ventricle, in at least one of the pieces of volume data
included in the group of volume data.

[0129] At step S105, the estimating function 172 estimates
motion information of the tissue by performing a 3DWMT
process. For example, by performing a tracking process
including a pattern matching process while using the volume
data in an initial temporal phase in which the plurality of
constituent points were set and the volume data in the
subsequent temporal phase, the estimating function 172
tracks the positions of the plurality of constituent points in
the plurality of pieces of ultrasound image data included in
the group of volume data.

[0130] At step S106, the estimating function 172 estimates
motion of the point (PV_in) on the pulmonary valve level,
on the basis of motion of the crista supraventricularis (CSV),
by performing an extrapolation process. For example, the
estimating function 112 calculates corrected motion infor-
mation of the point PV_in by using motion information of
the crista supraventricularis, based on the definition that “the
contraction component based on a rate of change in the
length obtained from the crista supraventricularis is equal to
the contraction component at the point PV_in”.

[0131] At step S107, the estimating function 172 makes
estimation on other points (PV_out) on the same circumfer-
ence, on the basis of the motion of the point (PV_in) on the
contour on the pulmonary valve level, by performing an
extrapolation process. For example, the estimating function
172 calculates corrected motion information of the points
PV_out by using the motion information of the point PV_in,
on the basis of the definition that “contraction motion
components in the blood flow direction are equal to one
another on the circumference on mutually-the-same right
ventricular outflow tract level”.

[0132] At step S108, the estimating function 172 makes
estimation on other points (CSV_out) on the same circum-
ference on the basis of the motion of the crista supraven-
tricularis (CSV) by performing an extrapolation process. For
example, the estimating function 172 calculates corrected
motion information of the points CSV_out by using the
motion information of the crista supraventricularis, on the
basis of the definition that “contraction motion components
in the blood flow direction are equal to one another on the
circumference on mutually-the-same crista supraventricu-
laris level”.

[0133] At step S109, the estimating function 172 estimates
motion of all the points of the right ventricular outflow tract,
by performing an interpolation process. For example, the
estimating function 172 calculates corrected motion infor-
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mation for each of the points in the tract axial direction, by
performing an interpolation process while using corrected
motion information of the constituent points on the circum-
ference on the pulmonary valve level and corrected motion
information of the constituent points on the circumference
on the crista supraventricularis level.

[0134] At step S110, the calculating function 173 calcu-
lates at least one selected from between wall motion infor-
mation and volume information. For example, the calculat-
ing function 173 calculates a local myocardial displacement
[mm] of each of the constituent points in each frame, a local
myocardial strain value [%)] indicating a rate of change in the
distance between two points, or a temporal change in either
of these values such as a local myocardial velocity value
[cm/s] or a local myocardial strain rate [1/s], for example.
[0135] At step S111, the output controlling function 174
outputs the calculated information. For example, the output
controlling function 174 converts either the wall motion
information or the volume information calculated by the
calculating function 173 into color codes and further maps
the color codes over a display image. Further, for example,
the output controlling function 174 calculates an average
value for each of the segments included in the region of
interest, by using the wall motion information calculated for
each of the constituent points. After that, the output con-
trolling function 174 generates and displays a time-change
curve with respect to the calculated average values. Subse-
quently, the processing circuitry 170 ends the process.
[0136] As explained above, the processing circuitry 170
performs the 3SDWMT process on the right ventricle, includ-
ing the correcting process on the right ventricular outflow
tract. The processing procedure illustrated in FIG. 7 is
merely an example, and possible embodiments are not
limited to the processing procedure in the drawing. For
instance, as for the processes at step S107 and step S108,
either one of the processes may be performed first.

[0137] In the processing procedure illustrated in FIG. 7,
the example is explained in which, with respect to the tract
axial direction of the right ventricular outflow tract, the
positions between the constituent points on the circumfer-
ence at the upper end (on the crista supraventricularis level)
and the constituent points on the circumference at the lower
end (on the pulmonary valve level) are calculated by per-
forming the interpolation process; however, possible
embodiments are not limited to this example. For instance,
the estimating function 172 may calculate constituent points
on circumferences on a number of position levels in the tract
axial direction of the right ventricular outflow tract by
performing an extrapolation process and subsequently per-
form an interpolation process in the tract axial direction. By
increasing, in this manner, the number of position levels on
which the calculation is performed through the extrapolation
processes in the tract axial direction, it is possible to improve
the level of precision of the corrections in the tract axial
direction.

[0138] As explained above, in the ultrasound diagnosis
apparatus 1 according to the first embodiment, the estimat-
ing function 172 is configured to correct the first motion
information of the right ventricular outflow tract by using
the second motion information of the site that is positioned
in the vicinity of the right ventricular outflow tract and
exhibits motion similar to that of the right ventricular
outflow tract. With this arrangement, the ultrasound diag-
nosis apparatus 1 according to the first embodiment is able
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to improve the quality of the analyses of the motion (the
motion tracking) of the right ventricular outflow tract. In
other words, even when it is difficult to observe the right
ventricular outflow tract, as long as it is possible to obtain,
from at least one point, the motion information of the site
that is positioned in the vicinity of the right ventricular
outflow tract and exhibits motion similar to that of the right
ventricular outflow tract, the ultrasound diagnosis apparatus
1 is able to obtain the motion information of all the points
of the right ventricular outflow tract, by using the obtained
motion information. Accordingly, when the 3DWMT pro-
cess is performed on the right ventricle by using three-
dimensional video data obtained from a body-surface ultra-
sound probe, it is possible to improve the quality of the
analyses of the motion (the motion tracking) of the right
ventricular outflow tract.

[0139] Further, for example, the estimating function 172 is
configured to correct the motion information that is a part of
the first motion information and is related to the component
in the contour direction of the tissue parallel to the blood
flow direction, by using the motion information that is a part
of the second motion information and is related to the
component in the contour direction (the tract axial direction)
of the tissue parallel to the blood flow direction. More
specifically, with respect to the first motion information, the
motion information related to either the component in the
blood flow direction at the first site or the component in the
contour direction of the tissue at the first site parallel to the
blood flow direction at the first site is used. Further, with
respect to the second motion information, the motion infor-
mation related to either the component in the blood flow
direction at the first or the second site or the component in
the contour direction of the tissue at the first or the second
site parallel to the blood flow direction at the first or the
second site is used (where the choice from between the first
site and the second site should match throughout the pro-
cedure). As a result, the estimating function 172 is able to
estimate the motion information in the systolic direction of
the right ventricular outflow tract, by using the motion
information including the direction components other than
the systolic direction of the right ventricular outflow tract.
[0140] Further, for example, the estimating function 172 is
configured to correct the first motion information by using
the spatial extrapolation process. In one example, by per-
forming the extrapolation process, the estimating function
172 estimates the motion of the point PV_in on the pulmo-
nary valve level on the basis of the motion of the crista
supraventricularis. As a result, the estimating function 172 is
able to estimate the motion information of the unknown
point, by using the motion information of the single known
point.

[0141] Further, for example, the estimating function 172 is
configured to calculate the corrected motion information
used for correcting the first motion information, by compar-
ing the first motion information with the second motion
information. In one example, by using either Expression
(14) or Expression (15), the estimating function 172 calcu-
lates the corrected motion information Vc. As a result, the
estimating function 172 is able to make an appropriate
correction depending on whether the first motion informa-
tion 1s sufficiently obtained or not.

[0142] Further, for example, the estimating function 172 is
configured to add the corrected motion information to the
first motion information. More specifically, the estimating
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function 172 adds, as indicated in Expression (18), the
corrected motion information Ve to the original motion
information Vo at the point PV_in. As a result, by using the
original motion subject to the correction, the estimating
function 172 is able to make a correction so that the motion
component of the tissue perpendicular to the blood flow
direction remains.

[0143] Further, for example, when the second site is the
crista supraventricularis, the estimating function 172 is
configured to calculate third motion information of the
single point of the right ventricular outflow tract on the
pulmonary valve level by performing the extrapolation
process while using the second motion information and to
further calculate fourth motion information of other points
of the right ventricular outflow tract on the circumference on
the pulmonary valve level by performing the extrapolation
process while using the calculated third motion information.
In one example, on the basis of the motion of the point
PV_in on the contour on the pulmonary valve level, the
estimating function 172 makes the estimation on the other
points PV_out on the same circumference, by performing
the extrapolation process. As a result, the estimating func-
tion 172 is able to make the corrections with respect to the
unknown points, which could not be corrected by the
interpolation process using the known points.

[0144] Further, for example, the estimating function 172 is
configured to calculate the second motion information by
using at least one selected from between the rate of change
in the length between the cardiac apex of the right ventricle
and the second side and the rate of change in the length
between the second site and a point that is positioned in the
vicinity of the second site and is in the direction substantially
parallel to the right ventricular outflow tract. For example, as
illustrated in the numerator of Expression (1), the estimating
function 172 calculates the difference between L(N+1) and
L(N). As a result, the estimating function 172 is able to make
the correction after cancelling out the translation compo-
nent.

[0145] Further, for example, the estimating function 172 is
configured to compare the magnitude of the first motion
information with the magnitude of the second motion infor-
mation and, when the magnitude of the first motion infor-
mation is larger, the estimating function 172 arranges the
corrected motion information to be zero, and when the
magnitude of the first motion information is smaller, the
estimating function 172 adjusts the corrected motion infor-
mation in accordance with the degree of the magnitude of
the first motion information relative to the magnitude of the
second motion information. In one example, the estimating
function 172 calculates the corrected motion information Ve
by using either Expression (14) or Expression (15). As a
result, the estimating function 172 is able to adjust the
corrected motion information (the corrected motion amount)
used in the correcting process, in accordance with the degree
of the obtained first motion information.

Second Embodiment

[0146] In the first embodiment, the example is explained
in which the ultrasound diagnosis apparatus 1 uses the
constituent points of the crista supraventricularis as the
“second site”. However, possible embodiments are not lim-
ited to this example. For instance, besides the crista
supraventricularis, the aortic valve (AV) may be used as a
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site that is positioned in the vicinity of the right ventricular
outflow tract and exhibits motion similar that of the right
ventricular outflow tract.

[0147] FIG. 8 is a drawing illustrating a positional rela-
tionship between the pulmonary valve and the aortic valve.
The top section of FIG. 8 illustrates a cross-sectional view
of the heart illustrated in the bottom section of FIG. 8. The
cross-sectional view in the top section of FIG. 8 is a
cross-sectional view taken in the line-of-sight direction
indicated with the arrow in the bottom section of FIG. 8 (i.e.,
a view from the head side of the patient). In the top section
of FIG. 8, the top of the drawing corresponds to the body
surface side (the abdomen side) of the patient P, the bottom
of the drawing corresponds to the back side of the patient P,
the right of the drawing corresponds to the left heart side of
the patient P, and the left of the drawing corresponds to the
right heart side of the patient P.

[0148] As illustrated in FIG. 8, the aortic valve is posi-
tioned substantially in the vicinity of the pulmonary valve in
the heart of the patient P. As for the aortic valve and the
pulmonary valve, the annuli of the two valves move in the
blood vessel direction in conjunction with pulsation of the
heart. More specifically, in the systolic period, the left heart
and the right heart both contract so as to pump out the same
volume of blood flow to the aorta and to the pulmonary
artery, and at which time the two annuli each move toward
the blood vessel thereof (the aorta and the pulmonary
artery). In contrast, during the diastolic period, as the left
heart and the right heart expand, both of the annuli return to
the positions observed at the beginning of the contraction.
As a result, the motion amount of the annulus of the
pulmonary valve is considered to be substantially correlated
with the degree of the motion amount of the annulus of the
aortic valve. In this situation, although it is difficult to
acquire echo signals from the annulus of the pulmonary
valve because the sternum is positioned nearby, it is easier
to acquire echo signals from the annulus of the aortic valve
because the blood in the right ventricular outflow tract and
the pulmonary artery and the blood in the cardiac lumen in
the surroundings allow ultrasound waves to pass. Thus, in a
second embodiment, an example will be explained in which
the aortic valve is used as the second site.

[0149] The ultrasound diagnosis apparatus 1 according to
the second embodiment has the same configuration as that of
the ultrasound diagnosis apparatus 1 illustrated in FIG. 1,
except that a part of the processes performed by the esti-
mating function 172 is different. The second embodiment
will therefore be explained while a focus is placed on the
differences from the first embodiment. The explanation of
come of the element having the same functions as those in
the first embodiment will be omitted.

[0150] As for the ROI in the right ventricle, the motion
information thereof including that of the annulus site of the
pulmonary valve in the right ventricular outflow tract has
been obtained through the 3DWMT process. Further, in the
second embodiment, it is necessary to obtain motion of the
annulus site of the aortic valve. Thus, the estimating function
172 according to the second embodiment further performs a
segmentation process on the annulus site of the aortic valve
and a tracking process on the annulus site of the aortic valve.
[0151] In this situation, to perform the segmentation pro-
cess on the annulus site of the aortic valve, an initial position
of the annulus site of the aortic valve in an initial temporal
phase is obtained by implementing either a first setting
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method or a second setting method described below. The
first setting method is a method by which the position of the
annulus site of the aortic valve is automatically detected as
the initial position, by comparing a shape database of the
annulus site of the aortic valve created through a machine-
learning process or the like with three-dimensional image
data that is input. The second setting method is a method by
which the position of the annulus site of the aortic valve is
set as the initial position by having the operator designate a
position (through a manual tracing process, or the like)
within the display of an MPR image corresponding to
three-dimensional image data that is input.

[0152] Further, to perform the tracking process on the
annulus site of the aortic valve, motion of the position of the
annulus site of the aortic valve between temporal phases is
obtained by a three-dimensional speckle tracking process
including a template matching process, so as to track the
position of the annulus site of the aortic valve with respect
to all the temporal phases.

[0153] In the second embodiment, the center of gravity of
the position of the ring-shaped boundary plane of the
annulus site of the aortic valve is used as the “second site”,
whereas each of the constituent points in the circumferential
direction of the annulus site of the pulmonary valve (corre-
sponding to the position of the ring-shaped boundary plane
on the pulmonary valve level in the first embodiment) is
used as the “first site”. Further, the original motion Vo2 at the
second site is calculated by using the inter-frame difference
between the position vectors of the center of gravity,
whereas the original motion at the first site is expressed as
Vol.

[0154] In this situation, as explained in the first embodi-
ment, a pre-processing process may be performed to elimi-
nate the translation component. In that situation, V2 and V1
are obtained as motion values after the translation compo-
nent is eliminated. by using motion information V_PA of the
right ventricular apex described above for the first site and
using motion V_PB of the left ventricular apex Pb, similarly
to the right ventricular apex, for the second site. For
example, V2 and V1 can be calculated by using Expressions
(23) and (24) presented below.

V2=Fo2-V_PR (23)
V1-Fol-V_PA (24)
[0155] Subsequently, the blood flow directions used for

the component separation are the axial directions of the two
blood vessels at the annulus sites, as indicated by the arrows
in FIG. 8. For the blood flow direction at the annulus site of
the pulmonary valve, Nt_PV obtained in the first embodi-
ment shall be used. For the blood flow direction at the
annulus site of the aortic valve, it is desirable, similarly to
the pulmonary valve level, to calculate and use the unit
normal vector Nt_AV of the regression plane defined in the
ring-shaped contour position of a transversal cross-sectional
plane of the aorta corresponding to the annulus site of the
aortic valve.

[0156] Accordingly, motion information V2m of the sec-
ond site and motion information V1m of the first site
resulting from the component separation can be expressed
respectively by using Expression (25) and Expression (26)
presented below.

[0157] In other words, as the second motion information,
the estimating function 172 uses the motion information
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component in the blood vessel axial direction of the aorta
with respect to the annulus site of the aortic valve.

am={v2, Ne_av) *12 25)
rim={v2, N PV} 11 (26)
[0158] In this situation, the extrapolation process uses the

notion “the motion component amount |V1m| of the annulus
site of the pulmonary valve is equal to the motion compo-
nent amount 1V2m| of the annulus site of the aortic valve”.
Further, it is assumed that this relationship is also true in
each of the positions (the constituent points) in the circum-
ferential direction on the annulus level of the pulmonary
valve. As a result. as the two pieces of motion information
Vo' and Vs', “Vo'=VIm” and “Vs'=[V2m|*Nt_PV” are
obtained. The former expression is obvious from the defi-
nition. The latter expression indicates that, for the magnitude
of the motion information to be transferred, the motion
amount on the aortic valve side is used, and for the direction
of the motion information, the direction is converted as a
direction of the motion on the pulmonary valve side having
a different blood flow axis.

[0159] As a result, because the two pieces of motion
information, namely Vo' and Vs', have been obtained with
respect to each of the positions on the annulus level of the
pulmonary valve, corrected motion information Vc0 shall be
defined by using any of the expressions explained in the first
embodiment. After that, by using the expression Vol+Vc0,
the estimating function 172 calculates corrected motion
information of each of the constituent points on the annulus
level of the pulmonary valve, which corresponds to a lower
part of the right ventricular outflow tract.

[0160] Subsequently, on the basis of the motion in the
lower position (on the pulmonary valve level) of the right
ventricular outflow tract, the estimating function 172 per-
forms an extrapolation process on corrected motion on the
crista supraventricularis (CSV) level corresponding to an
upper position of the right ventricular outflow tract. In this
situation, similarly to the example in the first embodiment,
the motion information is obtained by using a rate of change
in the length between predetermined positions. In the second
embodiment, the position information of the site of the crista
supraventricularis of which the motion has been obtained as
described in the first embodiment shall be used without
applying any modification thereto. In this situation, what
requires position corrections with motion are boundary
plane positions on the crista supraventricularis level other
than the site of the crista supraventricularis. Accordingly, on
the assumption that a rate of change in the length between
the site of the crista supraventricularis and the pulmonary
valve level is equal among the positions in the circumfer-
ential direction in the right ventricular outflow tract region,
motion information for the extrapolation process is obtained.
After that, an extrapolation process is performed for cor-
rected motion of the positions on mutually-the-same cir-
cumference that correspond to one another between the
mutually-different levels.

[0161] In that situation, at first, the estimating function
172 estimates the rate of change in the length between the
pulmonary valve level and the crista supraventricularis. It
should be noted that the corrected motion information is
obtained by using the rate of change in the length. The
reason is that, in some situations, the first site and the second
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site in the second embodiment may be the same as each
other in certain positions on the crista supraventricularis
level.

[0162] For this reason, the first site and the second site are
distinguished from each other, by using the original motion
V_CSVo of the site on the crista supraventricularis level as
the first site and using V_CSV indicating the motion of the
second site exhibited after applying the corrected motion
information thereto as the second site.

[0163] In this situation, the original motion information
will be defined. The component direction of the motion
V_CSVo of the site on the CSV level in the second embodi-
ment is expressed as Nt_CSV, as explained in the first
embodiment. Accordingly, the motion V_CSVom resulting
from a component separation can be expressed by using
Expression (27) presented below. In this situation,
V_CSVom corresponds to the motion information Vo'
(Vo'=V_CSVom).

V_CSVom=\V_CSVo, N._CSV) *V_CSVo 7

[0164] Subsequently, the motion information as in the
second site is obtained by using a rate of change in the length
between the pulmonary valve level and the crista supraven-
tricularis level. As for the pulmonary valve level, the motion
V21 expressed in Expression (28) presented below has been
obtained for each of the points in the circumferential direc-
tion as a result of the abovementioned initial motion cor-
rection. In other words, the abovementioned corrected
motion Vc0 is added o the original motion Vol.

721=To14Vc0 (28)

[0165] When V21 is expressed by using a position vector
PV(i) on the pulmonary valve level, Expression (29) pre-
sented below is obtained (hereinafter, “1” denotes an arbi-
trary temporal phase). Accordingly, Expression (29) is
equivalent to Expression (30) presented below.

V21=PV_in(N+1)-PV_in(N) (29)
PV_in(N+1)=PV_in(N}+ 21 (30)
[0166] Subsequently. as a new second site, a level above

the pulmonary valve level in the region of the right ven-
tricular outflow tract is selected. When the situation where
this level is equal to the crista supraventricularis level is used
as an example, the motion V_CSV on the crista supraven-
tricularis level can be defined while using Expression (31)
presented below by using a position vector CSV(i).

V_CSV=CSV(N+1)-CSV(N) 31)

[0167] In this situation, in the circumferential direction on
the CSV level, at the constituent points of the crista
supraventricularis, the values of CSV(N) and CSV(N+1) are
both known. However, on the constituent points other than
the crista supraventricularis, CSV(N+1) is unknown,
although CSV(N) is known. For this reason, to calculate
V_CSV in all the positions in the circumferential direction,
the value of CSV(N+1), which is unknown, shall be deter-
mined.

[0168] The length IL1(N)I between the CSV level and the
pulmonary valve level and the rate of change in the length
L1SR(N) can be defined by using Expressions (32) to (34)
presented below while using the position vectors thereof. In
this situation, because IL1(N)! is determined by the position
prior to the move, ILI(N)I is known.
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L1N+1)=PV(N+1)-CSV(N+1) (32)
LIN)=PV(N)-CSV(N) (33)
LISRN=(LLN+1)I-LIMN)VLI (V)] (34
[0169] When LISR(N) at the crista supraventricularis is

expressed as L1SR(N)_CSV, because the lengths IL1(N+
1)_CSV| and ILI(N)_CSV]I in that position are both known,
Expression (25) presented below can be derived.

L1SR(N)_CSV=(IL1(N+1)_CS¥1- LI(N)_CSV J/IL1

(N)_CSVI (39)

[0170] In contrast, in other positions, because an extrapo-
lation process is performed with “L1SR(N)=L1SR(N)_
CSV”, Expression (36) presented below is satisfied on the
basis of “LISR(N)=L1SR(N)_CSV=(ILI(N+D)-ILI(N)I}/
ILI(N)I™.

(LLSR(N)_CSV+1)*ILL(N)I=IL1 (N+1)| (36)
[0171] Further, because it is possible to express L1(N+1)
by using Expression (37) presented below, it is possible to

calculate CSV(N+1) by using Expression (38) presented
below.

LIN+1)=PV_in(N+1)-CSVV+1) (7
CSV(N+1)=PV¥_in(N+1)-(LLSR(N)_CSV+1)*LL(V) (38)
[0172] Because PV_in (N+1) has already been obtained,

V_CSV is determined by the expression above. After that,
the motion component V_CSVm resulting from a compo-
nent separation can be expressed by using Expression (39)
presented below while using the direction vector Nt_CSV on
the CSV level. The motion component V_CSVm corre-
sponds to corrected motion information Vs' transferred from
the second site to the first site (Vs'-V_CSVm),

V_CSV={V_CSVNt_CSV) *V_CSV (39)

[0173] Accordingly, because the two pieces of motion
information, namely Vo' and Vs' have been obtained with
respect to the positions on the CSV level, V¢l can be defined
by using one of the settings in the expressions explained in
the first embodiment.

[0174] After that, the estimating function 172 calculates
corrected motion information with respect to the entire
region of the right ventricular outflow tract by performing an
interpolation process between the levels, while using the
corrected motion Vcl on the CSV level obtained at this time
and the corrected motion information VcO on the annulus
level of the pulmonary valve obtained previously. After that,
the estimating function 172 corrects the motion of the entire
region of the right ventricular outflow tract, by using the
calculated corrected motion information.

[0175] As explained above, the estimating function 172
according to the second embodiment is configured to per-
form the extrapolation process in the upper part of the right
ventricular outflow tract, after performing the extrapolation
process to interpolate the motion information of the annulus
site of the aortic valve, into the annulus site of the pulmonary
valve at the lower end of the right ventricular outflow tract.
For example, when the second site is the aortic valve, the
estimating function 172 is configured to calculate the third
motion information of the other points on the circumference
on the pulmonary valve level, by performing the extrapola-
tion process while using the first motion information at one
point of the right ventricular outflow tract on the pulmonary
valve level and the second motion information at the annulus
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site of the aortic valve. After that, by performing the
extrapolation process while using the first motion informa-
tion and the third motion information calculated on the
circumference on the pulmonary valve level, the estimating
function 172 calculate the fourth motion information of each
of the points on the circumference of the right ventricular
outflow tract on the crista supraventricularis level. As a
result, by using at least one selected from between the crista
supraventricularis and the aortic valve annulus as the second
site, the estimating function 172 according to the second
embodiment is able to correct the motion information of all
the points of the right ventricular outflow tract.

[0176] More specifically, the estimating function 172 per-
forms the extrapolation process to interpolate the corrected
motion information obtained from the first motion informa-
tion of the pulmonary valve annulus site and the second
motion information of the aortic valve annulus site in the
lower end part of the right ventricular outflow tract, into the
pulmonary valve annulus site in the lower end part of the
right ventricular outflow tract. Subsequently, the estimating
function 172 makes a correction by performing the extrapo-
lation process on the upper part of the right ventricular
outflow tract, while using the corrected motion information
obtained by using the motion information of the lower end
part of the right ventricular outflow tract corrected by the
extrapolation process as a new piece of second motion
information and using the motion information of the upper
part of the right ventricular outflow tract as a new piece of
first motion information.

[0177] Further, for example, the estimating function 172 is
configured to set the annulus site of the aortic valve and to
further calculate the motion information of the annulus site
of the aortic valve that was set by performing the process
including the template matching process. For example, the
estimating function 172 sets the initial position of the
annulus site of the aortic valve by implementing either the
first setting method or the second setting method explained
above. After that, the estimating function 172 obtains the
motion of the position of the annulus site of the aortic valve
between the temporal phases by performing the three-
dimensional speckle tracking process. As a result, the esti-
mating function 172 is able to use the points positioned on
the outside of the right ventricular outflow tract as the
second site.

Third Embodiment

[0178] In the first and the second embodiments described
above, the example is explained in which, as the site that is
positioned in the vicinity of the right ventricular outflow
tract and exhibits motion similar to that of the right ven-
tricular outflow tract, either the crista supraventricularis or
the aortic valve is individually used; however, possible
embodiments are not limited to this example. For instance,
the ultrasound diagnosis apparatus 1 is able to correct the
motion information of the right ventricular outflow tract by
using the pieces of motion information of both the crista
supraventricularis and the aortic valve each serving as a site
that is positioned in the vicinity of the right ventricular
outflow tract and exhibits motion information similar to that
of the right ventricular outflow tract.

[0179] The ultrasound diagnosis apparatus 1 according to
the third embodiment has the same configuration as that of
the ultrasound diagnosis apparatus 1 illustrated in FIG. 1,
except that a part of the processes performed by the esti-
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mating function 172 is different. The third embodiment will
therefore be explained while a focus is placed on the
differences from the first embodiment. The explanation of
some of the elements having the same functions as those in
the first embodiment will be omitted.

[0180] In the third embodiment, at first, the motion cor-
rection amount V_AV is calculated as explained in the
second embodiment for the purpose of correcting the motion
information of the annulus site of the pulmonary valve of the
right ventricular outflow tract, on the basis of the motion
information of the annulus site of the aortic valve. Subse-
quently, as explained in the first embodiment, on the basis of
the motion information of the crista supraventricularis, the
motion correction amount V_CSV is calculated for the
annulus site of the pulmonary valve corresponding to the
lowermost level of the right ventricular outflow tract. After
that, by using both of the pieces of motion correction
information, namely V_AV and V_CSV, combined motion
information V_PV to be used for actually correcting the
annulus site of the pulmonary valve is calculated. In this
situation, as specific examples of defining V_PV, there are
primarily two methods called a first calculation method and
a second calculation method, as described below.

[0181] To begin with, the first calculation method will be
explained. According to the first calculation method, the
estimating function 172 defines the combined motion infor-
mation by calculating a weighted average of the motion
values. For example, by using Expression (40) presented
below, the estimating function 172 calculates V_PV. In
Expression (40), a. denotes a coefficient satisfying “O=o<1”.

V_PV =a*V_AV+(1-0)*V_CSV (40)

[0182] In Expression (40), when a=0.5 is satisfied, the
simplest method is obtained. This situation corresponds to
making a correction by using an average motion value of the
two, namely V_AV and V_CSV.

[0183] Generally speaking, a method is known by which
control is exercised in accordance with estimated quality of
the two pieces of motion information while arranging a to
be variable. In that situation, as the estimated quality, it is
acceptable to use a publicly-known index value used in
techniques for speckle tracking processes based on pattern
matching processes (e.g., a value obtained by performing a
weighted addition or the like using a plurality of index
values each of which is in a correlational relation with
quality of motion, such as brightness values of the target site,
spatial dispersion values of the brightness levels, or corre-
lational coefficient values used during pattern matching
processes or the like; See Patent document 1: Japanese
Patent Application Laid-open Ho. 2014-121541). Further,
by using a quality index value Q_AV of the annulus site of
the pulmonary valve and a quality index value Q_CSV of the
site of the crista supraventricularis, the coeflicient a is
calculated by using Expression (41) presented below, for
example. In this situation, it is assumed that Q_AV and
Q_CSV are each standardized so as to have a value in the
range from 0 to 1.

B Q_AV/(Q_AV+Q_CSV) (when Q_AV+Q_CSV #0) 41)
“= { 05 (when Q_AV +Q_CSV = 0)
[0184] As a result, of the two pieces of motion informa-

tion, namely V_AV and V_CSV, it is expected that the
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obtained motion correction information has a larger weight
on the motion information estimated to have the higher level
of motion quality. It is therefore possible to achieve a robust
motion correction with respect to the image quality condi-
tion that is input.

[0185] Next, the second calculation method will be
explained. According to the second calculation method, the
motion amounts of the two, namely V_AV and V_CSV, are
compared with each other so as to define the larger of the
two as the combined motion information. In the first calcu-
lation method, the manner in which the information is
combined is controlled in accordance with the estimated
quality of the motion information, which serves as the “input
condition” under which the motion was obtained. In con-
trast, according to the second calculation method, the
obtained pieces of “motion output information” themselves
are compared with each other. In other words, the larger of
the two, namely [V_AV! and IV_CSV], is selected to be used
as the combined motion information.

V_CSV (when [V_AV| = [V_CSV)) 42)

V_PV =
{ V_AV (when [V_AV| > [V_CSV])

[0186] According to the second calculation method, on the
assumption that the motion values obtained from both V_AV
arid V_CSV are supposed to have approximately the same
magnitude as each other, it is considered that the information
having the larger motion amount reflects the actual motion
more accurately with respect to the image quality condition
that is input. An advantage of using the second calculation
method instead of the first calculation method is that it is
possible to avoid the restrictions that are imposed by the
actual estimation of the motion quality indices. For example,
it is difficult to distinguish echo signals that do not stably
fluctuate (e.g., multiple reflection artifacts) from echo sig-
nals acquired from the actual target tissue. In that situation,
although a quality index value may be large, because there
is almost zero motion, the value of V_PV can be underes-
timated when such an artifact is present in one of the sites.
According to the second calculation method, however, it is
possible to obtain a more appropriate value as V_PV even in
those situations, independently of the estimated quality of
the motion information.

[0187] As explained above, by using either the first cal-
culation method or the second calculation method, the
estimating function 172 calculates the motion correction
amount V_PV of the annulus site of the pulmonary valve in
the right ventricular outflow tract. After that, the estimating
function 172 can provide the motion correction amount for
the other points of the right ventricular outflow tract through
the extrapolation process, by performing either the extrapo-
lation process on the motion based on the crista supraven-
tricularis as explained in the first embodiment or the
extrapolation process on the motion based on the annulus
site of the aortic valve as explained in the second embodi-
ment.

[0188] In that situation, as for the selection of the site used
for the extrapolation process, the site for which the motion
information has a higher level of estimated quality shall be
selected when the first calculation method is used. The site
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on which the judgment is made in the selection of V_PV
shall be selected when the second calculation method is
used.

[0189] As explained above, in the ultrasound diagnosis
apparatus 1 according to the third embodiment, when the
crista supraventricularis and the aortic valve are used as the
second site, the estimating function 172 calculates the sec-
ond motion information by combining the motion informa-
tion obtained from the crista supraventricularis with the
motion information obtained from the aortic valve. More
specifically, the estimating function 172 calculates, as the
second motion information, one selected from between: the
motion information based on the weighted averaging pro-
cess that uses the weight defined by using the quality index
about the motion obtained from the crista supraventricularis
and the aortic valve; and whichever has motion of a larger
magnitude between the motion information obtained from
the crista supraventricularis and the motion information
obtained from the aortic valve. As a result, the ultrasound
diagnosis apparatus 1 according to the third embodiment is
able to correct the motion information of the right ventricu-
lar outflow tract, by using the pieces of motion information
of both the crista supraventricularis and the aortic valve.

Other Embodiments

[0190] In addition to the embodiments described above, it
is possible to carry out the present disclosure in other various
modes.
[0191]

[0192] For instance, in the embodiments above, the
example is explained in which the processes described
above are performed by the ultrasound diagnosis apparatus
1; however, possible embodiments are not limited to this
example. For instance, after the volume data acquired by the
ultrasound diagnosis apparatus 1 is transferred to a medical
image processing apparatus such as a workstation, the
processes described above may be executed by the medical
image processing apparatus.

[0193] Further, the constituent elements of the apparatuses
illustrated in the drawings are based on functional concepts.
Thus, it is not necessary to physically configure the con-
stituent elements as indicated in the drawings. In other
words, the specific modes of distribution and integration of
the apparatuses are not limited to those illustrated in the
drawings. It is acceptable to functionally or physically
distribute or integrate all or a part of the apparatuses in any
arbitrary units, depending on various loads and the status of
use. Further, all or an arbitrary part of the processing
functions performed by the apparatuses may be realized by
a CPU and a computer program analyzed and executed by
the CPU or may be realized as hardware using wired logic.

[0194] Further, with regard to the processes explained in
the embodiments above, it is acceptable to manually per-
form all or a part of the processes described as being
performed automatically. Conversely, by using a method
that is publicly known, it is also acceptable to automatically
perform all or a part of the processes described as being
performed manually. Further, unless noted otherwise, it is
acceptable to arbitrarily modify any of the processing pro-
cedures, the controlling procedures, specific names, and
various information including various types of data and
parameters that are presented in the above text and the
drawings.

A Medical Image Processing Apparatus
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[0195] Ttis possible to realize the medical image process-
ing methods described in the embodiments above by causing
a medical image processing program prepared in advance to
be executed by a computer such as a personal computer, a
workstation, or the like. The medical image processing
method may be distributed via a network such as the
Internet. Further, the medical image processing method may
be recorded onto a computer-readable recording medium
such as a hard disk, a flexible disk (FD), a Compact Disk
Read-Only Memory (CD-ROM), a magneto-optical (MO)
disk, a Digital Versatile Disk (DVD), or the like, so as to be
executed as being read from the recording medium by a
computer.
[0196] The term “processor” used in the above explana-
tion denotes, for example, a Central Processing Unit (CPU),
a Graphics Processing Unit (GPU), or a circuit such as an
Application Specific Integrated Circuit (ASIC) or a pro-
grammable logic device (e.g., a Simple Programmable
Logic Device [SPLD], a Complex Programmable Logic
Device [CPLD], or a Field Programmable Gate Array
[FPGAL). The one or more processors realize the functions
thereof by reading the computer programs (hereinafter,
“programs”) stored in the internal storage 160 and executing
the read programs. Instead of storing the programs into the
internal storage 160, it is also acceptable to directly incor-
porate the programs into the circuits of the one or more
processors. In that situation, the one or more processors
realize the functions thereof by reading the programs incor-
porated in the circuits thereof and executing the read pro-
grams. The processors disclosed in the embodiments do not
each necessarily have to be structured as a single circuit. It
is also acceptable to structure one processor by combining
together a plurality of independent circuits so as to realize
the functions thereof. Further, it is also acceptable to inte-
grate two or more of the constituent elements illustrated in
the drawings into one processor so as to realize the functions
thereof.
[0197] According to at least one aspect of the embodi-
ments described above, it is possible to improve the quality
of the analyses performed on the motion of the right ven-
tricular outflow tract.
[0198] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.
What is claimed is:
1. An ultrasound diagnosis apparatus comprising process-
ing circuitry configured to:
obtain volume data corresponding to at least one cardiac
cycle and being taken of a region including a right
ventricle of a patient;
estimate motion information of a tissue in the region by
using the volume data;
calculate information including at least one selected from
between wall motion information and volume informa-
tion related to the right ventricle, on a basis of the
motion information of the tissue; and
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output the calculated information, wherein
the processing circuitry corrects first motion information
of a right ventricular outflow tract, which is an outflow
tract of the right ventricle, by using second motion
information of a site that is positioned in a vicinity of
the right ventricular outflow tract and exhibits motion
similar to that of the right ventricular outflow tract.
2. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry uses, as the site, at least
one selected from between a crista supraventricularis and an
aortic valve.
3. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry corrects motion infor-
mation that is a part of the first motion information and is
related to a component in a contour direction of a tissue
parallel to a blood flow direction, by using motion informa-
tion that is a part of the second motion information and is
related to a component in a contour direction of a tissue
parallel to a blood flow direction.
4. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry corrects the first motion
information by using a spatial extrapolation process.
5. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry calculates corrected
motion information used for correcting the first motion
information, by comparing the first motion information and
the second motion information with each other.
6. The ultrasound diagnosis apparatus according to claim
5, wherein the processing circuitry adds the corrected
motion information to the first motion information.
7. The ultrasound diagnosis apparatus according to claim
1, wherein, when the site is a crista supraventricularis, the
processing circuitry calculates third motion information of
one point of the right ventricular outflow tract on a pulmo-
nary valve level by performing an extrapolation process
while using the second motion information and further
calculates fourth motion information of another point of the
right ventricular outflow tract on the pulmonary valve level
by performing an extrapolation process while using the
calculated third motion information.
8. The ultrasound diagnosis apparatus according to claim
1, wherein,
when the site is an aortic valve,
by performing an extrapolation process at uses the first
motion information at one point of the right ventricular
outflow tract on a pulmonary valve level and the second
motion information of an annulus site of the aortic
valve, the processing circuitry calculates third motion
information of another point on a circumference on the
pulmonary valve level, and
by performing an extrapolation process that uses the first
motion information and the third motion information
on the circumference on the pulmonary valve level that
were calculated, the processing circuitry calculates
fourth motion information of each of points on a
circumference of the right ventricular outflow tract on
a crista supraventricularis level.
9. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry calculates the second
motion information by using at least one selected from
between: a rate of change in a length between a cardiac apex
of the right ventricle and the site; and a rate of change in a
length between the site and a point that is positioned in a
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vicinity of the site and is positioned in a direction substan-
tially parallel to the right ventricular outflow tract.
10. The ultrasound diagnosis apparatus according to claim
5, wherein
the processing circuitry compares a magnitude of the first
motion information with a magnitude of the second
motion information,
when the magnitude of the first motion information is
larger, the processing circuitry arranges the corrected
motion information to be zero, and
when the magnitude of the first motion information is
smaller, the processing circuitry adjusts the corrected
motion information in accordance with a degree of the
magnitude of the first motion information relative to the
magnitude of the second motion information.
11. The ultrasound diagnosis apparatus according to claim
8, wherein the processing circuitry sets the annulus site of
the aortic valve and calculates motion information of the set
annulus site of the aortic valve by performing a process
including a pattern matching process.
12. The ultrasound diagnosis apparatus according to claim
8, wherein the processing circuitry uses, as the second
motion information, a motion information component in a
blood vessel axial direction of an aorta with respect to the
annulus site of the aortic valve.
13. The ultrasound diagnosis apparatus according to claim
2, wherein, when the crista supraventricularis and the aortic
valve are used as the site, the processing circuitry calculates
the second motion information by combining together
motion information obtained from the crista supraventricu-
laris and motion information obtained from the aortic valve.
14. The ultrasound diagnosis apparatus according to claim
13, wherein the processing circuitry calculates, as the second
motion information, one selected from between: motion
information based on a weighted averaging process that uses
a weight defined by using a quality index about motion
obtained from the crista supraventricularis and the aortic
valve; and whichever has motion of a larger magnitude
between the motion information obtained from the crista
supraventricularis and the motion information obtained from
the aortic valve.
15. A medical image processing apparatus comprising
processing circuitry configured to:
obtain volume data corresponding to at least one cardiac
cycle and being taken of a region including a right
ventricle of a patient;
estimate motion information of a tissue in the region by
using the volume data;
calculate information including at least one selected from
between wall motion information and volume informa-
tion related to the right ventricle, on a basis of the
motion information of the tissue; and
output the calculated information, wherein
the processing circuitry corrects first motion information
of a right ventricular outflow tract, which is an outflow
tract of the right ventricle, by using second motion
information of a site that is positioned in a vicinity of
the right ventricular outflow tract and exhibits motion
similar to that of the right ventricular outflow tract.
16. A medical image processing method comprising:
obtaining volume data corresponding to at least one
cardiac cycle and being taken of a region including a
right ventricle of a patient;
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estimating motion information of a tissue in the region by
using the volume data;

calculating information including at least one selected
from between wall motion information and volume
information related to the right ventricle, on a basis of
the motion information of the tissue; and

outputting the calculated information, wherein

the estimating of the motion information is configured to
correct first motion information of a right ventricular
outflow tract, which is an outflow tract of the right
ventricle, by using second motion information of a site
that is positioned in a vicinity of the right ventricular
outflow tract and exhibits motion similar to that of the
right ventricular outflow tract.
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