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ULTRASONIC DIAGNOSTIC APPARATUS
AND CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2015-100402, filed on May 15, 2015; the entire contents of
which are incorporated herein by reference.

FIELD Embodiments described herein relate
generally to an ultrasonic diagnostic apparatus and
a control method.

BACKGROUND

[0002] Conventionally, in echocardiography with an ultra-
sonic diagnostic apparatus, cardiac function evaluation of
various types using apical long axis images (apical four-
chamber view (A4C) image, apical two-chamber view
(A2C) image, and the like) that are provided by two-
dimensional ultrasonic scanning has been performed. The
cardiac function evaluation is performed by a method using,
as indicators, volume information (end diastolic volume
(EDV), end systolic volume (ESV), or ejection fraction
(EF)) of a left ventricle by a modified Simpson method and
global longitudinal strain (GLS) information provided by a
Speckle Tracking method, for example. To be specific, effect
determination, cardiotoxicity evaluation, and the like of
medication are performed using the EF and the GLS. For
example, for cases for which the cardiac function evaluation
is performed, variation of the cardiac function is diagnosed
by following up the above-mentioned indicators for a long
period of time. Diagnosis by accurately detecting a small
variation of the cardiac function is required depending on
cases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is an exemplary block diagram illustrating
an example of the configuration of an ultrasonic diagnostic
apparatus according to a first embodiment;

[0004] FIG. 2 is an exemplary view for explaining pro-
cessing of a calculation function in the first embodiment;
[0005] FIG. 3 is an exemplary view for explaining pro-
cessing of an output control function in the first embodi-
ment;

[0006] FIG. 4 is an exemplary flowchart illustrating pro-
cessing procedures the ultrasonic diagnostic apparatus in the
first embodiment;

[0007] FIG. 5 is an exemplary view for explaining pro-
cessing of an output control function according to a modi-
fication of the first embodiment;

[0008] FIG. 6 is an exemplary view for explaining pro-
cessing of an output control function according to a second
embodiment;

[0009] FIG. 7 is an exemplary flowchart illustrating pro-
cessing procedures by an ultrasonic diagnostic apparatus in
the second embodiment;

[0010] FIG. 8 is an exemplary view for explaining pro-
cessing of an output control function according to a third
embodiment;

[0011] FIG. 9 is an exemplary flowchart illustrating pro-
cessing procedures by an ultrasonic diagnostic apparatus in
the third embodiment;
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[0012] FIG. 10 is an exemplary view for explaining pro-
cessing of an output control function according to a modi-
fication of the third embodiment;

[0013] FIG. 11 is an exemplary block diagram illustrating
an example of the configuration of an ultrasonic diagnostic
apparatus according to a fourth embodiment; and

[0014] FIG. 12 is an exemplary flowchart illustrating
processing procedures by the ultrasonic diagnostic apparatus
in the fourth embodiment.

DETAILED DESCRIPTION

[0015] An ultrasonic diagnostic apparatus according to an
embodiment comprises an ultrasonic probe, image genera-
tion circuitry, and processing circuitry. The ultrasonic probe
performs ultrasonic scanning on a two-dimensional region
of a subject. The image generation circuitry generates ultra-
sonic image data corresponding to the two-dimensional
region. The processing circuitry calculates a characteristic
amount of a structure that is detected from each of a plurality
of pieces of ultrasonic image data generated by the ultra-
sonic scanning at different positions. The processing cir-
cuitry outputs information based on a comparison result of
the calculated characteristic amounts.

[0016] The following describes the ultrasonic diagnostic
apparatus and a control program according to embodiments
with reference to the accompanying drawings.

First Embodiment

[0017] FIG. 1is a block diagram illustrating an example of
the configuration of an ultrasonic diagnostic apparatus 1
according to a first embodiment. As illustrated in FIG. 1, the
ultrasonic diagnostic apparatus 1 in the first embodiment
comprises an ultrasonic probe 11, an input device 12, a
display 13, an electrocardiograph 14, and an apparatus main
body 100. The ultrasonic probe 11 is connected to transmis-
sion/reception circuitry 110 in the apparatus main body 100,
which will be described later, in a communicable manner.
The input device 12, the display 13, and the electrocardio-
graph 14 are connected to circuitry of various types that are
in the apparatus main body 100 in a communicable manner.

[0018] The ultrasonic probe 11 is brought into contact with
a body surface of a subject P and transmits and receives
ultrasonic waves. For example, the ultrasonic probe 11
comprises a plurality of piezoelectric transducer elements.
These piezoelectric transducer elements generate the ultra-
sonic waves based on a driving signal that is supplied from
the transmission/reception circuitry 110. The generated
ultrasonic waves are reflected by tissues in the body of the
subject P and are received by the piezoelectric transducer
elements as reflected wave signals. The ultrasonic probe 11
transmits the reflected wave signals received by the piezo-
electric transducer elements to the transmission/reception
circuitry 110.

[0019] The ultrasonic probe 11 in the first embodiment
performs ultrasonic scanning on a two-dimensional region.
For example, the ultrasonic probe 11 is a one-dimensional
(1D) array probe in which the piezoelectric transducer
elements are arranged one-dimensionally. The ultrasonic
probe 11 performs the ultrasonic scanning in a state of being
brought into contact with the body surface at a position (near
the chest) capable of providing an apical approach image
(apical four-chamber view (A4C) image, apical two-cham-



US 2016/0331349 A1

ber view (A2C) image, or the like) by scanning. An operator
appropriately changes a position and an angle of the ultra-
sonic probe 11.

[0020] The input device 12 corresponds to a mouse, a
keyboard, a button, a panel switch, a touch command screen,
a foot switch, a track ball, or a joystick, for example. The
input device 12 receives setting requests of various types
from the operator of the ultrasonic diagnostic apparatus 1
and appropriately transfers the received setting requests of
various types to the circuitry of the apparatus main body
100.

[0021] The display 13 displays a graphical user inter ace
(GUI) for enabling the operator to input the setting requests
of various types using the input device 12, an image (ultra-
sonic image) based on the ultrasonic image data generated
by the apparatus main body 100, and the like.

[0022] The electrocardiograph 14 acquires an electrocar-
diogram (ECG) of the subject as an electrocardiogram signal
of the subject P for which the ultrasonic scanning is pet-
formed. The electrocardiograph 14 appropriately transmits
the acquired electrocardiogram to the circuitry of the appa-
ratus main body 100.

[0023] The apparatus main body 100 is a device that
generates the ultrasonic image data based on the reflected
wave signals received by the ultrasonic probe 11. As illus-
trated FIG. 1, the apparatus main body 100 comprises the
transmission/reception circuitry 110, B-mode processing
circuitry 120, Doppler processing circuitry 130, an image
generation circuitry 140, an image memory 150, storage
circuitry 160, and processing circuit 170. The transmission/
reception circuitry 110, the B-mode processing circuitry
120, the Doppler processing circuitry 130, the image gen-
eration circuitry 140, the image memory 150, the storage
circuitry 160, and the processing circuitry 170 are connected
to one another in a communicable manner.

[0024] The transmission/reception circuitry 110 controls
transmission and reception of the ultrasonic waves by the
ultrasonic probe 11. For example, the transmission/reception
circuitry 110 controls the transmission and reception of the
ultrasonic waves that are performed by the ultrasonic probe
11 based on instructions from the processing circuitry 170,
which will be described later. The transmission/reception
circuitry 110 applies the driving signal (driving pulse) to the
ultrasonic probe 11 so as to cause the ultrasonic probe 11 to
transmit ultrasonic beams formed by collecting the ultra-
sonic waves in a beam form. The transmission/reception
circuitry 110 performs addition processing by applying
predetermined delay times to the reflected wave signals
received by the ultrasonic probe 11 so as to generate
reflected wave data with an enhanced reflection component
from a direction in accordance with reception directivity of
the reflected wave signals and transmits the generated
reflected wave data to the B-mode processing circuitry 120
and the Doppler processing circuitry 130.

[0025] The B-mode processing circuitry 120 performs
pieces of signal processing of various types on the reflected
wave data that the transmission/reception circuitry 110 has
generated from the reflected wave signals. The B-mode
processing circuitry 120 performs logarithmic amplification,
envelope detection processing, and the like on the reflected
wave data received from the transmission/reception circuitry
110 so as to generate data (B-mode data) representing a
signal intensity for each sampling point (observation point)
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by a luminance. The B-mode processing circuitry 120 trans-
mits the generated B-mode data to the image generation
circuitry 140.

[0026] The Doppler processing circuitry 130 generates
data (Doppler data) provided by extracting motion informa-
tion based on the Doppler effect of a moving object at each
sampling point in a scanning region from the reflected wave
data received from the transmission/reception circuitry 110.
To be specific, the Doppler processing circuitry 130 gener-
ates the Doppler data provided by extracting an average
velocity, a variance, a power value, or the like, as the motion
information of the moving object, at each sampling point.
The moving object is blood flow, tissue such as a heart wall,
and a contrast agent, for example. The Doppler processing
circuitry 130 transmits the generated Doppler data to the
image generation circuitry 140.

[0027] The image generation circuitry 140 generates the
ultrasonic image data from the pieces of data generated by
the B-mode processing circuitry 120 and the Doppler pro-
cessing circuitry 130. For example, the image generation
circuitry 140 generates B-mode image data representing the
intensity of the reflected waves by the luminance from the
B-mode data generated by the B-mode processing circuitry
120. The image generation circuitry 140 generates Doppler
image data indicating moving object information from the
Doppler data generated by the Doppler processing circuitry
130. The Doppler image data is velocity image data, vari-
ance image data, power image data, or image data formed by
combining them. It should he noted that the image genera-
tion circuitry 140 is an example of an image generator.
[0028] The image memory 150 is a memory storing
therein pieces of data generated by the B-mode processing
circuitry 120, the Doppler processing circuitry 130, and the
image generation circuitry 140. For example, the image
memory 150 stores therein the ultrasonic image data gen-
erated by the image generation circuitry 140 so as to
correspond to the electrocardiogram of the subject P. When
a data amount that is stored in the image memory 150
exceeds a storage capacity of the image memory 150, data
is deleted in the order from oldest data and is updated.
[0029] The storage circuitry 160 is a storage device storing
therein pieces of data of various types. For example, the
storage circuitry 160 stores therein control programs for
performing the transmission and reception of the ultrasonic
waves, the image processing, and display processing, pieces
of data of various types such as diagnostic information (for
example, patient ID and doctor’s observation), diagnostic
protocols, and body marks of various types. The pieces of
data that are stored in the storage circuitry 160 can be
transferred to an external device through an interface unit
(not illustrated).

[0030] The storage circuitry 160 stores therein pieces of
data generated by the B-mode processing circuitry 120, the
Doppler processing circuitry 130, and the image generation
circuitry 140. For example, the storage circuitry 160 stores
therein the pieces of ultrasonic image data for the predeter-
mined number of heartbeats specified by the operator.
[0031] The processing circuitry 170 controls the entire
processing of the ultrasonic diagnostic apparatus 1. To be
specific, the processing circuitry 170 controls pieces of
processing of the transmission/reception circuitry 110, the
B-mode processing circuitry 120, the Doppler processing
circuitry 130, the image generation circuitry 140, and the
like based on the setting requests of various types that have
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been input by the operator through the input device 12, and
the control programs of various types and the pieces of data
of various types that have been read from the storage
circuitry 160. The processing circuitry 170 controls to
display the ultrasonic image data that is stored in the image
memory 150 on the display 13.

[0032] The processing circuitry 170 in the first embodi-
ment comprises a calculation function 171, an output control
function 172, and a storage function 173. Processing func-
tions that are executed by the calculation function 171, the
output control function 172, and the storage function 173 as
components of the processing circuitry 170 are recorded in
the storage circuitry 160 in forms of computer-executable
programs, for example. The processing circuitry 170 is a
processor that reads the computer programs from the storage
circuitry 160 and executes them so as to cause the functions
corresponding to the computer programs to operate. In other
words, the processing circuitry 170 that has read the com-
puter programs has the corresponding functions as illus-
trated in the processing circuitry 170 of FIG. 1. The indi-
vidual functions of the calculation function 171, the output
control function 172, and the storage function 173 will be
described later.

[0033] Although the processing functions that are
executed by the calculation function 171, the output control
function 172, and the storage function 173 are implemented
in the single processing circuitry 170 in FIG. 1, a plurality
of independent processors may be combined to configure
processing circuitry and these processors may execute the
computer programs so as to cause the corresponding func-
tions to operate.

[0034] The word “processor” used in the above descrip-
tion indicates a central processing unit (CPU), a graphics
processing unit (GPU), or a circuit such as an application
specific integrated circuit (ASIC) and a programmable logic
device (for example, a simple programmable logic device
(SPLD), a complex programmable logic device (CPLD), and
a field programmable gate array (FPGA)). The processors
read the computer programs stored in the storage circuitry
and execute them so as to cause the corresponding functions
to operate. Instead of storage of the computer programs in
the storage circuitry 160, the computer programs may be
directly incorporated in circuitry of the processors. In this
case, the processors read and execute the computer programs
incorporated in the circuitry so as to cause the corresponding
functions to operate. The processors in the embodiment are
not limited to be configured as single circuitry for the
respective processors. A plurality of independent circuitry
may be combined to configure one processor and the pro-
cessor may cause functions thereof to operate. The compo-
nents in FIG. 1 maybe integrated into one processor and the
processor may cause the functions thereof to operate.
[0035] In the conventional cardiac function evaluation, it
has been, however, difficult to provide a desired cross
section accurately in some cases. For example, when the
apical approach image (apical four-chamber view (A4C)
image, apical two-chamber view (A2C) image, or the like)
is captured by two-dimensional ultrasonic scanning, an
ultrasonic image passing through the vicinity of an apex is
provided while a scanned cross section does not pass
through the apex in some cases. In this case, in the provided
ultrasonic image, a contour of the vicinity of the apex is seen
almost like a contour provided by drawing the apex rightly
and the operator cannot therefore determine whether the
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ultrasonic image passes through the apex accurately. When
a desired cross section cannot be provided accurately as
described above, accurate values cannot be provided even
when the indicators such as the ejection fraction (EF) and the
global longitudinal strain (GLS) are calculated. As a result,
even when the cardiac function changes, for example, the
change is possibly unnoticed.

[0036] Moreover, for example, the same operator does not
always perform tests (image capturing) in follow-up for a
long period of time. For this reason, it has been difficult to
provide a cross section identical to that provided by the past
image capturing in some cases. For example, when an
operator who performs the test at this time is different from
an operator that has performed the test at the previous time,
it is difficult to provide a cross section identical to that
provided by the previous image capturing accurately
because recognition of the apex that is drawn onto the
ultrasonic image is different between the operators. When
the cross section identical to that provided by the previous
image capturing cannot be provided accurately, variation in
measured values occurs even when the indicators such as the
EF and the GLS are calculated. For this reason, even when
the cardiac function changes, for example, the change is
possibly unnoticed.

[0037] Usage of volume data as three-dimensional ultra-
sonic image data is considered to be a measure against the
above-mentioned problem. The volume data cannot, how-
ever, provide spatial resolution and temporal resolution as
high as those that are provided by the two-dimensional
ultrasonic scanning in some cases. Insufficient spatial reso-
lution causes a position of an endocardium of the heart to
blur. For example, a position of a lumen is recognized at the
inner side relative to an actual position, resulting in under-
valuation of a volume thereof in some cases. Insufficient
temporal resolution causes a cardiac phase in which the
cardiac function is evaluated to vary in some cases. As
described above, even usage of the volume data cannot
necessarily provide stable values. Furthermore, the usage of
the volume data requires an expensive apparatus configura-
tion comprising a 2D array probe in which piezoelectric
transducer elements are arranged two-dimensionally in a
lattice form, and other components.

[0038] In consideration of these inconvenience, the ultra-
sonic diagnostic apparatus 1 in the first embodiment
executes the functions as will be described later in order to
provide a desired cross section accurately. That is to say, the
ultrasonic diagnostic apparatus 1 in the first embodiment
displays, on a two-dimensional ultrasonic image displayed
substantially real time, an increase/decrease extent of a long
axis of a left ventricle that is displayed on the current
ultrasonic image relative to the long axis displayed previ-
ously. The long axis length of the left ventricle is the largest
on a cross section passing through the apex. Based on this,
the operator can provide the cross section with the longest
long axis, that is, the cross section passing through the apex
accurately by gradually changing the position and the angle
of the ultrasonic probe 11 while browsing the display.
[0039] The following embodiment describes the case
where the ultrasonic diagnostic apparatus 1 displays infor-
mation related to the long axis of the left ventricle when the
operator performs the ultrasonic scanning on a plurality of
cross sections in the vicinity of a cross section as a reference,
as an example. In other words, the operator moves the
ultrasonic probe 11 to a position at which the desired cross
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section can be considered to be provided and browses the
information related to the long axis based on the cross
section obtained at the position. The operator further
changes the position and the angle of the ultrasonic probe 11
while browsing the display so as to provide the cross section
passing through the apex as the desired cross section.
[0040] Although a cross section (A4C image) passing
through the apex of the heart of the subject P is provided
accurately in the following embodiments, embodiments are
not limited thereto. For example, the first embodiment is not
limited to be applied to the heart and may be applied to other
structures, and is not limited to be applied to the long axis
of the left ventricle and may be applied to other character-
istic amounts.

[0041] The calculation function 171 is a function that is
implemented when the processing circuitry 170 reads a
computer program corresponding to the calculation function
171 from the storage circuitry 160 and executes it. The
calculation function 171 calculates a characteristic amount
of a structure that is detected from each of a plurality of
pieces of ultrasonic image data generated by the ultrasonic
scanning at different timings. For example, the calculation
function 171 specifies ultrasonic image data in a predeter-
mined cardiac phase based on an electrocardiogram signal
that is detected from the subject P and calculates the
characteristic amount from the specified ultrasonic image
data. To be specific, the calculation function 171 acquires the
electrocardiogram of the subject P from the electrocardio-
graph 14 and calculates time at which an R wave is detected
using the acquired electrocardiogram. Then, the calculation
function 171 specifies the ultrasonic image data generated
by the image generation circuitry 140 at the calculated time
as the ultrasonic image data in the R-wave time phase. The
calculation function 171 is an example of a calculator.
[0042] Subsequently, the calculation function 171 detects
positions of a valve ring (valve annulus) and the apex of the
heart from the pieces of ultrasonic image data and calculates
the length of the long axis (long axis length) of the left
ventricle based on the detected positions of the valve ring
and the apex. As an example, the calculation function 171
detects the positions of the valve annulus and the apex
contained in the two-dimensional ultrasonic image data
using knowledge based learning algorithm with a teacher.
The knowledge based learning algorithm with the teacher
uses a recognition-type database constructed using a plural-
ity of teacher images (ultrasonic images) in which accurate
positions of the valve annulus and the apex are set. Then, the
calculation function 171 calculates the long axis length of
the left ventricle based on the detected positions of the valve
annulus and the apex.

[0043] FIG. 2 is a view for explaining processing of the
calculation function 171 in the first embodiment. FIG. 2
schematically illustrates the processing of calculating the
long axis length by the calculation function 171 on the A4C
image.

[0044] As illustrated in FIG. 2, the calculation function
171 detects a position 20 of a mitral annulus at the lateral
wall side, position 21 of a mitral annulus at the septum side,
and a position 22 of the apex from the ultrasonic image data
in the R-wave time phase that has been provided at a certain
timing using the knowledge based learning algorithm with
the teacher. The calculation function 171 calculates, as the
long axis length, a length. of a line segment 24 connecting
the position 22 and a middle point of a line segment 23
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connecting the detected position 20 and the detected position
21. The calculation function 171 calculates the long axis
length in the same manner for pieces of ultrasonic image
data in R-wave time phases that have been provided at other
timings. When right and left mitral annulus are referred
collectively in the following description, they are referred to
as “valve annulus” or “both valve annulus”.

[0045] Thus, the calculation function 171 calculates the
long axis lengths for the pieces of ultrasonic image data in
the R-wave time phases that have been provided at different
timings. FI1G. 2 is merely an example and, for example, the
calculation function 171 may calculate the long axis lengths
from the pieces of ultrasonic image data in cardiac phases
other than the R-wave time phase.

[0046] The output control function 172 is a function that
is implemented when the processing circuitry 170 reads the
computer program corresponding to the output control func-
tion 172 from the storage circuitry 160 and executes it. The
output control function 172 outputs information based on a
comparison result of the characteristic amounts calculated
by the calculation function 171. For example, the output
control function 172 outputs information based on a com-
parison result of the characteristic amounts in the predeter-
mined cardiac phases. The output control function 172
outputs increase/decrease information indicating an
increase/decrease extent of the characteristic amount as the
information based on the comparison result. The output
control function 172 is an example of an output controller.
[0047] For example, the output control function 172 dis-
plays, as the increase/decrease information, long axis length
information as information indicating an increase/decrease
extent of the long axis length on a display screen of the
display 13. Display examples of the long axis length infor-
mation include “+++7, “++7, “+7, “0”, “=”, “==" and
“———". /Among them, “+++”, “++”, and “+” indicate that the
long axis length calculated at the current timing is larger
than the long axis length calculated at the previous timing
and as the number of “+” is larger, a difference from the long
axis length calculated at the previous timing is larger (that is,
the long axis length calculated at the current timing is
longer). “-—-", “—=", and “-” indicate that the long axis
length calculated at the current timing is smaller than the
long axis length calculated at the previous timing and as the
number of “=” is larger, a difference from the long axis
length calculated at the previous timing is larger (that is, the
long axis length calculated at the current timing is smaller).
“0” indicates that the long axis length calculated at the
current timing is equivalent to the long axis length calcu-
lated at the previous timing.

[0048] FIG. 3 is a view for explaining processing of the
output control function 172 in the first embodiment. FIG. 3
illustrates the case where an image 30 indicating the long
axis length information is displayed together with the A4C
image that is displayed on the display screen of the display
13.

[0049] As illustrated in FIG. 3, when the image generation
circuitry 140 generates the ultrasonic image data in the
R-wave time phase, the output control function 172 acquires
the long axis length corresponding to the ultrasonic image
data from the calculation function 171. Then, the output
control function 172 compares the acquired long axis length
(that is, the current long axis length) and the long axis length
calculated in the previous R-wave time phase. For example,
when the current long axis length is larger than the previous
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long axis length by a middle degree, the output control
function 172 generates the image 30 indicating and displays
the generated image 30 together with the current ultrasonic
image.

[0050] Thus, the output control function 172 displays the
image indicating the increase/decrease extent of the charac-
teristic amount on the display 13. FIG. 3 is merely an
example. For example, the output control function 172 is not
limited to output the increase/decrease information in the
form of the image 30 and may output the increase/decrease
information in other output forms. Other output form by the
output control function 172 will be described later.

[0051] The storage function 173 is a function that is
implemented when the processing circuitry 170 reads a
computer program corresponding to the storage function 173
from the storage circuitry 160 and executes it. The storage
function 173 stores pieces of ultrasonic image data for the
predetermined number of heartbeats specified by the opera-
tor in the storage circuitry 160. For example, when the
storage function 173 receives press of a save button from the
operator, it stores an ultrasonic image data group for the
predetermined number of heartbeats (for example, one
heartbeat) that contains the currently displayed ultrasonic
image data in the storage circuitry 160. The storage function
173 may store the corresponding long axis length informa-
tion in the storage circuitry 160 together with the ultrasonic
image data. It should be noted that any desired number of
heartbeats can be set previously as the above-mentioned
predetermined number of heartbeats. The storage function
173 is an example of a storage module.

[0052] FIG. 4 is a flowchart illustrating processing proce-
dures by the ultrasonic diagnostic apparatus 1 in the first
embodiment. For example, the processing procedures as
illustrated in FIG. 4 are started when an instruction to start
B-mode scanning is received from the operator in a state
where the ultrasonic probe 11 is brought into contact with
the body surface of the subject P.

[0053] At step S101, the processing circuitry 170 starts the
B-mode scanning. For example, upon receiving the instruc-
tion to start the B-mode scanning from the operator, the
processing circuitry 170 starts the B-mode scanning. When
step S101 is negative, the processing circuitry 170 does not
start the scanning and is made into a standby state.

[0054] When step S101 is positive, at step S102, the
ultrasonic probe 11 performs the ultrasonic scanning on the
two-dimensional region of the subject P.

[0055] At step S103, the image generation circuitry 140
generates ultrasonic image data corresponding to the ultra-
sonic scanning. The output control function 172 displays an
image (ultrasonic image) corresponding to the ultrasonic
image data generated by the image generation circuitry 140.
The generated ultrasonic image data is stored in the image
memory 150.

[0056] At step S104, the calculation function 171 detects
the positions of both valve annulus and the apex from the
generated ultrasonic image data in the predetermined cardiac
phase (for example, R-wave time phase) (see FIG. 2). For
example, the calculation function 171 detects the positions
of both valve annulus and the apex contained in the two-
dimensional ultrasonic image data using the knowledge
based learning algorithm with the teacher.

[0057] At step S105, the calculation function 171 calcu-
lates the long axis length based on the detected positions of
both valve annulus and the apex (see FIG. 2). For example,
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the calculation function 171 calculates, as the long axis
length, the length of the line segment 24 connecting the
position 22 of the apex and the middle point of the line
segment 23 connecting both valve annulus.

[0058] At step S106, the output control function 172
displays the increase/decrease information based on a com-
parison result between the calculated long axis length and
the previously calculated long axis length (see FIG. 3). For
example, the output control function 172 displays an image
corresponding to any of “+++7, “++7, “+7, “07, “-7, “=-7,
and “---"

[0059] At step S107, the storage function 173 determines
whether it has received the press of the save button. When
the determination at step S107 is negative, the storage
function 173 does not perform processing at step S108 and
the process returns to the processing at step S102. That is to
say, the ultrasonic diagnostic apparatus 1 displays a scanned
cross section by the ultrasonic probe 11 substantially real
time and displays the increase/decrease extent of the long
axis length (long axis length information) on the current
ultrasonic image from the previous long axis length at a
predetermined cardiac cycle (for example, timing of the R
wave). This displaying enables the operator to adjust the
position and the angle of the ultrasonic probe 11 while
browsing the change of the long axis length information in
accordance with the changes of the position and angle of the
ultrasonic probe 11. As a result of this, the operator can
provide, as the desired cross section, the cross section with
the longest long axis accurately.

[0060] When the determination at step S107 is positive, at
step S108, the storage function 173 stores the pieces of
ultrasonic image data for the predetermined number of
heartbeats in the storage circuitry 160. Then, the ultrasonic
diagnostic apparatus 1 finishes the process e Thereafter, the
processing circuitry 170 performs analysis of a volume
value by the modified Simpson method, the disk summation
method, the area length method, and the like on the pieces
of ultrasonic image data stored in the storage circuitry 160
s0 as to perform the cardiac function evaluation based on an
instruction from the operator.

[0061] FIG. 4 is merely an example. For example, the
above-mentioned processing procedures may not be neces-
sarily executed in the above-mentioned order. For example,
step S101 to 3108 as described above may be executed while
the order thereof changed appropriately in a range of con-
sistent processing contents.

[0062] As described above, the ultrasonic diagnostic appa-
ratus 1 in the first embodiment, the ultrasonic probe 11
performs the ultrasonic scanning on the two-dimensional
region of the subject P. The image generation circuitry 140
functioning as the image generator generates the ultrasonic
image data corresponding to the two-dimensional region.
The calculation function 171 functioning as the calculator
calculates a characteristic amount of the structure that is
detected from each of the pieces of ultrasonic image data
generated by the ultrasonic scanning at different timings.
The output control function 172 functioning as the output
controller outputs the information based on the comparison
result of the characteristic amounts calculated by the calcu-
lation function 171. The ultrasonic diagnostic apparatus 1
can therefore provide the desired cross section accurately.
[0063] For example, in the conventional ultrasonic diag-
nostic apparatus, it has been difficult for the operator to
determine whether the long axis length of a cross section that
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is displayed is larger than those of other cross sections by
browsing a two-dimensional ultrasonic image simply. By
contrast, the ultrasonic diagnostic apparatus 1 in the first
embodiment displays the long axis length information indi-
cating the increase/decrease extent of the long axis length in
the current ultrasonic image from the previous long axis
length. With this display, the operator can adjust the position
and the angle of the ultrasonic probe 11 while browsing
change of the long axis length information accordance the
changes of the position and the angle of the ultrasonic probe
11. For example, the operator changes the angle of the
ultrasonic probe 11 in predetermined direction repeatedly so
as to provide a cross section having the longest long axis in
the direction. As a result, the operator can provide the cross
section passing through the apex accurately as the desired
cross section. Furthermore, the ultrasonic diagnostic appa-
ratus 1 can provide the cross section passing through the
apex accurately so as to calculate the indicators such as the
EF and the GLS that are calculated based on the cross
section with high accuracy.

[0064] In other words, the operator acquires ultrasonic
images of cross sections at different positions by changing
the position of the ultrasonic scanning in the ultrasonic
scanning at the different timings. Then, the operator com-
pares the long axis lengths that are calculated from the cross
sections for the cross sections at the different positions,
thereby providing the cross section having the longest long
axis. That is to say, in the ultrasonic diagnostic apparatus 1
in the first embodiment, the calculation function 171 calcu-
lates the characteristic amounts of the structure that are
detected from the pieces of ultrasonic image data generated
by the ultrasonic scanning at the different positions. The
output control function 172 as the output controller outputs
the information based on the comparison result of the
characteristic amounts calculated by the calculation function
171. As a result, the ultrasonic diagnostic apparatus 1 can
provide the desired cross section.

[0065] For example, the ultrasonic diagnostic apparatus 1
displays the long axis length information so as to enable
image capturing of the cross sections independent of sub-
jectivity of the operator to be performed. The ultrasonic
diagnostic apparatus 1 can therefore provide the cross sec-
tion identical to that that has been image-captured in the past
accurately even when the same operator does not always
perform the test (image capturing), for example, thereby
improving reproducibility in the follow-up for a long period
of time. For example, the ultrasonic diagnostic apparatus 1
can provide the desired cross section accurately without
requiring an expensive apparatus configuration.

First Modification of First Embodiment

[0066] Although the long axis length information, which
is the increase/decrease information, is displayed as the
image 30 in the above-mentioned first embodiment, embodi-
ments are not limited thereto. Another output form by the
output control function 172 will be described.

[0067] FIG. 5 is a view for explaining processing of the
output control function 172 in a modification of the first
embodiment. As illustrated in FIG. 5, the output control
function 172 can output the long axis length information in
another output form.

[0068] For example, the output control function 172 dis-
plays the long axis length information as an arrow on an
indicator 31. The indicator 31 indicates a change amount of
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the current long axis length from the previous long axis
length by five stages of “++7, “+7, “0”, “=”, and “~-". That
is to say, “++” and “+” indicate that the long axis length
calculated at the current timing is larger than the long axis
length calculated at the previous timing and as the number
of “+” is larger, a difference from the long axis length
calculated at the previous timing is larger (that is, the long
axis length calculated at the current timing is larger). “-="
and “~” indicate that the long axis length calculated at the
current timing is smaller than the long axis length calculated
at the previous timing and as the number of “~” is larger, a
difference from the long axis length calculated at the pre-
vious timing is larger (that is, the long axis length calculated
at the current timing is smaller). “0” indicates that the long
axis length calculated at the current timing is equivalent to
the long axis length calculated at the previous timing. In the
example of FIG. 5, the output control function 172 indicates
a position of “+” on the indicator 31 by an arrow. This
indication enables the operator to recognize the increase/
decrease extent of the long axis length based on the position
of the arrow on the indicator 31.

[0069] For example, the output control function 172 dis-
plays the long axis length as numerical value information 32.
“Center Length” indicates the long axis length and “X.XX
cm” is information indicating a numerical value of the long
axis length. To be specific, the output control function 172
displays a numerical value of the long axis length, for
example, “8.50 cm”, on the display screen of the display 13.
This display enables the operator to recognize the current
long axis length as the numerical value accurately. The
output control function 172 is not limited to display it and
may display a change amount (“+0.30 cm”, “~0.20 cm”, or
the like) of the current long axis length from the previous
long axis length, for example.

[0070] For example, the output control function 172 may
display the line segments 23 and 24 as described with
reference to FIG. 2 as images. This display enables the
operator to recognize the current long axis length intuitively.
[0071] In addition to the output forms as illustrated in the
FIG. 5, for example, the output control function 172 may
output the long axis length information as sound. As an
example, the increase of the long axis length and the
decrease of the long axis length are expressed by different
tones and the increase/decrease extent is expressed. by an
intensity of the sound. In this case, the output control
function 172 outputs the sound with a tone corresponding to
the increase or decrease of the long axis length and with an
intensity in accordance with the increase/decrease extent of
the long axis length.

[0072] Alternatively, for example, the output control func-
tion 172 may output the long axis length information as
vibration. As an example, piezoelectric elements are
arranged on a portion of an exterior of the ultrasonic probe
11 that is gripped by the operator. The output control
function 172 controls the piezoelectric elements to vibrate in
a vibration pattern corresponding to the increase or decrease
of the long axis length. In this case, the output control
function 172 changes the intensity of the vibration in accor-
dance with the increase/decrease extent of the long axis

Second Modification of First Embodiment

[0073] Although the long axis length is used as the indi-
cator value (characteristic amount) for determining whether
the cross section passes through the apex in the above-
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mentioned first embodiment, embodiments are not limited
thereto. For example, the ultrasonic diagnostic apparatus 1
may use a curvature of a contour in the vicinity of the apex
in addition to the long axis length of the left ventricle. The
curvature takes a maximum value on the cross section
passing through the apex (a cross section with the sharpest
contour of the apex is considered to be the accurate cross
section).

[0074] In this case, for example, the calculation function
171 extracts the contour in the vicinity of the apex (upper
end portion of the heart in FIG. 2) from the ultrasonic image
data. The calculation function 171 calculates a curvature of
the extracted contour.

[0075] Then, the output control function 172 compares the
current curvature and the previous curvature and provides
curvature information as information indicating an increase/
decrease extent of the current curvature from the previous
curvature. The output control function 172 calculates a
composite indicator value obtained by combining the long
axis length information and the curvature information so as
to use it as the indicator for determining whether the cross
section passes through the apex. For example, the composite
indicator value is calculated by the following equation. c is
a weight coefficient and is 0.6 to 0.7, for example.

Composite indicator value=axlong axis length infor-
mation+(1-a)xcurvature information

Second Embodiment

[0076] In the first embodiment, the ultrasonic diagnostic
apparatus 1 displays the ultrasonic image substantially real
time and displays the increase/decrease extent of the current
long axis length from the previous long axis length at the
predetermined cardiac cycle. Embodiments are not, how-
ever, limited thereto. For example, the ultrasonic diagnostic
apparatus 1 may display three or more cross sections that
have been image-captured at different timings.

[0077] The ultrasonic diagnostic apparatus 1 according to
a second embodiment comprises the same configuration as
that of the ultrasonic diagnostic apparatus 1 as illustrated in
FIG. 1 other than a part of pieces of processing of the output
control function 172 and the storage function 173. In the
second embodiment, points different from the first embodi-
ment are mainly described and description of points of the
same functions as those of the configurations as described in
the first embodiment is omitted.

[0078] The storage function 173 in the second embodi-
ment stores the pieces of ultrasonic image data for the
predetermined number of heartbeats in the image memory
150 every time it receives the press of the save button. For
example, the storage function 173 receives the press of the
save button from the operator by a plurality of number of
times. To be specific, when the operator brings the ultrasonic
probe 11 into contact with the subject P and presses the save
button (first press), the storage function 173 stores the
ultrasonic image data group for at least equal to or more than
one heartbeat (one heartbeat in a typical example, the same
holds true hereinafter) that contains the ultrasonic image
data displayed at this time in a predetermined storage region
in the image memory 150. Subsequently, when the operator
slightly changes the position and the angle of the ultrasonic
probe 11 and presses the save button again (second press),
the storage function 173 stores the ultrasonic image data
group for at least equal to or more than one heartbeat that
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contains the ultrasonic image data displayed at this time in
the predetermined storage region the image memory 150.
[0079] The output control function 172 in the second
embodiment simultaneously displays images corresponding
to at least three pieces of ultrasonic image data among the
pieces of ultrasonic image data that have been image-
captured at different timings.

[0080] FIG. 6 is a view for explaining processing of the
output control function 172 in the second embodiment. In
FIG. 6, the display screen of the display 13 has four display
regions (display regions 40 to 43) for displaying the ultra-
sonic images. The display regions 40 to 43 are regions for
displaying the ultrasonic images that have been image-
captured at different timings. For example, the display
region 40 is a region for displaying the current ultrasonic
image (current image) and the display regions 41 to 43 are
regions for repeatedly displaying the ultrasonic images
(templ image, temp2 image, and temp?3 image) at timings at
which the ultrasonic images are stored based on instructions
from the operator. The templ image corresponds to the
ultrasonic image data group stored by the first press of the
save button, and the temp2 image corresponds to the ultra-
sonic image data group stored by the second press of the
save button. In an example as illustrated in FIG. 6, although
no ultrasonic image is displayed on the display region 43, if
there is an ultrasonic image data group stored based on an
instruction from the operator, it may be displayed on the
display region 43.

[0081] For example, as illustrated in FIG. 6, upon receiv-
ing press of a parallel display button, the output control
function 172 displays the current image on the display
region 40 and displays the templ image and the temp?2
image on the display regions 41 and 42, respectively. Each
of the templ image and the temp2 image is the ultrasonic
image data group for one heartbeat, for example. The output
control function 172 continuously displays a plurality of
ultrasonic images contained in one heartbeat in accordance
with the cardiac cycle on each of the display regions 41 and
42 (video display).

[0082] Thus, the output control function 172 displays the
current ultrasonic image on the display region 40 substan-
tially real time and display the ultrasonic images stored
based on instructions from the operator on the display
regions 41 to 43.

[0083] The output control function 172 synthesizes the
cardiac cycles of the images displayed simultaneously based
on the electrocardiogram signals detected from the subject P.
For example, the output control function 172 sequentially
displays the ultrasonic images (templ image and temp2
image) corresponding to the electrocardiograms acquired
from the electrocardiograph 14 on the display regions 41 and
42. In this manner, the output control function 172 synthe-
sizes the timings of the ultrasonic images that are displayed
on the display regions 41 and 42 with the current image.
[0084] The output control function 172 highlights an
image having the maximum characteristic amount among
the images that are displayed simultaneously. For example,
the output control function 172 compares the long axis
lengths that are calculated from the pieces of ultrasonic
image data for the pieces of ultrasonic image data in the
R-wave time phase on the display regions 40 to 42. Then, for
example, when the long axis length of the ultrasonic image
on the display region 41 is the largest, the output control
function 172 highlights the ultrasonic image on the display
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region 41. In the example of FIG. 6, the output control
function 172 highlights the ultrasonic image by making a
frame surrounding the display region 41 thick.

[0085] FIG. 7 is a flowchart illustrating processing proce-
dures by the ultrasonic diagnostic apparatus 1 in the second
embodiment. For example, the processing procedures as
illustrated in FIG. 7 are started when an instruction to start
B-mode scanning is received from the operator in a state
where the ultrasonic probe 11 is brought into contact with
the body surface of the subject P. Pieces of processing at step
S201 to S203 are identical to those at step S101 to S103 as
illustrated in FIG. 4 and description thereof is omitted.
[0086] At step S204, the storage function 173 determines
whether it has received the press of the save button. When
the determination at S204 is negative, the storage function
173 does not perform processing at step S205 and the
process returns to the processing at step S202. That is to say,
the ultrasonic diagnostic apparatus 1 displays the ultrasonic
image substantially real time.

[0087] When the determination at step S204 is positive, at
step S205, the storage function 173 stores the pieces of
ultrasonic image data for the predetermined number of
heartbeats (for example, one heartbeat) in the predetermined
storage region in the image memory 150.

[0088] At step S206, the calculation function 171 detects
the positions of both valve annulus and the apex from the
generated ultrasonic image data in the predetermined cardiac
phase (for example, R-wave time phase). For example, the
calculation function 171 detects the positions of both valve
annulus and the apex contained in the two-dimensional
ultrasonic image data using the knowledge based learning
algorithm with the teacher.

[0089] At step S207, the calculation function 171 calcu-
lates the long axis length based on the detected positions of
both valve annul us and the apex. For example, the calcu-
lation function 171 calculates, as the long axis length, the
length of the line segment 24 connecting the position 22 of
the apex and the middle point of the line segment 23
connecting both valve annulus.

[0090] At step S208, the output control function 172
determines whether it has received press of the parallel
display button. When the determination at step S208 is
negative, the output control function 172 does not perform
processing at step S209 and the process returns to the
processing at step S202. That is to say, the ultrasonic
diagnostic apparatus 1 receives the press of the save button
repeatedly while displaying the ultrasonic image substan-
tially real time.

[0091] When the determination at step S208 is positive, at
step S209. the output control function 172 displays the
pieces of stored ultrasonic image data in parallel and high-
light the ultrasonic image data having the largest long axis
length (see FIG. 6). For example, the current ultrasonic
image (current image) is displayed on the display region 40
substantially real time whereas the ultrasonic images (tempi
image, temp2 image, and temp3 image) stored based on the
instructions from the operator are displayed on the display
regions 41 to 43.

[0092] At step S210, the storage function 173 determines
whether any of the ultrasonic images has been selected. For
example, the storage function 173 determines whether any
of the ultrasonic images among the current image, the temp1
image, and the temp2 image as illustrated in FIG. 6 has been
selected. When the determination at step S210 is negative,
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the storage function 173 does not perform processing at step
S211 and is made into a standby state.

[0093] When the determination at step S210 is positive, at
step S211, the storage function 173 stores the pieces of
selected ultrasonic image data for the predetermined number
of heartbeats (for example, one heartbeat) in the storage
circuitry 160.

[0094] FIG. 7 is merely an example. For example, the
above-mentioned processing procedures may not be neces-
sarily executed in the above-mentioned order. For example,
the processing at step S208 may not be necessarily executed.
That is to say, the output control function 172 may perform
the processing at step S209 even when it does not neces-
sarily receive the press of the parallel display button. In this
case, the output control function 172 sequentially displays
the pieces of stored ultrasonic image data as the templ
image, the temp2 image, and the temp3 image every time the
storage function 173 stores the pieces of ultrasonic image
data in the image memory 150. Then, the output control
function 172 compares the long axis lengths of the ultrasonic
images that are stored in the image memory 150 and
highlights the ultrasonic image having the maximum long
axis length.

[0095] As described above, the ultrasonic diagnostic appa-
ratus 1 in the second embodiment simultaneously displays
three or more cross sections that have been image-captured
at different timings. The ultrasonic diagnostic apparatus 1
enables the operator to specify the cross section having the
peak long axis length by simply browsing the screen on
which three or more cross sections, at different positions
provided by slightly changing a manner in which the probe
touches the subject P, are displayed simultaneously. In other
words, if only two cross sections are displayed, the operator
can recognize the magnitude relation between the long axis
lengths thereof but cannot recognize the cross section having
the peak long axis length. The ultrasonic diagnostic appa-
ratus 1 in the second embodiment displays three or more
cross sections simultaneously so as to enable the operator to
specify the cross section having the largest long axis length
among candidates of the cross sections with different man-
ners of the probe touching the subject. The ultrasonic
diagnostic apparatus 1 can therefore provide the desired
cross section accurately.

[0096] In other words, the operator changes the positions
of the ultrasonic scanning in the ultrasonic scanning at
different timings, so that the cross sections at different
positions are displayed simultaneously. The operator can
specify the cross section having the largest long axis length
by simply browsing the cross sections at the different
positions that are displayed simultaneously. That is to say, in
the ultrasonic diagnostic apparatus 1 in the first embodi-
ment, the calculation function 171 calculates the character-
istic amounts of the structure that are detected from the
pieces of ultrasonic image data generated by the ultrasonic
scanning at different positions. The output control function
172 as the output controller outputs the information based on
the comparison result of the characteristic amounts calcu-
lated by the calculation function 171. As a result, the
ultrasonic diagnostic apparatus 1 can provide the desired
cross section.

[0097] For example, cross sections are image-captured
under various clinical conditions and image quality condi-
tions in clinical practice, and the long axis length of the cross
section passing through the apex is not necessarily the
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largest depending on the conditions. That is, only the long
axis length cannot provide the cross section passing through
the apex in some cases. As for this point, the ultrasonic
diagnostic apparatus 1 in the second embodiment displays
the cross sections simultaneously so as to enable the opera-
tor to browse the cross sections and select the cross section.
With this display, the operator can consider characteristics
other than the long axis length, such as a sharpness degree
of the apical lumen and a shape of the ventricle, thereby
providing the cross section passing through the apex accu-
rately.

[0098] Contents as described in the first embodiment can
be also applied to the second embodiment except that the
cross sections are displayed simultaneously. For example,
the output control function 172 may display the image 30 as
described in the first embodiment on the current image of
FIG. 6.

Third Embodiment

[0099] In the above-mentioned first and, second embodi-
ments, the cross section that possibly has the peak long axis
length is offered. to the operator. Embodiments are not,
however, limited thereto. For example, the ultrasonic diag-
nostic apparatus 1 may notify the operator of the cross
section having the long axis length that is not the largest as
the cross section (obliquely cut cross section) that does not
pass through the apex.

[0100] That is to say, in the case where the A4C image and
the A2C image are obtained, when both of them are obtained
as cross sections passing through the apex, the long axis
lengths of them should be identical and are the largest. In
other words, when the long axis lengths of them are differ-
ent, it is known that at least the cross section having the
smaller long axis length does not pass through the apex. In
consideration of this, the ultrasonic diagnostic apparatus 1
according to a the third embodiment compares the long axis
lengths of the A4C image and the A2C image when they are
obtained and notifies the operator of the cross section having
the smaller long axis length so as to notify the operator of the
cross section that does not pass through the apex.

[0101] The ultrasonic diagnostic apparatus 1 in the third
embodiment comprises the same configuration as that of the
ultrasonic diagnostic apparatus 1 as illustrated in FIG. 1
other than a part of pieces of processing of the calculation
function 171, the output control function 172, and the
storage function 173. In the third embodiment, points dif-
ferent from the first embodiment are mainly described and
description of points of the same functions as those of the
configurations as described in the first embodiment is omit-
ted. In the third embodiment, although a 1D array probe is
applied as the ultrasonic probe 11, a 2D array probe may be
applied.

[0102] The storage function 173 in the third embodiment
stores pieces of ultrasonic data of the A4C image and the
A2C image in the image memory 150. For example, the
operator moves the ultrasonic probe 11 to a position at which
the A4C image can be considered to be provided and inputs
an instruction to start scanning the A4C image (presses the
button and so on). With this operation, the storage function
173 stores pieces of ultrasonic image data of the A4C image
in the image memory 150. For example, the storage function
173 stores, as an ultrasonic image data group of the A4C
image, an ultrasonic image data group for one heartbeat that
contains the ultrasonic image data displayed at the time
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point at which the instruction has been input in a predeter-
mined storage region in the image memory 150.

[0103] For example, the operator moves the ultrasonic
probe 11 to a position at which the A2C image can be
considered to be provided and inputs an instruction to start
scanning the A2C image. With this operation, the storage
fanction 173 stores pieces of ultrasonic image data of the
A2C image in the image memory 150. For example, the
storage function 173 stores, as an ultrasonic image data
group of the A2C image, an ultrasonic image data group for
one heartbeat that contains the ultrasonic image data dis-
played at the time point at which the instruction has been
input in the predetermined storage region in the image
memory 150.

[0104] Thus, the storage function 173 stores the pieces of
ultrasonic image data of the A4C image and the A2C image
in the image memory 150. It should be noted that the
operator can also start scanning the A4C image and the A2C
image again. In this case, the storage function 173 updates
the pieces of ultrasonic image data stored in the predeter-
mined storage region in the image memory 150 by new
pieces of ultrasonic image data.

[0105] The calculation function 171 in the third embodi-
ment calculates the long axis lengths for the pieces of the
ultrasonic image data of the A4C image and the A2C image.
For example, when the storage function 173 stores the pieces
of ultrasonic image data of the A4C image in the predeter-
mined storage region in the image memory 150, the calcu-
lation function 171 detects the positions of both valve
annulus and the ape from ultrasonic image data in the
R-wave time phase among the pieces of stored ultrasonic
image data. Then, the calculation function 171 calculates the
long axis length based on the detected positions of both
valve annulus and the apex. The calculation function 171
calculates the long axis length for the pieces of ultrasonic
image data of the A2C image in the same manner.

[0106] The output control function 172 in the third
embodiment highlights the A4C image or the A2C image
having the smaller long axis length.

[0107] FIG. 8 is a view for explaining processing of the
output control function 172 in the third embodiment. In FIG.
8, the display screen of the display 13 contains a display
region 50 for displaying the A4C image, a display region 51
for displaying the A2C image, and a display region 55 for
displaying the current image. When the operator starts
scanning the A4C image and the A2C image, the operator
operates the ultrasonic probe 11 while browsing the current
image and presses a scanning button. With this operation,
the operator starts scanning the A4C image that is displayed
on the display region 50 and the A2C image that is displayed
on the display region 51.

[0108] As illustrated in FIG. 8, the output control function
172 compares the long axis images of the A4C image and the
A2C image that the calculation function 171 have calcu-
lated. For example, when the long axis length of the A4C
image is smaller than the long axis length of the A2C image,
the output control function 172 highlights the A4C image. In
the example of FIG. 8, the output control function 172
highlights the A4C image by making a frame surrounding
the display region 50 thick.

[0109] For example, the output control function 172 dis-
plays, as images, line segments 52 and 53 indicating the mal
or axes that are calculated by the calculation function 171.
The line segment 52 is an image of the long axis on the A4C
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image and the line segment 53 is an image of the long axis
on the A2C image. This display enables the operator to
recognize the long axis lengths of the A4C image and the
A2C image intuitively based on the lengths of the line
segments.

[0110] For example, the output control function 172 dis-
plays, as numerical value information 54, a differential value
between the long axis lengths of the A4C image and the
A2C. “Diff” indicates a differential value and “=XX” is
information indicating the differential value by a numerical
value. To be specific, the output control function 172 dis-
plays the differential value, for example, “0.22 cm”, on the
display screen of the display 13. This display enables the
operator to recognize the current long axis length as the
numerical value accurately.

[0111] FIG. 9 is a flowchart illustrating processing proce-
dures by the ultrasonic diagnostic apparatus 1 in the third
embodiment. For example, the processing procedures as
illustrated in FIG. 9 are started when an instruction to start
B-mode scanning is received from the operator in a state
where he ultrasonic probe 11 is brought into contact with the
body surface of the subject P. Pieces of processing at steps
S301 to S303 are identical to those at step S101 to S103 as
illustrated in FIG. 4 and description thereof is omitted.
[0112] At step S304, the storage function 173 determines
whether it has received an instruction to start scanning the
A4C image. For example, the operator moves the ultrasonic
probe 11 to a position at which the A4C image can be
considered to be provided and inputs the instruction to start
scanning the A4C image. With this operation, the storage
function 173 receives the instruction to start scanning the
A4C image from the operator. When the determination at
step S304 is negative, the storage function 173 proceeds to
step S307.

[0113] When the determination at step S304 is positive, at
step S305, the storage function 173 stores the pieces of
ultrasonic image data of the A4C image in the image
memory 150. For example, the storage function 173 stores
the pieces of ultrasonic image data for the predetermined
number of heartbeats (for example, one heartbeat) for the
A4C in the predetermined storage region in the image
memory 150. In this case, the output control function 172
displays the A4C image on a predetermined display region
on the display 13 based on the pieces of stored ultrasonic
image data. When the A4C image is obtained again, the
storage function 173 updates the pieces of ultrasonic image
data stored in the predetermined storage region in the image
memory 150 by new pieces of ultrasonic image data
[0114] At step S306, the calculation function 171 calcu-
lates the long axis length of the A4C image. For example, the
calculation function 171 detects the positions of both valve
annulus and the apex from the A4C image, and calculates the
long axis length based on the detected positions or both
valve annulus and the apex.

[0115] At step S307, the storage function 173 determines
whether it has received the instruction to start scanning the
A2C image. For example, the operator moves the ultrasonic
probe 11 to a position at which the A2C image can be
considered to be provided and inputs the instruction to start
scanning the A2C image. With this operation, the storage
function 173 receives the instruction to start scanning the
A2C image from the operator. When the determination at
step S307 is negative, the storage function 173 returns the
process to step S302.
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[0116] When the determination at step S307 is positive, at
step S308, the storage function 173 stores pieces of ultra-
sonic image data of the A2C image in the image memory
150. For example, the storage function 173 stores the pieces
of ultrasonic image data for the predetermined number of
heartbeats (for example, one heartbeat) for the A2C in the
predetermined storage region in the image memory 150. In
this case, the output control function 172 displays the A2C
image on the predetermined display region on the display 13
based on the stored pieces of ultrasonic image data. When
the A2C image is obtained again, the storage function 173
updates the pieces of ultrasonic image data stored in the
predetermined storage region in the image memory 150 by
new pieces of ultrasonic image data.

[0117] At step S309, the calculation function 171 calcu-
lates the long axis length of the A2C image. For example, the
calculation function 171 detects the positions of both valve
annulus and the apex from the A2C image, and calculates the
long axis length based on the detected positions of both
valve annulus and the apex.

[0118] At step S310, the output control function 172
determines whether the long axis lengths of the A4C image
and the A2C image have been calculated. When the deter-
mination at step S310 is negative, the process returns to the
processing at step S302. That is to say, the ultrasonic
diagnostic apparatus 1 executes the pieces of processing at
step S302 to S309 repeatedly until the long axis lengths of
the A4C image and the A2C image are calculated.

[0119] When the determination at step S310 is positive, at
step S311, the output control function 172 highlights the
A4C image or the A2C image having the smaller long axis
length. As illustrated in FIG. 8, for example, when the long
axis length of the A4C image is smaller than the long axis
length of the A2C image, the output control function 172
highlights the A4C image.

[0120] At step S312, the storage function 173 determines
whether a scanning end button has been pressed. When the
determination at step S312 is negative, the storage function
173 returns the process to the processing at step S302.
[0121] That is to say, for the A4C image and the A2C
image, the operator can start scanning the A4C image and
the A2C image again while changing the position and the
angle of the ultrasonic probe 11 with reference to the display
screen as illustrated in FIG. 8 until the desired cross section
is provided. For example, when any one of the long axis
lengths of the A4C image and the A2C image is smaller, the
operator changes the position and the angle of the cross
section having the smaller long axis length and starts scan-
ning the cross section again.

[0122] To be specific, when the long axis length of the
A4C image is smaller than the long axis length of the A2C
image, the operator changes the position and the angle of the
ultrasonic probe 11 for the cross section of the A4C image.
It should be noted that the A4C image and the A2C image
are deviated from each other by approximately 60 degrees
(or 120 degrees) about the long axis. When a cross section
(provided by rotating the A4C image by 90 degrees)
orthogonal to the A4C image as a reference is extracted as
the corresponding A2C image, the operator preferably
moves the position of the ultrasonic probe 11 in the direction
perpendicular to the cross section (hereinafter, the corre-
sponding A2C image is simply referred to as the A2C image
in the third embodiment and a fourth embodiment). Then,
the operator starts scanning the A4C image at a position after



US 2016/0331349 A1

being moved, again. In this case, the output control function
172 compares the long axis length of the A4C image
obtained again and the long axis length of the A2C image
and highlights the A4C image or the A2C image having the
smaller long axis length.

[0123] When the long axis length of the A4C image is
larger than the long axis length of the A2C image, the
operator then changes the position and the angle of the
ultrasonic probe 11 for the cross section of the A2C image.
On the other hand, when the long axis length of the A4C
image is still smaller than the long axis length of the A2C
image, the operator changes the position and the angle of the
ultrasonic probe 11 for the cross section of the A4C image,
again. When the long axis length of the A4C image is
equivalent to the long axis length of the A2C image, the
operator determines that both cross sections passing through
the apex have been provided.

[0124] The long axis lengths of the A4C image and the
A2C image that have been initially obtained are equivalent
to each other in some cases. In this case, they are considered
to be possibly equivalent to each other by accident although
the long axis lengths of them are not the largest. Even in this
case, the operator preferably performs operations of chang-
ing both cross sections and comparing the long axis lengths
of them at least once for each.

[0125] When the determination at step S312 is positive, at
step S313, the storage function 173 stores the pieces of
ultrasonic image data of the A4C image and the A2C image
in the storage circuitry 160.

[0126] FIG. 9 is merely an example. For example, the
above-mentioned processing procedures may not be neces-
sarily executed in the above-mentioned order. For example,
the pieces of processing of calculating the long axis lengths
of the A4C image and the A2C image at steps S306 and
S309, respectively, may be executed after the processing at
step S301.

[0127] Thus, the ultrasonic diagnostic apparatus 1 in the
third embodiment starts scanning the A4C image and the
A2C image and notifies the operator of the A4C image or the
A2C image having the smaller long axis length. This noti-
fication enables the operator to know the cross section to be
changed and to therefore change the position and the angle
of the ultrasonic probe 11 that image-captures the cross
section.

Notification of Third Embodiment

[0128] In the above-mentioned third embodiment, images
that have been obtained in past examination may be dis-
played simultaneously.

[0129] FIG. 10 is a view for explaining processing of the
output control function 172 in a modification of the third
embodiment. In FIG. 10, the display screen of the display 13
contains the display region 50 for displaying the A4C image
in the current examination, the display region 51 for dis-
playing the A2C image in the current examination, a display
region 60 for displaying an A4C image in a past examina-
tion, and a display region 61 for displaying the A2C image
in the past examination.

[0130] As illustrated in FIG. 10, the output control func-
tion 172 displays the A4C image and the A2C image
generated by the image generation. circuitry 140 in the
current examination on the display regions 50 and 51,
respectively, and display the A4C image and the A2C image
obtained in the past examination on the display regions 60
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and 61, respectively. The images that are displayed on the
display regions 50, 51, 60, and 61 may be still images in
certain cardiac phases (for example, R-wave time phases) or
a plurality of images for the predetermined number of
heartbeats (for example, one heartbeat) may be continuously
displayed (video-displayed) on the display regions 50, 51,
60, and 61.

[0131] For example, when the images for the predeter-
mined number of heartbeats (for example, one heartbeat) are
continuously displayed on the display regions 50, 51, 60,
and 61, the output control function 172 synthesizes the
cardiac cycles of the four images that are displayed simul-
taneously based on the electrocardiogram signals detected
from the subject P. For the A4C image and the A2C image
obtained in the past examination, pieces of information
indicating timings in the electrocardiograms are given to the
stored images. For example, the output control function 172
sequentially displays the images (the A4C image and the
A2C image) corresponding to the -electrocardiograms
acquired from the electrocardiograph 14 on the display
regions 50 and 51. Furthermore, the output control function
172 sequentially displays the A4C image and the A2C image
obtained in the past examination at timings corresponding to
the electrocardiograms of the images that are displayed on
the display regions 50 and 51. In this manner, the output
control function 172 synthesizes the cardiac cycles of the
four images that are displayed simultaneously.

[0132] As described above, in the modification of the third
embodiment, the ultrasonic diagnostic apparatus 1 displays
the images obtained in the current examination and the
images obtained in the past examination simultaneously.
This display enables the operator to browse the cross sec-
tions by the current examination and the cross sections by
the past examination in parallel, thereby providing the cross
sections identical to the cross sections in the past easily. For
example, even when the operator is different between the
past examination and the current examination, the operator
in the current examination can provide the cross sections
identical to the cross sections in the past easily.

[0133] The contents as described in the first embodiment
and the second embodiment can be also applied to the third
embodiment except that the operator is notified of the cross
section of the A4C image or the A2C image having the
smaller long axis length. For example, the output control
function 172 may display the image 30 as described in the
first embodiment on the current ultrasonic image that is
displayed substantially real time.

[0134] Although the 1D array probe is applied as the
ultrasonic probe 11 in the above-mentioned third embodi-
ment, a 2D array probe may be applied. When the 2D array
probe is applied, for example, the operator can start scanning
initial cross sections of the A4C image and the A2C image
by one-time operation. Also in this case, the operations of
comparing the long axis lengths of the A4C image and the
A2C image and changing the cross section having the
smaller long axis length are identical to those as described
above.

[0135] Although the output control function 172 notifies
the operator of the cross section having the smaller long axis
length in the above-mentioned third embodiment, the output
control function 172 may notify the operator of the cross
section having the larger long axis length. Also in this case,
the above-mentioned operations can be executed because the
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operator can know the cross section to be changed (the cross
section having the smaller long axis length).

Fourth Embodiment

[0136] In the above-mentioned first to third embodiments,
the operator changes the cross section by being notified of
the information as the indicator for determining whether the
cross section passing through the apex has been provided.
Embodiments are not, however, limited thereto. For
example, the ultrasonic diagnostic apparatus 1 may auto-
matically change the cross section and offer an appropriate
cross section to the operator.

[0137] FIG. 11 is a block diagram illustrating an example
of the configuration of an ultrasonic diagnostic apparatus
according to the fourth embodiment. The ultrasonic diag-
nostic apparatus 1 in the fourth embodiment comprises the
same configuration as that of the ultrasonic diagnostic
apparatus 1 as illustrated in FIG. 1 except that the ultrasonic
probe 11 is a 2D array probe and the processing circuitry 170
further executes a can control function 174, and a part of
pieces of processing of the calculation function 171, the
output control function 172, and the storage function 173. In
the fourth embodiment, points different from the first
embodiment are mainly described and the same reference
numeral as those in FIG. 1 denote points of the same
functions as those of the configurations as described in the
first embodiment and description thereof is omitted.
[0138] The scan control function 174 is a function that is
implemented when the processing circuitry 170 reads a
computer program corresponding to the scan control func-
tion 174 from the storage circuitry 160 and executes it. The
scan control function 174 causes the ultrasonic probe 11 to
perform the ultrasonic scanning in which the positions of the
cross sections of the A4C image and the A2C image are
changed to decrease the difference between the long axis
length of the A4C image and the long axis length of the A2C
image. For example, when the long axis length of the A4C
image in the long axis lengths of the A4C image and the A2C
image is smaller, the scan control function 174 causes the
ultrasonic probe 11 to perform the ultrasonic scanning in
which the position of the cross section of the A4C image is
changed. When the long axis length of the A2C image is
smaller, the scan control function 174 causes the ultrasonic
probe 11 to perform the ultrasonic scanning in which the
position of the cross section of the A2C image is changed.
The following describes processing of the scan control
function 174 with reference to FIG. 12.

[0139] FIG. 12 is a flowchart illustrating processing pro-
cedures by the ultrasonic diagnostic apparatus 1 in the fourth
embodiment. The processing procedures as illustrated in
FIG. 12 are started when an instruction to start bi-plane 2D
scanning is received from the operator in a state where the
ultrasonic probe 11, which is the 2D array probe, is brought
into contact with the body surface of the subject P.

[0140] At step S401, the processing circuitry 170 starts the
bi-plane 2D scanning For example, when the processing
circuitry 170 receives the instruction to start the bi-plane 2D
scanning from the operator, the processing circuitry 170
starts the bi-plane 2D scanning. When step S401 is negative,
the processing circuitry 170 does not start the scanning and
is made into a standby state.

[0141] When step S401 is positive, at step S402, the
ultrasonic probe 11 performs the ultrasonic scanning on
substantially orthogonal two cross sections.

Nov. 17,2016

[0142] At step S403, the image generation circuitry 140
generates pieces of ultrasonic image data of the substantially
orthogonal two cross sections. Then, the output control
function 172 displays a bi-plane 2D image (two ultrasonic
images that are substantially orthogonal to each other)
corresponding to the pieces of ultrasonic image data gener-
ated by the image generation circuitry 140. The operator
changes the position and the angle of the ultrasonic probe 11
such that the displayed bi-plane 2D image will correspond to
the A4C image and the A2C image. Then, when the operator
determines that the A4C image and the A2C image are
provided substantially, the operator holds the position and
the angle of the ultrasonic probe 11 and the processing at
step S404 and subsequent pieces of processing are started.

[0143] At step S404, the calculation function 171 detects
the positions of both valve annulus and the apex from each
of the A4C image and the A2C image.

[0144] At step S405, the calculation function 171 calcu-
lates the long axis lengths of the A4C image and the A2C
image as initial long axis lengths.

[0145] At step S406, the scan control function 174 calcu-
lates a first differential value between the initial long axis
length of the A4C image and the initial long axis length of
the A2C image. The first differential value is an absolute
value of the difference between the initial long axis length of
the A4C image and the initial long axis length of the A2C
image.

[0146] At step S407, the scan control function 174 causes
the ultrasonic probe 11 to perform the ultrasonic scanning
while changing the position of the cross section having the
smaller initial long axis length and determines the cross
section at a position at which the first differential value is
minimum. For example, when the initial long axis length of
the A4C image is smaller, the scan control function 174
changes the position and the angle of the cross section of the
A4C image and causes the ultrasonic probe 11 to perform the
ultrasonic scanning on the changed cross section. For
example, the scan control function 174 changes the position
and the angle of the cross section of the A4C image in the
direction perpendicular to the cross section of the A2C
image. The scan control function 174 calculates the first
differential value using the long axis length that is calculated
from the cross section after being changed every time the
cross section is changed. The scan control function 174
determines the A4C cross section at a position at which the
first differential value is minimum.

[0147] At step S408, the scan control function 174 causes
the ultrasonic probe 11 to perform the ultrasonic scanning
while changing the position of the cross section having the
larger initial long axis length and determines the cross
section at a position at which the first differential value is
minimum. For example, when the initial long axis length of
the A2C image is larger, the scan control function 174
changes the position and the angle of the cross section of the
A2C image and causes the ultrasonic probe 11 to perform the
ultrasonic scanning on the changed cross section. For
example, the scan control function 174 changes the position
and the angle of the cross section of the A2C image in the
direction perpendicular to the cross section of the A4C
image. The scan control function 174 calculates the first
differential value using the long axis length that is calculated
from the cross section after being changed every time the
cross section is changed. The scan control function 174
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determines the A2C cross section at a position at which the
first differential value is minimum.

[0148] At step S409, the scan control function 174 calcu-
lates a second differential value between the initial long axis
length and the current long axis length for the cross section
having the larger initial long axis length. For example, when
the initial long axis length of the A2C image is smaller, the
scan control function 174 calculates, as the second differ-
ential value, an absolute value of the difference between the
initial long axis length of the A2C image that has been
calculated by the processing at step S405 and the long axis
length of the A2C image that has been calculated by the
processing at step S409.

[0149] At step S410, the scan control function 174 deter-
mines whether the second differential value is lower than a
threshold. When the determination at step S410 is negative,
the scan control function 174 returns the process to the
processing at step S407. The determination whether the
second differential value is lower than the threshold is made
because it is considered that a sufficiently long long axis can
be provided, when variation of the larger long axis length is
small.

[0150] When the determination at step S410 is positive, at
step. S411, the scan control function 174 notifies the opera-
tor of finish of the processing. That is to say, the scan control
function 174 determines the two cross sections determined
by the pieces of processing at step S407 and step S408 as the
cross sections of the A4C image and the A2C image. For
example, the storage function 173 stores the pieces of
ultrasonic image data of the determined A4C image and A2C
image in the storage circuitry 160.

[0151] Thus, the ultrasonic diagnostic apparatus 1 in the
fourth embodiment automatically changes the positions of
the cross sections of the A4C image and the A2C image to
decrease the difference between the long axis length of the
A4C image and the long axis length of the A2C image and
offers cross sections at the positions with the small differ-
ence therebetween to the operator. This notification enables
the operator to automatically provide the cross section
having the largest long axis length among the cross sections
that are provided while the operator holds the ultrasonic
probe 11 at a position in contact with the body surface of the
subject P.

[0152] The contents as described in the first embodiment
and the second embodiment can be also applied to the fourth
embodiment except that the operator is notified of the cross
section of the A4C image or the A2C image having the
smaller long axis length. For example, the output control
function 172 may display the image 30 as described in the
first embodiment on the current ultrasonic image that is
displayed substantially real time.

Other Embodiments

[0153] The embodiment may be carried out in various
different modes other than the above-mentioned embodi-
ments,

[0154] For example, the components of the devices as
illustrated in the drawings are conceptual functionally and
are not necessarily required to be configured as illustrated in
the drawings physically. That is to say, specific forms of
distribution and integration of the devices are not limited to
those as illustrated in the drawings, and all of or a part of
them can be configured to be distributed or integrated
functionally or physically based on a desired unit depending
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on various loads and usage conditions. Furthermore, all of or
any part of processing functions operating in the devices can
be implemented by a central processing unit (CPU) and a
computer program that is analyzed and executed by the CPU
or can be implemented as hardware by a wired logic.

[0155] Furthermore, all of or a part of processing that have
been described to be performed automatically among the
pieces of processing as described in the first embodiment to
the fourth embodiment and the modifications can be pet-
formed manually. Alternatively, all of or a part of processing
that have been described to be performed manually among
the pieces of processing as described in the first embodiment
to the fourth embodiment and the modifications can be
performed automatically by a known method. In addition,
information including processing procedures, control pro-
cedures, specific names, and pieces of data of various types
and parameters as described in the above-described docu-
ment and drawings can be changed as appropriate unless
otherwise specified.

[0156] A control method of the ultrasonic diagnostic appa-
ratus as described in the first embodiment to the fourth
embodiment and the modifications can be also executed by
executing a previously prepared control program by a com-
puter such as a personal computer and a workstation. The
control program can be distributed through a network such
as the Internet. The ultrasonic imaging method can be also
executed by being recorded in a computer readable record-
ing medium such as a hard disk, a flexible disk (ED), a
compact disc read only memory (CD-ROM), a magneto-
optic disc (MO), and a digital versatile disc (DVD) and
being read from the recording medium by the computer.

[0157] According to at least one of the above-described
embodiments, the desired cross sect on can be provided
accurately.

[0158] While certain embodiments have been described,
these embodiments have been presented. by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes 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 ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to perform ultrasonic scan-
ning on a two-dimensional region of a subject;

image generation circuitry configured to generate ultra-
sonic image data corresponding to the two-dimensional
region; and

processing circuitry configured to calculate a character-
istic amount of a structure that is detected from each of
a plurality of pieces of ultrasonic image data generated.
by the ultrasonic scanning at different positions and
output information based on a comparison result of the
calculated characteristic amounts.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry outputs increase/decrease
information indicating an increase/decrease extent of the
characteristic amount as the comparison result.
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3. The ultrasonic diagnostic apparatus according to claim
2, wherein the processing circuitry displays an image indi-
cating the increase/decrease information.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry calculates, as the char-
acteristic amount, a length of along axis of a left ventricle
passing through an apex of a heart of the subject.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry calculates, as the char-
acteristic amount, a length of a long axis of a left ventricle
passing through an apex of a heart of the subject and a value
based on a curvature of a contour containing the apex of the
heart.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry specifies the ultrasonic
image data in a predetermined cardiac phase based on an
electrocardiogram signal that is detected from the subject,
and calculates the characteristic amount from the specified
ultrasonic image data, and
the processing circuitry outputs information based on a
comparison result of characteristic amounts in the
cardiac phase.
7. The ultrasonic diagnostic apparatus according to claim
4, wherein the processing circuitry detects positions of a
valve annulus and the apex of the heart from the ultrasonic
image data and calculates the length of the long axis based
on the detected positions of the valve annulus and the apex.
8. The ultrasonic diagnostic apparatus according claim 1,
wherein the processing circuitry displays images corre-
sponding to at least three pieces of ultrasonic image data
among the pieces of ultrasonic image data simultaneously.
9. The ultrasonic diagnostic apparatus according to claim
8, wherein when the processing circuitry receives an instruc-
tion to select any one of the images displayed simultane-
ously from an operator, the processing circuitry stores, in a
predetermined storage circuitry, ultrasonic image data cor-
responding to the image selected by the received instruction.
10. The ultrasonic diagnostic apparatus according to
claim 8, wherein the processing circuitry highlights an
image having a maximum characteristic amount of the
ultrasonic image data corresponding to the image among the
images displayed simultaneously.
11. The ultrasonic diagnostic apparatus according to claim
8, wherein the processing circuitry synthesizes cardiac
cycles of the images displayed simultaneously based on
electrocardiogram signals that are detected from the subject.
12. The ultrasonic diagnostic apparatus according to
claim 1, wherein
the processing circuitry calculates a first characteristic
amount that is a characteristic amount of a structure
that is detected from first ultrasonic image data that is
the ultrasonic image data corresponding to a first cross
section and a second characteristic amount that is a
characteristic amount of a structure that is detected
from second ultrasonic image data that is the ultrasonic
image data corresponding to a second cross section
substantially orthogonal to the first cross section, and
the processing circuitry outputs information based on a
comparison result of the first characteristic amount and
the second characteristic amount.
13. The ultrasonic diagnostic apparatus according to
claim 12, wherein
the processing circuitry calculates, as the first character-
istic amount of the structure, a first long axis length that
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is a length of a long axis of a heart that is detected from
the first ultrasonic image data and, as the second
characteristic amount of the structure, a second long
axis length that is a Length of the among axis of the
heart that is detected from the second ultrasonic image
data, and

the processing circuitry highlights the ultrasonic image

data corresponding to the first long axis length or the
second long axis length that is larger or smaller.

14. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe as a two-dimensional array probe

configured to perform ultrasonic scanning on a first
cross section and perform ultrasonic scanning on a
second cross section. substantially orthogonal to the
first cross section;

image generation circuitry configured to generate first

ultrasonic image data corresponding to the first cross
section and second ultrasonic image data correspond-
ing to the second cross section; and

processing circuitry configured to calculate a first char-

acteristic amount of a structure that is detected from the
first ultrasonic image data and a second characteristic
amount of the structure that is detected from the second
ultrasonic image data, and cause the ultrasonic probe to
perform ultrasonic scanning in which a position of the
first cross section or the second cross section is changed
to decrease a difference between the first characteristic
amount and the second characteristic amount.

15. The ultrasonic diagnostic apparatus according to
claim 14, wherein

the processing circuitry calculates, as the first character-

istic amount of the structure, a first long axis length that
1s a length of a long axis of a heart that is detected from
the first ultrasonic image data and, as the second
characteristic amount of the structure, a second long
axis length that is a length of the long axis of the heart
that is detected from the second ultrasonic image data,
and

the processing circuitry causes the ultrasonic probe to

perform ultrasonic scanning in which the position of
the first cross section is changed when the first long axis
length among the first long axis length and the second
long axis length is smaller and causes the ultrasonic
probe to perform ultrasonic scanning in which the
position of the second cross section is changed when
the second long axis length is smaller.

16. The ultrasonic diagnostic apparatus according to
claim 14, wherein the processing circuitry outputs informa-
tion based on a comparison result of the first characteristic
amount and the second characteristic amount.

17. The ultrasonic diagnostic apparatus according to
claim 16, wherein

the processing circuitry specifies the first ultrasonic image

data and the second ultrasonic image data in a prede-
termined cardiac phase based on electrocardiogram
signals that are detected from a subject and calculates
the characteristic amount from each of the specified
first ultrasonic image data and second ultrasonic image
data, and

the processing circuitry outputs information based on a

comparison result of the characteristic amounts in the
cardiac phase.

18. The ultrasonic diagnostic apparatus according to
claim 16, wherein the processing circuitry simultaneously
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displays images based on the first ultrasonic image data and
the second ultrasonic image data generated by the image
generation circuitry and images based on the first ultrasonic
image data and the second ultrasonic image data generated
in the past.

19. The ultrasonic diagnostic apparatus according to
claim 18, wherein the processing circuitry synthesizes car-
diac cycles of toe images displayed simultaneously based on
electrocardiogram signals that are detected from the subject.

20. A control method comprising:

generating ultrasonic image data corresponding to a two-

dimensional region of a subject on which an ultrasonic
probe has performed ultrasonic scanning;

calculating a characteristic amount of a structure that is

detected from each of a plurality of pieces of ultrasonic
image data generated by the ultrasonic scanning at
different positions; and

outputting information based on a comparison result of

the calculated characteristic amounts.
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21. A control method comprising:

generating first ultrasonic mage data corresponding to a
first cross section on which an ultrasonic probe that is
a two-dimensional array probe has performed ultra-
sonic scanning and second ultrasonic image data cor-
responding to a second cross section substantially
orthogonal to the first cross section;

calculating a first characteristic amount of a structure that
is detected from the first ultrasonic image data and a
second characteristic amount of the structure that is
detected from the second ultrasonic image data; and

causing the ultrasonic probe to perform the ultrasonic
scanning in which a position of the first cross section or
the second cross section is changed to decrease a
difference between the first characteristic amount and
the second characteristic amount.
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