US 20150038846A1

a9y United States

12) Patent Application Publication
ABE et al.

(10) Pub. No.: US 2015/0038846 A1
(43) Pub. Date: Feb. 5, 2015

(54)

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

(71)  Applicants: Kabushiki Kaisha Toshiba, Minato-ku
(JP); Toshiba Medical Systems
Corporation, Otawara-shi (JP)
(72) Inventors: Yasuhiko ABE, Otawara (JP); Shinichi
HASHIMOTO, Otawara (JP); Kazuya
AKAKI, Utsunomiya (JP)
(73) Assignees: Kabushiki Kaisha Toshiba, Minato-ku
(JP); Toshiba Medical Systems
Corporation, Otawara-shi (JP)
(21) Appl. No.: 14/498,249
(22) Filed: Sep. 26, 2014
Related U.S. Application Data
(63) Continuation of application No. PCT/JP2013/058641,
filed on Mar. 25, 2013.
(30) Foreign Application Priority Data
Mar. 30,2012 (JP) oo 2012-082164
Mar. 25,2013 (JP) coorviiiicicii 2013-062787

Publication Classification

(51) Int.Cl
AGIB 8/08 (2006.01)
AGIB 8/00 (2006.01)
AGIB 5/0402 (2006.01)
AGIB 8/14 (2006.01)
(52) US.CL
CPC . AGIB 8/5223 (2013.01); AGIB 8/0883
(2013.01); A61B 8/14 (2013.01); A61B 8/543
(2013.01); A61B 8/466 (2013.01); A61B 8/467
(2013.01); A61B 5/0402 (2013.01)
L) O 600/443
(57) ABSTRACT

An ultrasonic diagnostic apparatus according to an embodi-
ment includes an image obtaining unit, a contour position
obtaining unit, a volume information calculating unit, and a
controlling unit. The image obtaining unit obtains a plurality
of groups of two-dimensional ultrasound image data each of
which is generated by performing ultrasound scans, the ultra-
sound scans being performed on each of a plurality of prede-
termined cross-sectional planes, and performed for predeter-
mined time. The contour position obtaining unit obtains, by
performing a tracking process over the predetermined time
period, time-series data of contour positions, the contour
positions being either one of, or both of, a cavity interior and
a cavity exterior of a predetermined site. The volume infor-
mation calculating unit calculates, on a basis of a plurality of
the time-series data of contour positions, volume information
of the predetermined site. The controlling unit exercises con-
trol so as to output the volume information.
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ULTRASOUND DIAGNOSIS APPARATUS,
IMAGE PROCESSING APPARATUS, AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2013/058641 filed on Mar.
25, 2013 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2012-082164, filed on
Mar. 30, 2012; and Japanese Patent Application No. 2013-
062787, filed on Mar. 25, 2013, the entire contents of all of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus, an image processing appa-
ratus, and an image processing method.

BACKGROUND

[0003] Volume information of the heart is an important
determinant factor for a prognosis of heart failure and is
known to be information that is essential to selecting a treat-
ment plan. Examples of volume information of the heart
include a volume of the left ventricular cavity interior, a
volume of the left atrial cavity interior, and a myocardial mass
of the left ventricle. During an echocardiography, measuring
of these types of volume information is mainly performed by
implementing an M-mode method.

[0004] The volume measuring process using the M-mode
method is commonly used in the actual clinical field, because
the process is simple where a distance is measured in two time
phases within M-mode images corresponding to one or more
heartbeats. The M-mode images are acquired by using a
parasternal long-axis (P-LAX) approach by which, for
example, a long-axis cross-sectional plane is scanned.
According to the M-mode method, however, because the
volume is estimated on the basis of one-dimensional M-mode
images, there are some situations where the estimated infor-
mation contains a large error. In those situations, there is a
possibility that an erroneous detection may occur where a
group that requires no treatment is detected as a group that
requires a treatment. In addition, there is a possibility that a
group that requires a treatment may be overlooked.

[0005] To cope with these situations, when volume infor-
mation is measured by using a “modified-Simpson’s
method”, the level of precision is known to be sufficiently
high in practice, even with medical cases exhibiting a regional
wall motion abnormality (e.g., medical cases where the shape
of the cavity interior is complicated). The “modified-Simp-
son’s method” is a method by which a volume is estimated by
using contour information of myocardia rendered in two-
dimensional image data taken on each of two mutually-dif-
ferent cross-sectional planes. The “modified-Simpson’s
method” is known to be able to achieve a precision level that
is approximately equal to that of a “cardiac Magnetic Reso-
nance Imaging (MRI)” process.

[0006] For example, when a volume is estimated by using
the “modified-Simpson’s method”, ultrasound image data
(two-dimensional B-mode image data) taken on two cross-
sectional planes such as an apical four-chamber view (here-
inafter, “A4C view”) and an apical two-chamber view (here-
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inafter, “A2C view”) is used. However, the “modified-
Simpson’s method” is not widely used in the actual clinical
field, because processes that are manually performed by an
operator are cumbersome and require a lot of labor from the
operator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a block diagram of an exemplary configu-
ration of an ultrasound diagnosis apparatus according to a
first embodiment;

[0008] FIG. 2is a drawing for explaining a disc summation
method (a Simpson’s method);

[0009] FIG. 3 is a drawing for explaining a modified-Sim-
pson’s method,
[0010] FIG. 4 is a block diagram of an exemplary configu-

ration of an image processing unit according to the first
embodiment;

[0011] FIG. 5is a drawing for explaining an image obtain-
ing unit according to the first embodiment;

[0012] FIG. 6 is a drawing for explaining an example of a
two-dimensional speckle tracking process;

[0013] FIG. 7is a table of examples of volume information
calculated by a volume information calculating unit accord-
ing to the first embodiment;

[0014] FIG. 8 is a chart for explaining a detecting unit
according to the first embodiment;

[0015] FIG. 9 is a flowchart for explaining an example of'a
process performed by the ultrasound diagnosis apparatus
according to the first embodiment;

[0016] FIG. 10 is a drawing for explaining a first modifica-
tion example of the first embodiment;

[0017] FIG. 11A and FIG. 11B are drawings for explaining
a second modification example of the first embodiment;
[0018] FIG. 12 is a drawing for explaining a detecting unit
according to a second embodiment;

[0019] FIG. 13 is a flowchart for explaining an example of
a volume information calculating process performed by an
ultrasound diagnosis apparatus according to the second
embodiment;

[0020] FIG. 14 is a flowchart for explaining an example of
a volume information re-calculating process performed by
the ultrasound diagnosis apparatus according to the second
embodiment;

[0021] FIG. 15 is a drawing for explaining a modification
example of the second embodiment;

[0022] FIG. 16 and FIG. 17 are drawings for explaining a
contour position obtaining unit according to a third embodi-
ment;

[0023] FIG. 18 is a flowchart for explaining an example of
a process performed by an ultrasound diagnosis apparatus
according to the third embodiment;

[0024] FIG. 19 is ablock diagram of an exemplary configu-
ration of an image processing unit according to a fourth
embodiment;

[0025] FIG. 20 is a drawing of an example of information
that is output according to the fourth embodiment; and
[0026] FIG. 21 is a flowchart for explaining an example of
a process performed by an ultrasound diagnosis apparatus
according to the fourth embodiment.

DETAILED DESCRIPTION

[0027] An ultrasonic diagnostic apparatus according to an
embodiment includes an image obtaining unit, a contour posi-
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tion obtaining unit, a volume information calculating unit,
and a controlling unit. The image obtaining unit obtains a
plurality of groups of two-dimensional ultrasound image data
each of which is generated by performing ultrasound scans,
with the ultrasound scans being performed on each of a plu-
rality of predetermined cross-sectional planes, and with the
ultrasound scans being performed for predetermined time
periods equal to or longer than one heartbeat. The contour
position obtaining unit obtains, by performing a tracking
process including a two-dimensional pattern matching pro-
cess over the predetermined time period, time-series data of
contour positions, the contour positions being either one of,
or both of, a cavity interior and a cavity exterior of a prede-
termined site included in each of the plurality of groups of
two-dimensional ultrasound image data. The volume infor-
mation calculating unit calculates, on a basis of a plurality of
the time-series data of contour positions, volume information
of the predetermined site, with each of the time-series data
being obtained from each of the plurality of groups of the
two-dimensional ultrasound image data. The controlling unit
exercises control so as to output the volume information.
[0028] Exemplary embodiments of an ultrasound diagnosis
apparatus will be explained in detail below, with reference to
the accompanying drawings.

[0029] First, a configuration of an ultrasound diagnosis
apparatus according to a first embodiment will be explained.
FIG. 11is ablock diagram of an exemplary configuration of the
ultrasound diagnosis apparatus according to the first embodi-
ment. As shownin FIG. 1, the ultrasound diagnosis apparatus
according to the first embodiment includes an ultrasound
probe 1, a monitor 2, an input device 3, an electrocardiograph
4, and an apparatus main body 10.

[0030] Theultrasound probe 1 includes a plurality of piezo-
electric transducer elements, which generate an ultrasound
wave based on a drive signal supplied from a transmitting and
receiving unit 11 included in the apparatus main body 10
(explained later). Furthermore, the ultrasound probe 1
receives a reflected wave from an examined subject P and
converts the received reflected wave into an electric signal.
Furthermore, the ultrasound probe 1 includes matching layers
included in the piezoelectric transducer elements, as well as a
backing member that prevents ultrasound waves from propa-
gating rearward from the piezoelectric transducer elements.
The ultrasound probe 1 is detachably connected to the appa-
ratus main body 10.

[0031] When an ultrasound wave is transmitted from the
ultrasound probe 1 to the subject P, the transmitted ultrasound
wave is repeatedly reflected on a surface of discontinuity of
acoustic impedances at a tissue in the body of the subject P
and is received as a reflected-wave signal by the plurality of
piezoelectric transducer elements included in the ultrasound
probe 1. The amplitude of the received reflected-wave signal
is dependent on the difference between the acoustic imped-
ances on the surface of discontinuity on which the ultrasound
wave is reflected. When the transmitted ultrasound pulse is
reflected on the surface of a flowing bloodstream or a cardiac
wall, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity compo-
nent of the moving members with respect to the ultrasound
wave transmission direction.

[0032] Theultrasound probe 1 used in the first embodiment
is configured to scan the subject P two-dimensionally, while
using the ultrasound waves. For example, the ultrasound
probe 1 is a one-dimensional (1D) array probe in which a
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plurality of piezoelectric transducer elements are arranged in
a row. However, the ultrasound probe 1 according to the first
embodiment may be, for example, a mechanical four-dimen-
sional (4D) probe or a two-dimensional (2D) array probe that
is able to, while using the ultrasound waves, scan the subject
P two-dimensionally and is also able to scan the subject P
three-dimensionally. The mechanical 4D probe is able to
perform a two-dimensional scan by employing a plurality of
piezoelectric transducer elements arranged in a row and is
also able to perform a three-dimensional scan by causing a
plurality of piezoelectric transducer elements arranged in a
row to swing at a predetermined angle (a swinging angle).
The 2D array probe is able to perform a three-dimensional
scan by employing a plurality of piezoelectric transducer
elements arranged in a matrix formation and is also able to
perform a two-dimensional scan by transmitting ultrasound
waves in a focused manner. Furthermore, the 2D array probe
is also able to perform two-dimensional scans on a plurality of
cross-sectional planes at the same time.

[0033] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball, a joystick, and the like. The input device 3
receives various types of setting requests from an operator of
the ultrasound diagnosis apparatus and transfers the received
various types of setting requests to the apparatus main body
10. Setting information received from the operator by the
input device 3 according to the first embodiment will be
explained in detail later.

[0034] The monitor 2 displays a Graphical User Interface
(GUT) used by the operator of the ultrasound diagnosis appa-
ratus to input the various types of setting requests through the
input device 3 and displays an ultrasound image and the like
generated by the apparatus main body 10. To inform the
operator of a processing status of the apparatus main body 10,
the monitor 2 displays various types of messages. Further-
more, the monitor 2 has a speaker and is also able to output
audio. For example, to inform the operator of a processing
status of the apparatus main body 10, the speaker of the
monitor 2 outputs predetermined audio such as a beep.
[0035] The electrocardiograph 4 is configured to obtain an
electrocardiogram (ECG) of the subject P, as a biological
signal of the subject P who is two-dimensionally scanned.
The electrocardiograph 4 transmits the obtained electrocar-
diogram to the apparatus main body 10.

[0036] The apparatus main body 10 is an apparatus that
generates ultrasound image data based on the reflected-wave
signal received by the ultrasound probe 1. The apparatus main
body 10 shown in FIG. 1 is an apparatus configured to be able
to generate two-dimensional ultrasound image data, based on
two-dimensional reflected-wave data received by the ultra-
sound probe 1.

[0037] As shown in FIG. 1, the apparatus main body 10
includes the transmitting and receiving unit 11, a B-mode
processing unit 12, a Doppler processing unit 13, an image
generating unit 14, an image memory 15, an internal storage
unit 16, an image processing unit 17, and a controlling unit
18.

[0038] The transmitting and receiving unit 11 includes a
pulse generator, a transmission delaying unit, a pulser, and the
like and supplies the drive signal to the ultrasound probe 1.
The pulse generator repeatedly generates a rate pulse for
forming a transmission ultrasound wave at a predetermined
rate frequency. Furthermore, the transmission delaying unit
applies a delay period that is required to focus the ultrasound
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wave generated by the ultrasound probe 1 into the form of a
beam and to determine transmission directionality and that
corresponds to each of the piezoelectric transducer elements,
to each of the rate pulses generated by the pulse generator.
Furthermore, the pulser applies a drive signal (a drive pulse)
to the ultrasound probe 1 with timing based on the rate pulses.
In other words, the transmission delaying unit arbitrarily
adjusts the transmission directions of the ultrasound waves
transmitted from the piezoelectric transducer element sur-
faces, by varying the delay periods applied to the rate pulses.
[0039] The transmitting and receiving unit 11 has a func-
tion to be able to instantly change the transmission frequency,
the transmission drive voltage, and the like, for the purpose of
executing a predetermined scanning sequence based on an
instruction from the controlling unit 18 (explained later). In
particular, the configuration to change the transmission drive
voltage is realized by using a linear-amplifier-type transmit-
ting circuit of which the value can be instantly switched or by
using a mechanism configured to electrically switch between
a plurality of power source units.

[0040] The transmitting and receiving unit 11 includes a
pre-amplifier, an Analog/Digital (A/D) converter, a reception
delaying unit, an adder, and the like and generates reflected-
wave data by performing various types of processes on the
reflected-wave signal received by the ultrasound probe 1. The
pre-amplifier amplifies the reflected-wave signal for each of
channels. The A/D converter applies an A/D conversion to the
amplified reflected-wave signal. The reception delaying unit
applies a delay period required to determine reception direc-
tionality to the result of the A/D conversion. The adder per-
forms an adding process on the reflected-wave signals pro-
cessed by the reception delaying unit so as to generate the
reflected-wave data. As a result of the adding process pet-
formed by the adder, reflected components from the direction
corresponding to the reception directionality of the reflected-
wave signals are emphasized. A comprehensive beam used in
an ultrasound transmission/reception is thus formed accord-
ing to the reception directionality and the transmission direc-
tionality.

[0041] When a two-dimensional scan is performed on the
subject P, the transmitting and receiving unit 11 causes the
ultrasound probe 1 to transmit two-dimensional ultrasound
beams. The transmitting and receiving unit 11 then generates
the two-dimensional reflected-wave data from the two-di-
mensional reflected-wave signals received by the ultrasound
probe 1.

[0042] Output signals from the transmitting and receiving
unit 11 can be in a form selected from various forms. For
example, the output signals may be in the form of signals
called Radio Frequency (RF) signals that contain phase infor-
mation or may be in the form of amplitude information
obtained after an envelope detection process.

[0043] The B-mode processing unit 12 receives the
reflected-wave data from the transmitting and receiving unit
11 and generates data (B-mode data) in which the strength of
each signal is expressed by a degree of brightness, by per-
forming a logarithmic amplification, an envelope detection
process, and the like on the received reflected-wave data.
[0044] The Doppler processing unit 13 extracts blood-
streams, tissues, and contrast echo components under the
influence of the Doppler effect by performing a frequency
analysis so as to obtain velocity information from the
reflected-wave data received from the transmitting and
receiving unit 11, and further generates data (Doppler data)
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obtained by extracting moving member information such as a
velocity, a dispersion, a power, and the like for a plurality of
points.

[0045] The B-mode processing unit 12 and the Doppler
processing unit 13 shown in FIG. 1 are able to process both
two-dimensional reflected-wave data and three-dimensional
reflected-wave data. In other words, the B-mode processing
unit 12 is able to generate two-dimensional B-mode data from
the two-dimensional reflected-wave data and to generate
three-dimensional B-mode data from three-dimensional
reflected-wave data. The Doppler processing unit 13 is able to
generate two-dimensional Doppler data from the two-dimen-
sional reflected-wave data and to generate three-dimensional
Doppler data from three-dimensional reflected-wave data.
[0046] The image generating unit 14 generates ultrasound
image data from the data generated by the B-mode processing
unit 12 and the Doppler processing unit 13. In other words,
from the two-dimensional B-mode data generated by the
B-mode processing unit 12, the image generating unit 14
generates two-dimensional B-mode image data in which the
strength of the reflected wave is expressed by a degree of
brightness. Furthermore, from the two-dimensional Doppler
data generated by the Doppler processing unit 13, the image
generating unit 14 generates two-dimensional Doppler image
data expressing moving member information. The two-di-
mensional Doppler image data is a velocity image, a disper-
sion image, a power image, or an image combining these
images. Furthermore, the image generating unit 14 is also
able to generate M-mode image data from time-series data of
the B-mode data obtained on one scanning line and generated
by the B-mode processing unit 12. Furthermore, from the
Doppler data generated by the Doppler processing unit 13, the
image generating unit 14 is also able to generate a Doppler
waveform in which velocity information of bloodstream or a
tissue is plotted along a time series.

[0047] Inthis situation, generally speaking, the image gen-
erating unit 14 converts (by performing a scan convert pro-
cess) a scanning line signal sequence from an ultrasound scan
into a scanning line signal sequence in a video formatused by,
for example, television and generates display-purpose ultra-
sound image data. More specifically, the image generating
unit 14 generates the display-purpose ultrasound image data
by performing a coordinate transformation process compliant
with the ultrasound scanning mode used by the ultrasound
probe 1. Furthermore, as various types of image processing
processes other than the scan convert process, the image
generating unit 14 performs, for example, an image process-
ing process (a smoothing process) to re-generate a lumi-
nance-average image or an image processing process (an
edge enhancement process) using a differential filter within
images, while using a plurality of image frames obtained after
the scan convert process is performed. Furthermore, the
image generating unit 14 synthesizes text information of vari-
ous parameters, scale graduations, body marks, and the like
with the ultrasound image data.

[0048] In other words, the B-mode data and the Doppler
data are the ultrasound image data before the scan convert
process is performed. The data generated by the image gen-
erating unit 14 is the display-purpose ultrasound image data
obtained after the scan convert process is performed. The
B-mode data and the Doppler data may also be referred to as
raw data. The image generating unit 14 generates “two-di-
mensional B-mode image data or two-dimensional Doppler
image data”, which is display-purpose two-dimensional
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ultrasound image data, from “two-dimensional B-mode data
or two-dimensional Doppler data”, which is the two-dimen-
sional ultrasound image data before the scan convert process
is performed.

[0049] The image memory 15 is a memory for storing
therein the display-purpose image data generated by the
image generating unit 14. Furthermore, the image memory 15
is also able to store therein the data generated by the B-mode
processing unit 12 and the Doppler processing unit 13. After
a diagnosis process, for example, the operator is able to
invoke the B-mode data or the Doppler data stored in the
image memory 15. The invoked data serves as the display-
purpose ultrasound image data via the image generating unit
14.

[0050] The image generating unit 14 stores, into the image
memory 15, the ultrasound image data and the time at which
an ultrasound scan was performed to generate the ultrasound
image data, while keeping the data and the time in correspon-
dence with an electrocardiogram transmitted from the elec-
trocardiograph 4. By referring to the data stored in the image
memory 15, the image processing unit 17 and the controlling
unit 18 (explained later) are able to obtain a cardiac phase
during the ultrasound scan that was performed to generate the
ultrasound image data.

[0051] The internal storage unit 16 stores therein various
types of data such as a control computer program (hereinafter,
“control program”) to realize ultrasound transmissions and
receptions, image processing, and display processing, as well
as diagnosis information (e.g., patients’ IDs, medical doctors’
observations), diagnosis protocols, and various types of body
marks. Furthermore, the internal storage unit 16 may be used,
if necessary, for storing therein any of the image data stored in
the image memory 15. Furthermore, it is possible to transfer
the data stored in the internal storage unit 16 to external
apparatuses via an interface (not shown). Examples of the
external apparatuses include a personal computer (PC) used
by a medical doctor who performs an image diagnosis pro-
cess, storage media such as Compact Disks (CDs) and Digital
Versatile Disks (DVDs), printers, and the like.

[0052] The image processing unit 17 is provided in the
apparatus main body 10 to perform a computer-aided diag-
nosis (CAD) process. The image processing unit 17 obtains
the ultrasound image data stored in the image memory 15 and
performs image processing processes to aid diagnosis pro-
cesses. After that, the image processing unit 17 stores results
of the image processing processes into the image memory 15
and/or the internal storage unit 16. Processes performed by
the image processing unit 17 will be explained in detail later.
[0053] The controlling unit 18 is configured to control the
entire processes performed by the ultrasound diagnosis appa-
ratus. More specifically, based on the various types of setting
requests input by the operator via the input device 3 and
various types of control programs and various types of data
read from the internal storage unit 16, the controlling unit 18
controls processes performed by the transmitting and receiv-
ing unit 11, the B-mode processing unit 12, the Doppler
processing unit 13, the image generating unit 14, and the
image processing unit 17. Furthermore, the controlling umt
18 exercises control so that the monitor 2 displays the display-
purpose ultrasound image data stored in the image memory
15 and the internal storage unit 16. Furthermore, the control-
ling unit 18 exercises control so that processing results from
the image processing unit 17 are displayed on the monitor 2 or
are output to external apparatuses. Furthermore, the control-

Feb. 5, 2015

ling unit 18 exercises control so that predetermined audio is
output from the speaker of the monitor 2, on the basis of the
processing results from the image processing unit 17.

[0054] An overall configuration of the ultrasound diagnosis
apparatus according to the first embodiment has thus been
explained. The ultrasound diagnosis apparatus according to
the first embodiment configured as described above measures
volume information by using the two-dimensional ultrasound
image data. For example, the ultrasound diagnosis apparatus
according to the first embodiment measures volume informa-
tion of the heart, by using two-dimensional ultrasound image
data generated by performing an ultrasound scan on a cross-
sectional plane containing the heart of the subject P.

[0055] Conventionally, during an echocardiography, vol-
ume information of the heart is mainly estimated by using the
M-mode method, for reasons of convenience; however, there
are some situations where volume information estimated by
using the M-mode method contains an error. To cope with
these situations, a method that uses two-dimensional ultra-
sound image data (two-dimensional B-mode image data) is
known as a method by which it is possible to estimate volume
information with an excellent level of precision. In the fol-
lowing sections, the method for estimating the volume infor-
mation by using the two-dimensional ultrasound image data
will be explained.

[0056] An “area-length method” and a “disc summation
method (a Simpson’s method)” are known as methods for
estimating volume information with an excellent level of
precision by which a three-dimensional shape of a cavity
interior (i.e., a lumen) is estimated on the basis of a two-
dimensional contour rendered in two-dimensional ultrasound
image data taken on one cross-sectional plane. FIG. 2 is a
drawing for explaining the disc summation method (the Sim-
pson’s method).

[0057] When implementing the disc summation method
(the Simpson’s method), for example, a conventional ultra-
sound diagnosis apparatus receives a setting of a cavity inte-
rior region (a contour position of the cavity interior) on the
basis of information resulting from the operator’s tracing the
contour of the left ventricular cavity interior rendered in an
A4Cview and further detects a long axis of the cavity interior
region that was set. Alternatively, the operator may set two
points for specifying the long axis. Furthermore, as shown in
FIG. 2, for example, the conventional ultrasound diagnosis
apparatus equally divides the left ventricular cavity interior
region set in the A4C view into twenty discs that are perpen-
dicular to the long axis (see “L.” in FIG. 2) of the left ventricle.
After that, the conventional ultrasound diagnosis apparatus
calculates a distance (see a, in FIG. 2) between the two points
at which an i’th disc intersects the inner layer surface. Sub-
sequently, as shown in FIG. 2, the conventional ultrasound
diagnosis apparatus approximates a three-dimensional shape
of the cavity interior of the i’th disc as a slice of a cylinder
having the diameter “a,”. Furthermore, the conventional
ultrasound diagnosis apparatus calculates a summation of the
volumes of the twenty discs as volume information approxi-
mating the volume of the cavity interior, by using Expression
(1) below. In Expression (1), the length of the long axis is
expressed as “L”.



US 2015/0038846 A1l

l\)lh
=

%
=- 2.
V—4;al 0

[0058] Incontrast, the “area-length method” is a method by
which, for example, while the left ventricle is assumed to be
a spheroid, an approximate value of the volume of the cavity
interior is calculated by calculating the length of the short axis
of the left ventricular cavity interior, on the basis of measured
results of a left ventricular cavity interior area containing the
long axis (L) of the left ventricle and the length of the long
axis of the left ventricular cavity interior. When implementing
the “area-length method”, for example, a conventional ultra-
sound diagnosis apparatus calculates volume information
approximating the volume of the cavity interior with the
expression “8x(cavity interior area)*/(3xmxL)”, while using
the left ventricular cavity interior area and the length “L” of
the long axis of the left ventricular cavity interior based on the
tracing process performed by the operator.

[0059] Furthermore, as a method for estimating volume
information with an even higher level of precision than the
“area-length method” and the “disc summation method (the
Simpson’s method)”, a “modified-Simpson’s method” is
known, which is a method obtained by modifying the “disc
summation method (the Simpson’s method)”. FIG. 3 is a
drawing for explaining the modified-Simpson’s method.
[0060] According to the “modified-Simpson’s method”,
for example, an A4C view and an A2C view acquired by
performing a two-dimensional scan on each of two cross-
sectional planes such as an A4C plane and an A2C plane are
used. When implementing the “modified-Simpson’s
method”, for example, a conventional ultrasound diagnosis
apparatus receives a setting of a cavity interior region (a
contour position of the cavity interior) on the basis of infor-
mation resulting from the operator’s tracing the contour of the
left ventricular cavity interior rendered in the A4C view and
further detects along axis of the cavity interior region that was
set. In addition, the conventional ultrasound diagnosis appa-
ratus receives a setting of a cavity interior region (a contour
position of the cavity interior) on the basis of, for example, the
operator’s tracing the contour of the left ventricular cavity
interior rendered in the A2C view and further detects a long
axis of the cavity interior region that was set. Alternatively,
the operator may set two points for specifying the long axis on
each of the cross-sectional planes. Furthermore, for example,
the conventional ultrasound diagnosis apparatus equally
divides each of the A4C and the A2C views into twenty discs
that are perpendicular to the long axis. After that, as shown in
FIG. 3 for example, the conventional ultrasound diagnosis
apparatus calculates the distance (see a, in FIG. 3) between
the two points at which an 1’th disc on the A4C plane inter-
sects the inner layer surface, as well as the distance (see b, in
FIG. 3) between the two points at which an 1’th disc on the
A2C plane intersects the inner layer surface. Subsequently,
the conventional ultrasound diagnosis apparatus approxi-
mates a three-dimensional shape of the cavity interior of the
1’th disc as a slice of an ellipsoid having a long axis and a short
axis estimated from “a,” and “b,”. Furthermore, the conven-
tional ultrasound diagnosis apparatus calculates a summation
of the volumes of the twenty discs as volume information
approximating the volume of the cavity interior, by using
Expression (2) below. In Expression (2), a representative
value (e.g., a maximum value or an average value) calculated
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from the length ofthe long axis in the A4C view and the length
of the long axis in the A2C view is expressed as “L”.
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[0061] Furthermore, for the “area-length method” also, a
method (a “biplane area-length method”) used for improving
the level of precision in the estimation of the volume of the
cavity interior has conventionally been reported, by which
measured results on two mutually-different cross-sectional
planes (e.g., an A4C view and an A2C view) are used. Accord-
ing to the “biplane area-length method”, volume information
is calculated by approximating the volume of the cavity inte-
rior with the expression “8x(cavity interior area on cross-
sectional plane 1)x(cavity interior area on cross-sectional
plane 2)/(3xnxL) where L is the longer of the lengths of the
long axis between cross-sectional plane 1 and cross-sectional
plane 2”. In the following sections, from among various
methods using two cross-sectional planes, the “modified-
Simpson’s method” will be used in the explanation as an
example.

[0062] When the “modified-Simpson’s method” is used, if
an error in the lengths of the long axis on the two cross-
sectional planes is equal to or larger than 20%, it is necessary
to perform the measuring process again. However, if an error
in the lengths of the long axis on the two cross-sectional
planes is equal to or smaller than 10%, the level of precision
of the volume information measuring process using the
“modified-Simpson’s method” is known to be sufficiently
high in practice, even with medical cases exhibiting a regional
wall motion abnormality(e.g., medical cases where the shape
of the cavity interior is complicated).

[0063] Inthis situation, examples of volume information of
a ventricle or an atrium of the heart include a volume of the
cavity interior, a myocardial volume calculated from a cavity
exterior volume and a cavity interior volume, and a myocar-
dial mass calculated from a myocardial volume. Furthermore,
in particular, examples of volume information that are impor-
tant when making diagnoses of cardiac diseases include EF
values (an ejection fraction (EF) for the left ventricle and an
empty fraction (EF) for the left atrium), each of which is an
index value indicating the pumping function of the ventricle
or the atrium. The EF value is a value defined by a volume of
the cavity interior at an end diastole (ED) and a volume of the
cavity interior at an end systole (ES).

[0064] When the volume information described above is
measured by using the “modified-Simpson’s method”, a pro-
cess that is manually performed by the operator includes the
following five steps:

[0065] Forexample, the operator first acquires two-dimen-
sional ultrasound image data of A4C views along a time
series. After that, the operator acquires two-dimensional
ultrasound image data of A2C views along a time series. As a
result, the operator has obtained moving image data of the
A4C views (hereinafter, a “group of A4C views”) and moving
image data of the A2C views (hereinafter, a “group of A2C
views”) (the first step).

[0066] Subsequently, the operator selects an A4C view at
the ED out of the group of A4C views and traces the cavity
interior (the inner layer of the myocardium) rendered in the
selected A4C view at the ED (the second step). In this situa-
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tion, if the operator wishes to obtain a volume of the cavity
exterior as volume information, the operator also traces the
cavity exterior (the outer layer of the myocardium) rendered
in the A4C view at the ED.

[0067] After that, the operator selects an A4C view inan ES
time phase out of the group of A4C views and traces the cavity
interior rendered in the selected A4C view in the ES time
phase (the third step). In this situation, if the operator wishes
to obtain a volume of the cavity exterior as volume informa-
tion, the operator also traces the cavity exterior rendered in
the A4C view in the ES time phase.

[0068] After that, the operator selects an A2C view at the
ED out of the group of A2C views and traces the cavity
interior rendered in the selected A2C view at the ED (the
fourth step). In this situation, if the operator wishes to obtain
a volume of the cavity exterior as volume information, the
operator also traces the cavity exterior rendered in the A2C
view at the ED.

[0069] Subsequently, the operator selects an A2C view at
the ES out of the group of A2C views and traces the cavity
interior rendered in the selected A2C view at the ES (the fifth
step). In this situation, if the operator wishes to obtain a
volume of the cavity exterior as volume information, the
operator also traces the cavity exterior rendered in the A2C
view at the ES.

[0070] After receiving the five steps described above, a
conventional ultrasound diagnosis apparatus implements the
“modified-Simpson’s method” and outputs a measured result
(an estimated result) of volume information. However, it is
cumbersome for the operator to manually perform the five
steps described above, and this process requires a lot of labor
from the operator. For this reason, the “modified-Simpson’s
method” 1s not widely used in the actual clinical field. Also,
when the “biplane area-length method” is implemented, the
five steps described above are manually performed by the
operator. Thus, the “biplane area-length method™ is not a
method that allows the operator to easily obtain the volume
information, either.

[0071] To cope with this situation, the ultrasound diagnosis
apparatus according to the first embodiment causes the image
processing unit 17 to perform processes described below, for
the purpose of easily obtaining a measured result of volume
information with a high level of precision.

[0072] FIG. 4 is a block diagram of an exemplary configu-
ration of the image processing unit according to the first
embodiment. As shown in FIG. 4, the image processing unit
17 according to the first embodiment includes an image
obtaining unit 174, a contour position obtaining unit 175, a
volume information calculating unit 17¢, and a detecting unit
174.

[0073] In the first embodiment, by using the ultrasound
probe 1, the operator first performs an ultrasound scan on
each of a plurality of predetermined cross-sectional planes for
a predetermined time period equal to or longer than one
heartbeat. For example, to acquire A4C views, which are
long-axis views of the heart, along a time series, the operator
performs an ultrasound scan on an A4C plane for a time
period equal to or longer than one heartbeat, while taking an
apex approach. As a result, the image generating unit 14
generates a plurality of pieces of two-dimensional ultrasound
image data on the A4C plane along the time series for the
predetermined time period and stores the generated data into
the image memory 15. In addition, to acquire A2C views,
which are long-axis views of the heart, along a time series, the
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operator performs an ultrasound scan on an A2C plane for a
predetermined time period equal to or longer than one heart-
beat, while taking an apex approach. As a result, the image
generating unit 14 generates a plurality of pieces of two-
dimensional ultrasound image data (A2C views) on the A2C
plane along the time series for the predetermined time period
and stores the generated data into the image memory 15. The
two-dimensional ultrasound image data in the first embodi-
ment is two-dimensional B-mode image data.

[0074] After that, the image obtaining unit 17a obtains a
plurality of groups of two-dimensional ultrasound image data
each of which is generated by performing the ultrasound scan
on each one of the plurality of predetermined cross-sectional
planes for a predetermined time period equal to or longer than
one heartbeat. FIG. 5 is a drawing for explaining the image
obtaining unit according to the first embodiment. As shown in
FIG. 3 for example, the image obtaining unit 17a obtains a
plurality of pieces of two-dimensional ultrasound image data
(a group of AdCviews)on the A4C plane along the time series
for a one-heartbeat period, as well as a plurality of pieces of
two-dimensional ultrasound image data (a group of A2C
views) on the A2C plane along the time series for a one-
heartbeat period. In this situation, the image obtaining unit
17a obtains the group of A4C views for the one-heartbeat
period and the group of A2C views for the one-heartbeat
period by detecting a time phase having a characteristic wave
(e.g., an R-wave or a P-wave) from the electrocardiogram
obtained by the electrocardiograph 4.

[0075] After that, the contour position obtaining unit 175
shown in FIG. 4 obtains time-series data of contour positions
of one or both of the cavity interior and the cavity exterior of
the predetermined site included in each of the plurality of
groups of two-dimensional ultrasound image data, by per-
forming a tracking process including a two-dimensional pat-
tern matching process over the predetermined time period. In
other words, the contour position obtaining unit 175 performs
a two-dimensional speckle tracking (2DT) process on the
two-dimensional moving image data. The speckle tracking
method is a method by which an accurate motion is estimated
by using, for example, an optical flow method or other various
spatio-temporal interpolation processes, together with the
pattern matching process. Examples of the speckle tracking
method include a method by which a motion is estimated
without performing the pattern matching process.

[0076] In this situation, the contour position obtaining unit
175 obtains contour positions of at least one of the ventricles
and the atria of the heart as the predetermined site. In other
words, the operator selects one or more sites as a target of the
2DT process from among the following: the cavity interior of
the right atrium; the cavity exterior of the right atrium, the
cavity interior of the right ventricle; the cavity exterior of the
right ventricle; the cavity interior of the left atrium; the cavity
exterior of the left atrium, the cavity interior of the left ven-
tricle; and the cavity exterior of the left ventricle. In the
following sections, an example will be explained in which the
cavity interior of the left ventricle and the cavity exterior of
the left ventricle are selected as the sites serving as the target
of the 2DT process.

[0077] For example, the input device 3 receives a tracking
point setting request from the operator. When the tracking
point setting request is transferred to the controlling unit 18,
the controlling unit 18 reads two-dimensional ultrasound
image data in an initial time phase from the image memory 15
and causes the monitor 2 to display the read image data.
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[0078] More specifically, the controlling unit 18 uses anED
as the initial time phase, reads an A4C view at the ED and an
A2C view at the ED from the image memory 15, and causes
the monitor 2 to display the read views. For example, the
controlling unit 18 selects an A4C view in an R-wave time
phase out of the moving image data of the A4C views, as the
A4C view at the ED. In addition, for example, the controlling
unit 18 selects an A2C view in an R-wave time phase out of
the moving image data of the A2C views, as the A2C view at
the ED.

[0079] Alternatively, the controlling unit 18 may use an ES
as the initial time phase, may read an A4C view at the ES and
an A2C view at the ES from the image memory 15, and may
cause the monitor 2 to display the read views. When an ES is
used as the initial time phase, the controlling unit 18 refers to
atable that is stored in advance, selects an A4C view atthe ES
outofthe moving image data of the A4C views, and selects an
A2C view at the ES out of the moving image data of the A2C
views. For example, as the table used for estimating two-
dimensional ultrasound image data corresponding to the ES
time phase, the internal storage unit 16 stores therein a table
in which elapsed time periods between a reference time phase
(e.g., an R-wave time phase) and an ES time phase are kept in
correspondence with heart rates. The controlling unit 18 cal-
culates a heart rate from the electrocardiogram of the subject
P and obtains an elapsed time period corresponding to the
calculated heart rate. After that, the controlling unit 18 selects
two-dimensional ultrasound image data corresponding to the
obtained elapsed time period out of the moving image data
and causes the monitor 2 to display the selected two-dimen-
sional ultrasound image data as the two-dimensional ultra-
sound image data at the ES.

[0080] The process to select the data in the initial time
phasemay be performed by, for example, the image obtaining
unit 17q or the contour position obtaining unit 174, instead of
the controlling unit 18. Furthermore, the first frame in the
moving image data may be used as the initial time phase.
[0081] FIG. 6isa drawing for explaining an example of the
two-dimensional speckle tracking process. The operator sets
tracking points at which a 2DT process is to be performed, by
referring to the two-dimensional ultrasound image data in the
initial time phase shown in FIG. 6. For example, the operator
traces the inner layer of the left ventricle and the outer layer of
the left ventricle in the two-dimensional ultrasound image
data in the initial time phase, by using the mouse of the input
device 3. The contour position obtaining unit 175 recon-
structs two two-dimensional boundary planes from the traced
inner layer surface and the traced outer layer surface, as two
contours in the initial time phase (initial contours). Further-
more, as shown in FIG. 6, the contour position obtaining unit
174 sets a plurality of tracking points in pairs on the inner
layer surface and the outer layer surface in the initial time
phase. The contour position obtaining unit 175 sets template
data with each of the plurality of tracking points that were set
in a frame in the initial time phase. The template data is
structured with a plurality of pixels centered on each of the
tracking points.

[0082] Furthermore, the contour position obtaining unit
176 tracks the template data to find out the position to which
the template data has moved in the subsequent frame, by
searching for a region that best matches the speckle pattern of
the template data between the two frames. By performing the
tracking process in this manner, the contour position obtain-
ing unit 175 obtains the positions of the tracking points in the
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group of two-dimensional ultrasound image data other than
the two-dimensional ultrasound image data in the initial time
phase.

[0083] As a result, the contour position obtaining unit 175
obtains, for example, time-series data of the contour positions
of the left ventricular cavity interior included in the A4C
views and time-series data of the contour positions of the left
ventricular cavity exterior included in the A4C views. Fur-
thermore, for example, the contour position obtaining unit
17b obtains time-series data of the contour positions of the
left ventricular cavity interior included in the A2C views and
time-series data of the contour positions of the left ventricular
cavity exterior included in the A2C views. As a result of the
contour position obtaining unit 175 performing the 2DT pro-
cess as described above, the third and the fifth steps in the
conventional example described above or the second and the
fourth steps in the conventional example described above are
automated.

[0084] The initial contour setting process does not neces-
sarily have to be manually performed by the operator as
described above. For example, the initial contour setting pro-
cess may be automatically performed as described below. For
example, the contour position obtaining unit 176 estimates a
position of the initial contour, on the basis of a position ofthe
annulus site and a position of the apex site that are specified by
the operator in the image data in the initial time phase. Alter-
natively, for example, the contour position obtaining unit 175
estimates a position of the initial contour from the image data
in the initial time phase, without receiving any information
from the operator. These automatic estimating processes are
performed by using a boundary estimating technique that
utilizes brightness information of the image or another
boundary estimating technique that estimates a boundary by
comparing features of the image with a shape dictionary that
has registered therein in advance “shape information of the
heart”, while using a discriminator. When the initial contour
setting process is automatically performed, the second to the
fifth steps in the conventional example described above are
automated.

[0085] The volume information calculating unit 17¢ shown
in FIG. 4 is configured to calculate volume information of a
predetermined site, on the basis of the pieces of the plurality
of time-seties data of contour positions each of which was
obtained from a different one of the plurality of groups of
two-dimensional ultrasound image data. More specifically,
the volume information calculating unit 17¢ calculates the
volume information by using the “modified-Simpson’s
method”, which is a method obtained by modifying the disc
summation method that estimates a volume from two-dimen-
sional image data on a plurality of cross-sectional planes.
FIG. 7 is a table of examples of volume information calcu-
lated by the volume information calculating unit according to
the first embodiment.

[0086] As shown in FIG. 7, the volume information calcu-
lating unit 17¢ according to the first embodiment calculates at
least one of the following as the volume information: numeri-
cal information about an end-diastolic volume “EDV (ml)”;
numerical information about an end-systolic volume “ESV
(ml)”; numerical information about an ejection fraction “EF
(%)”; numerical information about a myocardial volume
(mL); numerical information about a myocardial mass(g);
and numerical information about a mass-index (g/m?).
[0087] For example, the volume information calculating
unit 17¢ calculates an EDV of the left ventricle by using the
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“modified Simpson’s method” explained above, on the basis
of the contour position at the ED in the time-series data of the
contour positions of the left ventricular cavity interior in the
A4C views and the contour position at the ED in the time-
series data of the contour positions of the left ventricular
cavity interior in the A2C views. Furthermore, the volume
information calculating unit 17¢ calculates an ESV of the left
ventricle by using the “modified Simpson’s method”
explained above, on the basis of the contour position at the ES
in the time-series data of the contour positions of the left
ventricular cavity interior in the A4C views and the contour
position at the ES in the time-series data of the contour posi-
tions of the left ventricular cavity interior in the A2C views.
After that, the volume information calculating unit 17¢ cal-
culates an ejection fraction of the left ventricle from the EDV
of the left ventricle and the ESV of the left ventricle.

[0088] Furthermore, the volume information calculating
unit 17¢ calculates a volume of the left ventricular cavity
exterior at the ED by using the “modified Simpson’s method”
explained above, on the basis of the contour position at the ED
in the time-series data of the contour positions of the left
ventricular cavity exterior in the A4C views and the contour
position at the ED in the time-series data of the contour
positions of the left ventricular cavity exterior in the A2C
views. After that, by subtracting the EDV from the volume of
the left ventricular cavity exterior at the ED, the volume
information calculating unit 17¢ calculates a myocardial vol-
ume. In this situation, although myocardial volumes change
in accordance with heartbeats, the degree by which myocar-
dial volumes change over the course of time is small. Thus, it
is possible to use a specific cardiac phase (e.g., an ED) as the
time phase for calculating the volume of the cavity exterior. It
is also acceptable to use a time phase (e.g., an ES) other than
the ED, as the time phase for calculating the volume of the
cavity exterior.

[0089] Furthermore, the volume information calculating
unit 17¢ calculates the “myocardial mass(g)” by multiplying
the “myocardial volume (mL)” by an average myocardial
density value (e.g., 1.05 g/mL). Furthermore, the volume
information calculating unit 17¢ calculates the “mass-index
(g/m?)” by normalizing the “myocardial mass(g)” with a
“body surface area (BSA) (m?)”. It is also acceptable if the
volume information calculating unit 17¢ according to the first
embodiment calculates the volume information by using the
“biplane area-length method”, which is a method obtained by
modifying the “area-length method”.

[0090] In this situation, the volume information calculating
unit 17¢ is able to obtain the contour position in the ED phase,
by selecting the contour position in the R-wave time phase as
described above. To select the contour position in the ES time
phase, although the volume information calculating unit 17¢
may use an elapsed time period obtained from the above-
mentioned table, it is preferable to use one of the two selecting
methods described below in order to improve the precision
level in the calculation of the volume information.

[0091] The first selecting method is a method by which the
operator sets an end-systolic phase. In other words, the input
device 3 receives a setting for the end-systolic phase. Further-
more, on the basis of the setting information received by the
input device 3, the volume information calculating unit 17¢
selects a contour position in the end-systolic phase from each
of the pieces of the plurality of time-series data of contour
positions.
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[0092] More specifically, according to the first selecting
method, the operator sets a time (an AVC time) at which the
aortic valve of the subject P closes. It is possible to obtain the
AVC time by measuring an elapsed time period from an
R-wave to Sound II in the phonocardiogram, while using the
R-wave as a reference. Alternatively, it is also possible to
obtain the AVC time by measuring an ejection ending time
from a Doppler waveform. The volume information calculat-
ing unit 17¢ selects the contour position in a time phase
closest to the AVC time (e.g., a time phase immediately pre-
ceding the AVC time) as the contour position in the ES time
phase. Although it is possible to use the first selecting method
in the first embodiment, the first selecting method requires the
separate measuring process to obtain the AVC time.

[0093] Incontrast, the second selecting method is a method
by which the contour position in the ES time phase is auto-
matically selected, by employing the detecting unit 174
shown in FIG. 4 to automatically detect the ES time phase.
The detecting unit 174 shown in FIG. 4 is configured to
detect, from each of the pieces of the plurality of time-series
data of contour positions, a time phase in which the volume
information is the smallest or the largest, as an end-systolic
phase. For example, if an atrium is the predetermined site, the
detecting unit 17d detects, from each of the pieces of the
plurality of time-series data of contour positions, atime phase
in which the volume information is the largest, as the end-
systolic phase. As another example, if a ventricle is the pre-
determined site, the detecting unit 174 detects, from each of
the pieces of the plurality of time-series data of contour posi-
tions, a time phase in which the volume information is the
smallest, as the end-systolic phase. FIG. 8 is a chart for
explaining the detecting unit according to the first embodi-
ment.

[0094] In an example, the detecting unit 17d calculates
time-series data of the volume from the time-series data of
contour positions on one cross-sectional plane, by using the
“area-length method” or the “disc summation method”
described above. For example, the detecting unit 174 calcu-
lates time-series data of the volume of the left ventricular
cavity interior, by using the time-series data of the contour
positions obtained by the contour position obtaining unit 175
from the moving image data of the A4C views. Furthermore,
the detecting unit 174 calculates time-series data of the vol-
ume of the left ventricular cavity interior, by using the time-
series data of the contour positions obtained by the contour
positionobtaining unit 175 from the moving image data of the
A2C views. After that, as shown in FIG. 8, the detecting unit
17d detects a time phase in which the volume of the left
ventricular cavity intetior is the smallest in the time-series
data of the volume of the left ventricular cavity interior (see
the temporal change curve indicated with a broken line in
FIG. 8), as an ES time phase. The detecting unit 174 may
calculate time-series data of the cavity interior area from the
time-series data of the contour positions as the volume infor-
mation and may detect an end-systolic phase by using the
time-series data of the cavity interior area. Furthermore, the
volume information calculating process using the time-series
data of the contour positions on one cross-sectional plane
may be performed by the volume information calculating unit
17c.

[0095] After that, according to the second selecting
method, the volume information calculating unit 17¢ selects a
contour position in the end-systolic phase from each of the
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pieces of the plurality of time-series data, on the basis of the
time phase detected by the detecting unit 174 as the end-
systolic phase.

[0096] In the first embodiment, the volume information
calculating unit 17¢ selects the contour position in the time
phase that was specified as the end-systolic phase by using
either the first selecting method or the second selecting
method. Furthermore, by using the contour position selected
as the contour position in the end-systolic phase, the volume
information calculating unit 17¢ calculates volume informa-
tion based on the end-systolic phase (e.g., a volume in the
end-systolic phase, as well as an EF value based on a volume
in the end-systolic phase and a volume in the end-diastolic
phase).

[0097] After that, the controlling unit 18 exercises control
so that the volume information calculated by the volume
information calculating unit 17¢ is output. For example, the
controlling unit 18 exercises control so that the volume infor-
mation is displayed on the monitor 2. Alternatively, the con-
trolling unit 18 exercises control so that the volume informa-
tion is output to an external apparatus.

[0098] Next, a process performed by the ultrasound diag-
nosis apparatus according to the first embodiment will be
explained with reference to FIG. 9. FIG. 9 is a flowchart for
explaining an example of the process performed by the ultra-
sound diagnosis apparatus according to the first embodiment.
FIG. 9 illustrates a flowchart in a situation where an initial
contour is set by the operator, and the second selecting
method employing the detecting unit 174 is implemented.

[0099] As shown in FIG. 9, the ultrasound diagnosis appa-
ratus according to the first embodiment judges whether
groups of two-dimensional ultrasound image data each cor-
responding to a different one of a plurality of cross-sectional
planes have been specified as a processing target and whether
a volume information calculation request has been received
(step S101). In this sitvation, if a volume information calcu-
lation request has not been received (step S101: No), the
ultrasound diagnosis apparatus stands by until a volume
information calculation request is received.

[0100] On the contrary, if a volume information calculation
request has been received (step S101: Yes), the image obtain-
ing unit 17a obtains the specified groups of two-dimensional
ultrasound image data corresponding to the plurality of cross-
sectional planes (where the quantity of cross-sectional
planes=N) (step S102). After that, the controlling unit 18 sets
“s” s0 as to satisfy “s=1" (step S103), whereas the contour
position obtaining unit 175 selects a group of two-dimen-
sional ultrasound image data corresponding to a cross-sec-
tional plane “s” (step S104). After that, the contour position
obtaining unit 176 judges whether an initial contour on the
cross-sectional plane “s” has been set (step S105). In this
situation, if the initial contour on the cross-sectional plane “s”
has not been set (step S105: No), the contour position obtain-
ing unit 175 stands by until the initial contour is set.

[0101] On the contrary, if the initial contour has been set
(step S105: Yes), the contour position obtaining unit 175 sets
a time period to analyze (ts<tste) and performs the 2DT
process (step S106). For example, the contour position
obtaining unit 176 performs the 2DT process by using a group
of two-dimensional ultrasound image data corresponding to
the cross-sectional plane “s” for a one-heartbeat period. As a
result, the contour position obtaining unit 175 obtains time-
series data P(s,t) of the contour positions on the cross-sec-
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tional plane “s” and stores the obtained time-series data into
the internal storage unit 16 (step S107).

[0102] After that, the contour position obtaining unit 175
judges whether “s=N" is satisfied (step S108). If “s” is not
equal to “N” (step S108: No), the contour position obtaining
unit 175 sets *“s” so as to satisfy “s=s+1” (step S109), and the
process returns to step S104 where the contour position
obtaining unit 174 selects a group of two-dimensional ultra-
sound image data on the cross-sectional plane “s”.

[0103] On the contrary, if “s=N” is satisfied (step S108:
Yes), the detecting unit 174 detects an ES time phase for each
of P(1,t) to P(N,t) (step S110). After that, the volume infor-
mation calculating unit 17¢ calculates volume information on
the basis of P(1,t) to P(N,t) by implementing either the “modi-
fied-Simpson’s method” or the “biplane area-length” method
(step S111). The controlling unit 18 exercises control so that
the volume information is output (step S112), and the process
ends.

[0104] As explained above, in the first embodiment, by
performing the 2DT process, for example, the time-series
data of the contour positions of the inner layer and of the outer
layer is automatically obtained from each of the pieces of
moving image data corresponding to the plurality of cross-
sectional planes for the time period of at least one heartbeat.
Furthermore, according to the first embodiment, it is possible
to calculate the volume information (e.g., an EF value, a
myocardial mass) having a high level of precision by using
the automatically-obtained time-series data of the contour
positions and by implementing either the “modified-Simp-
son’s method” or the “biplane area-length” method. Thus,
according to the first embodiment, it is possible to easily
obtain the measured results of volume information that have
a high level of precision.

[0105] Furthermore, in the first embodiment, it is possible
to improve the level of convenience of the volume informa-
tion calculating process by automatically detecting the ES
time phase with the use of the second selecting method. In
addition, it is possible to improve reproducibility of the vol-
ume information calculating process, by reducing depen-
dency on the test administrator during the measuring process,
with the use of the automatic detection.

[0106] The first embodiment may be realized in the follow-
ing two modification examples. The modification examples
of the first embodiment will be explained with reference to
FIGS. 10, 11A, and 11B. FIG. 10 is a drawing for explaining
a first modification example of the first embodiment. FIGS.
11A and 11B are drawings for explaining a second modifica-
tion example of the first embodiment.

[0107] In the first modification example, the contour posi-
tion obtaining unit 175 obtains time-series data of contour
positions corresponding to multiple heartbeats, from each of
the plurality of groups of two-dimensional ultrasound image
data, by performing a tracking process over the time period of
the multiple consecutive heartbeats on each of the plurality of
groups of two-dimensional ultrasound image data.

[0108] After that, in the first modification example, the
volume information calculating unit 17¢ calculates volume
information corresponding to the multiple heartbeats, on the
basis of the pieces of time-series data of the contour positions
corresponding to the multiple heartbeats, each from a differ-
ent one of the plurality of groups of two-dimensional ultra-
sound image data. The volume information calculating unit
17¢ further calculates average volume information by aver-
aging the calculated volume information corresponding to the



US 2015/0038846 A1l

multiple heartbeats. After that, in the first modification
example, the controlling unit 18 exercises control so that the
average volume information is output.

[0109] Forexample, as shown in FIG. 10, the volume infor-
mation calculating unit 17¢ calculates EF (heartbeat 1), EF
(heartbeat 2), and EF (heartbeat 3) as EF values correspond-
ing to three heartbeats. Furthermore, as shown in FIG. 10, the
volume information calculating unit 17¢ calculates an aver-
age EF value by averaging EF (heartbeat 1), EF (heartbeat 2),
and EF (heartbeat 3).

[0110] In other words, it is possible to perform the 2DT
process described above for a time period corresponding to
multiple consecutive heartbeats. In the first modification
example, the volume information corresponding to the mul-
tiple heartbeats is calculated on the basis of the result of the
2DT process performed on the multiple heartbeats, and fur-
thermore, the pieces of volume information corresponding to
the multiple heartbeats are averaged. Thus, it is possible to
easily obtain stable volume information.

[0111] In the second modification example, by modifying
the “modified Simpson’s method” where contour informa-
tion on two cross-sectional planes such as A4C views and
A2C viewsis used, a volume is estimated from contour infor-
mation on three cross-sectional planes to which contour
information of an apical long-axis view (hereinafter, an “A3C
view”) has further been added.

[0112] In the second modification example, the operator
performs an ultrasound scan on an A4C plane, an A2C plane,
and an A3C plane for a time period equal to or longer than one
heartbeat. Furthermore, as shown in FIG. 11A, the image
obtaining unit 17a obtains a plurality of moving image data of
A4C views for the one or more heartbeats along a time series,
and a plurality of moving image data of A3C views for the one
or more heartbeats along the time series, as well as a plurality
of moving image data of A2C views for the one or more
heartbeats along the time series.

[0113] After that, the contour position obtaining unit 175
obtains time-series data of the contour positions in the A4C
views, time-series data of the contour positions in the A3C
views, and time-series data of the contour positions in the
A2C views. Subsequently, the volume information calculat-
ing unit 17¢ equally divides the A4C views, the A3C views,
and the A2C views each into twenty discs that are perpen-
dicular to the long axis, on the basis of the contour positions
in the A4C views, the contour positions in the A2C views, and
the contour positions in the A3C views. After that, the volume
information calculating unit 17¢ obtains positions of two
points at which an i’th disc in the A4C views intersects the
inner layer surface, and positions of two points at which an
i"th disc in the A3C views intersects the inner layer surface, as
well as positions of two points at which an i’th disc in the A2C
views intersects the inner layer surface.

[0114] Subsequently, the volume information calculating
unit 17¢ determines a shape of the cavity interior of the i’th
disc on the basis of the obtained positions of the six points by
performing, for example, a “spline interpolation process”
(see the closed curve indicated with a broken line in FIG.
11B). After that, the volume information calculating unit 17¢
approximates a three-dimensional shape of the cavity interior
of the 1’th disc as a slice of a column that has the spline closed
curve as the top face and the bottom face thereof. The volume
information calculating unit 17¢ then calculates a summation
of the volumes of the twenty columns as volume information
approximating the volume of the cavity interior, by using

Feb. 5, 2015

Expression (3) below. In Expression (3), the area of the spline
closed curve for an i1’th disc is expressed as “Ai”. Further-
more, in Expression (3), a representative value (e.g., a maxi-
mum value or an average value) calculated from the length of
the long axis in the A4C view, the length of the long axisinthe
A2C view, and the length of the long axis in the A3C view is
expressed as “L.”.

20 L 3

[0115] In the second modification example, the volume
information calculating unit 17¢ calculates and outputs the
volume information obtained by using the contour positions
on the three cross-sectional planes. In the second modifica-
tion example, because one more cross-sectional plane is used
as the processing target, the processing amount of the image
processing unit 17 is increased. However, according to the
second modification example, by adding the relatively simple
process of adding one more scanned cross-sectional plane, it
is possible to improve the level of precision in the volume
measuring process in medical cases that involve a compli-
cated shape of the heart.

[0116] In a second embodiment, an example will be
explained with reference to FIG. 12 in which the operator is
informed of information that may be a cause of a decrease in
the level of precision in the volume information calculating
process during the automatic process explained in the first
embodiment. FIG. 12 is a drawing for explaining a detecting
unit according to the second embodiment.

[0117] The image processing unit 17 according to the sec-
ond embodiment has the same configuration as that of the
image processing unit 17 according to the first embodiment
shown in FIG. 4. In other words, the image processing unit 17
according to the second embodiment includes the image
obtaining unit 17a, the contour position obtaining unit 175,
the volume information calculating unit 17¢, and the detect-
ing unit 174 that are configured to perform the processes
explained in the first embodiment and the modification
examples thereof. However, in the second embodiment, the
detecting unit 17d further performs the following three
detecting processes, in addition to the ES time phase detect-
ing process.

[0118] Inthe first embodiment, by using the second select-
ing method, the detecting unit 17d performs the ES time
phase automatic detecting process on the basis of the time-
series data of the contour positions obtained as a result of the
2DT process. However, due to a tracking error during the 2DT
process, the time phase detecting process performed by the
detecting unit 174 may contain an error in some situations. To
cope with these situations, as shown in FIG. 12, the detecting
unit 17d according to the second embodiment further detects
a time phase difference (a difference in ES time phases),
which is the difference between end-systolic phases each of
which was detected from a different one of the pieces of a
plurality of time-series data of contour positions.

[0119] Furthermore, the controlling unit 18 performs at
least one of the following: a display controlling process to
cause the time phase difference to be displayed; and a notifi-
cation controlling process to cause a notification to be issued
if the time phase difference exceeds a predetermined value.
For example, the controlling unit 18 causes the monitor 2 to
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display the time phase difference detected by the detecting
unit 17d. Furthermore, if the time phase difference exceeds a
predetermined upper limit value, the controlling unit 18
causes the speaker of the monitor 2 to output a beep to prompt
the operator to perform the tracking process again or to cor-
rect the ES time phase. Alternatively, if the time phase differ-
ence exceeds the predetermined upper limit value, the con-
trolling unit 18 causes the monitor 2 to display a message that
prompts the operator to perform the tracking process again or
to correct the ES time phase. For example, the controlling unit
18 performs the notification controlling process if a “value
obtained by dividing the difference (the error) between the ES
time phase in the A4C views and the ES time phase in the A2C
views by the maximum value among the ES time phases in the
A4Cviewsand the ES time phases in the A2C views” exceeds
a predetermined set value (e.g., 10%).

[0120] Furthermore, the detecting unit 174 according to the
second embodiment detects a time period difference indicat-
ing the difference in the one-heartbeat periods between the
plurality of groups of two-dimensional ultrasound image
data, regardless of whether the first selecting method is used
or the second selecting method is used. For example, as
shown in FIG. 12, the detecting unit 17d according to the
second embodiment detects the difference between an R-R
interval in the moving image data of the A4C views and an
R-R interval in the moving image data of the A2C views. After
that, in the same manner as in the example of the time phase
difference detection, the controlling unit 18 performs at least
one of the following: a display controlling process to cause
the time period difference to be displayed; and a notification
controlling process to cause a notification to be issued if the
time period difference exceeds a predetermined value. For
example, the controlling unit 18 performs the notification
controlling process if a “value obtained by dividing the dif-
ference (the error) between the R-R interval in the A4C views
and the R-R interval in the A2C views by the maximum value
among the R-R intervals in the A4C views and the R-R inter-
vals in the A2C views” exceeds a predetermined set value
(e.g., 5%).

[0121] Furthermore, by using the pieces of the plurality of
time-series data of contour positions, the detecting unit 174
according to the second embodiment detects a long-axis dif-
ference which is the difference between the lengths of the
long axis between the plurality of groups of two-dimensional
ultrasound image data used in the modified method ofthe disc
summation method (the modified-Simpson’s method),
regardless of whether the first selecting method is used or the
second selecting method is used. For example, the detecting
unit 174 detects the difference between the length of the long
axis in the A4C view in an ED phase and the length of the long
axis in the A2C view in an ED phase. Furthermore, in the
same manner as in the examples of the time phase difference
detection and the time period difference detection, the con-
trolling unit 18 performs at least one of the following: a
display controlling process to cause the long-axis difference
to be displayed; and a notification controlling process to
cause a notification to be issued if the long-axis difference
exceeds a predetermined value. For example, the controlling
unit 18 performs the notification controlling process if a
“value obtained by dividing the difference (the error) between
the length of the long axis in the A4C view and the length of
the long axis in the A2C view by the maximum value among

Feb. 5, 2015

the lengths of the long axis in the A4C views and the lengths
of the long axis in the A2C views” exceeds a predetermined
set value (e.g., 10%).

[0122] Furthermore, in the second embodiment, to make it
possible for the operator to correct the ES time phase detected
by the detecting unit 174, the following process is performed:
The input device 3 receives a change to be made to the
end-systolic phase from the operator who has referred to the
end-systolic phase detected by the detecting unit 174 on the
basis of the time-series data of the contour positions. After
that, the volume information calculating unit 17¢ re-calcu-
lates volume information, on the basis of an end-systolic
phase resulting from the change received by the input device
3.

[0123] For example, when having received a data display
request for making a correction from the operator who has
referred to a message that prompts the operator to correct the
ES time phase, the controlling unit 18 causes the monitor 2 to
display the two-dimensional ultrasound image data in a plu-
rality of frames in the time phase detected as the ES time
phase and in the time phases before and after the detected time
phase, on each of the cross-sectional planes. The operator
refers to the displayed plurality of frames on each of the
cross-sectional planes and inputs a correction instruction by
selecting, with the input device 3, one of the frames which the
operator judges to be appropriate to represent the ES time
phase. In this situation, when having referred to the displayed
plurality of frames on each of the cross-sectional planes, if the
operator determines that the time phase detected as the ES
time phase is appropriate as the ES time phase, the operator
inputs an instruction indicating that no correction is to be
made.

[0124] Next, a process performed by the ultrasound diag-
nosis apparatus according to the second embodiment will be
explained, with reference to FIGS. 13 and 14. FIG. 13 is a
flowchart for explaining an example of the volume informa-
tion calculating process performed by the ultrasound diagno-
sis apparatus according to the second embodiment. FIG. 14 is
a flowchart for explaining an example of the volume infor-
mation re-calculating process performed by the ultrasound
diagnosis apparatus according to the second embodiment.
FIG. 13 illustrates a flowchart in a situation where an initial
contour is set by the operator, and the second selecting
method employing the detecting unit 174 is implemented.
[0125] Asshownin FIG. 13, the ultrasound diagnosis appa-
ratus according to the second embodiment judges whether
groups of two-dimensional ultrasound image data each cor-
responding to a different one of a plurality of cross-sectional
planes have been specified as a processing target and whether
a volume information calculation request has been received
(step S201). In this situation, if a volume information calcu-
lation request has not been received (step S201: No), the
ultrasound diagnosis apparatus stands by until a volume
information calculation request is received.

[0126] Onthe contrary, if a volume information calculation
request has been received (step S201: Yes), the image obtain-
ing unit 17a obtains the specified groups of two-dimensional
ultrasound image data corresponding to the plurality of cross-
sectional planes (where the quantity of cross-sectional
planes=N) (step S202). After that, the controlling unit 18 sets
“s” s0 as to satisfy “s=1" (step S203), whereas the contour
position obtaining unit 175 selects a group of two-dimen-
sional ultrasound image data corresponding to a cross-sec-
tional plane “‘s” (step S204). After that, the contour position
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obtaining unit 176 judges whether an initial contour on the
cross-sectional plane “s” has been set (step S205). In this
situation, if the initial contour on the cross-sectional plane “s”
has not been set (step S205: No), the contour position obtain-
ing unit 175 stands by until the initial contour is set.

[0127] On the contrary, if the initial contour has been set
(step S205: Yes), the contour position obtaining unit 175 sets
a time period to analyze (ts<t<te) (step S206). After that, if
s>1 is satisfied, the detecting unit 174 detects the difference
(the time period difference) in the time periods to analyze, and
the monitor 2 displays the difference in the time periods to
analyze between the plurality of cross-sectional planes under
the control of the controlling unit 18 (step S207). If the
difference in the time periods to analyze exceeds a predeter-
mined upper limit value, the monitor 2 displays a message or
the like that prompts the operator to perform an analysis by
using another piece of moving image data, under the control
of the controlling unit 18. When a notification such as a
message or the like indicating that the upper limit value is
exceeded is output, it is also acceptable for the operator to
discontinue the volume information calculating process.

[0128] After that, the contour position obtaining unit 175
performs the 2DT process and obtains time-series data P(s,t)
of the contour positions on the cross-sectional plane “s” (step
S208). Subsequently, the detecting unit 174 detects ES time
phases and detects the lengths of the long axis by using P(s,t).
After that, if s>1 1s satisfied, the detecting unit 174 detects the
difference in the ES time phases and the difference in the
lengths of the long axis. The monitor 2 displays the difference
in the ES time phases and the difference in the lengths of the
long axis, under the control of the controlling unit 18 (step
S209). If the difference in the ES time phases or the difference
in the lengths of the long axis exceeds a predetermined upper
limit value, the monitor 2 displays a message or the like that
prompts the operator to correct the ES time phase or to per-
form the analysis again, under the control of the controlling
unit 18. When a notification such as a message or the like
indicating that the upper limit value is exceeded is output, it is
also acceptable for the operator to discontinue the volume
information calculating process.

[0129] Subsequently, the contour position obtaining unit
174 stores P(s,t) into the internal storage unit 16 (step S210).
After that, the contour position obtaining unit 175 judges
whether “s=N" is satisfied (step S211). If “s” is not equal to
“N” (step S211: No), the contour position obtaining unit 175
sets “s” so as to satisfy “s=s+1” (step S212), and the process
returns to step S204 where the contour position obtaining unit
17b selects a group of two-dimensional ultrasound image

data on the cross-sectional plane “s”.

[0130] On the contrary, if “s=N” is satisfied (step S211:
Yes), the volume information calculating unit 17¢ calculates
volume information on the basis of P(1,t) to P(N,t), by using
the ES time phases detected by the detecting unit 174 from
each of P(1,t) to P(N,t) (step S213). The controlling unit 18
exercises control so that the volume information is output
(step S214), and the process ends.

[0131] After that, as shown in F1G. 14, the ultrasound diag-
nosis apparatus according to the second embodiment judges
whether a data display request to correct the ES time phase
has been received from the operator who has referred to the
message that prompts the operator to correct the ES time
phase (step S301). In this situation, if a data display request
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has not been received (step S301: No), the ultrasound diag-
nosis apparatus according to the second embodiment ends the
process.

[0132] On the contrary, if a data display request has been
received (step S301: Yes), the monitor 2 displays the two-
dimensional ultrasound image data in a plurality of frames in
the time phase detected as the ES time phase and in the time
phases before and after the detected time phase, on each ofthe
cross-sectional planes, under the control of the controlling
unit 18 (step S302). Furthermore, the controlling unit 18
judges whether an instruction to correct the ES time phase has
been received (step S303). In this situation, if no instruction to
correct the ES time phase has been received (step S303: No),
the controlling unit 18 judges whether an instruction indicat-
ing that no correction is to be made has been received from the
operator (step S304). In this situation, if an instruction indi-
cating that no correction is to be made has been received (step
S304: Yes), the controlling unit 18 ends the process.

[0133] On the contrary, if the instruction indicating that no
correction is to be made has not been received (step S304:
No), the process returns to step S303 where the controlling
unit 18 judges whether an instruction to correct the ES time
phase has been received.

[0134] If an instruction to correct the ES time phase has
been received (step S303: Yes), the volume information cal-
culating unit 17¢ re-calculates volume information, on the
basis of a corrected ES time phase (step S305). After that, the
controlling unit 18 outputs the re-calculated volume informa-
tion (step S306), and the process ends.

[0135] As explained above, according to the second
embodiment, because there may be an error in the automatic
selection of the ES time phase due to an error in the tracking
process, the difference between the plurality of cross-sec-
tional planes caused by the automatic detection ofthe ES time
phase is fed back to the operator. In other words, according to
the second embodiment, reliability of the tracking result (i.e.,
the result of the volume information calculating process) is
assured by displaying the difference in the ES time phases. In
addition, if the difference in the time phases exceeds the
predetermined upper limit value, it is possibleto, for example,
present a message that prompts the operator to correct the ES
time phase (or amessage that prompts the operator to perform
the tracking process again).

[0136] Furthermore, in the second embodiment, validity of
the image data serving as the analyzed target is assured by
displaying the degree of difference in the one-heartbeat peri-
ods between the pieces of moving image data. In addition, if
the difference in the time periods exceeds the predetermined
upper limit value, it is possible to, for example, present a
message that prompts the operator to perform an analysis
using another piece of moving image data.

[0137] Because the notification regarding the difference in
the time periods is presented, it is possible to reduce the errors
that may occur during the operator’s operation to specify a
desired piece of data from among a plurality of candidates of
moving image data of the same subject that are displayed by
a viewing tool, when selecting the moving image data to be
used in the analysis. More specifically, a large number of
pieces of data having mutually-different heart rates are mixed
together among a series of moving image data obtained dur-
ing a stress echo test, due to a variation in the stress status. As
another example, in the medical case of atrial fibrillation,
because the R-R period fluctuates significantly, a large num-
ber of heartbeat periods that vary from one another are dis-
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played by a viewing tool, in a plurality of pieces of moving
image data taken on mutually-different cross-sectional
planes. In these situations, by presenting the notification
regarding the difference in the time periods as explained in the
second embodiment, it is possible to reduce the errors that
may occur during the data specifying operation.

[0138] Furthermore, as explained above, when the “modi-
fied-Simpson’s method” is used. the degree of difference in
the lengths of the long axis of the left ventricle is important in
assuring the reliability of the volume information. For this
reason, in the second embodiment, validity of the image data
serving as the analyzed target is assured by displaying the
degree of difference in the lengths of the long axis between
the pieces of moving image data. In addition, if the long-axis
difference exceeds the predetermined upper limit value, it is
possible to, for example, present a message that prompts the
operator to perform the analysis again or to perform an analy-
sis using another piece of moving image data.

[0139] As explained above, according to the second
embodiment, by detecting and outputting the various types of
difference information that may be a cause of a decrease in the
level of precision in the volume information calculating pro-
cess, it is possible to further improve the precision level of the
volume information calculating process.

[0140] The second embodiment may be realized in the fol-
lowing modification example, for the purpose of avoiding the
cause of a decrease in the precision level in the volume infor-
mation calculating process. FIG. 15 is a drawing for explain-
ing a modification example of the second embodiment.
[0141] The image obtaining unit 17« according to the
present modification example obtains groups of two-dimen-
sional ultrasound image data having substantially equal one-
heartbeat periods, by obtaining one group from each of a
plurality of groups of two-dimensional ultrasound image
data. For example, as shown in FIG. 15, let us assume that the
R-R interval of the moving image data of A4C views for a
one-heartbeat period on which the 2DT process has been
performed was “T(A4C)”. Also, for example, as shown in
FIG. 15, let us assume that the moving image data of'the A4C
views is moving image data for a three-heartbeat period. In
that situation, as shown in FIG. 15, the image obtaining unit
17a calculates three R-R intervals “T1{A2C), T2(A2C),
T3(A2C)” each corresponding to a one-heartbeat period,
from the moving image data of A2C views for the three-
heartbeat period. Furthermore, as shown in FIG. 15 for
example, the image obtaining unit 17a outputs, to the contour
position obtaining unit 175, moving image data of A2C views
for a one-heartbeat period corresponding to “T2(A2C)”,
which has the smallest difference from “T(A4C)”.

[0142] In the present modification example, it is accept-
able, for example, to configure the image obtaining unit 174
s0 as to obtain pieces of moving image data for a one-heart-
beat period having substantially equal R-R intervals, from
moving image data of A4C views for a multiple-heartbeat
period and from moving image data of A2C views for a
multiple-heartbeat period and so as to output the obtained
pieces of moving image data to the contour position obtaining
unit 17b. Alternatively, it is acceptable, for example, to con-
figure the image obtaining unit 174 so as to obtain pieces of
moving image data for a three-heartbeat period having sub-
stantially equal R-R intervals, from moving image data of
A4C views for a multiple-heartbeat period and from moving
image data of A2C views for a multiple-heartbeat period and
so as to output the obtained pieces of moving image datato the
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contour position obtaining unit 174. In those situations, as
explained in the first modification example of the first
embodiment, the volume information calculating unit 17¢
calculates average volume information, from the time-series
data of the contour positions for the three-heartbeat period in
the A4C views and from the time-series data of the contour
positions for the three-heartbeat period in the A2C views.
Alternatively, it is acceptable, for example, to configure the
image obtaining unit 17« so as to obtain a plurality of pairs of
moving image data for a one-heartbeat period having substan-
tially equal R-R intervals, from moving image data of A4C
views for a multiple-heartbeat period and from moving image
data of A2C views for a multiple-heartbeat period and so as to
output the obtained pairs of moving image data to the contour
position obtaining unit 175. In that situation, the volume
information calculating unit 17¢ calculates volume informa-
tion for each of the pairs.

[0143] By using the present modification example, it is
possible to automate the process to select the moving image
data serving as the analyzed target. It is therefore possible to
further reduce the burden on the operator required during the
volume information calculating process. The processes
explained in the second embodiment and the modification
examples described above is applicable to a situation where
the volume information is calculated by using the “biplane
area-length method”, instead of the “modified-Simpson’s
method”.

[0144] As a third embodiment, an example in which a tem-
poral change curve of the volume is calculated as volume
information will be explained.

[0145] The image processing unit 17 according to the third
embodiment has the same configuration as that of the image
processing unit 17 according to the first embodiment shown
in FIG. 4. In other words, the image processing unit 17
according to the third embodiment includes the image obtain-
ing unit 174, the contour position obtaining unit 175, the
volume information calculating unit 17¢, and the detecting
unit 174 that are configured to perform the processes
explained in the first embodiment, the modification examples
thereof, the second embodiment, and the modification
examples thereof. However, in the third embodiment, in addi-
tion to EDV, ESV, EF, the myocardial mass, and the like, the
volume information calculating unit 17¢ further calculates
time-series data of volume information (a temporal change
curve of the volume information) on the basis of pieces of a
plurality of time-series data of contour positions. In this situ-
ation, the volume information calculating unit 17¢ calculates
the time-series data of the volume information by using either
the “modified-Simpson’s method” or the “biplane area-
length method”. After that, the controlling unit 18 causes the
temporal change curve of the volume information to be out-
put.

[0146] For example, the volume information calculating
unit 17¢ calculates a temporal change curve of the volume of
the left ventricular cavity interior, from pieces of a plurality of
time-series data of contour positions. Alternatively, for
example, the volume information calculating unit 17¢ calcu-
lates a temporal change curve of the myocardial mass from
pieces of a plurality of time-series data of contour positions.
In this situation, if incompressibility of the myocardium is
assumed, the temporal change in values of the myocardial
mass within a cardiac cycle is small. Thus, it is appropriate to
use a valuein an end-diastolic phase as a representative value.
However, in the third embodiment, because the time-series
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data of the volume information is calculated and output, it is
also a good idea to output the temporal change curve of the
myocardial mass for the purpose of analyzing the myocardial
mass in detail.

[0147] When calculating the temporal change curve of the
volume information described above, however, the volume
information calculating unit 17¢ needs to calculate a value of
the volume for a period of at least one heartbeat in each of all
the cardiac phases. In this situation, when pieces of moving
image data on a plurality of cross-sectional planes are
acquired at the same time by performing a simultaneous scan
on a plurality of cross-sectional planes (e.g., an A4C view and
an A2C view) by using a 2D array probe, the volume infor-
mation calculating unit 17¢ is able to calculate values of the
volume in mutually the same cardiac phase, on the basis of the
pieces of moving image data. However, when a plurality of
pieces of moving image data acquired in mutually-different
time phases by using a 1D array probe are used, there is a
possibility that the pieces of moving image data may not
contain pieces of image data that are in mutually the same
cardiac phase. In other words, one-heartbeat periods may be
different among the plurality of pieces of moving image data
due to variations in the heartbeats. In addition, between a
plurality of pieces of moving image data taken on mutually-
different cross-sectional planes, the frame rate setting may be
different among the plurality pieces of moving image data,
due to variations in conditions such as the scanning angle, or
the like. To cope with these situations, in the third embodi-
ment, when calculating a value of the volume on the basis of
contour information in a certain cardiac phase, it is necessary
to, in consideration of these temporal variation factors, cal-
culate the volume after temporally interpolating the contour
position in a piece of image data having the same time phase
as another piece of image data, among the group of moving
image data.

[0148] Thus, in the third embodiment, when calculating
temporal change information of the volume information, the
contour position obtaining unit 174 performs a temporal
interpolation process to correct each of the pieces of the
plurality of time-series data of contour positions, so as to
obtain synchronized pieces of time-series data that have con-
tour positions in substantially mutually-the-same time phase.
Examples of interpolating methods include the following two
methods. FIGS. 16 and 17 are drawings for explaining the
contour position obtaining unit according to the third embodi-
ment.

[0149] First, a first interpolating method will be explained
with reference to FIG. 16. In the example illustrated in FIG.
16, it is assumed that the frame interval of the moving image
data of A4C viewsis “dT1”, whereas the frame interval of the
moving image data of A2C views is “dT2” (where dT2<dT1)
(see the upper chart in FIG. 16).

[0150] According to the first interpolating method, as
shown in the lower chart in FIG. 16, for example, the contour
position obtaining unit 175 aligns the starting points of the
time-series data of the contour positions in the A4C views and
the time-series data of the contour positions in the A2C views,
with an R-wave time phase, which is used as a reference
phase. Alternatively, a P-wave phase, which corresponds to
the beginning ofa contraction of an atrium, may be used as the
reference phase.

[0151] For example, the contour position obtaining unit
17b determines the time-series data of the contour positions
in the A4C view, which has a longer frame interval, to be a
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target of the interpolation process. After that, the contour
position obtaining unit 175 calculates, by performing an
interpolation process, a contour position in an A4C view in
the same time phase (the same elapsed time period since the
R-wave time phase) as the contour position in the A2C views
obtained at the “dT2” interval, by using contour positions in
A4C views obtained near the same time phase (the elapsed
time period) (see the oval with a broken line in the lower chart
in FIG. 16). In the example shown in the lower chart in FIG.
16, by performing the interpolation process, the contour posi-
tion obtaining unit 175 calculates a contour position in the
time phase indicated with one block dot on the basis of the
two contour positions obtained in the time phases indicated
with two white dots. As a result, the contour position obtain-
ing unit 175 generates time-series data of the contour posi-
tions in the A4C views having a temporal resolution “dT2”,
which is the same as that of the time-series data of the contour
positions in the A2C views. Consequently, the contour posi-
tion obtaining unit 175 is able to arrange the time-series data
of the contour positions in the A4C views and the time-series
data of the contour positions in the A2C views to be the
synchronized pieces of time-series data.

[0152] In contrast, according to a second interpolating
method, the contour position obtaining unit 175 relatively
matches the intervals in a reference time phase between the
time-series data of the contour positions in the A4C views and
the time-series data of the contour positions in the A2C views.
For example, according to the second interpolating method,
as shown in FIG. 17, the time-series data of the contour
positions in the A4C views is arranged to be time-series data
assuming the R-R interval of the subject P during the acqui-
sition of the A4C views to be 100%. Furthermore, according
to the second interpolating method, as shown in FIG. 17, the
time-series data of the contour positions in the A2C views is
arranged to be time-series data assuming the R-R interval of
the subject P during the acquisition of the A2C views to be
100%. Furthermore, the contour position obtaining unit 175
sets a plurality of relative elapsed time periods (e.g., 5%,
10%, 15%, 20%, and so on) obtained by dividing the time
period in the reference time phase assumed to be 100% into
sections of a predetermined length.

[0153] After that, with regard to the time-series data of the
contour positions in the A4C views, the contour position
obtaining unit 175 calculates, by performing an interpolation
process, a contour position in each of the relative elapsed time
periods, while using the contour position in an A4C view
obtained near each of the relative elapsed time periods. With
regard to the time-series data of the contour positions in the
A2C views, the contour position obtaining unit 175 calcu-
lates, by performing an interpolation process, a contour posi-
tion in each of the relative elapsed time periods, while using
the contour position in an A2C view obtained near each of the
relative elapsed time periods.

[0154] Subsequently. to convert the relative elapsed time
periods (%) into absolute time periods (milliseconds), the
contour position obtaining unit 175 multiplies the relative
elapsed time periods (%) by “the R-R interval during the
acquisition ofthe A4C views/100” or “the R-R interval during
the acquisition of the A2C views/100”. Alternatively, the
contour position obtaining unit 175 may multiply the relative
elapsed time periods (%) by “(an average of the R-R interval
during the acquisition of the A4C view and the R-R interval
during the acquisition of the A2C views)/100”. As a result, the
contour position obtaining unit 175 is able to arrange the
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time-series data of the contour positions in the A4C views and
the time-series data of the contour positions in the A2C views
to be the synchronized pieces of time-series data.

[0155] Consequently, the volume information calculating
unit 17¢ is able to calculate, for example, volumes of the
cavity interior in mutually the same time phase or myocardial
masses in mutually the same time phase.

[0156] Next, a process performed by the ultrasound diag-
nosis apparatus according to the third embodiment will be
explained, with reference to FIG. 18. FIG. 18 is a flowchart
for explaining an example of the process performed by the
ultrasound diagnosis apparatus according to the third
embodiment. FIG. 18 illustrates a process that is triggered
when pieces of time-series data of contour positions on all of
the plurality of cross-sectional planes have been obtained as a
result of the process explained in the first embodiment or the
second embodiment.

[0157] Asshownin FIG. 18, the ultrasound diagnosis appa-
ratus according to the third embodiment judges whether P(1,
t) to P(N,t) have been obtained (step S401). In this situation,
if P(1,t) to P(N,t) have not all been obtained (step S401: No),
the ultrasound diagnosis apparatus stands by until the time-
series data of the contour positions on all of the plurality of
cross-sectional planes have been obtained.

[0158] On the contrary, if P(1,t) to P(N,t) have all been
obtained (step S401: Yes), the contour position obtaining unit
175 performs an interpolation process by using either the first
interpolating method or the second interpolating method
(step S402). After that, the volume information calculating
unit 17¢ calculates time-series data V(t) of volume informa-
tion on the basis of P(1,t) to P(N,t), by using an ES time phase
of each of P(1,t) to P(N,t) detected by the detecting unit 174
(step S403). After that, the controlling unit 18 exercises con-
trol so that the time-series data V(t) of the volume information
is output (step S404), and the process ends.

[0159] As explained above, according to the third embodi-
ment, it is possible to calculate the time-series data of the
volume information with an excellent level of precision, by
performing the interpolation process on the contour posi-
tions.

[0160] As a fourth embodiment, with reference to FIGS. 19
and 20, an example will be explained in which wall motion
information is further calculated by using the time-series data
of the contour positions on the plurality of cross-sectional
planes. FIG. 19 is a block diagram of an exemplary configu-
ration of an image processing unit according to the fourth
embodiment. FIG. 20 is a drawing of an example of informa-
tion that is output according to the fourth embodiment.
[0161] As shown in FIG. 19, the image processing unit 17
according to the fourth embodiment further includes a wall
motion information calculating unit 17e, being different from
the image processing unit 17 according to the first embodi-
ment shown in FIG. 4. In other words, the image processing
unit 17 according to the fourth embodiment includes the
image obtaining unit 174, the contour position obtaining unit
175, the volume information calculating unit 17¢, and the
detecting unit 174 that are configured to perform the pro-
cesses explained in the first to the third embodiments and the
modification examples thereof, and also includes the wall
motion information calculating unit 17e.

[0162] Generally speaking, during the 2DT process, infor-
mation abouta strainin a myocardium and the like is obtained
as wall motion information. It is desirable if such wall motion
information is output as a temporal change curve. In the

Feb. 5, 2015

fourth embodiment, by utilizing the configuration described
in the first to the third embodiments where it is possible to
track the contour positions by performing the 2DT process,
the wall motion information is obtained at the same time and
is output at the same time as the volume information.

[0163] More specifically, the wall motion information cal-
culating unit 17e shown in FIG. 19 calculates wall motion
information of a predetermined site, on the basis of pieces of
a plurality of time-series data of contour positions. After that,
the controlling unit 18 exercises control so that the volume
information and the wall motion information are output.
[0164] More specifically, the wall motion information cal-
culating unit 17¢ calculates at least one of the following as the
wall motion information: a local strain; a local displacement;
a rate of temporal changes in a local strain (a “strain rate”); a
rate of temporal changes in a local displacement (a “veloc-
ity”); an overall strain; an overall displacement; a rate of
temporal changes in an overall strain; and a rate of temporal
changes in an overall displacement. For example, the wall
motion information calculating unit 17e calculates wall
motion information in an ES time phase, on the basis of a
contour position in the ES time phase detected by the detect-
ing unit 174 explained in the first embodiment. Alternatively,
the wall motion information calculating unit 17e may calcu-
late time-series data of the wall motion information. When the
wall motion information calculating unit 17e calculates the
time-series data of the wall motion information, the contour
position obtaining unit 175 corrects the pieces of time-series
data of the contour positions each of which corresponds to a
different one of the plurality of cross-sectional planes, so as to
obtain synchronized pieces of time-series data by performing
the interpolation process explained in the third embodiment.
[0165] For example, on the basis of a result of a 2DT pro-
cess performed on the inner layer and the outer layer on an
A4C cross-sectional plane and an A2C cross-sectional plane,
the wall motion information calculating unit 17e calculates,
as the wall motion information, a local strain in a longitudinal
direction (LS), a local strain in a circumferential direction
(CS), and a local strain in a wall-thickness (radial) direction
(RS). Alternatively, for example, on the basis of a result of a
2DT process performed on the inner layer and the outer layer
on an A4C cross-sectional plane and an A2C cross-sectional
plane, the wall motion information calculating unit 17e cal-
culates, as the wall motion information, an overall strain by
averaging the local strains on the A4C cross-sectional plane
and the A2C cross-sectional plane described above. Further-
more, the wall motion information calculating unit 17e cal-
culates a rate of temporal changes in the local strain and a rate
of temporal changes in the overall strain.

[0166] For example, on the basis of a result of the 2DT
process performed on the inner layer and the outer layer on an
A4C cross-sectional plane or an A2C cross-sectional plane,
the wall motion information calculating unit 17e calculates,
as the wall motion information, a regional longitudinal dis-
placement (LD) and a regional radial(wall-thickness direc-
tion) displacement(RD). Alternatively, for example, on the
basis of a result of the 2DT process performed on the inner
layer and the outer layer on an A4C cross-sectional plane and
an A2C cross-sectional plane, the wall motion information
calculating unit 17e calculates, as the wall motion informa-
tion, an overall displacement by averaging the local displace-
ments on the A4C cross-sectional plane and the A2C cross-
sectional plane described above. Furthermore, the wall
motion information calculating unit 17¢ calculates a rate of
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temporal changes in the local displacement (a local myocar-
dial velocity) and a rate of temporal changes in the overall
displacement (an overall myocardial velocity). When the dis-
placements are used as the wall motion information, the wall
motion information calculating unit 17e may calculate a mov-
ing distance of a tracking point (an absolute displacement
(AD)) in a time phase other than a reference time phase (e.g.,
an R-wave), with respect to the position of the tracking point
in the reference time phase.

[0167] One or more types of wall motion information to be
calculated by the wall motion information calculating unit
17¢ are specified by the operator. Alternatively, one or more
types of wall motion information to be calculated by the wall
motion information calculating unit 17e may be initially set
according to a state stored in a system.

[0168] In this situation, under the control of the controlling
unit 18, as shown in FIG. 20 for example, the volume infor-
mation calculating unit 17¢ generates a temporal change
curve of the volume (volume (mL)) of the cavity interior.
Furthermore, as shown in FIG. 20 for example, the wall
motion information calculating unit 17e generates a temporal
change curve ofthe LS (%). Furthermore, under the control of
the controlling unit 18, as shown in FIG. 20 for example, the
volume information calculating unit 17¢, the wall motion
information calculating unit 17¢, or the image generating unit
14 generates a chart in which the temporal change curve of the
volume of the cavity interior and the temporal change curve of
the LS are superimposed together.

[0169] After that, the controlling unit 18 causes the monitor
2 to display a chart illustrated in FIG. 20, for example. The
result of the volume measuring process using the plurality of
cross-sectional planes indicated in the chart in FIG. 20 is
mainly used for assuring the precision level of an estimated
volume in a medical case exhibiting a local wall motion
abnormality that often involves a local shape deformation.
Furthermore, the result of the myocardial strain measuring
process indicated in the chart in FIG. 20 is used as an index for
evaluating the degree of wall motion abnormalities with
ischemic heart diseases or diseases involving asynchrony. As
a result of the concurrent display of the volume information
and the strain information in the chart shown in FIG. 20, the
operator is able to make a more detailed diagnosis of cardiac
functions easily and accurately than in the situation where
only the volume information is output.

[0170] As another example, according to the fourth
embodiment, under the control of the controlling unit 18,
either the volume information calculating unit 17¢ or the wall
motion information calculating unit 17¢ may, as shown in
FIG. 20, calculate a time difference (see “dt” in FIG. 20)
between a peak of the volume (the minimum volume) and a
peak of the strain (the minimum of the LS). from the chart
showing the two temporal change curves obtained in mutu-
ally the same cardiac phase. In that situation, the controlling
unit 18 also outputs the time difference “dt” between the two
peak times, together with the chart. It is possible to calculate
the temporal change curves of the volume and the wall motion
information and the time difference between the peak times
shown in FIG. 20, at each of different times such as before a
treatment, after the treatment, and when regular medical
examinations are performed after the treatment. By making a
comparison of these results during a treatment process, the
operator is able to make use of the information for judging the
effectiveness of the treatment.
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[0171] Next, a process performed by the ultrasound diag-
nosis apparatus according to the fourth embodiment will be
explained, with reference to FIG. 21. FIG. 21 is a flowchart
for explaining an example of the process performed by the
ultrasound diagnosis apparatus according to the fourth
embodiment. FIG. 21 illustrates a process that is triggered
when pieces of time-series data of contour positions on all of
the plurality of cross-sectional planes have been obtained as a
result of the process explained in the first embodiment or the
second embodiment. Furthermore, in FIG. 21, an example in
which time-series data is calculated as the wall motion infor-
mation is explained.

[0172] Asshownin FIG. 21, the ultrasound diagnosis appa-
ratus according to the fourth embodiment judges whether
P(1,t) to P(N,t) have been obtained (step S501). In this situ-
ation, if P(1,t) to P(N,t) have not all been obtained (step S501:
No), the ultrasound diagnosis apparatus stands by until the
time-series data of the contour positions on all of the plurality
of cross-sectional planes have been obtained.

[0173] On the contrary, if P(1,t) to P(N,t) have all been
obtained (step S501: Yes), the contour position obtaining unit
176 performs an interpolation process by using either the first
interpolating method or the second interpolating method
(step S502). After that, the volume information calculating
unit 17¢ calculates time-series data V(t) of volume informa-
tion on the basis of P(1,t) to P(N.t), by using an ES time phase
of each of P(1,t) to P(N,t) detected by the detecting unit 174
(step S503).

[0174] Furthermore, the wall motion information calculat-
ing unit 17e calculates time series data S(t) of wall motion
information on the basis of P(1,t) to P(N,t), by using the ES
time phase of each of P(1,t) to P(N,t) detected by the detecting
unit 17d (step S504). Subsequently, the wall motion informa-
tion calculating unit 17e calculates a time difference between
a peak time of the volume and a peak time of the wall motion
information (step S505).

[0175]  After that, the controlling unit 18 exercises control
so that V(t), S(t), and the time difference are output (step
S506), and the process ends.

[0176] As explained above, according to the fourth
embodiment, the wall motion information and the informa-
tion (the time difference) that can be detected from the vol-
ume information and the wall motion information are output,
together with the volume information. Thus, the operator is
able to easily obtain the various types of information that are
important and have a high level of precision to be used in a
diagnosis process of heart diseases.

[0177] Theimage processing methods explained in the first
to the fourth embodiments and the modification examples
thereof are applicable to situations where an organ (e.g., the
liver) other than the heart or a tumor occurring in an organ is
used as the target of which the volume information is calcu-
lated. In those situations, it is possible to automatically track
the position of the tumor by performing the 2DT process,
even if the tumor moves in the images due to pulsation or
respiration. As a result, it is possible to accurately evaluate the
state of changes in the volume with respect to the entire tumor
oraspecific site in the tumor, during a one-heartbeat period or
a multiple-heartbeat period, without being influenced by the
moving of the position.

[0178] Theimage processing methods explained in the first
to the fourth embodiments and the modification examples
thereof may be implemented by using a plurality of groups of
two-dimensional medical image data each of which is taken
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on a different one of a plurality of predetermined cross-
sectional planes, in a time period equal to or longer than one
heartbeat, while employing a medical image diagnosis appa-
ratus (e.g., an X-ray Computer Tomography (CT) apparatus,
a Magnetic Resonance Imaging (MRI) apparatus) other than
the ultrasound diagnosis apparatus. In other words, because it
is possible to perform the 2DT process using the pattern
matching process on two-dimensional X-ray CT image data
or two-dimensional MRI image data, the image processing
methods explained in the first to the fourth embodiments and
the modification examples thereof may be implemented by a
medical image diagnosis apparatus other than the ultrasound
diagnosis apparatus.
[0179] Furthermore, the image processing methods
explained in the first to the fourth embodiments and the modi-
fication examples therecof may be implemented by an image
processing apparatus that is provided independently of a
medical image diagnosis apparatus. In that situation, the
image processing apparatus implements any of the image
processing methods described above after receiving a plural-
ity of groups of two-dimensional medical image data received
from the medical image diagnosis apparatus, from a database
of a Picture Archiving and Communication System (PACS),
or from a database of an electronic medical record system.
[0180] Furthermore, it is possible to realize any of the
image processing methods explained in the first to the fourth
embodiments and the modification examples thereof, by
causing a computer such as a personal computer or a work-
station to execute an image processing computer program
(hereinafter, the “image processing program”) prepared in
advance. It is possible to distribute the image processing
program via a network such as the Internet. Furthermore, it is
also possible to record the image processing program onto a
computer-readable non-transitory recording medium such as
ahard disk, a flexible disk (FD), a Compact Disk Read-Only
Memory (CD-ROM), a Magneto-optical (MO) disk, a Digital
Versatile Disk (DVD), or a flash memory such as a Universal
Serial Bus (USB) memory or a Secure Digital (SD) card
memory, so that a computer reads the image processing pro-
gram from the non-transitory recording medium and executes
the read program.
[0181] As explained above, according to an aspect of the
first to the fourth embodiments and the modification
examples thereof, it is possible to easily obtain the measured
results of the volume information having a high level of
precision.
[0182] 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 inventions.
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 depart-
ing from the spirit of the inventions. The accompanying
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:
an image obtaining unit configured to obtain a plurality of
groups of two-dimensional ultrasound image data each
of which is generated by performing ultrasound scans,
with the ultrasound scans being performed on each of a
plurality of predetermined cross-sectional planes, and
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with the ultrasound scans being performed for predeter-
mined time periods equal to or longer than one heart-
beat;

a contour position obtaining unit configured to obtain, by
performing a tracking process including a two-dimen-
sional pattern matching process over the predetermined
time period, time-series data of contour positions, the
contour positions being either one of, or both of. a cavity
interior and a cavity exterior of a predetermined site
included in each of the plurality of groups of two-dimen-
sional ultrasound image data;

a volume information calculating unit configured to calcu-
late, on a basis of a plurality of the time-series data of
contour positions, volume information of the predeter-
mined site, with each of the time-series data being
obtained from each of the plurality of groups of the
two-dimensional ultrasound image data; and

a controlling unit configured to exercise control so as to
output the volume information.

2. The ultrasound diagnosis apparatus according to claim

1, further comprising: a wall motion information calculating
unit configured to calculate, on a basis of the plurality of the
time-series data of the contour positions, wall motion infor-
mation of the predetermined site, wherein

the controlling unit exercises control in order to output the
volume information and the wall motion information.

3. The ultrasound diagnosis apparatus according to claim
1, wherein

the contour position obtaining unit obtains the contour
positions of at least one selected from ventricles and
atria of a heart serving as the predetermined site, and

the volume information calculating unit calculates, as the
volume information, at least one of the following:
numerical information about an end-diastolic volume;
numerical information about an end-systolic volume;
numerical information about an ejection fraction;
numerical information about a myocardial mass; and a
temporal change curve of a volume.

4. The ultrasound diagnosis apparatus according to claim
3, further comprising: an input unit configured to receive a
setting of an end-systolic phase, wherein

the volume information calculating unit selects, on a basis
of information about the setting received by the input
unit, on a basis of each of the pieces of the plurality of
time-series data of contour positions, a contour position
in an end-systolic phase, and calculates, by using the
selected contour positions, the volume information
based on the end-systolic phase.

5. The ultrasound diagnosis apparatus according to claim
3, further comprising: a detecting unit configured to detect,
from each of the pieces of the plurality of time series data of
contour positions, as an end-systolic phase, a phase in which
the volume information is either smallest or largest, wherein

the volume information calculating unit selects, from each
of the pieces of the plurality of time-series data contour
positions, on a basis of the phase detected as the end
systolic phase by the detecting unit, a contour position in
an end-systolic phase and calculates, by using the
selected contour positions, the volume information
obtained from the end-systolic phase.

6. The ultrasound diagnosis apparatus according to claim
5, wherein the detecting unit further detects a time phase
difference, with the time phase difference being a difference
in the end-systolic phases and with the end-systolic phases
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being detected at each pieces of the plurality of the time-series
data of the contour positions, and

the controlling unit performs at least one of the following:

a display controlling process to cause the time phase
difference to be displayed; and a notification controlling
process to cause a notification to be issued if the time
phase difference exceeds a predetermined value.

7. The ultrasound diagnosis apparatus according to claim
5, further comprising: an input unit configured to accept, from
an operator who has referred to the end-systolic phase
detected by the detecting unit in the time-series data of the
contour positions, a change of the end-systolic phase,
wherein

the volume information calculating unit re-calculates, on a

basis of an end-systolic phase resulting from the change
received by the input unit, the volume information.

8. The ultrasound diagnosis apparatus according to claim 1
further comprising: a detecting unit configured to detect a
time period difference that is a difference in one-heartbeat
periods between the plurality of groups of two-dimensional
ultrasound image data, wherein

the controlling unit performs at least one of the following:

a display controlling process to cause the time period
difference to be displayed; and a notification controlling
process to cause a notification to be issued if the time
period difference exceeds a predetermined value.

9. The ultrasound diagnosis apparatus according to claim
1, wherein, when temporal change information about a vol-
ume is calculated as the volume information, the contour
position obtaining unit performs a temporal interpolation pro-
cess to correct each of the pieces of the plurality of time-series
data of contour positions so as to obtain synchronized pieces
of time-series data that have contour positions in a substan-
tially mutually-same time phase.

10. The ultrasound diagnosis apparatus according to claim
1, wherein

the contour position obtaining unit obtains, from each of

the plurality of groups of two-dimensional ultrasound
image data, by performing a tracking process on each of
the plurality of groups of two-dimensional ultrasound
image data over a time period of the multiple consecu-
tive heartbeats, a piece of time-series data of contour
positions corresponding to multiple heartbeats,

the volume information calculating unit calculates volume

information corresponding to multiple heartbeats on a
basis of the pieces of time-series data of the contour
positions corresponding to the multiple heartbeats, with
each of the pieces of time-series data of the contour
positions being obtained from the plurality of groups of
two-dimensional ultrasound image data and

the volume information calculating unit further calculates

average volume information by averaging the calculated
volume information corresponding to the multiple heart-
beats, and

the controlling unit exercises control so as to output the

average volume information.

11. The ultrasound diagnosis apparatus according to claim
1, wherein the volume information calculating unit calculates
the volume information by implementing either a disc sum-
mation method or an area-length method used for estimating
a volume on a basis of two-dimensional image data on a
plurality of cross-sectional planes.

12. The ultrasound diagnosis apparatus according to claim
11, further comprising: a detecting unit configured to detect a
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long-axis difference by using the pieces of the plurality of
time seties data of contour positions, the long-axis difference
being a difference in long-axis lengths between the plurality
of groups of two-dimensional ultrasound image data that are
used in either the disc summation method or the area-length
method, wherein

the controlling unit performs at least one of the following:
a display controlling process to cause the long-axis dif-
ference to be displayed; and a notification controlling
process to cause a notification to be issued if the long-
axis difference exceeds a predetermined value.

13. The ultrasound diagnosis apparatus according to claim

2, wherein the wall motion information calculating unit cal-
culates at least one of the following as the wall motion infor-
mation: a local strain; alocal displacement; a rate of temporal
changes in a local strain; a rate of temporal changes in a local
displacement; an overall strain; an overall displacement; a
rate of temporal changes in an overall strain; and a rate of
temporal changes in an overall displacement.

14. The ultrasound diagnosis apparatus according to claim

1, wherein the image obtaining unit obtains groups of two-
dimensional ultrasound image data having substantially
equal one-heartbeat periods, by obtaining one group from
each of the plurality of groups of two-dimensional ultrasound
image data.

15. An image processing apparatus comprising;

an image obtaining unit configured to obtain a plurality of
groups of two-dimensional medical image data each of
which is taken on a different one of a plurality of prede-
termined cross-sectional planes for predetermined time
periods equal to or longer than one heartbeat;

a contour position obtaining unit configured to obtain, by
performing a tracking process including a two-dimen-
sional pattern matching process over the predetermined
time period, time-series data of contour positions, the
contour positions being either one of, or both of, a cavity
interior and a cavity exterior of a predetermined site
included in each of the plurality of groups of two-dimen-
sional medical image data;

a volume information calculating unit configured to calcu-
late, on a basis of the pieces of the plurality of time-series
data of contour positions, volume information of the
predetermined site, with each of the time-series data
being obtained from each of the plurality of groups of the
two-dimensional medical image data ; and

a controlling unit configured to exercise control so as to
output the volume information.

16. An image processing method comprising:

a process performed by an image obtaining unit to obtain a
plurality of groups of two-dimensional medical image
data each of which is taken on a different one of a
plurality of predetermined cross-sectional planes for
predetermined time periods equal to or longer than one
heartbeat;

aprocess performed by a contour position obtaining unit to
obtain, by performing a tracking process including a
two-dimensional pattern matching process over the pre-
determined time period, time-series data of contour
positions, the contour positions being either one of, or
both of, a cavity interior and a cavity exterior of a pre-
determined site included in each of the plurality of
groups of two-dimensional medical image data;

a process performed by a volume information calculating
unit to calculate, on a basis of the pieces of the plurality
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of time-series data of contour positions, volume infor-
mation of the predetermined site, with each of the time-
series data being obtained from each of the plurality of
groups of the two-dimensional medical image data; and

a process performed by a controlling unit to exercise con-
trol so as to output the volume information.
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An ultrasonic diagnostic apparatus according to an embodi-
ment includes an image obtaining unit, a contour position
obtaining unit, a volume information calculating unit, and a
controlling unit. The image obtaining unit obtains a plurality
of groups of two-dimensional ultrasound image data each of
which is generated by performing ultrasound scans, the ultra-
sound scans being performed on each of a plurality of prede-
termined cross-sectional planes, and performed for predeter-
mined time. The contour position obtaining unit obtains, by
performing a tracking process over the predetermined time
period, time-series data of contour positions, the contour
positions being either one of, or both of, a cavity interior and
a cavity exterior of a predetermined site. The volume infor-
mation calculating unit calculates, on a basis of a plurality of
the time-series data of contour positions, volume information
of the predetermined site. The controlling unit exercises con-
trol so as to output the volume information.
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