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ULTRASOUND DIAGNOSTIC APPARATUS,
IMAGE PROCESSING APPARATUS, AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of PCT
international application Ser. No. PCT/IP2013/083776 filed
on Dec. 17, 2013 which designates the United States, incor-
porated herein by reference, and which claims the benefit of
priority from Japanese Patent Application No. 2012-27598]1,
filed on Dec. 18, 2012 and Japanese Patent Application No.
2013-260340, filed on Dec. 17, 2013, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnostic apparatus, an image processing
apparatus, and an image processing method.

BACKGROUND

[0003] In recent years, intravenously-administered ultra-
sound contrast agents have been available as products, so that
“contrast echo methods” can be implemented. In the follow-
ing sections, ultrasound contrast agents may simply be
referred to as “contrast agents”. For example, one of the
purposes of a contrast echo method is, when performing a
medical examination on the heart or the liver, to inject a
contrast agent through a vein so as to enhance bloodstream
signals and to evaluate bloodstream dynamics. In many con-
trast agents, microbubbles function as reflection sources. For
example, a second-generation ultrasound contrast agent
called “Sonazoid (registered trademark)” that was recently
launched in Japan includes microbubbles configured with
phospholipid enclosing fluorocarbon (perfluorobutane) gas
therein. When implementing the contrast echo method, it is
possible to stably observe a reflux of the contrast agent, by
using a transmission ultrasound wave having a medium-low
sound pressure at such a level that does not destroy the
microbubbles.

[0004] By performing an ultrasound scan on a diagnosed
site (e.g., liver cancer) after administering the contrast agent
thereto, an operator (e.g., a doctor) is able to observe an
increase and a decrease of the signal strength, over a period of
time from an inflow to an outflow of the contrast agent that
refluxes due to the bloodstream. Further, studies have been
made to perform a differential diagnosis process to determine
benignancy/malignancy of a tumor region or to perform a
diagnosis process on “diffuse” diseases, and the like, by
observing differences in the temporal transition of the signal
strength.

[0005] Unlike other simple morphological information, the
temporal transition of the signal strength indicating reflux
dynamics of a contrast agent usually requires that a moving
image is interpreted in a real-time manner or after the moving
image is recorded. Accordingly, it usually takes a long time to
interpret the reflux dynamics of the contrast agent. For this
reason, a method has been proposed by which information
about the time at which a contrast agent flows in (inflow time),
which is normally observed in a moving image, is mapped on
asingle still image. This method is realized by generating and
displaying the still image in which the difference in the peak
times of the signals of the contrast agent is expressed by using
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mutually-different hues. By referring to the still image, the
interpreting doctor is able to easily understand the inflow time
at each of the different locations on a tomographic plane of
the diagnosed site. Further, another method has also been
proposed by which a still image is generated and displayed so
as to express, by using mutually-different hues, the difference
in the times (the times from the start of an inflow to the end of
an outflow) during which a contrast agent becomes stagnant
in a specific region.

[0006] Incidentally, because tumor blood vessels run in a
more complicated manner than normal blood vessels, phe-
nomena may be observed in which microbubbles having no
place to go become stagnant in a tumor or in which such
stagnant microbubbles further flow in an opposite direction.
Such behaviors of microbubbles inside tumor blood vessels
were actually observed in tumor mice on which contrast
enhanced ultrasound imaging processes were performed. In
other words, if it is possible to evaluate behaviors of
microbubbles by performing a contrast enhanced ultrasound
imaging process which makes the imaging of a living body
possible, there is a possibility that the contrast echo method
may be applied to the evaluation of abnormalities of tumor
blood vessels.

[0007] Further, in recent years, histopathological observa-
tions have confirmed that angiogenesis inhibitors, which are
anticancer agents currently on a clinical trial, are able to
destroy blood vessels that nourish a tumor so as to cause
fragmentation and narrowing of the tumor blood vessels. If a
contrast enhanced ultrasound imaging process is able to
image or quantify the manner in which microbubbles become
stagnant within blood vessels fragmented by an angiogenesis
inhibitor, it is expected that the contrast echo method can be
applied to judging effects of treatments.

[0008] However, the transition of the signal strength (i.e.,
the transition of brightness levels in an ultrasound image)
varies depending on image taking conditions and measured
regions. For example, the transition of the brightness levels
varies depending on the type of the contrast agent, the char-
acteristics of the blood vessels in the observed region, and the
characteristics of the tissues in the surroundings of the blood
vessels. In contrast, the above-mentioned still image is gen-
erated and displayed by determining a contrast agent inflow
time on the basis of an absolute feature value (e.g., an absolute
time or an absolute brightness level) that is observed regard-
less of the image taking conditions or the measured region
and by analyzing the temporal transition of the signal strength
on the basis of the determined contrast agent inflow time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1is a block diagram of an exemplary configu-
ration of an ultrasound diagnostic apparatus according to an
embodiment;

[0010] FIG. 2, FIG. 3 and F1G. 4 are drawings of examples
of an analysis region;

[0011] FIG. 5, FIG. 6, FIG. 7 and FIG. 8 are drawings for
explaining an analyzing unit;

[0012] FIG. 9, FIG. 10 and FIG. 11 are drawings for
explaining the transition image generating unit;

[0013] FIG. 12 is a flowchart of exemplary processes per-
formed by the ultrasound diagnostic apparatus according to
the present embodiment;

[0014] FIG. 13 and FIG. 14 are drawings for explaining
modified examples of the present embodiment; and
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[0015] FIG.15is ablock diagram of an exemplary configu-
ration of an ultrasound diagnostic apparatus according to a
modified example.

DETAILED DESCRIPTION

[0016] An ultrasound diagnostic apparatus according to an
embodiment includes processing circuitry and controlling
circuitry. The processing circuitry is configured to generate
brightness transition information indicating a temporal tran-
sition of a brightness level in an analysis region that is set in
an ultrasound scan region, from time-series data acquired by
performing an ultrasound scan on a subject to whom a con-
trast agent has been administered and to obtain a parameter by
normalizing reflux dynamics of the contrast agent in the
analysis region with respect to time, based on the brightness
transition information. The controlling circuitry is configured
to cause a display to display the parameter in a format using
one or both of an image and text.

[0017] An ultrasound diagnostic apparatus according to an
embodiment includes a brightness transition information
generating unit, an analyzing unit, and a controlling unit. The
brightness transition information generating unit generates
brightness transition information indicating a temporal tran-
sition of a brightness level in an analysis region that is set in
an ultrasound scan region, from time-series data acquired by
performing an ultrasound scan on a subject to whom a con-
trast agent has been administered. The analyzing unit obtains
a parameter by normalizing reflux dynamics of the contrast
agent in the analysis region with respect to time, based on the
brightness transition information. The controlling unit causes
a display unit to display the parameter in a format using one
or both of an image and text.

[0018] Exemplary embodiments of an ultrasound diagnos-
tic apparatus will be explained in detail below, with reference
to the accompanying drawings.

Exemplary Embodiments

[0019] First, a configuration of an ultrasound diagnostic
apparatus according to an exemplary embodiment will be
explained. FIG. 1 is a block diagram of an exemplary con-
figuration of the ultrasound diagnostic apparatus according to
the present embodiment. As illustrated in FIG. 1, the ultra-
sound diagnostic apparatus according to the first embodiment
includes an ultrasound probe 1, a monitor 2, aninput device 3,
and an apparatus main body 10.

[0020] Theultrasound probe 1 includes a plurality of piezo-
electric transducer elements, which generate an ultrasound
wave on the basis of a drive signal supplied from a transmit-
ting and receiving unit 11 included in the apparatus main
body 10 (explained later). Further, the ultrasound probe 1
receives a reflected wave from an examined subject (herein-
after, a “subject”) P and converts the received reflected wave
into an electric signal. Further, the ultrasound probe 1
includes a matching layer that is abutted on the piezoelectric
transducer elements, as well as a backing member that pre-
vents backward propagation of ultrasound waves from the
piezoelectric transducer elements. The ultrasound probe 1 is
detachably connected to the apparatus main body 10.

[0021] When an ultrasound wave is transmitted from the
ultrasound probe 1 to the subject P, the transmitted ultrasound
wave is repeatedly reflected on discontinuous surfaces of
acoustic impedances at a tissue in the body of the subject P
and is received as a reflected-wave signal by the plurality of
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piezoelectric transducer elements included in the ultrasound
probe 1. The amplitude of the received reflected-wave signal
is dependent on the difference between the acoustic imped-
ances on the discontinuous surfaces on which the ultrasound
wave is reflected. When the transmitted ultrasound pulse is
reflected on the surface of a flowing bloodstream, a cardiac
wall, and the like, the reflected-wave signal is, due to the
Doppler effect, subject to a frequency shift, depending on a
velocity component of the moving members with respect to
the ultrasound wave transmission direction.

[0022] For example, the apparatus main body 10 may be
connected to a one-dimensional (1D) array probe which is
served as the ultrasound probe 1 for a two-dimensional scan
and in which the plurality of piezoelectric transducer ele-
ments are arranged in a row. Alternatively, for example, the
apparatus main body 10 may be connected to a mechanical
four-dimensional (4D) probe or a two-dimensional (2D)
array probe which is served as the ultrasound probe 1 for a
three-dimensional scan. The mechanical 4D probe is able to
perform a two-dimensional scan by employing a plurality of
piezoelectric transducer elements arranged in a row like in the
1D array probe and is also able to perform the three-dimen-
sional scan by causing the plurality of piezoelectric trans-
ducer elements to swing at a predetermined angle (a swinging
angle). The 2D array probe is able to perform the three-
dimensional scan by employing a plurality of piezoelectric
transducer elements arranged in a matrix formation and is
also able to perform a two-dimensional scan by transmitting
ultrasound waves in a focused manner.

[0023] The present embodiment is applicable to a situation
where the ultrasound probe 1 performs a two-dimensional
scan on the subject P and to a situation where the ultrasound
probe 1 performs a three-dimensional scan on the subject P.

[0024] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball, a joystick, and the like. The input device 3
receives various types of setting requests from an operator of
the ultrasound diagnostic apparatus and transfers the received
various types of setting requests to the apparatus main body
10. For example, from the operator, the input device 3
receives a setting of an analysis region used for analyzing the
reflux dynamics of an ultrasound contrast agent. The analysis
region set in the present embodiment will be explained in
detail later.

[0025] The monitor 2 displays a Graphical User Interface
(GUT) used by the operator of the ultrasound diagnostic appa-
ratus to input the various types of setting requests through the
input device 3, an ultrasound image, and the like generated by
the apparatus main body 10.

[0026] The apparatus main body 10 is an apparatus that
generates ultrasound image data on the basis of the reflected-
wave signal received by the ultrasound probe 1. The apparatus
main body 10 illustrated in FIG. 1 is an apparatus that is able
to generate two-dimensional ultrasound image data on the
basis of two-dimensional reflected-wave data received by the
ultrasound probe 1. Further, the apparatus main body 10
illustrated in FIG. 1 is an apparatus that is able to generate
three-dimensional ultrasound image data on the basis of
three-dimensional reflected-wave data received by the ultra-
sound probe 1. In the following sections, three-dimensional
ultrasound image data may be referred to as “volume data”.

[0027] As illustrated in FIG. 1, the apparatus main body 10
includes the transmitting and receiving unit 11, a B-mode
processing unit 12, a Doppler processing unit 13, an image
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generating unit 14, an image processing unit 15, an image
memory 16, an internal storage unit 17, and a controlling unit
18.

[0028] The transmitting and receiving unit 11 includes a
pulse generator, a transmission delaying unit, a pulser, and the
like and supplies the drive signal to the ultrasound probe 1.
The pulse generator repeatedly generates a rate pulse for
forming a transmission ultrasound wave at a predetermined
rate frequency. Further, the transmission delaying unit applies
a delay period that is required to focus the ultrasound wave
generated by the ultrasound probe 1 into the form of a beam
and to determine transmission directionality and that corre-
sponds to each of the piezoelectric transducer elements, to
each of the rate pulses generated by the pulse generator.
Further, the pulser applies a drive signal (a drive pulse) to the
ultrasound probe 1 with timing based on the rate pulses. In
other words, the transmission delaying unit arbitrarily adjusts
the transmission directions of the ultrasound waves transmit-
ted from the piezoelectric transducer elements surface, by
varying the delay periods applied to the rate pulses.

[0029] The transmitting and receiving unit 11 has a func-
tion to be able to instantly change the transmission frequency,
the transmission drive voltage, and the like, for the purpose of
executing a predetermined scanning sequence on the basis of
an instruction from the controlling unit 18 (explained later).
In particular, the configuration to change the transmission
drive voltage is realized by using a linear-amplifier-type
transmitting circuit of which the value can be instantly
switched or by using a mechanism electrically switching
among a plurality of power source units.

[0030] The transmitting and receiving unit 11 includes a
pre-amplifier, an Analog/Digital (A/D) converter, a reception
delaying unit, an adder, and the like and generates reflected-
wave data by performing various types of processes on the
reflected-wave signal received by the ultrasound probe 1. The
pre-amplifier amplifies the reflected-wave signal for each of
channels. The A/D converter applies an A/D conversion to the
amplified reflected-wave signal. The reception delaying unit
applies a delay period required to determine reception direc-
tionality to the result of the A/D conversion. The adder per-
forms an adding process on the reflected-wave signals pro-
cessed by the reception delaying unit so as to generate the
reflected-wave data. As a result of the adding process pet-
formed by the adder, reflected components from the direction
corresponding to the reception directionality of the reflected-
wave signals are emphasized. A comprehensive beam used in
an ultrasound transmission/reception is thus formed accord-
ing to the reception directionality and the transmission direc-
tionality.

[0031] When a two-dimensional scan is performed on the
subject P, the transmitting and receiving unit 11 causes the
ultrasound probe 1 to transmit two-dimensional ultrasound
beams. The transmitting and receiving unit 11 then generates
two-dimensional reflected-wave data from the two-dimen-
sional reflected-wave signals received by the ultrasound
probe 1. When a three-dimensional scan is performed on the
subject P, the transmitting and receiving unit 11 causes the
ultrasound probe 1 to transmit three-dimensional ultrasound
beams. The transmitting and receiving unit 11 then generates
three-dimensional reflected-wave data from the three-dimen-
sional reflected-wave signals received by the ultrasound
probe 1.

[0032] Output signals from the transmitting and receiving
unit 11 can be in a form selected from various forms. For
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example, the output signals may be in the form of signals
called Radio Frequency (RF) signals that contain phase infor-
mation or may be in the form of amplitude information
obtained after an envelope detection process.

[0033] The B-mode processing unit 12 receives the
reflected-wave data from the transmitting and receiving unit
11 and generates data (B-mode data) in which the strength of
each signal is expressed by a degree of brightness, by per-
forming a logarithmic amplification, an envelope detection
process, and the like on the received reflected-wave data.
[0034] TheB-mode processing unit 12 is capable of chang-
ing the frequency band to be imaged by changing a detection
frequency by a filtering process. By using this function of the
B-mode processing unit 12, it is possible to realize a contrast
echo method, e.g., a Contrast Harmonic Imaging (CHI) pro-
cess. In other words, from the reflected-wave data of the
subject P into whom an ultrasound contrast agent has been
injected, the B-mode processing unit 12 is able to separate
reflected wave data (harmonic data or subharmonic data) of
which the reflection source is microbubbles and reflected-
wave data (fundamental harmonic data) of which the reflec-
tion source is tissues inside the subject P. Accordingly, by
extracting the harmonic data or the subharmonic data from
the reflected-wave data of the subject P, the B-mode process-
ing unit 12 is able to generate B-mode data used for generat-
ing contrast enhanced image data. The B-mode data used for
generating the contrast enhanced image data is such data in
which the strength of each reflected-wave signal of which the
reflection source is the contrast agent is expressed by a degree
of brightness. Further, by extracting the fundamental har-
monic data from the reflected-wave data of the subject P, the
B-mode processing unit 12 is able to generate B-mode data
used for generating tissue image data.

[0035] When performing a CHI process, the B-mode pro-
cessing unit 12 is able to extract harmonic components by
using a method different from the method described above
that uses the filtering process. During the harmonic imaging
process, it is possible to implement any of the imaging meth-
ods including an Amplitude Modulation (AM) method, a
Phase Modulation (PM) method, and an AMPM method com-
bining the AM method with the PM method. According to the
AM method, the PM method, or the AMPM method, a plu-
rality of ultrasound transmission is performed with respect to
the same scanning line (multiple rates), while varying the
amplitude and/or the phase. As a result, the transmitting and
receiving unit 11 generates and outputs a plurality of pieces of
reflected-wave data for each of the scanning lines. After that,
the B-mode processing unit 12 extracts the harmonic compo-
nents by performing an addition/subtraction process depend-
ing on the modulation method on the plurality of pieces of
reflected-wave data for each of the scanning lines. After that,
the B-mode processing unit 12 generates B-mode data by
performing an envelope detection process or the like on the
reflected-wave data of the harmonic components.

[0036] For example, when implementing the PM method,
the transmitting and receiving unit 11 causes ultrasound
waves having mutually-the-same amplitude and inverted
phase polarities (e.g., (-1, 1)) to be transmitted twice for each
of the scanning lines, according to a scan sequence set by the
controlling unit 18. After that, the transmitting and receiving
unit 11 generates reflected-wave data resulting from the “-1”
transmission and reflected-wave data resulting from the “1”
transmission. The B-mode processing unit 12 adds these two
pieces of reflected-wave data. As a result, a signal from which
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fundamental harmonic components are eliminated and in
which second harmonic components primarily remain is gen-
erated. After that, the B-mode processing unit 12 generates
CHI B-mode data (the B-mode data used for generating con-
trast enhanced image data), by performing an envelope detec-
tion process or the like on the generated signal. The CHI
B-mode data is such data in which the strength of each
reflected-wave signal of which the reflection source is the
contrast agent is expressed by a degree of brightness. When
implementing the PM method with a CHI process, for
example, the B-mode processing unit 12 is able to generate
the B-mode data used for generating tissue image data, by
performing a filtering process on the reflected-wave data
resulting from the “1” transmission.

[0037] The Doppler processing unit 13 obtains velocity
information from the reflected-wave data received from the
transmitting and receiving unit 11 by performing a frequency
analysis, extracts bloodstream, tissues, and contrast-agent
echo components under the influence of the Doppler effect,
and generates data (Doppler data) obtained by extracting
moving member information such as a velocity, a dispersion,
a power, and the like, for a plurality of points.

[0038] The B-mode processing unit 12 and the Doppler
processing unit 13 according to the present embodiment are
able to process both two-dimensional reflected-wave data and
three-dimensional reflected-wave data. In other words, the
B-mode processing unit 12 is able to generate two-dimen-
sional B-mode data from two-dimensional reflected-wave
data and to generate three-dimensional B-mode data from
three-dimensional reflected-wave data. The Doppler process-
ing unit 13 is able to generate two-dimensional Doppler data
from two-dimensional reflected-wave data and to generate
three-dimensional Doppler data from three-dimensional
reflected-wave data.

[0039] The image generating unit 14 generates ultrasound
image data from the data generated by the B-mode processing
unit 12 and the Doppler processing unit 13. In other words,
from the two-dimensional B-mode data generated by the
B-mode processing unit 12, the image generating unit 14
generates two-dimensional B-mode image data in which the
strength of the reflected wave is expressed by a degree of
brightness. Further, from the two-dimensional Doppler data
generated by the Doppler processing unit 13, the image gen-
erating unit 14 generates two-dimensional Doppler image
data expressing the moving member information. The two-
dimensional Doppler image data is a velocity image, a dis-
persion image, a power image, or an image combining these
images.

[0040] In this situation, generally speaking, the image gen-
erating unit 14 converts (by performing a scan convert pro-
cess) a scanning line signal sequence from an ultrasound scan
into a scanning line signal sequence in a video formatused by,
for example, television and generates display-purpose ultra-
sound image data. Specifically, the image generating unit 14
generates the display-purpose ultrasound image data by per-
forming a coordinate transformation process compliant with
the ultrasound scanning used by the ultrasound probe 1. Fur-
ther, as various types of image processes other than the scan
convert process, the image generating unit 14 performs, for
example, an image process (a smoothing process) to re-gen-
erate a brightness-average image or an image process (an
edge enhancement process) using a differential filter within
images, while using a plurality of image frames obtained after
the scan convert process is performed. Further, the image
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generating unit 14 superimposes text information of various
parameters, scale marks, body marks, and the like on the
ultrasound image data.

[0041] In other words, the B-mode data and the Doppler
data are the ultrasound image data before the scan convert
process is performed. The data generated by the image gen-
erating unit 14 is the display-purpose ultrasound image data
obtained after the scan convert process is performed. The
B-mode data and the Doppler data may also be referred to as
raw data.

[0042] Further, the image generating unit 14 generates
three-dimensional B-mode image data by performing a coor-
dinate transformation process on the three-dimensional
B-mode data generated by the B-mode processing unit 12.
Further, the image generating unit 14 generates three-dimen-
sional Doppler image data by performing a coordinate trans-
formation process on the three-dimensional Doppler data
generated by the Doppler processing unit 13. In other words,
the image generating unit 14 generates “the three-dimen-
sional B-mode image data or the three-dimensional Doppler
image data” as “three-dimensional ultrasound image data
(volume data)”.

[0043] Further, the image generating unit 14 performs a
rendering process on the volume data, to generate various
types of two-dimensional image data used for displaying the
volume data on the monitor 2. Examples of the rendering
process performed by the image generating unit 14 include a
process to generate Multi Planar Reconstruction (MPR)
image data from the volume data by implementing an MPR
method. Other examples of the rendering process performed
by the image generating unit 14 include a process to apply a
“curved MPR” to the volume data and a process to apply a
“maximum intensity projection” to the volume data. Another
example of the rendering process performed by the image
generating unit 14 is a Volume Rendering (VR) process to
generate two-dimensional image data reflecting three-dimen-
sional information.

[0044] The image memory 16 is a memory that stores
therein the display-purpose image data generated by the
image generating unit 14. Further, the image memory 16 is
also able to store therein the data generated by the B-mode
processing unit 12 or the Doppler processing unit 13. Aftera
diagnosis process, for example, the operator is able to invoke
the display-purpose image data stored in the image memory
16. Further, after a diagnosis process, for example, the opera-
tor is also able to invoke the B-mode data or the Doppler data
stored in the image memory 16, and the invoked data is served
as the display-purpose ultrasound image data by the image
generating unit 14. Further, the image memory 16 is also able
to store data output from the transmitting and receiving unit
11.

[0045] The image processing unit 15 is installed in the
apparatus main body 10 for performing a Computer-Aided
Diagnosis (CAD) process. The image processing unit 15
obtains data stored in the image memory 16 and performs
image processes thereon to support diagnosis processes. Fur-
ther, the image processing unit 15 stores results of the image
processes into the image memory 16 or the internal storage
unit 17 (explained later). Processes performed by the image
processing unit 15 will be described in detail later.

[0046] The internal storage unit 17 stores therein various
types of data such as a control computer program (hereinafter,
“control program”) to execute ultrasound transmissions and
receptions, image process, and display process, as well as
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diagnosis information (e.g., patients” IDs, doctors” observa-
tions), diagnosis protocols, and various types of body marks.
Further, the internal storage unit 17 may be used, as neces-
sary, for storing therein any of the image data stored in the
image memory 16. Further, it is possible to transfer the data
stored in the internal storage unit 17 to an external apparatus
by using an interface (not shown). Examples of the external
apparatus include various types of medical image diagnostic
apparatuses, a personal computer (PC) used by a doctor who
performs an image diagnosis process, a storage medium such
as a compact disk (CD) or a digital versatile disk (DVD), and
a printer.

[0047] Thecontrolling unit 18 controls the entire processes
performed by the ultrasound diagnostic apparatus. Specifi-
cally, on the basis of the various types of setting requests input
by the operator by the input device 3 and various types of
control programs and various types of data invoked from the
internal storage unit 17, the controlling unit 18 controls pro-
cesses performed by the transmitting and receiving unit 11,
the B-mode processing unit 12, the Doppler processing unit
13, the image generating unit 14, and the image processing
unit 15. Further, the controlling unit 18 exercises control so
that the monitor 2 displays the image data stored in the image
memory 16 and the internal storage unit 17.

[0048] An overall configuration of the ultrasound diagnos-
tic apparatus according to the present embodiment has thus
been explained. The ultrasound diagnostic apparatus accord-
ing to the present embodiment configured as described above
implements the contrast echo method for the purpose of ana-
lyzing the reflux dynamics of the contrast agent. Further, from
time-series data acquired by performing an ultrasound scan
on the subject P into whom an ultrasound contrast agent has
been administered, the ultrasound diagnostic apparatus
according to the present embodiment generates and displays
image data with which it is possible to analyze, by using
objective criteria, the reflux dynamics of the contrast agent in
an analysis region that is set in the ultrasound scan region.
[0049] To generate the image data, the image processing
unit 15 according to the present embodiment includes, as
illustrated in FIG. 1, a brightness transition information gen-
erating unit 151, an analyzing unit 152, and a transition image
generating unit 153.

[0050] The brightness transition information generating
unit 151 illustrated in FIG. 1 generates brightness transition
information indicating a temporal transition of brightness
levels in an analysis region that is set in an ultrasound scan
region, from time-series data acquired by performing an
ultrasound scan on the subject P into whom a contrast agent
has been administered. Specifically, as the brightness transi-
tion information, the brightness transition information gen-
erating unit 151 generates a brightness transition curve that is
a curve indicating the temporal transition of the brightness
levels in the analysis region. As long as the information is able
to reproduce a brightness transition curve, the brightness
transition information generating unit 151 may generate the
brightness transition information in any arbitrary form. The
time-series data described above may be represented by a
plurality of pieces of two- or three-dimensional contrast
enhanced image data generated in time series by the image
generating unit 14 during a contrast enhanced time. Alterna-
tively, the time-series data described above may be repre-
sented by a plurality of pieces of two- or three-dimensional
harmonic data (harmonic components) extracted in time
series by the B-mode processing unit 12 during a contrast
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enhanced time. Alternatively, the time-series data described
above may be represented by a plurality of pieces of two- or
three-dimensional B-mode data generated in time series by
the B-mode processing unit 12 during a contrast enhanced
time for the purpose of generating contrast enhanced image
data.

[0051] In other words, when a contrast enhanced imaging
process is performed in a two-dimensional ultrasound scan
region, the brightness transition information generating unit
151 generates a brightness transition curve for a two-dimen-
sional analysis region that is set in a two-dimensional scan
region, from time-series data acquired by performing a two-
dimensional scan on the subject P. In contrast, when a contrast
enhanced imaging process is performed in a three-dimen-
sional ultrasound scan region, the brightness transition infor-
mation generating unit 151 generates a brightness transition
curve for a three- or two-dimensional analysis region that is
set in a three-dimensional scan region, from time-series data
acquired by performing a three-dimensional scan on the sub-
ject P.

[0052] In the following sections, an example will be
explained in which the brightness transition information gen-
erating unit 151 generates a brightness transition curve for a
two-dimensional analysis region that is set in a two-dimen-
sional scan region, from a plurality of pieces of contrast
enhanced image data acquired in time series by performing a
two-dimensional scan on the subject P.

[0053] In this situation, the brightness transition informa-
tion generating unit 151 according to the present embodiment
generates a plurality of brightness transition curves. For
example, the brightness transition information generating
unit 151 may generate the plurality of brightness transition
curves respectively for a plurality of analysis regions that are
set in an ultrasound scan region. Alternatively, the brightness
transition information generating unit 151 may generate the
plurality of brightness transition curves for at least one mutu-
ally-the-same analysis region set in mutually-the-same ultra-
sound scan region, respectively from a plurality of pieces of
time-series data acquired by performing an ultrasound scan in
mutually-the-same ultrasound scan region during a plurality
of mutually-different times. FIGS. 2, 3, and 4 are drawings of
examples of the analysis region. In the following explanation,
the position of the ultrasound probe 1 is fixed in the same
location before and after the analysis region is set.

[0054] For example, as illustrated in FIG. 2, the operator
sets an analysis region 100 in a tumor site in the liver, sets an
analysis region 101 at the portal vein of the liver, and sets an
analysis region 102 in a kidney, the liver and the kidney being
rendered in B-mode image data (tissue image data) before a
contrast enhancement. The analysis region 101 is set for the
purpose of comparing dynamics of the bloodstream that
refluxes in the tumor site with dynamics of the bloodstream
that refluxes in the entire liver. Further, normally, the liver is
dyed by the contrast agent, after the kidney is dyed. For this
reason, the analysis region 102 is set for the purpose of
comparing dynamics of the bloodstream that refluxes in the
entire liver with dynamics of the bloodstream that refluxes in
the entire kidney.

[0055] After the analysis regions 100 to 102 are set, the
brightness transition information generating unit 151 calcu-
lates an average brightness level in the analysis region 100, an
average brightness level in the analysis region 101, and an
average brightness level in the analysis region 102, from each
of a plurality of pieces of contrast enhanced image data
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acquired in time series. From the calculation results, the
brightness transition information generating unit 151 gener-
ates three brightness transition curves.

[0056] Alternatively, asillustrated in the left section of FIG.
3, for example, the operator sets an analysis region 100 in
B-mode image data before a contrast enhancement, before
performing a treatment using an angiogenesis inhibitor. The
brightness transition information generating unit 151 gener-
ates a brightness transition curve of the analysis region 100 by
calculating an average brightness level in the analysis region
100 from each of a plurality of pieces of contrast enhanced
image data acquired in time series after the analysis region
100 is set.

[0057] Further, as illustrated in the right section of FIG. 3,
for example, the operator sets an analysis region 100" in the
B-mode image data before the contrast enhancement so as to
be in the same position as the analysis region 100, after
performing the treatment using the angiogenesis inhibitor.
The brightness transition information generating unit 151
generates a brightness transition curve of the analysis region
100' by calculating an average brightness level in the analysis
region 100' from each of a plurality of pieces of contrast
enhanced image data acquired in time series after the analysis
region 100'is set. The brightness transition curve of the analy-
sis region 100 is served as a brightness transition curve before
the treatment, whereas the brightness transition curve of the
analysis region 100" is served as a brightness transition curve
after the treatment. The brightness transition information
generating unit 151 has thus generated the two brightness
transition curves.

[0058] Alternatively, asillustrated in the left section of FIG.
4, for example, at first, the operator sets an analysis region 100
in B-mode image data (tissue image data) before a contrast
enhancement and performs a contrast enhanced imaging pro-
cess using a contrast agent A. The brightness transition infor-
mation generating unit 151 generates a brightness transition
curve of the analysis region 100 with the contrast agent A by
calculating an average brightness level in the analysis region
100 from each of a plurality of pieces of contrast enhanced
image data acquired in time series after the analysis region
100 is set.

[0059] Further, for example, after a predetermined period
(e.g., 10 minutes) has elapsed, the operator performs a con-
trast enhanced imaging process using a contrast agent B that
is of a different type from the contrast agent A, as illustrated
in the right section of FIG. 4. The brightness transition infor-
mation generating unit 151 generates a brightness transition
curve of the analysis region 100 with the contrast agent B by
calculating an average brightness level in the analysis region
100 from each of a plurality of pieces of contrast enhanced
image data acquired in time series after the contrast agent B is
administered. The brightness transition information generat-
ing unit 151 has thus generated the two brightness transition
curves.

[0060] With reference to FIGS. 3 and 4, the examples are
explained in which the brightness transition curve of mutu-
ally-the-same single analysis region is generated from each of
the two pieces of time-series data acquired during the mutu-
ally-different times. The present embodiment, however, is
also applicable to a situation where brightness transition
curves of mutually-the-same multiple analysis regions are
generated from each of the two pieces of time-series data
acquired during the mutually-different times. Further, the
present embodiment is also applicable to a situation where
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there are three or more pieces of time-series data acquired
during mutually-different times.

[0061] The analyzing unit 152 illustrated in FIG. 1 obtains
a parameter by normalizing reflux dynamics of the contrast
agent in the analysis region with respect to time, based on the
brightness transition information. In this situation, the ana-
lyzing unit 152 is able to obtain a parameter by normalizing
the reflux dynamics of the contrast agent in the analysis
region with respect to either the brightness levels or the
brightness levels and time. In the present embodiment, an
example will be explained in which the analyzing unit 152
obtains the parameter by normalizing the reflux dynamics of
the contrast agent in the analysis region with respect to the
brightness levels and time, based on the brightness transition
information. In other words, the analyzing unit 152 obtains
the parameter in which the reflux dynamics of the contrast
agent in the analysis region are normalized, by analyzing the
shape of each of the brightness transition curves. Specifically,
the analyzing unit 152 generates a normalized curve from
each of the brightness transition curves by normalizing either
a time axis or a brightness axis and the time axis. In the
present embodiment, the analyzing unit 152 generates the
normalized curves from the brightness transition curves by
normalizing the brightness axis and the time axis. For
example, to generate the normalized curves, the analyzing
unit 152 obtains, in each of the brightness transition curves, a
maximum point at which the brightness level exhibits a maxi-
mum value, a first point at which the brightness level reaches,
before the maximum point, a first multiplied value obtained
by multiplying the maximum value by a first ratio, and a
second point at which the brightness level reaches, after the
maximum point, a second multiplied value obtained by mul-
tiplying the maximum value by a second ratio. The first ratio
and the second ratio may be initially set or may be set in
advance by the operator. The first ratio and the second ratio
may arbitrarily be changed by the operator.

[0062] Next, processes performed by the analyzing unit
152 while using the brightness transition curves of the analy-
sis regions 100 to 102 illustrated in FIG. 2 will be explained
with reference to FIGS. 5 to 8. FIGS. 5 to 8 are drawings for
explaining the analyzing unit.

[0063] In FIG. 5, the brightness transition curve of the
analysis region 100 is shown as a curve CO (the one-dot
dashed line), while the brightness transition curve of the
analysis region 101 is shown as a curve C1 (the two-dot
dashed line), and the brightness transition curve of the analy-
sis region 102 is shown as a curve C2 (the solid line). The
brightness transition curves illustrated in FIG. 5 are approxi-
mate curves generated by the brightness transition informa-
tion generating unit 151 from the time-series data of the
average brightness levels in the analysis regions, while using
a mathematical model. In the following sections, an example
in which the first ratio and the second ratio are both set to
“50%” will be explained. The present embodiment is also
applicable to a situation where the first ratio and the second
ratio are set to different values from each other (e.g., 20% and
30%).

[0064] As illustrated in FIG. 5, the analyzing unit 152 ana-
lyzes the curve C0 and obtains the maximum point “time:
tdmax; brightness level: I0max”. Further, the analyzing unit
152 calculates a value “I0max/2” that is equal to half of the
maximum brightness level. After that, as illustrated in FIG. 5,
the analyzing unit 152 obtains, in the curve C0, the first point
“time: t0s; brightness level: [0max/2” at which the brightness
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level reaches “T0max/2” before the maximum time. In addi-
tion, as illustrated in FIG. 5, the analyzing unit 152 obtains, in
the curve C0, the second point “time: toe; brightness level:
10max/2” at which the brightness level reaches “I0max/2”
after the maximum time.

[0065] By performing a similar process, as illustrated in
FIG. 5, the analyzing unit 152 analyzes the curve C1 and
obtains the maximum point “time: tlmax; brightness level:
Tlmax”, the first point “time: tLs; brightness level: Tlmax/2”,
and the second point “time: tle; brightness level: Illmax/2”.
Further, by performing a similar process, asillustrated in FIG.
5, the analyzing unit 152 analyzes the curve C2 and obtains
the maximum point “time: t2max; brightness level: 12max”,
the first point “time: t2s; brightness level: [2max/2”, and the
second point “time: t2e; brightness level: 12max/2”.

[0066] In this situation, the analyzing unit 152 determines
“the time at the maximum point” to be a “maximum time” at
which the contrast agent flowed into the analysis region at the
maximum. Further, the analyzing unit 152 assumes “the time
at the first point” to be the time at which the contrast agent
started flowing into the analysis region and determines the
time to be a “‘start time” at which the analysis of the dynamics
of the bloodstream is started. In other words, the analyzing
unit 152 sets the start time on the basis of the time it takes for
the brightness level to decrease from the maximum value to
the predetermined ratio (the first ratio), in the backward direc-
tion of the time axis of the brightness transition curve. In other
words, the analyzing unit 152 sets the start time by calculating
a threshold value (the first multiplied value) corresponding to
the shape of the brightness transition curve served as an
analysis target, by using mutually-the-same objective crite-
rion (the first ratio). The start time is a time that is set by going
back into the past after the maximum time is determined, i.e.,
a time that is set in a “retrospective” manner.

[0067] Further, the analyzing unit 152 assumes “the time at
the second point” to be the time at which the contrast agent
finished flowing out of the analysis region and determines the
time to be an “end time” at which the analysis ofthe dynamics
of the bloodstream is ended. In other words, the analyzing
unit 152 sets the end time on the basis of the time it takes for
the brightness level to decrease from the maximum value to
the predetermined ratio (the second ratio), in the forward
direction of the time axis of the brightness transition curve. In
other words, the analyzing unit 152 sets the end time by
calculating a threshold value (the second multiplied value)
corresponding to the shape of the brightness transition curve
served as an analysis target, by using mutually-the-same
objective criterion (the second ratio). The end time is a time
that is forecasted at the point in time when the maximum time
is determined, i.e., a time that is set in a “prospective’” manner.

[0068] Further, the analyzing unit 152 generates the nor-
malized curves by normalizing the brightness transition
curves, by using at least two points selected from these three
points. After that, in the present embodiment, the analyzing
unit 152 obtains a normalized parameter from the generated
normalized curves. In this situation, to obtain a parameter
related to the contrast agent inflow, the analyzing unit 152
generates a normalized curve by using the first point and the
maximum point. As another example, to obtain a parameter
related to the contrast agent outflow, the analyzing unit 152
generates a normalized curve by using the maximum point
and the second point. As yet another example, to obtain a
parameter related to the contrast agent inflow and the contrast
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agent outflow, the analyzing unit 152 generates a normalized
curve by using the first point, the maximum point, and the
second point.

[0069] In the present embodiment, because the plurality of
brightness transition curves are generated, the analyzing unit
152 generates a normalized curve from each of the plurality of
brightness transition curves. After that, in the present embodi-
ment, the analyzing unit 152 obtains a parameter from each of
the plurality of generated normalized curves. In the following
sections, an example of a method for generating a normalized
curve from each of the plurality of brightness transition
curves by normalizing the brightness axis and the time axis
will be explained.

[0070] First, a situation in which the parameter related to
the contrast agent inflow is obtained will be explained. In that
situation, the analyzing unit 152 generates a plurality of nor-
malized curves respectively from the plurality of brightness
transition curves, by setting a normalized time axis and a
normalized brightness axis, on which the first points are plot-
ted at a normalized first point that is mutually the same among
the brightness transition curves and on which the maximum
points are plotted at a normalized maximum point that is
mutually the same among the brightness transition curves.
[0071] Specifically, the analyzing unit 152 obtains a bright-
ness width and a time width between the first point and the
maximum point from each of the brightness transition curves.
After that, the analyzing unit 152 changes the scale of the
brightness axis of each of the brightness transition curves in
such a manner that the obtained brightness widths become
equal to a constant value. Further, the analyzing unit 152
changes the scale of the time axis of each of the brightness
transition curves in such a manner that the obtained time
widths become equal to a constant value. After that, on the
scale-changed brightness axis and the scale-changed time
axis, the analyzing unit 152 sets the first points of the bright-
ness transition curves at the normalized first point at the same
coordinates and sets the maximum points of the brightness
transition curves at the normalized maximum point at the
same coordinates. Thus, the analyzing unit 152 has set the
normalized time axis and the normalized brightness axis.
After that, the analyzing unit 152 generates the plurality of
normalized curves respectively from the plurality of bright-
ness transition curves, by re-plotting the points structuring the
curve from the first point to the maximum point in each of the
brightness transition curves, on the normalized time axis and
the normalized brightness axis.

[0072] For example, the analyzing unit 152 obtains
“I0max/2”, “I1max/2”, and “I2max/2” from the curves CO0,
Cl1, and C2 illustrated in FIG. 5, respectively. Further, for
example, the analyzing unit 152 obtains “tOmax-t0s=t0z”,
“t1max-t1s=t17”, and “t2max-12s=t2", from the curves C0,
C1, and C2 illustrated in FIG. 5, respectively. After that, for
example, as illustrated in FIG. 6, the analyzing unit 152
arranges “I0max/2, [1max/2, and 12max/2” each to be “50”.
Further, for example, as illustrated in FIG. 6, the analyzing
unit 152 arranges “tOmax-t0s=t0r, tlmax-tls=tly, and
2max-t2s=t2#” each to be “100”. Thus, the analyzing unit
152 has determined the scales of the normalized time axis and
the normalized brightness axis.

[0073] After that, the analyzing unit 152 determines the
coordinate system of the normalized time axis and the nor-
malized brightness axis in such a manner that, for example,
the first point on each of the curves C0 to C2 is at the normal-
ized first point “normalized time: -100; normalized bright-
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ness level: 50” and that the maximum point on each of the
curves C0 to C2 is at the normalized maximum point “nor-
malized time: 0; normalized brightness level: 100”. Thus, the
analyzing unit 152 has completed the process of setting the
normalized time axis and the normalized brightness axis.
After that, the analyzing unit 152 generates a normalized
curve NCO(in) illustrated in FIG. 6, by re-plotting the points
structuring the curve from the first point to the maximum
point in the curve C0, on the normalized time axis and the
normalized brightness axis. Similarly, the analyzing unit 152
generates a normalized curve NC1(in) illustrated in FIG. 6,
from the curve C1. Similarly, the analyzing unit 152 generates
a normalized curve NC2(in) illustrated in FIG. 6, from the
curve C2.

[0074] Secondly, a situation in which the parameter related
to the contrast agent outflow is obtained will be explained. In
that situation, the analyzing unit 152 generates a plurality of
normalized curves respectively from the plurality of bright-
ness transition curves, by setting a normalized time axis and
a normalized brightness axis, by which the maximum points
are plotted at a normalized maximum point that is mutually
the same among the brightness transition curves and by which
the second points are plotted at a normalized second point that
is mutually the same among the brightness transition curves.

[0075] Specifically, the analyzing unit 152 obtains a bright-
ness width and a time width between the maximum point and
the second point from each of the brightness transition curves.
After that, the analyzing unit 152 changes the scale of the
brightness axis of each of the brightness transition curves in
such a manner that the obtained brightness widths become
equal to a constant value. Further, the analyzing unit 152
changes the scale of the time axis of each of the brightness
transition curves in such a manner that the obtained time
widths become equal to a constant value. After that, by using
the scale-changed brightness axis and the scale-changed time
axis, the analyzing unit 152 sets the maximum points of the
brightness transition curves at the normalized maximum
point at the same coordinates and sets the second points of the
brightness transition curves at the normalized second point at
the same coordinates. Thus, the analyzing unit 152 has set the
normalized time axis and the normalized brightness axis.
After that, the analyzing unit 152 generates the plurality of
normalized curves respectively from the plurality of bright-
ness transition curves, by re-plotting the points structuring the
curve from the maximum point to the second point in each of
the brightness transition curves, on the normalized time axis
and the normalized brightness axis.

[0076] For example, the analyzing unit 152 obtains
“I0max/2”, “I1max/2”, and “I2max/2” from the curves CO0,
C1, and C2 illustrated in FIG. 5, respectively. In the present
embodiment, because the first ratio and the second ratio are
the same ratio, the brightness width between the maximum
point and the second point is the same value as the brightness
width between the maximum point and the first point, for each
of the brightness transition curves. Further, for example, the
analyzing unit 152 obtains “tOe-t0max=t0p”, “tle-
tlmax=tlp”, and “t2e-t2max=t2p”, from the curves C0, Cl1,
and C2 illustrated in FIG. 5, respectively. After that, for
example, as illustrated in FIG. 7, the analyzing unit 152
arranges “I0max/2, [1max/2, and 12max/2” each to be “50”.
Further, for example, as illustrated in FIG. 7, the analyzing
unit 152 arranges “t0e-t0max=t0p, tle-t1max=tlp, and t2e-
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2max=t2p”, each to be “100”. Thus, the analyzing unit 152
has determined the scales of the normalized time axis and the
normalized brightness axis.

[0077] After that, the analyzing unit 152 determines the
coordinate system of the normalized time axis and the nor-
malized brightness axis in such a manner that, for example,
the maximum point in each of the curves C0 to C2 is at the
normalized maximum point “normalized time: 0; normalized
brightness level: 100 and that the second point in each of the
curves C0 to C2 is at the normalized second point “normal-
ized time: 100; normalized brightness level: 50”. Thus, the
analyzing unit 152 has completed the process of setting the
normalized time axis and the normalized brightness axis.
After that, the analyzing unit 152 generates a normalized
curve NCO(out) illustrated in FIG. 7, by re-plotting the points
structuring the curve from the maximum point to the second
point in the curve C0, on the normalized time axis and the
normalized brightness axis. Similarly, the analyzing unit 152
generates a normalized curve NC1(out) illustrated in FIG. 7,
from the curve C1. Similarly, the analyzing unit 152 generates
a normalized curve NC2(out) illustrated in FIG. 7, from the
curve C7.

[0078] Thirdly, a situationin which the parameter related to
the contrast agent inflow and the contrast agent outflow is
obtained will be explained. In that situation, the analyzing
unit 152 generates a plurality of normalized curves respec-
tively from the plurality of brightness transition curves, by
setting a normalized time axis and a normalized brightness
axis, by which the first points, the maximum points, and the
second points are plotted at the normalized first point, the
normalized maximum point, and the normalized second
point, respectively, on the brightness transition curves.
[0079] Specifically, the analyzing unit 152 obtains a bright-
ness width (a first brightness width) and a time width (a first
time width) between the first point and the maximum point
from each of the brightness transition curves. Further, the
analyzing unit 152 obtains a brightness width (a second
brightness width) and a time width (a second time axis)
between the maximum point and the second point from each
of the brightness transition curves. After that, the analyzing
unit 152 changes the scale of the brightness axis of each of the
brightness transition curves in such a manner that the first
brightness widths of the brightness transition curves become
equal to a constant value (dI1) and that the second brightness
widths of the brightness transition curves become equal to
another constant value (dI2). In this situation, the analyzing
unit 152 ensures that “dI1:dI2=the first ratio:the second ratio”
is satisfied. Further, the analyzing unit 152 changes the scale
of the time axis of each of the brightness transition curves in
such a manner that the first time widths of the brightness
transition curves become equal to a constant value (dT1) and
that the second time widths of the brightness transition curves
become equal to another constant value (dT2). In this situa-
tion, the analyzing unit 152 ensures that “dT1:dT2=the first
ratio:the second ratio” is satisfied.

[0080] After that, by using the scale-changed brightness
axis and the scale-changed time axis, the analyzing unit 152
sets the first points of the brightness transition curves at the
normalized first point at the same coordinates, sets the maxi-
mum points of the brightness transition curves at the normal-
ized maximum point at the same coordinates, and sets the
second points of the brightness transition curves at the nor-
malized second point at the same coordinates. For example, if
the first ratio is “20%”, and the second ratio is “30%”, the
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coordinates of the normalized first point is set at “normalized
time: -100; normalized brightness level: 207, while the coor-
dinates of the normalized maximum point is set at “normal-
ized time: 0; normalized brightness level: 100”, and the coor-
dinates of the normalized second point is set at “normalized
time: 150; normalized brightness level: 30”.

[0081] Thus, the analyzing unit 152 has set the normalized
time axis and the normalized brightness axis. After that, the
analyzing unit 152 generates the plurality of normalized
curves respectively from the plurality of brightness transition
curves, by re-plotting the points structuring the curve from
the first point to the second point via the maximum point in
each of the brightness transition curves, on the normalized
time axis and the normalized brightness axis.

[0082] In the present embodiment, because the first ratio
and the second ratio are both “50%”, the analyzing unit 152
generates a normalized curve NCO illustrated in FIG. 8, by
combining the normalized curve NCO0(in) and the normalized
curve NCO(out) that are generated from the curve C0. Simi-
larly, the analyzing unit 152 generates a normalized curve
NCl illustrated in FIG. 8, by combining the normalized curve
NCl1(in) and the normalized curve NC1(out) that are gener-
ated from the curve C1. Similarly, the analyzing unit 152
generates a normalized curve NC2 illustrated in FIG. 8, by
combining the normalized curve NC2(in) and the normalized
curve NC2(out) that are generated from the curve C2.
[0083] From the normalized curves described above, the
analyzing unit 152 obtains normalized parameters. For
example, the analyzing unit 152 obtains, from the normalized
curves, a normalized time at which the normalized brightness
level is “80” and a normalized brightness level at which the
normalized time is “50”, as the normalized parameters.
[0084] After that, the controlling unit 18 causes the monitor
2 to display the parameters (the normalized parameters) in a
format using either an image or text. The display mode of the
parameters may be selected from various modes; however, in
the present embodiment, an example in which the parameters
are displayed in a format using an image will be explained.
Specifically, in the following sections, an example will be
explained in which a parametric imaging is performed by
using the parameters obtained from the normalized curves, as
one of the display modes using an image (an image format).
A display mode of the parameters in a format using text and
a display mode of the parameters in a format using an image
other than the parametric imaging will be explained in detail
later.

[0085] When the parametric imaging is set as one of the
display modes that use an image, the transition image genet-
ating unit 153 illustrated in FIG. 1 performs the processes
described below, according to an instruction from the con-
trolling unit 18: The transition image generating unit 153
generates transition image data in which the tones are varied
in accordance with the values of the parameters. After that, as
one of the display modes that use an image, the controlling
unit 18 causes the monitor 2 to display the transition image
data. In the present embodiment, generating and displaying
the transition image data is set as one of the display modes
that use an image. Accordingly, the transition image generat-
ing unit 153 generates the transition image data by using the
parameter obtained from each of the plurality of normalized
curves. Next, the transition image data generated by the tran-
sition image generating unit 153 will be explained, with ref-
erence to FIGS. 9 to 11. FIGS. 9 to 11 are drawings for
explaining the transition image generating unit.
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[0086] When imaging the parameters related to the contrast
agent inflow or the contrast agent outflow, the transition
image generating unit 153 generates the transition image data
by using a correspondence map (a time color map) in which
mutually-different tones are associated with the normalized
time on the normalized time axis. For example, the time color
map is stored in the internal storage unit 17, in advance. FIG.
9 illustrates an example in which the normalized time is
imaged as the parameter related to the contrast agent outflow,
by using the normalized curves NCO(out), NC1(out), and
NC2(our) illustrated in FIG. 7.

[0087] Forexample, as illustrated in the top section of FIG.
9, the controlling unit 18 causes the monitor 2 to display the
normalized curves NCO0(out), NC1(out), and NC2(out). Fur-
ther, the controlling unit 18 causes the monitor 2 to further
display a slide bar B1 with which the operator is able to set an
arbitrary normalized brightness level. As illustrated in the top
section of FIG. 9, the slide bar B1 is a line that is parallel to the
normalized time axis and is orthogonal to the normalized
brightness axis. Further, as illustrated in the top section of
FIG. 9, the controlling unit 18 causes the time color map to be
displayed on the normalized time axis, by using the same
scale as the scale of the normalized time axis. The position
and the scale for displaying the time color map may arbitrarily
be changed.

[0088] After that, as illustrated in the top section of FIG. 9,
for example, the operator moves the slide bar B1 to the posi-
tion corresponding to the normalized brightness level “80”.
The analyzing unit 152 obtains a normalized time corre-
sponding to the normalized brightness level “80” from each
of the curves NCO(out), NC1(out), and NC2(out). After that,
the analyzing unit 152 determines the normalized time
obtained from NCO0(out) to be the parameter for the analysis
region 100, determines the normalized time obtained from
NC1(out) to be the parameter for the analysis region 101, and
determines the normalized time obtained from NC2(out) to
be the parameter for the analysis region 102 and subsequently
notifies the transition image generating unit 153 of the deter-
mined parameters.

[0089] As illustrated in the bottom section of FIG. 9, the
transition image generating unit 153 obtains a tone corre-
sponding to the normalized time obtained from NC0(out) by
referring to the time color map and colors the analysis region
100 in the ultrasound image data by using the obtained tone.
Further, as illustrated in the bottom section of FIG. 9, the
transition image generating unit 153 obtains a tone corre-
sponding to the normalized time obtained from NC1(out) by
referring to the time color map and colors the analysis region
101 in the ultrasound image data by using the obtained tone.
In addition, as illustrated in the bottom section of FIG. 9, the
transition image generating unit 153 obtains a tone corre-
sponding to the normalized time obtained from NC2(out) by
referring to the time color map and colors the analysis region
102 in the ultrasound image data by using the obtained tone.
The ultrasound image data colored by using the tones
obtained from the time color map is, for example, the ultra-
sound image data in which the analysis regions 100 to 102 are
set.

[0090] Subsequently. the controlling unit 18 causes the
monitor 2 to display the transition image data illustrated in the
bottom section of FIG. 9. The transition image data is such
data in which the outflow time is normalized and imaged for
each of the analysis regions, so as to indicate the time it takes
for the amount of the contrast agent that is present to decrease
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from the maximum amount to the predetermined percentage
of the maxinum amount, during the contrast agent outflow
process.

[0091] In accordance with the moves of the slide bar Bl
made by the operator, the analyzing unit 152 obtains an
updated parameter of each of the analysis regions, whereas
the transition image generating unit 153 updates and gener-
ates transition image data. The normalized brightness level
may be set by using an arbitrary method, such as amethod by
which the operator inputs a numerical value. Alternatively,
the present embodiment is also applicable to a situation
where, for example, transition image data is generated and
displayed as a moving image, as the value of the normalized
brightness level is automatically changed.

[0092] When the parameters (the normalized times) related
to the contrast agent inflow are to be imaged, processes are
similarly performed by using the normalized curves NCO(in),
NCl1(in), and NC2(in) illustrated in FIG. 6, for example. The
transition image data that is generated and displayed in that
situation is such data in which the inflow time is normalized
and imaged for each of the analysis regions, so as to indicate
the time it takes for the amount of the contrast agent that is
present to increase from the predetermined percentage of the
maximum amount to the maximum amount, during the con-
trast agent inflow process.

[0093] Further, when imaging the parameters related to the
contrast agent inflow or the contrast agent outflow, the tran-
sition image generating unit 153 generates the transition
image data by using a correspondence map (a brightness
color map) in which mutually-different tones are associated
with the normalized brightness levels on the normalized
brightness axis. For example, the brightness color map is
stored in the internal storage unit 17, in advance. FIG. 10
illustrates an example in which the normalized brightness
levels are imaged as the parameter related to the contrast
agent outflow, by using the normalized curves NCO(out),
NCl1(out), and NC2(out) illustrated in FIG. 7.

[0094] For example, as illustrated in the top section of FIG.
10, the controlling unit 18 causes the monitor 2 to display the
normalized curves NCO(out), NC1(out), and NC2(out). Fur-
ther, the controlling unit 18 causes the monitor 2 to further
display a slide bar B2 with which the operator is able to set an
arbitrary normalized time. As illustrated in the top section of
FIG. 10, the slide bar B2 is a line that is parallel to the
normalized brightness axis and is orthogonal to the normal-
ized time axis. Further, as illustrated in the top section of FIG.
10, the controlling unit 18 causes the brightness color map to
be displayed on the normalized brightness axis, by using the
same scale as the scale of the normalized brightness axis. The
position and the scale for displaying the brightness color map
may arbitrarily be changed.

[0095]  After that, as illustrated in the top section of FIG. 10,
for example, the operator moves the slide bar B2 to the posi-
tion corresponding to the normalized time “60”. The analyz-
ing unit 152 obtains a normalized brightness level corre-
sponding to the normalized time “60” from each of the curves
NCO(out), NC1{out), and NC2(out). After that, the analyzing
unit 152 determines the normalized brightness level obtained
from NCO(out) to be the parameter for the analysis region
100, determines the normalized brightness level obtained
from NC1(out) to be the parameter for the analysis region
101, and determines the normalized brightness level obtained
from NC2(out) to be the parameter for the analysis region 102
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and subsequently notifies the transition image generating unit
153 of the determined parameters.

[0096] As illustrated in the bottom section of FIG. 10, the
transition image generating unit 153 obtains a tone corre-
sponding to the normalized brightness level obtained from
NCO(out) by referring to the brightness color map and colors
the analysis region 100 in the ultrasound image data by using
the obtained tone. Further, as illustrated in the bottom section
of FIG. 10, the transition image generating unit 153 obtains a
tone corresponding to the normalized brightness level
obtained from NC1(out) by referring to the brightness color
map and colors the analysis region 101 in the ultrasound
image data by using the obtained tone. In addition, as illus-
trated in the bottom section of FIG. 10, the transition image
generating unit 153 obtains a tone corresponding to the nor-
malized brightness level obtained from NC2(out) by referring
to the brightness color map and colors the analysis region 102
in the ultrasound image data by using the obtained tone. The
ultrasound image data colored by using the tones obtained
from the brightness color map is, for example, the ultrasound
image data in which the analysis regions 100 to 102 are set.
[0097] Subsequently, the controlling unit 18 causes the
monitor 2 to display the transition image data illustrated in the
bottom section of FIG. 10. The transition image data is such
data in which the outflow amount of the contrast agent flow-
ing out of each of the analysis region is normalized and
imaged at mutually-the-same points in time on the time axis
normalizing the contrast agent outflow process.

[0098] In accordance with the moves of the slide bar B2
made by the operator, the analyzing unit 152 updates and
obtains a parameter of each of the analysis regions, whereas
the transition image generating unit 153 updates and gener-
ates transition image data. The normalized time may be set by
using an arbitrary method, such as a method by which the
operator inputs a numerical value. Alternatively, the present
embodiment is also applicable to a situation where, for
example, transition image data is generated and displayed as
amoving image, as the value of the normalized time is auto-
matically changed.

[0099] When the parameters (the normalized brightness
levels) related to the contrast agent inflow are to be imaged,
processes are similarly performed by using the normalized
curves NCO(in), NC1(in), and NC2(in) illustrated in FIG. 6,
for example. The transition image data that is generated and
displayed in that situation is such data in which the inflow
amount of the contrast agent flowing into each of the analysis
regions is normalized and imaged at mutually-the-same
points in time on the time axis normalizing the contrast agent
inflow process.

[0100] When imaging the parameters related to the contrast
agent inflow and the contrast agent outflow, the transition
image generating unit 153 generates transition image data by
using a third correspondence map obtained by mixing a first
correspondence map (a first time color map) and a second
correspondence map (a second time color map). In this situ-
ation, the first time color map is a map in which mutually-
different tones in a first hue are associated with the normal-
ized time on the normalized time axis before the normalized
maximum time at the normalized maximum point. The sec-
ond time color map is a map in which mutually-different
tones in a second hue are associated with the normalized time
on the normalized time axis after the normalized maximum
time. For example, the first time color map is a bluish color
map, whereas the second color map is a reddish color map.
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For example, the first time color map and the second time
color map are stored in the internal storage unit 17, in
advance. FIG. 11 illustrates an example in which the normal-
ized time is imaged as the parameters related to the contrast
agent inflow and the contrast agent outflow, by using the
normalized curves NC0, NC1, and NC2 illustrated in FIG. 8.
[0101] For example, as illustrated in FIG. 11, the control-
ling unit 18 causes the monitor 2 to display the normalized
curves NC0, NC1, and NC2. Further, the controlling unit 18
causes the monitor 2 to further display a slide bar B3 with
which the operator is able to set an arbitrary normalized
brightness level. As illustrated in FIG. 11, the slide bar B3 is
a line that is parallel to the normalized time axis and is
orthogonal to the normalized brightness axis. Further, as
illustrated in FIG. 11, the controlling unit 18 causes the first
time color map and the second time color map to be displayed
on the normalized time axis, by using the same scale as the
scale of the normalized time axis. In FIG. 11, the normalized
maximum time is at “0”, while the first time color map is
displayed whilebeing scaled at “~100 to 0" on the normalized
time axis, whereas the second color map is displayed while
being scaled at “0 to 100” on the normalized time axis. The
position and the scale for displaying the first and the second
time color maps may arbitrarily be changed.

[0102] Afterthat, as illustrated in F1G. 11, for example, the
operator moves the slide bar B3 to the position corresponding
to the normalized brightness level “65”. The analyzing unit
152 obtains two normalized times (a negative normalized
time and a positive normalized time) corresponding to the
normalized brightness level “65” from each of the curves
NC0,NC1, and NC2. After that, the analyzing unit 152 deter-
mines the two normalized times obtained from NCO0 to be the
parameters for the analysis region 100, determines the two
normalized times obtained from NC1 to be the parameters for
the analysis region 101, and determines the two normalized
times obtained from NC2 to be the parameters for the analysis
region 102 and subsequently notifies the transition image
generating unit 153 of the determined parameters.

[0103] As illustrated in FIG. 11, the transition image gen-
erating unit 153 obtains a tone corresponding to the negative
normalized brightness level obtained from NCO by referring
to the first time color map and obtains a tone corresponding to
the positive normalized brightness level obtained from NC0
by referring to the second time color map. Further, as illus-
trated in FIG. 11, the transition image generating unit 153
colors the analysis region 100 in the ultrasound image data by
using a tone resulting from mixing the two obtained tones
together.

[0104] Thetransition image generating unit 153 performs a
similar tone obtaining process for the two normalized bright-
ness levels obtained from NC1 and, as illustrated in FIG. 11,
colors the analysis region 101 in the ultrasound image data by
using a tone resulting from mixing the two obtained tones
together. Further, the transition image generating unit 153
performs a similar tone obtaining process for the two normal-
ized brightness levels obtained from NC2 and, as illustrated in
FIG. 11, colors the analysis region 102 in the ultrasound
image data by using a tone resulting from mixing the two
obtained tones together.

[0105] Subsequently, the controlling unit 18 causes the
monitor 2 to display the transition image data generated by
using FIG. 11. The transition image data is such data in which
“the outflow time it takes for the amount of the contrast agent
that is present to decrease from the maximum amount to the
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predetermined percentage of the maximum amount” and “the
inflow time it takes for the amount of the contrast agent that is
present to increase from the predetermined percentage of the
maximum amount to the maximum amount” are normalized
for each of the analysis regions, so that these normalized
times are imaged at the same time.

[0106] In accordance with the moves of the slide bar B3
made by the operator, the analyzing unit 152 updates and
obtains a parameter of each of the analysis regions, whereas
the transition image generating unit 153 updates and gener-
ates transition image data. The normalized time may be set by
using an arbitrary method, such as a method by which the
operator inputs a numerical value. Alternatively, the present
embodiment is also applicable to a situation where, for
example, transition image data is generated and displayed as
amoving image, as the value of the normalized time is auto-
matically changed. Further, the present embodiment is also
applicable to a situation where a two-dimensional time color
map obtained by mixing the first time color map and the
second time color map together is used. Furthermore, the
present embodiment is also applicable to a situation where a
time color map corresponding to the values of normalized
time widths is simply used, instead of mixing the two time
color maps together.

[0107] Further, when imaging the parameters related to the
contrast agent inflow and the contrast agent outflow, the tran-
sition image generating unit 153 may generate transition
image data by performing the following processes: The tran-
sition image generating unit 153 generates transition image
data by using a first brightness color map and a second bright-
ness color map. The first brightness color map is a first cor-
respondence map in which mutually-different tones in a first
hue are associated with the normalized brightness levels on
the normalized brightness axis before the normalized maxi-
mum time at the normalized maximum point. The second
brightness color map is a second correspondence map in
which mutually-different tones in a second hue are associated
with the normalized brightness levels on the normalized
brightness axis after the normalized maximum time.

[0108] In that situation, the analyzing unit 152 obtains two
normalized brightness levels corresponding to two specified
normalized times “~T and +T” from each of the normalized
curves. After that, the transition image generating unit 153
obtains a tone corresponding to the normalized brightness
level at “~T” by referring to the first brightness color map,
obtains a tone corresponding to the normalized brightness
level at “+T” by referring to the second brightness color map,
and further mixes the two obtained tones together. Thus, the
transition image generating unit 153 generates the transition
image data. The processes described above are also appli-
cable to a situation where a two-dimensional brightness color
map obtained by mixing the first brightness color map and the
second brightness color map together is used. Furthermore,
the present embodiment is also applicable to asituation where
a brightness color map corresponding to the values of nor-
malized brightness widths is simply used, instead of mixing
the two brightness color maps together.

[0109] When the setting is made as illustrated in FIG. 3 or
FIG. 4, one brightness transition curve is generated for mutu-
ally-the-same analysis region from each of the pieces of time-
series data acquired during the two mutually-different times,
so that two normalized curves are generated. In that situation,
the transition image generating unit 153 arranges two identi-
cal pieces of ultrasound image data side by side and colors the
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analysis region in each ofthe pieces of ultrasound image data
by using the tone corresponding to the normalized parameter
obtained from the corresponding one of the normalized
curves.

[0110] In another example, one brightness transition curve
may be generated for mutually-the-same analysis region from
each of the pieces of time-series data acquired during three
mutually-different times, so that three normalized curves are
generated. In that situation, the transition image generating
unit 153 arranges three identical pieces of ultrasound image
data side by side and colors the analysis region in each of the
pieces of ultrasound image data by using the tone correspond-
ing to the normalized parameter obtained from the corre-
sponding one of the normalized curves.

[0111] Inyetanotherexample,a brightness transition curve
may be generated for mutually-the-same two analysis regions
from each of the pieces of time-series data acquired during
two mutually-different times, so that two normalized curves
are generated for each of the two times. In that situation, the
transition image generating unit 153 arranges two identical
pieces of ultrasound image data side by side and colors each
of the two analysis regions in each of the pieces of ultrasound
image data by using the tones corresponding to the two nor-
malized times obtained from the corresponding one of the
normalized curves.

[0112] Inyetanother example, in asituation where a bright-
ness transition curve is generated for one or more mutually-
the-same analysis regions from each of the pieces of time-
series data acquired during two mutually-different times, the
transition image generating unit 153 may generate a piece of
transition image data by varying the tone in accordance with
the ratio between the normalized parameters obtained from
the normalized curves.

[0113] The present embodiment may also be configured in
such a manner that, as the operator observes the transition
image data and specifies an analysis region colored in accor-
dance with the value of the normalized parameter, the value of
the normalized parameter is displayed in the analysis region
or near the analysis region. Further, the present embodiment
may also be configured in such a manner that the analysis
region is colored in accordance with the value of the normal-
ized parameter, and also, that ultrasound image data render-
ing the value of the normalized parameter by using text in the
analysis region or near the analysis region is generated and
displayed as transition image data. Furthermore, the present
embodiment may also be configured in such a manner that,
without coloring the analysis region, ultrasound image data
rendering the value of the normalized parameter by using text
in the analysis region or near the analysis region is generated
and displayed as transition image data.

[0114] Next, exemplary processes performed by the ultra-
sound diagnostic apparatus according to the present embodi-
ment will be explained, with reference to F1G. 12. FIG. 12 is
a flowchart of the exemplary processes performed by the
ultrasound diagnostic apparatus according to the present
embodiment. FIG. 12 is a flowchart indicating the processes
that are performed when the setting of an analysis region and
the acquisition of a group of contrast enhanced image data
have been completed, so that the generation of brightness
transition curves has been started. The flowchart indicates the
processes that are performed when transition image data is set
as a display mode of the parameters.

[0115] As illustrated in FIG. 12, the analyzing unit 152
included in the ultrasound diagnostic apparatus according to
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the present embodiment judges whether the image memory
16 has stored a plurality of brightness transition curves (step
S101). If the plurality of brightness transition curves have not
been stored in the image memory 16 (step S101: No), the
analyzing unit 152 stands by until the plurality of brightness
transition curves are stored.

[0116] On the contrary, if the plurality of brightness tran-
sition curves have been stored in the image memory 16 (step
S101: Yes), the analyzing unit 152 analyzes the shape char-
acteristics and generates a normalized curve from each of the
plurality of brightness transition curves (step S102). After
that, the analyzing unit 152 obtains a normalized parameter
from each of'the plurality of normalized curves (step S103).

[0117] Subsequently, the transition image generating unit
153 obtains the tones corresponding to the values of the
obtained parameters from the correspondence map and gen-
erates transition image data (step S104). After that, under the
control of the controlling unit 18, the monitor 2 displays the
transition image data (step S105), and the process is ended.

[0118] As explained above, according to the present
embodiment, the normalized curves are generated by analyz-
ing the shape characteristics of the brightness transition
curves served as the analysis targets. In other words, accord-
ing to the present embodiment, regardless of the conditions
(e.g., the image taking conditions of the time-series data and
the position of the analysis region) under which the brightness
transition curves served as the analysis targets are generated,
the normalized curves are generated from the brightness tran-
sition curves by using mutually-the-same objective criteria
(the maximum brightness level, the first ratio, and the second
ratio). Further, according to the present embodiment, the
parameters normalizing the contrast agent inflow amount and
outflow amount and the parameters normalizing the contrast
agent inflow time and outflow time are obtained from the
normalized curves.

[0119] Further, according to the present embodiment, the
parametric imaging related to the dynamics of the blood-
stream is performed by using the normalized parameters. In
other words, according to the present embodiment, the para-
metric imaging is performed by using the relative values
obtained from the normalized curves as the parameters,
unlike conventional parametric imaging in which absolute
values obtained from brightness transition curves are used as
the parameters. Consequently, according to the present
embodiment, it is possible to analyze the reflux dynamics of
the contrast agent by using the objective criteria. Further,
according to the present embodiment, it is possible to have not
only the inflow process of the contrast agent, but also the
outflow process of the contrast agent imaged by using the
normalized parameters.

[0120] Furthermore, according to the present embodiment,
it is possible to relatively compare the reflux dynamics of the
contrast agent in mutually-different analysis regions by per-
forming the parametric imaging in which the normalized
curves are used. For example, according to the present
embodiment, by observing the transition image data
explained with reference to FIGS. 9 and 10 and so on, the
doctor is able to perform a differential diagnosis process on
the tumor site and to assess the degree of abnormality of the
tumor blood vessels, by comparing the reflux dynamics of the
contrast agent in the tissue used as a reference (e.g., the portal
vein or the kidney) with the reflux dynamics of the contrast
agent in the tumor site.
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[0121] Further, according to the present embodiment, by
performing the parametric imaging that uses the normalized
curves, it is possible to relatively compare the reflux dynam-
ics of the contrast agent before and after the treatment in
mutually-the-same analysis region. For example, according
to the present embodiment, by observing the transition image
data generated by setting the analysis region illustrated in
FIG. 3, the doctor is able to judge the effect of the treatment
using the angiogenesis inhibitor.

[0122] Further, according to the present embodiment, by
performing the parametric imaging that uses the normalized
curves, it is possible to relatively compare the reflux dynam-
ics of the plurality of types of contrast agents having mutu-
ally-different characteristics, in mutually-the-same analysis
region. For example, according to the present embodiment,
by observing the transition image data generated by setting
the analysis region illustrated in FIG. 4 and comparing the
reflux dynamics of the contrast agent A that is easily taken
into Kupffer cells with the reflux dynamics of the contrast
agent B that is not so easily taken into Kupffer cells, the doctor
is able to perform a differential diagnosis process on the
tumor site and to assess the degree of abnormality of the
tumor blood vessels.

Modified Examples

[0123] The ultrasound diagnosis process according to the
exemplary embodiments described above may be carried out
in various modified examples other than the processes
described above. In the following sections, various modified
examples of the embodiments described above will be
explained. The processes in the various modified examples
explained below may be combined, in an arbitrary form, with
any of the processes in the embodiments described above.
[0124] For example, in the exemplary embodiments
described above, the example is explained in which the
parameters are obtained by normalizing the reflux dynamics
of the contrast agent in the analysis region with respect to the
brightness levels and the time. In other words, in the example
described above, the brightness transition curve is normalized
with respect to both the time axis and the brightness axis.
However, the analyzing unit 152 may obtain a parameter by
normalizing the reflux dynamics of the contrast agent in the
analysis region with respect to the time. In other words, the
present embodiment is also applicable to a situation where
normalizing process is not performed with respect to the
brightness axis, but a normalizing process is performed with
respect to the time axis so as to set anormalized time axis and
to generate a normalized curve. In that situation, the analyz-
ing unit 152 generates a normalized curve from the brightness
transition curve, by scaling the time axis to the normalized
curve, while keeping the brightness levels as those in the
actual data. Further, the analyzing unit 152 obtains the bright-
ness levels (the absolute brightness levels) corresponding to
specified normalized times, so that the transition image gen-
erating unit 153 generates transition image data in which the
tones are varied in accordance with the obtained brightness
levels.

[0125] Inanother example, if instructed by the operator, the
analyzing unit 152 may obtain a parameter by normalizing
the reflux dynamics of the contrast agent in the analysis
region with respect to the brightness levels. In other words,
the present embodiment is also applicable to asituation where
normalizing process is not performed with respect to the time
axis, but a normalizing process is performed with respect to
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the brightness axis so as to set a normalized brightness axis
and to generate a normalized curve. In that situation, the
analyzing unit 152 generates a normalized curve from the
brightness transition curve, by scaling the brightness axis to
the normalized curve, while keeping the time as that in the
actual data. Further, the analyzing unit 152 obtains the times
(the absolute times) corresponding to specified normalized
brightness levels, so that the transition image generating unit
153 generates transition image data in which the tones are
varied in accordance with the obtained times.

[0126] In yet another modified example of the embodi-
ments described above, the analyzing unit 152 may obtain the
normalized curve as a parameter, so that the controlling unit
18 causes the monitor 2 to display the normalized curve inone
of the display modes using an image. Because the normalized
curveis such a curve that is obtained by normalizing the reflux
dynamics of the contrast agent, the operator is also able to
analyze the reflux dynamics ofthe contrast agent by using the
objective criteria, by observing the normalized curve itself.
Thus, for example, when having generated a plurality of
normalized curves, the analyzing unit 152 outputs the plural-
ity of normalized curves to the controlling unit 18 as param-
eters. Subsequently, the controlling unit 18 causes the moni-
tor 2 to display the plurality of normalized curves.

[0127] In this modified example, the graphs illustrated in
FIGS. 6 to 8 are displayed on the monitor 2. Alternatively, the
normalized curves displayed as the parameters may be such a
curve that is obtained by performing the normalizing process
with respect to only one of the axes, as explained in the
modified example above. In yet another modified example of
the embodiments described above, the analyzing unit 152
may obtain a normalized curve as a parameter, as well as
another parameter from the normalized curve. For example,
the normalized curve and the transition image data explained
in the embodiment above may be displayed at the same time
as parameters.

[0128] In yet another modified example of the embodi-
ments described above, the analyzing unit 152 may output
one or more values obtained from the normalized curve to the
controlling unit 18 as a parameter, so that the controlling unit
18 causes the monitor 2 to display the one or more values in
either a table or a graph. In this modified example, the ana-
lyzing unit 152 obtains, from the normalized curve, one or
more parameters corresponding to the parameters that are
conventionally obtained from a brightness transition curve
(an approximate curve). The normalized curve used in this
modified example may be a curve normalized with respect to
the two axes or may be a curve normalized with respect to
only one of the two axes.

[0129] Next, typical parameters that are conventionally
obtained from a brightness transition curve of an analysis
region will be explained. Examples of conventional param-
eters include the maximum value of the brightness level (the
maximum brightness level), the time it takes for the bright-
ness level to reach the maximum value (the maximum bright-
ness time), and a Mean Transit Time (MTT). The MTT is a
time from a point in time when the brightness level reaches
“50% of the maximum brightness level” after the contrast
agent has flowed in to a point in time when the brightness
level reaches “50% of the maximum brightness level” when
the contrast agent has flowed out after the maximum bright-
ness level.

[0130] Another example of conventional parameters is a
slope, i.e., the derivative of a brightness transition curve at the
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point in time when the brightness level reaches “50% of the
maximum brightness level” during the contrast agent inflow
process. Other examples of conventional parameters include
an ““Area Wash In’ that is an area value obtained by calculat-
ing the integral of”* the brightness levels in a brightness tran-
sition curve “over an integration period from the contrast
agent inflow time to the maximum brightness time”, an
““Area Wash Out’ that is an area value obtained by calculating
the integral of” the brightness levels in a brightness transition
curve “over an integration period from the maximum bright-
ness time to the contrast agent outflow time”, and an ““Area
Under Curve’ that is an area value obtained by calculating the
integral of” the brightness levels in a brightness transition
curve “over an integration period from the contrast agent
inflow time to the contrast agent outflow time”. The “Area
Wash In” value indicates the total amount of contrast agent
that is present in the analysis region during the contrast agent
inflow time. The “Area Wash Out” value indicates the total
amount of contrast agent that is present in the analysis region
during the contrast agent outflow time. The “Area Under
Curve” value indicates the total amount of contrast agent that
is present in the analysis region from the inflow time to the
outflow time of the contrast agent.

[0131] Next, an example will be explained in which the
analyzing unit 152 obtains a “typical normalized parameter
that makes it possible to objectively evaluate the reflux
dynamics of the contrast agent” in each of the analysis regions
100, 200, and 300, by using the three normalized curves
illustrated in FIG. 11. FIGS. 13 and 14 are drawings for
explaining the modified example. For example, to obtain a
normalized parameter corresponding to the conventional
MTT, the analyzing unit 152 obtains a time (a normalized
time) from the point in time when the normalized brightness
level has increased to 65% of the normalized maximum
brightness level “100” to the point in time when the normal-
ized brightness level has decreased to 65% of the normalized
maximum brightness level “100”. The analyzing unit 152
obtains this time as a normalized mean transit time for “65%”
(MTT@65%). The analyzing unit 152 obtains an
“aMTT@65%” for each of the analysis regions 100, 200, and
300. The ratio used for calculating the normalized mean tran-
sit time may be changed to any arbitrary value other than
65%.

[0132] Further, for example, to obtain a normalized param-
eter corresponding to the conventional “slope” at the point in
time when the brightness level reaches “50% of the maximum
brightness level”, the analyzing unit 152 obtains the slope of
the normalized curve at the time when the brightness level has
become equal to 65% of the normalized maximum brightness
level “100” during the contrast agent inflow process, as an
“nSlope@65%”. The analyzing unit 152 obtains an
“nSlope@65%> for each of the analysis regions 100, 200, and
300.

[0133] Further, for example, to obtain a normalized param-
eter corresponding to the conventional “Area Under Curve”,
the analyzingunit 152 obtains an area value by calculating the
integral of the normalized brightness levels in the normalized
curve over the normalized time period “~100 to 100” as an
“nArea”. The analyzing unit 152 obtains a “nArea” for each
of the analysis regions 100, 200, and 300. Alternatively, the
analyzing unit 152 may obtain an area value by calculating
the integral of the normalized brightness levels in the normal-
ized curve over the normalized time period “-100 to 07, as a
normalized parameter corresponding to the “Area Wash in”.
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Further, the analyzing unit 152 may obtain an area value by
calculating the integral of the normalized brightness levels in
the normalized curve over the normalized time period “0 to
1007, as a normalized parameter corresponding to the “Area
Wash Out™.

[0134] Further, for example, as illustrated in FIG. 13, the
controlling unit 18 converts the “nMTT@65%” of the analy-
sis regions 100, 200, and 300, the “nSlope@65%” of the
analysis regions 100, 200, and 300, and the “nArea” of the
analysis regions 100, 200, and 300 into a table and causes the
monitor 2 to display the table. The display mode in the format
using a table is an example of adisplay mode in a format using
text. Alternatively, for example, as illustrated in FIG. 14, the
controlling unit 18 converts the “nMTT@65%” of the analy-
sis regions 100, 200, and 300 into a bar graph and causes the
monitor 2 to display the bar graph. Further, although not
shown in the drawings, the controlling unit 18 also converts
the other normalized parameters of the analysis regions 100,
200, and 300 into a bar graph and causes the monitor 2 to
display the bar graphs. The display mode in the format using
bar graphs is an example of a display mode in a format using
text. By using these modified examples, it is also possible to
analyze the reflux dynamics of the contrast agent by using the
objective criteria.

[0135] In the modified examples above, the example is
explained in which the analyzing unit 152 obtains the slope at
the one point in time on the time axis of the normalized curve,
as the normalized parameter. However, the analyzing unit 152
may obtain a slope at each of a plurality of points in time on
the time axis of the normalized curve, as normalized param-
eters. In other words, the modified example described above
may be configured so that the analyzing unit 152 calculates
the derivative value at each of different normalized times on
the normalized curve, as normalized parameters. In that situ-
ation, the controlling unit 18 causes the derivative values at
the normalized times to be displayed as a table. Alternatively,
the controlling unit 18 may generate a graph by plotting the
derivative values at the normalized times and may cause the
graph to be displayed.

[0136] In yet another modified example of the exemplary
embodiments, a single brightness transition curve may be
generated. In that situation, the analyzing unit 152 generates
the normalized curve described above from the single bright-
ness transition curve. After that, as explained in the exem-
plary embodiments and the modified examples, the control-
ling unit 18 causes the parameter to be displayed in various
formats. For example, the controlling unit 18 causes the
monitor 2 to display transition image data generated from a
single normalized curve. In this modified example also, it is
possible to analyze the reflux dynamics of the contrast agent
by using the objective criteria. Further, because the image
processing methods described above make it possible to ana-
lyze the reflux dynamics of the contrast agent by using the
objective criteria, the image processing methods are appli-
cable even to a situation where an analysis region is set in each
of different subjects.

[0137] For example, the analyzing unit 152 generates a
normalized curve A from the brightness transition curve of an
analysis region that is set at atumor site in the liver of a subject
A. Further, for example, the analyzing unit 152 generates a
normalized curve B from the brightness transition curve of an
analysis region that is set at a tumor site in the liver ofa subject
B. It is preferable if the tumor sites of the two subjects are in
substantially the same anatomical site. Further, for example,
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the transition image generating unit 153 generates transition
image data A of the normalized curve A and generates tran-
sition image data B of the normalized curve B. Alternatively,
for example, the analyzing unit 152 may calculate an nMTT
(A) of the normalized curve A and an nMTT(B) of the nor-
malized curve B. If the degrees of progression of the liver
cancer are different between the subject A and the subject B,
there is a high possibility that the values of the normalized
parameters will be different. In other words, if the degrees of
progression of the liver cancer are different between the sub-
ject A and the subject B, the patterns of the tones are different
between the transition image data A and the transition image
data B, and the values are different between nMTT(A) and
nMTT(B). Thus, for example, the doctor is able to judge the
difference in the degrees of progression in the liver cancer by
comparing the transition image data A with the transition
image data B.

[0138] Further, by using the method described above, it is
possible to acquire a normalized parameter of each of a plu-
rality of subjects whose degrees of progression of the liver
cancer are different from one another and to put the acquired
normalized parameters into a database. In that situation, when
having obtained a new normalized parameter of a subject C
having liver cancer, the doctor is able to determine the degree
of progression of the subject C by referring to the database.

[0139] Further, in the description above, the example is
explained in which the brightness transition curve being used
is generated after the time-series data during the contrast
enhanced time has been acquired. However, in yet another
modified example of the exemplary embodiments, the bright-
ness transition curve may be generated in a real-time manner
while the time-series data during the contrast enhanced time
is being acquired. In other words, the present embodiment is
applicable to a situation where at least the imaging process or
the like of the normalized parameter related to the contrast
agent inflow is performed in a real-time manner, from the
point in time when the maximum point in the brightness
transition curve is obtained.

[0140] The image processing methods explained in any of
the exemplary embodiments and the modified examples may
be implemented by an image processing apparatus provided
independently of the ultrasound diagnostic apparatus. The
image processing apparatus is able to implement any of the
image processing methods explained in the exemplary
embodiments, by obtaining the time-series data acquired by
performing the ultrasound scan on the subject P into whom
the contrast agent has been administered. Alternatively, the
image processing apparatus may implement any of the image
processing methods described in the exemplary embodiments
by obtaining the brightness transition curves.

[0141] Further, the constituent elements of the apparatuses
that are illustrated in the drawings are based on functional
concepts. Thus, it is not necessary to physically configure the
elements as indicated in the drawings. In other words, the
specific mode of distribution and integration of the appara-
tuses is not limited to the ones illustrated in the drawings. It is
acceptable to functionally or physically distribute or integrate
all or a part of the apparatuses in any arbitrary units, depend-
ing on various loads and the status of use. Further, all or an
arbitrary part of the processing functions performed by the
apparatuses may be realized by a Central Processing Unit
(CPU) and a computer program that is analyzed and executed
by the CPU or may be realized as hardware using wired logic.
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[0142] Furthermore, the image processing methods
explained in the exemplary embodiments and the modified
examples may be realized by causing a computer such as a
personal computer or a workstation to execute an image pro-
cessing computer program (hereinafter, an “image processing
program”) that is prepared in advance. The image processing
program may be distributed via a network such as the Internet.
Further, it is also possible to record the image processing
program onto a computer-readable non-transitory recording
medium such as a hard disk, a flexible disk (FD), a Compact
Disk Read-Only Memory (CD-ROM), a Magneto-optical
(MO)disk, a Digital Versatile Disk (DVD), or a flash memory
(e.g., a Universal Serial Bus (USB) memory, a Secure Digital
(SD) card memory). so that a computer is able to read the
program from the non-transitory recording medium and to
execute the read program.

[0143] Another modified example of the ultrasound diag-
nostic apparatus that performs the above-described image
processing methods will be explained with reference to FIG.
15. FIG. 15 is a block diagram of an exemplary configuration
of the ultrasound diagnostic apparatus according to the modi-
fied example. The same components as those of the embodi-
ments or the modified examples described above are indi-
cated with the same symbols as those used in the
embodiments or the modified examples. Detailed explanation
will be omitted for the same content as that of the embodi-
ments or the modified examples described above. The ultra-
sound diagnostic apparatus according to the present modified
example includes the ultrasound probe 1, a display 2a, input
circuitry 3a, and an apparatus main body 10a.

[0144] The display 2a corresponds to the monitor 2 illus-
trated in FIG. 1. The input circuitry 3a corresponds to the
input device 3 illustrated in FIG. 1. The apparatus main body
10a corresponds to the apparatus main body 10 illustrated in
FIG. 1.

[0145] The apparatus main body 10a includes transmitting
and receiving circuitry 1la, processing circuitry 15q,
memory circuitry 16a, and controlling circuitry 18a. The
transmitting and receiving circuitry 11a corresponds to the
transmitting and receiving unit 11 illustrated in FIG. 1. The
memory circuitry 16a corresponds to the image memory 16
and the internal storage unit 17 illustrated in FIG. 1. That is,
the memory circuitry 164 stores therein the same information
as that stored in the image memory 16 and the internal storage
unit 17. The controlling circuitry 18a corresponds to the
controlling unit 18 illustrated in FIG. 1. That is, the control-
ling circuitry 18a performs the process performed by the
controlling unit 18. The processing circuitry 15a is an
example of the processing circuitry described in the claims.
The controlling circuitry 18a is an example of the controlling
circuitry described in the claims.

[0146] The processing circuitry 16a corresponds to the
B-mode processing unit 12, the Doppler processing unit 13,
the image generating unit 14, and the image processing unit
15 illustrated in F1G. 1. That is, the processing circuitry 16a
performs the processes performed by the B-mode processing
unit 12, the Doppler processing unit 13, the image generating
unit 14, and the image processing unit 15. The process per-
formed by the image processing unit 15 means the processes
performed by the brightness transition information generat-
ing unit 151, the analyzing unit 152, and the transition image
generating unit 153 illustrated in FIG. 1.

[0147] The processing circuitry 15a performs a signal pro-
cessing function 123a, an image generating function 14a, a
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brightness transition information generating function 151a,
an analyzing function 1524, and a transition image generating
function 153a. The signal processing function 123q is a func-
tion implemented by the B-mode processing unit 12 and the
Doppler processing unit 13 illustrated in FIG. 1. The image
generating function 14¢ is a function implemented by the
image generating unit 14 illustrated in FIG. 1. The brightness
transition information generating function 151 is a function
implemented by the brightness transition information gener-
ating unit 151 illustrated in FIG. 1. The analyzing function
152q is a function implemented by the analyzing unit 152
illustrated in FIG. 1. The transition image generating function
153a is a function implemented by the transition image gen-
erating unit 153 illustrated in FIG. 1.

[0148] Thesignal processing function 1234, the image gen-
erating function 14a, the brightness transition information
generating function 151a, the analyzing function 1524, and
the transition image generating function 153a that are per-
formed by the processing circuitry 15a are stored in the
memory circuitry 16a in the form of computer-executable
programs, for example. The function of the controlling unit
18 performed by the controlling circuitry 18« is stored in the
memory circuitry 164 in the form of a computer-executable
program, for example. The processing circuitry 15a and the
controlling circuitry 18a are processors that load programs
from the memory circuitry 16a and execute the programs so
as to implement the respective functions corresponding to the
programs. That is, the processing circuitry 15« loading and
executing the programs has the functions illustrated in FIG.
15. In the same manner, the controlling circuitry 18a loading
and executing the program has the function performed by the
controlling unit 18.

[0149] Thatis, the processing circuitry 15a loads a program
corresponding to the signal processing function 123a from
the memory circuitry 16a and executes the program so as to
perform the same processes as those of the B-mode process-
ing unit 12 and the Doppler processing unit 13. The process-
ing circuitry 15a loads a program corresponding to the image
generating function 14a from the memory circuitry 16a and
executes the program so as to perform the same process as that
of the image generating unit 14. The processing circuitry 15a
loads a program corresponding to the brightness transition
information generating function 151a from the memory cir-
cuitry 16a and executes the program so as to perform the same
process as that of the brightness transition information gen-
erating unit 151. The processing circuitry 154 loads a pro-
gram corresponding to the analyzing function 152a from the
memory circuitry 16a and executes the program so as to
perform the same process as that of the analyzing unit 152.
The processing circuitry 15a loads a program corresponding
to the transition image generating function 153a from the
memory circuitry 16a and executes the program so as to
perform the same process as that of the transition image
generating unit 153. The controlling circuitry 18a loads a
program corresponding to a function performed by the con-
trolling unit 18 from the memory circuitry 16a and executes
the program so as to perform the same process as that of the
controlling unit 18.

[0150] Next, the correspondence between the modified
example and the flowchart illustrated in FIG. 12 will be
explained. Step S101 through Step S103 illustrated in FIG. 12
are implemented by the processing circuitry 15a loading the
program corresponding to the analyzing function 152¢ from
the memory circuitry 16a and executing the program. Step
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S104 illustrated in FIG. 12 is implemented by the processing
circuitry 15a loading the program corresponding to the tran-
sition image generating function 153« from the memory cir-
cuitry 164 and executing the program. Step S105 illustrated in
FIG. 12 is implemented by the processing circuitry 154 load-
ing the program corresponding to the function performed by
the controlling unit 18 from the memory circuitry 16a and
executing the program.
[0151] FEach of the above-described processors is, for
example, a central processing unit (CPU), a graphics process-
ing unit (GPU), an application specific integrated circuitry
(ASIC), a programmable logic device (PLD), or a field pro-
grammable gate array (FPGA). The programmable logic
device (PLD) is, for example, a simple programmable logic
device (SPLD) or a complex programmable logic device
(CPLD).
[0152] Each of the processors implements a function by
loading and executing a corresponding program stored in the
memory circuitry 16a. Instead of being stored in the memory
circuitry 16a, a program may be install directly in the proces-
sors. In this case, each of the processors implements a func-
tion by loading and executing a corresponding program built
directly in the processor.
[0153] The processors in the present modified example
may not be separate from each other. For example, a plurality
of processors may be combined as one processor that imple-
ments the respective functions. Alternatively, the components
illustrated in FIG. 15 may be integrated into one processor
that implements the respective functions.
[0154] The plurality of circuitry illustrated in FIG. 15 may
be distributed or integrated as appropriate. For example, the
processing circuitry 154 may be distributed as signal process-
ing circuitry, image generating circuitry, brightness transition
information generating circuitry, analyzing circuitry, and
transition image generating circuitry that perform the signal
processing function 123, the image generating function 14a,
the brightness transition information generating function
151a, the analyzing function 152q, and the transition image
generating function 153a, respectively. Alternatively, for
example, the controlling circuitry 18a may be integrated with
the processing circuitry 15a.
[0155] As explained above, according to at least one aspect
of the exemplary embodiments and the modified examples, it
is possible to analyze the reflux dynamics of the contrast
agent by using the objective criteria.
[0156] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
What is claimed is:
1. An ultrasound diagnostic apparatus comprising:
processing circuitry configured to generate brightness tran-
sition information indicating a temporal transition of a
brightness level in an analysis region that is set in an
ultrasound scan region, from time-series data acquired
by performing an ultrasound scan on a subject to whom
a contrast agent has been administered and to obtain a
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parameter by normalizing reflux dynamics of the con-
trast agent in the analysis region with respect to time,
based on the brightness transition information; and
controlling circuitry configured to cause a display to dis-
play the parameter in a format using one or both of an
image and text.
2. The ultrasound diagnostic apparatus according to claim
1, wherein the processing circuitry is configured to obtain the
parameter by normalizing the reflux dynamics of the contrast
agent in the analysis region with respect to either the bright-
ness level or the brightness level and the time.
3. The ultrasound diagnostic apparatus according to claim
2, wherein the processing circuitry is configured to generate
transition image data in which tones are varied in accordance
with values of the parameter, and
the controlling circuitry is configured to cause the display
unit to display the transition image data, as one of dis-
play modes using the image.
4. The ultrasound diagnostic apparatus according to claim
3, wherein the processing circuitry is configured to generate a
brightness transition curve that is a curve indicating the tem-
poral transition of the brightness level in the analysis region,
as the brightness transition information and to generate a
normalized curve from the brightness transition curve by
normalizing either a time axis or a brightness axis and the
time axis and performs one or both of a process to obtain the
normalized curve as the parameter and a process to obtain the
parameter from the normalized curve.
5. The ultrasound diagnostic apparatus according to claim
4, wherein the processing circuitry is configured to generate
the normalized curve by using at least two points selected
from: a maximum point at which the brightness level exhibits
a maximum value in the brightness transition curve; a first
point at which the brightness level reaches, before the maxi-
mum point, a first multiplied value obtained by multiplying
the maximum value by a first ratio; and a second point at
which the brightness level reaches, after the maximum point,
a second multiplied value obtained by multiplying the maxi-
mum value by a second ratio.
6. The ultrasound diagnostic apparatus according to claim
5, wherein
the processing circuitry is configured to generate either a
plurality of brightness transition curves respectively for
a plurality of analysis regions that are set in the ultra-
sound scan region, or a plurality of brightness transition
curves for at least one mutually-the-same analysis
region set in mutually-the-same ultrasound scan region,
respectively from a plurality of pieces of time-series data
acquired by performing an ultrasound scan in mutually-
the-same ultrasound scan region during a plurality of
mutually-different periods and to generate the normal-
ized curve from each of the plurality of brightness tran-
sition curves and performs one or both of a process to
obtain each of the plurality of generated normalized
curves as the parameter and a process to obtain the
parameter from each of the plurality of normalized
curves, and
if the transition image data is set as one of the display
modes using the image, the transition image generating
unit generates the transition image data by using the
parameter obtained with respect to each of the plurality
of normalized curves.
7. The ultrasound diagnostic apparatus according to claim
6, wherein
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when obtaining the parameter related to a contrast agent
inflow, the processing circuitry is configured to generate
a plurality of normalized curves respectively from the
plurality of brightness transition curves, by setting a
normalized time axis and a normalized brightness axis
on which the first points are plotted at a normalized first
point that is mutually same among the brightness tran-
sition curves and on which the maximum points are
plotted at a normalized maxinmum point that is mutually
same among the brightness transition curves,

when obtaining the parameter related to a contrast agent
outflow, the processing circuitry is configured to gener-
ate a plurality of normalized curves respectively from
the plurality of brightness transition curves, by setting a
normalized time axis and a normalized brightness axis
on which the maximum points are plotted at a normal-
ized maximum point that is mutually same on the bright-
ness transition curves and on which the second points are
plotted at a normalized second point that is mutually
same among the brightness transition curves, and

when obtaining the parameter related to the contrast agent
inflow and the contrast agent outflow, the processing
circuitry is configured to generate a plurality of normal-
ized curves respectively from the plurality of brightness
transition curves, by setting a normalized time axis and
a normalized brightness axis on which the first points,
the maximum points, and the second points are plotted at
the normalized first point, the normalized maximum
point, and the normalized second point, respectively,
among the brightness transition curves.

8. The ultrasound diagnostic apparatus according to claim
7, wherein, when imaging the parameter related to the con-
trast agent inflow or the contrast agent outflow, the processing
circuitry is configured to generate the transition image data by
using a correspondence map in which mutually-different
tones are associated with normalized time on the normalized
time axis.

9. The ultrasound diagnostic apparatus according to claim
7, wherein, when imaging the parameter related to the con-
trast agent inflow or the contrast agent outflow, the processing
circuitry is configured to generate the transition image data by
using a correspondence map in which mutually-different
tones are associated with normalized brightness levels on the
normalized brightness axis.

10. The ultrasound diagnostic apparatus according to claim
7, wherein, when imaging the parameter related to the con-
trast agent inflow and the contrast agent outflow, the process-
ing circuitry is configured to generate the transition image
data by using a first correspondence map in which mutually-
different tones in a first hue are associated with normalized
time on the normalized time axis before the normalized maxi-
mum time at the normalized maximum point and a second
correspondence map in which mutually-different tones in a
second hue are associated with normalized time after the
normalized maximum time.
11. The ultrasound diagnostic apparatus according to claim
4, wherein
the processing circuitry is configured to output one or more
values obtained from the normalized curve to the con-
trolling circuitry as the parameter, and
the controlling circuitry is configured to cause the display
unit to display the one or more values in either a table or
a chart.
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12. The ultrasound diagnostic apparatus according to claim
11, wherein the processing circuitry is configured to obtain a
slope of the normalized curve on the time axis as the param-
eter.

13. An image processing apparatus comprising:

processing circuitry configured to generate brightness tran-
sition information indicating a temporal transition of a
brightness level in an analysis region that is set in an
ultrasound scan region, from time-series data acquired
by performing an ultrasound scan on a subject to whom
a contrast agent has been administered and to obtain a
parameter by normalizing reflux dynamics of the con-
trast agent in the analysis region with respect to time,
based on the brightness transition information; and

controlling circuitry configured to cause a display to dis-
play the parameter in a format using one or both of an
image and text.

14. An image processing method comprising:

a process performed by processing circuitry to generate
brightness transition information indicating a temporal
transition of a brightness level in an analysis region that
is set in an ultrasound scan region, from time-series data
acquired by performing an ultrasound scan on a subject
into whom a contrast agent has been administered and to
obtain a parameter by normalizing reflux dynamics of
the contrast agent in the analysis region with respect to
time, based on the brightness transition information; and

a process performed by controlling circuitry to cause a
display to display the parameter in a format using one or
both of an image and text.
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