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to display a selected image obtained through the low acoustic
pressure transmission at an arbitrary timing instead of the
pre-flash image.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND IMAGE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2003-124168, filed Apr. 28, 2003, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention is in the field of the enhanced
ultrasonography using an ultrasound contrast medium, and
relates to an ultrasonic diagnostic apparatus and an image
processing apparatus capable of presenting, as diagnostic
information, a microcirculation at the level of capillaries and
the microstructure of a vascular flow relatively fast compared
with capillaries.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnosis is convenient in that beat
pulsations of the heart or motions ofa fetus can be obtained as
a real-time display through a manipulation as simple as plac-
ing an ultrasonic probe to the body surface, and a screening
canbe performed repetitively due to its high safety: moreover,
owing to its small system size in comparison with other
diagnosis apparatus for X-ray imaging, CT imaging, MRI,
etc., the ultrasonic diagnosis apparatus can be moved to a
bedside, so that a screening can be readily performed at the
bedside. Although the ultrasonic diagnostic apparatus varies
with kinds of functions furnished therewith, the one small
enough for an individual to carry around with one hand has
been developed, and different from X-ray imaging or the like,
an ultrasonic diagnosis has no exposure risk. The foregoing
advantages enable the use of an ultrasonic diagnosis in the
obstetrics department, home medical care, etc.

[0006] An intravenous ultrasound contrast medium has
been commercialized, and the enhanced ultrasonography is
thus being performed in recent years. This method aims to
evaluate the dynamic state of a blood flow when examining,
for example, the heart or liver by enhancing blood flow sig-
nals with the aid of an ultrasound contrast medium injected
intravenously. In most of the contrast media, micro bubbles
function as the reflection source. Bubbles, being a delicate
material by nature, rupture upon ultrasonic irradiation, even
at the ordinary diagnostic level, due to the mechanical func-
tion, which results in a decrease in signal strength from the
scan surface. In order to observe the circulation dynamically
in real time, it is therefore necessary to reduce the scan-
caused disruption of bubbles relatively, for example, by pro-
ducing an image through an ultrasonic transmission at a low
acoustic pressure. Imaging through such a low acoustic pres-
sure ultrasonic transmission reduces a signal-to-noise ratio
(S/N ratio) as well, and various signal processing methods
have been proposed to compensate for such a reduction.
[0007] Also, by exploiting the characteristic that the con-
trast medium bubbles rupture as described above, a method as
follows has been proposed. That is, the method includes (A)
observing the dynamic state of bubbles filling the scan plane
under low acoustic pressure irradiation; (B) destroying
bubbles within the plane (to be more exact, within the volume
being irradiated) by switching the irradiation acoustic pres-
sure to a high acoustic pressure, and (C) observing a way in
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which bubbles flow into the plane again. This method is
disclosed, for example, in JP-A-11-155858, and is generally
referred to as the replenishment method.

[0008] Incidentally, a representative diagnostic image
extracted by the enhanced ultrasonography is roughly divided
to two types. One is a diagnostic image of a relatively fast,
thick blood vessel, and the other is a diagnostic image for a
tiny blood flow at the level of capillaries (in the case of the
liver, a blood flow giving rise to perfusion in the sinusoidal
space). Problems with these images are that it is difficult to
extract micro-vascular branches on the former vascular
image, whereas in the latter, although signals from micro
vessels are detected, the vascular branches are not extracted
due to the limit of spatial resolution and merely an increase in
luminance can be confirmed as a domain. In short, both the
images fail to extract micro-vascular branches at the interme-
diate level. Blood flow information at this level, however,
indicates the degree of progress of the shunt of vessels, regen-
erative nodules, etc., and is therefore said to be information of
great importance for a differential diagnosis of a diffuse liver
disease or a liver cancer.

BRIEF SUMMARY OF THE INVENTION

[0009] The invention was devised in view of the foregoing
problems, and therefore has an object to provide an ultrasonic
diagnostic apparatus and an image processing apparatus
capable of extracting diagnostic information at the level of
micro-vascular branches rapidly in an effective manner.
[0010] The present invention may provide an ultrasonic
diagnostic apparatus that obtains an ultrasonic image by scan-
ning, by means of ultrasonic waves, a specific region of a
subject injected with contrast medium bubbles, which
includes: an ultrasonic probe to transmit an ultrasonic wave to
the subject and receive an echo signal from the ultrasonic
wave; a transmission unit to perform, via the ultrasonic probe,
a first ultrasonic transmission for one frame plural times at a
first acoustic pressure, which is an acoustic pressure not to
destroy the contrast medium bubbles but to obtain an image of
a blood flow circulation, and to perform a second ultrasonic
transmission at a second acoustic pressure to destroy the
contrast medium bubbles; a control unit to control the trans-
mission unit in such a manner that the plural first ultrasonic
transmissions and the second ultrasonic transmission are per-
formed alternately; an image generating unit to generate a
first display image by performing a luminance value holding
computation using echo signals of at least two frames
obtained through the plural first ultrasonic transmissions; and
a display unit to display the first display image.

[0011] The present invention may provide an ultrasonic
diagnostic apparatus that obtains an ultrasonic image by scan-
ning, by means of ultrasonic waves, a specific region of a
subject injected with contrast medium bubbles, which
includes: an ultrasonic probe to transmit an ultrasonic wave to
the subject and receive an echo signal from the ultrasonic
wave; a transmission unit to perform, via the ultrasonic probe,
a first ultrasonic transmission for one frame plural times at a
first acoustic pressure, which is an acoustic pressure not to
destroy the contrast medium bubbles but to obtain an image of
a blood flow circulation, and to perform a second ultrasonic
transmission at a second acoustic pressure to destroy the
contrast medium bubbles; a control unit to control the trans-
mission unit in such a manner that the plural first ultrasonic
transmissions and the second ultrasonic transmission are per-
formed alternately; an image generating unit to generate a
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first display image by performing a luminance value holding
computation using echo signals of at least two frames
obtained through the plural first ultrasonic transmissions; and
a display unit to display the first display image by comparing
an echo signal P, at each position of a reference frame,
obtained through the first ultrasonic transmission immedi-
ately before switching to the second ultrasonic transmission,
with an echo signal P, at each coordinate of respective frames
obtained through the plural first ultrasonic transmissions, and
changing a display mode including a hue, saturation, bright-
ness, and so forth of the first display image for a coordinate
corresponding to an echo signal P, satisfying a relation,
P,/P,Z=(e""-1)/e"” (n is a natural number).

[0012] The present invention may provide an image pro-
cessing apparatus, including: a storage unit to store data
related to ultrasonic images of at least two frames obtained
through scanning by means of ultrasonic waves at a first
acoustic pressure, which is an acoustic pressure not to destroy
contrast medium bubbles but to obtain an image of a blood
flow circulation, immediately after a first ultrasonic transmis-
sion at a first acoustic pressure to destroy the contrast medium
bubbles; an image generating unit to generate a first display
image by performing a luminance value holding computa-
tion, using data related to the ultrasonic images of at least two
frames; and a display unit to display the first display image.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0013] FIG.11isablock diagram showing the configuration
of an ultrasonic diagnostic apparatus 10 according to the
invention;

[0014] FIG.2is a view used to explain an image generating
circuit 25 in detail;

[0015] FIG. 3A and FIG. 3B are views used to explain a
basic scan sequence the ultrasonic diagnostic apparatus 10
performs and the number of contrast medium bubbles at scans
according to the sequence;

[0016] FIG. 4 shows an image of a (relatively thick) blood
vessel into which a contrast medium flows abundantly;
[0017] FIG. 5 shows plural images of micro blood vessels
through which a contrast medium flows less;

[0018] FIG. 6 shows a blood flow image on which even tiny
blood flows are extracted;

[0019] FIG. 7 shows an image suitably presenting informa-
tion of the structure (the vascular streams);

[0020] FIG. 8 is a view showing an example of switches,
buttons, etc. provided to an input device 13;

[0021] FIG.9A is a view showing a monitor 14 on which a
replenishment image A and a pre-flash image B are displayed
concurrently;

[0022] FIG. 9B is a view showing the monitor 14 on which
arbitrary replenishment images having different time-phases
are displayed concurrently;

[0023] FIG. 10 is a view showing another example of
switches, buttons, etc. provided to the input device 13;
[0024] FIG. 11 is a view showing the monitor 14 on which
the replenishment image A and the pre-flash image B are
superimposed;

[0025] FIG. 12 shows a superimposed image in two hues
generated through hue display processing;

[0026] FIG. 13 shows a superimposed image in four hues
generated through the hue display processing;
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[0027] FIG. 14 is a graph indicating a change of a contrast
medium signal after replenishment, expressed by Equation
@)

[0028] FIG.15is atable showing the relation between nand
V/V, calculated in accordance with Equation (7);

[0029] FIG. 16 is a flowchart detailing the flow of process-
ing for imaging operations when a first image generating and
displaying method is used,

[0030] FIG. 17 is a flowchart detailing the flow of process-
ing for imaging operations when a second image generating
and displaying method is used; and

[0031] FIG. 18 is a view showing still another example of
switches, buttons, etc. provided to the input device 13.

DETAILED DESCRIPTION OF THE INVENTION

[0032] A firstembodiment and a second embodiment of the
invention will now be described with reference to the accom-
panying drawings. Hereinafter, components having substan-
tially the same functions and configurations will be labeled
with the same reference numerals, and the description of such
components will not be repeated unless the necessity arises.

First Embodiment

[0033] FIG. 1is a block diagram showing the configuration
of an ultrasonic diagnostic apparatus 10 of this embodiment.
As is shown in the drawing, the ultrasonic diagnostic appa-
ratus 10 includes an ultrasonic probe 12, an input device 13,
a monitor 14, a transmission/reception unit 21, a B-mode
processing unit 22, a Doppler processing unit 23, an image
generating circuit 25, an image memory 26, a control proces-
sor 27, a software storage portion 28, an internal storage
device 29, and an interface portion 30. The ultrasonic trans-
mission/reception unit 21 and the like built into the apparatus
main body 11 may be in the form of hardware, such as
integrated circuits, or they may be in the form of softwarily
modularized software programs. The following description
will describe functions of the components individually.

[0034] The ultrasonic probe 12 includes: plural piezoelec-
tric transducers that generate ultrasonic waves according to a
driving signal from the ultrasonic transmission/reception unit
21 and convert reflection waves from the subject to electrical
signals; matching layers provided to the piezoelectric trans-
ducers; backing materials used to prevent backward propa-
gation of ultrasonic waves from the piezoelectric transducers,
etc. When an ultrasonic wave is transmitted to the subject P
from the ultrasonic probe 12, the transmitted ultrasonic wave
reflects consecutively on the discontinuous surfaces of acous-
tic impedance in tissues of the body, and reflections are
received at the ultrasonic probe 12 as echo signals. The ampli-
tude of the echo signals depends on a difference in acoustic
impedance between the discontinuous surfaces on which
reflection takes place. In a case where transmitted ultrasonic
pulses are reflected on the surface of a blood flow, the heart
wall or the like in motion, the echoes undergo frequency
deviation by the Doppler effect, depending on the rate com-
ponents of the moving substance in the ultrasonic transmis-
sion direction.

[0035] The input device 13 is connected to the apparatus
main body 11, and includes various switches and buttons, a
track ball 135, a mouse 13¢, a keyboard 134, etc. through
which the operator inputs all sorts of instructions, conditions,
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setting instructions of the region of interest (ROI), setting
instructions of various image quality conditions, etc. into the
apparatus main body 11.

[0036] The monitor 14 displays the morphologic informa-
tion and blood flow information in the living body in the form
of images according to video signals from the image gener-
ating circuit 25.

[0037] The transmission/reception unit 21 includes a trig-
ger generating circuit, a delay circuit, a pulsar circuit, efc., all
of which are not shown in the drawing. The pulsar circuit
repetitively generates a rate pulse used to generate an ultra-
sonic wave to be transmitted, at a predetermined rate fre-
quency, fr Hz (cycle: 1/fr sec.) The delay circuit gives each
rate pulse a delay time needed to focus an ultrasonic wave to
a beam shape and determine the transmission directivity for
each channel. The trigger generating circuit impresses a driv-
ing pulse to the probe 12 at the timing based on the resulting
rate pulse.

[0038] Inordertoperformascan sequence described below
at a command from the control processor 27, the transmis-
sion/reception unit 21 is furnished with a function of chang-
ing instantaneously a transmission frequency, a transmission
driving voltage, etc. The transmission driving voltage, in
particular, can be changed by a linear amplifier type oscilla-
tion circuit capable of switching its value instantaneously or
a mechanism that electrically switches plural power supply
units.

[0039] In addition, the transmission/reception unit 21
includes an amplifier circuit, an analog-to-digital converter,
an adder, etc., all of which are not shown in the drawing. The
amplifier circuit amplifies an echo signal captured via the
probe 12 for each channel. The analog-to-digital converter
gives the amplified echo signal a delay time needed to deter-
mine the reception directivity, after which the adder performs
addition processing. The addition enhances the reflection
components of the echo signals in a direction corresponding
to the reception directivity, and the reception directivity and
the transmission directivity together form an integrated beam
for ultrasonic transmission and reception.

[0040] The B-mode processing unit 22 receives an echo
signal from the transmission/reception unit 21, applies loga-
rithmic amplification, envelope detection processing, etc. on
the echo signal, and thereby generates data in which the signal
strength is represented by the brightness of luminance. The
data thus generated is sent to the image generating circuit 25,
and displayed on the monitor 14 as a B-mode image that
shows the strength of the reflection wave by luminance.
[0041] The Doppler processing unit 23 performs frequency
analysis on the rate information from the echo signal received
from the transmission/reception unit 21 to extract a blood
flow, tissues, and contrast medium echo components due to
the Doppler effect, and thereby finds blood flow information,
such as the average rate, dispersion, and power, at a number of
points. The blood flow information thus obtained is sent to the
image generating circuit 25, and displayed in color on the
monitor 14 as an average rate image, a dispersion image, or a
power image, either solely or in combination.

[0042] Theimage generating circuit 25 converts a sequence
of scanning line signals of ultrasound scans to a sequence of
scanning line signals of a general video format typically used
in TV sets or the like, and thereby generates an ultrasonic
diagnostic image as a display image. The image generating
circuit 25 has a built-in storage memory that stores image
data, so that, for example, the operator is able to retrieve an
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image recorded during the screening after the diagnosis was
made. Data before entering the image generating circuit 25 is
also referred to as raw data.

[0043] FIG. 2 shows the image generating circuit 25 in
detail. Initially, a signal processing circuit 25a performs fil-
tering in such a manner that the image quality is determined at
the level of a sequence of scanning line signals of ultrasound
scans. An output from the signal processing circuit 254 is not
only sent to a scan converter 255, but also saved in the image
memory 26. The scan converter 255 converts the sequence of
scanning line signals of ultrasound scans into a sequence of
scanning line signals of a general video format typically used
in TV sets or the like. This output is sent to an image genet-
ating circuit 25¢, which adjusts the luminance and contrast,
performs image processing, such as spatial filtering, or syn-
thesizes the output and character information and scales of
various setting parameters, and outputs a resulting video sig-
nal to the monitor 14. A tomographic image showing the
shape of tissues of the subject is thus displayed.

[0044] Theimage memory 26 comprises a storage memory
used to store image data received from the signal processing
circuit 25a. For example, the operator is able to retrieve the
image data after the diagnosis was made, and the image data
can be played back like a still image or the image data of
plural frames can be played back like a moving picture. The
image memory 26 also stores an output signal (referred to as
a radio frequency (RF) signal) immediately after the ultra-
sonic transmission/reception unit 21, an image luminance
signal having passed through the transmission/reception unit
21, other raw data, image data acquired via the network, etc.
as necessity arises.

[0045] Theinternal storage device 29 saves a scan sequence
described below, control programs to generate and display
images, diagnostic information (patient ID, remarks of the
physician, etc.), diagnostic protocols, transmission/reception
conditions, a correspondence table shown in FIG. 15 (de-
scribed below,) and other data groups. Also, the internal stor-
age device 29 is used to save images in the image memory 26
when necessity arises. Data in the internal storage device 29
can be transferred to a peripheral apparatus via the interface
circuit 30.

[0046] The control processor 27 functions as an informa-
tion processing unit (computer), and also controls the opera-
tions of the main body of the ultrasonic diagnostic apparatus.
The control processor 27 reads out a control program to
generate and display an image or the like, which will be
described below, from the internal storage device 29 to be
developed on the software storage portion 28, and performs
computations, control, etc. involved in various kinds of pro-
cessing.

[0047] The interface portion 30 is an interface for the input
device 13, the network, and a new external storage device (not
shown). Data, analysis results, etc. of the ultrasonic images or
the like obtained by the apparatus can be transferred to other
devices by the interface portion 30 via the network.

(Scan Sequence)

[0048] A basic scan sequence that the ultrasonic diagnostic
apparatus 10 performs will now be described with reference
to FIG. 3A and FIG. 3B. The scan sequence of this embodi-
ment (hereinafter, referred to simply as the scan sequence) is
used in contrast echoes with the aid of a contrast medium to
perform transmissions at two kinds of acoustic pressure alter-
nately: a transmission at a high acoustic pressure (hereinafter,
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referred to as the high acoustic pressure (ultrasonic) transmis-
sion) to destroy contrast medium bubbles, and a transmission
at a low acoustic pressure (hereinafter, referred to as the low
acoustic pressure (ultrasonic) transmission) to obtain a diag-
nostic image by preventing the disruption of bubbles as much
as possible. A suitable contrast medium used in imaging
according to this sequence is a so-called next-generation con-
trast medium, bubbles of which keep releasing harmonic
signals without being destroyed when ultrasonic waves are
transmitted at a low acoustic pressure, thereby enabling imag-
ing over a long time.

[0049] FIG. 3A is a view used to explain the scan sequence,
in which the abscissa is used for time and the ordinate is used
for a degree of mechanical function to the bubbles derived
from transmissions. Also, each line represents an ultrasound
scan related to one frame, and the length of each line repre-
sents the strength of mechanical function of a transmission
acoustic pressure in each frame.

[0050] In other words, each line represents an ultrasound
scan for one frame under the transmission conditions set in
such a manner that as the length of each line in the longitu-
dinal direction becomes longer (larger), the transmission fre-
quency becomes lower or a transmission driving acoustic
pressure becomes higher, or a combination thereof. Thus,
longer lines 41 correspond to scans (three frames, in the case
of the drawing) through high acoustic pressure irradiation,
and shorter lines 43 correspond to scans through low acoustic
pressure irradiation. Hereinafter, a tomographic image
obtained through low acoustic pressure irradiation is referred
to as areplenishment image. Also, of all the scans through low
acoustic pressure irradiation, a tomographic image obtained
from a frame scan 43a, a frame immediately before the
switching to high acoustic pressure irradiation, is referred to
as a pre-flash image.

[0051] Because one frame comprises plural scanning lines,
one line symbolically represents a few hundreds transmis-
sions and receptions related to plural scanning lines.

[0052] FIG.3Bisaview showinga change of the number of
contrast medium bubbles with time when scans are per-
formed according to the sequence of FIG. 3A. The abscissa
(elapsed time) of FIG. 3B corresponds to the abscissa
(elapsed time) of FIG. 3A. Generally, the number of contrast
medium bubbles is thought to have a positive correlation with
echo signals. Thus, as is shown in the drawing, because only
a small number of contrast medium bubbles rupture under
low acoustic pressure irradiation, the number of bubbles
flowing into the scan plane increases gradually, and an equi-
librium state is thereby achieved in the case of an observation
over a long time. When the transmission is switched to the
high acoustic pressure transmission, bubbles within the plane
suddenly start to rupture, and the bubbles are eliminated
almost completely through plural times of irradiation for one
frame or more, preferably about 10 frames. By switching the
transmission again to the low acoustic pressure transmission
to observe a replenishment image, the operator becomes able
to observe a way in which the replenishment takes place. By
repetitively performing this procedure, it is possible to
observe the replenishment phenomenon repetitively from the
pre-flash image.

(Logical Background)

[0053] From the result of attempts in observing micro-
vascular branches, the inventor discovered that a time dura-
tion during which information as to the contrast medium

Jan. 6, 2011

bubbles flowing into micro-vascular branches can be
obtained is merely 1 to 2 sec. after the replenishment starts to
takes place, and thereafter, dominating signals are those atthe
level of capillaries that cannot be resolved. On the other hand,
however, micro-vascular branches cannot be extracted satis-
factorily by merely displaying information within 1 to 2 sec.
as a conventional ultrasonic diagnostic image. The reason
why will be described with reference to FI1G. 4 through FIG.
7. The hatchings in each figure symbolically indicate con-
trasted regions.

[0054] FIG. 4 shows an image of a vessel into which a
contrast medium flows abundantly. A contrast medium flows
abundantly into a relatively thick vessel, and such a vascular
structure can be understood only from an image like the one
shown in FIG. 4.

[0055] FIG. 5shows plural images of micro vessels through
which a contrast medium flows less. On an image like any of
those shown in FIG. 5, bubbles are present sparsely in one
image at a given moment, which makes it impossible to
understand the vascular structure. Even when one observes
time-sequential diagnostic images, he often fails to observe a
continuous flow.

[0056] FIG. 6 shows a blood flow image on which even a
tiny blood flow is extracted. On an image like the one shown
in FIG. 6, as has been described, the vascular branches cannot
be extracted due to the limit of spatial resolution, and only an
increase in luminance is confirmed as a domain, which makes
identification of micro-vascular branches impossible.

[0057] One advantage of this embodiment is that, as is
shown in FIG. 7, an image suitably presenting information of
a structure (the vascular streams, herein) can be provided as
one kind of diagnostic information. To this end, a method of
generating and displaying a diagnostic image and a diagnos-
tic information extracting function, etc. as described below
are performed.

(Generation and Display of Diagnostic Image)

[0058] Themethod of generating and displaying a diagnos-
tic image (an image the apparatus actively displays as an
image effective for diagnostic) achieved by the ultrasonic
diagnostic apparatus 10 is roughly divided to two types.
Firstly, a first image generating and displaying method for
generating a replenishment image according to plural low
acoustic pressure transmissions to be displayed in real time
while displaying a pre-flash image concurrently with the
replenishment image will be described.

[0059] In the pre-operation of imaging, a high acoustic
pressure period (T, in FIG. 3) during which the high acoustic
pressure ultrasonic transmission is performed, and a low
acoustic pressure period (T, in FIG. 3) during which the low
acoustic pressure ultrasonic transmission is performed are set
to arbitrary values respectively by a switch 134 and a switch
135 of the input device 13 shown in FIG. 8. The drawing
shows a case where the high acoustic pressure ultrasonic
transmission is performed for 0.5 sec. followed by the low
acoustic pressure ultrasonic transmission for 2.0 sec. Herein,
seconds are used as a pre-set unit for T,; and T,; however, it
may be configured in such a manner that these values are set
in the unit of the number of frames.

[0060] By manipulating a start switch 13¢ after T,; and T,
are set, the scan sequence is started, according to which the
high acoustic pressure ultrasonic transmission for T,=0.5
sec. and the low acoustic pressure ultrasonic transmission for
T, =2 sec. Are performed repetitively. In this example case, a
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replenishment image obtained by these scans is displayed,
and about 2 sec. later since the completion of the high acoustic
pressure transmission, a pre-flash image is captured and dis-
played concurrently on the monitor 14.

[0061] FIG.9A is a view showing the monitor 14 on which
a pre-flash image A and a replenishment image B are dis-
played concurrently. On the monitor 14, the replenishment
image B is displayed in real time like a moving picture, while
the pre-flash image A is displayed like a still image. Also,
when the transmission is switched to the following high
acoustic pressure ultrasonic transmission or low acoustic
pressure ultrasonic transmission, the replenishment image B
or the pre-flash image A is sequentially updated to the latest
image. The operator is thus able to observe in real time the
replenishment state, in particular, a way in which the contrast
medium flows into a fine perfusion at the level of capillaries,
like a moving picture, while at the same time, he is able to
observe the structure at the level of capillaries from the pre-
flash image A being displayed like a still image.

[0062] The scans and the generation and display of images
as described above are continued until the operator manipu-
lates a stop switch 134 shown in FIG. 8. Alternatively, by
manipulating a manual switch 13e, it is possible to perform
the high acoustic pressure transmission alone for one shot
(once) for a specified transmission time, without repetitively
performing the high acoustic pressure transmission and the
low acoustic pressure transmission.

[0063] A second image generating and displaying method
will now be described. According to this method, a replen-
ishment image related to the low acoustic pressure transmis-
sion at desired timing is generated as a diagnostic image to be
displayed like a still image instead of the pre-flash image.
Hereinafter, areplenishment image related to the low acoustic
pressure transmission at desired timing and selected as a
diagnostic image to be displayed like a still image is referred
to as a selected image.

[0064] FIG. 10 is a view showing a switch group provided
to the input device 13 used in the second image generating
and displaying method. A selection time switch 13/allows the
operator to arbitrary set timing (selection time t_) at which the
selected image is captured. In this example case, assume that
the selection timet_is set to a time when a predetermined time
has elapsed since the time (reference time) at which the last
high acoustic pressure transmission is switched to the low
acoustic pressure transmission and acquisition of a first image
(reference image) during the low acoustic pressure period T,
is started. Thus, in the case of FIG. 10, the selected image is
captured 2 sec. later since the reference time.

[0065] Also, a switch 13g allows the operator to arbitrary
set the low acoustic pressure period T, .

[0066] The low acoustic pressure period T; is a time dura-
tion also starting from the reference time. Thus, in the case of
FIG. 10, after the low acoustic pressure transmission has been
continued for T,=6 sec. since the reference time, the trans-
mission is switched to the high acoustic pressure transmis-
sion.

[0067] Herein, seconds are used as a pre-set unit for the
selection time t, and the low acoustic pressure period T;;
however, it may be configured in such a manner that these
values are set in the unit of the number of frames.

[0068] When the respective times and time durations, etc.
are set as shown in FIG. 10 by the pre-operation of imaging,
the scan sequence is started by manipulating the start switch
13¢, according to which the high acoustic pressure ultrasonic
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transmission is performed for T,,=0.5 sec. and the low acous-
tic pressure ultrasonic transmission is performed for T,=6
sec. repetitively. In this example case, a replenishment image
obtained from these scans is displayed, and the selected
image is captured about 2 sec. later since the reference time to
be displayed on the monitor 14 concurrently in the mode, for
example, as the one shown in FIG. 9B. Further, low acoustic
pressure irradiation is performed for 6-2=4 sec. continuously
from the capturing of the selected image, so that the state of
replenishment is shown as a replenishment image. It is thus
possible to observe the state of replenishment in real time, in
particular, fine perfusion at the level of capillaries in real time,
for a longer period (6 sec.) than in the first image generating
and displaying method.

[0069] The scans and the generation and display of images
are continued until the operator manipulates the stop switch
13d shown in FIG. 10.

[0070] The display mode of an image according to the first
and second image generating and displaying methods is not
limited to those of FIG. 9A and FIG. 9B. For example, as is
shown in FIG. 11, it may be a display mode in which the
replenish image B and the pre-flash image A or the replen-
ishment image and the selected image are superimposed for
display. Such a display mode can enhance the visibility fur-
ther. In addition, in any display mode, it is possible to make
any of the replenishment image, the pre-flash image, and the
selected image as a non-display image or back into a display
image at arbitrary timing as needed.

(Diagnostic Information Extracting Function)

[0071] The diagnostic information extracting function pro-
vided to the ultrasonic diagnostic apparatus 10 will now be
described. The diagnostic information extracted by this func-
tion includes a blood flow image obtained by the scan
sequence (including an image at the level of capillaries), and
a histological, physical quantity of a blood flow obtained
from the blood flow image. The following description will
describe extracting methods for extracting a blood flow image
and a histological, physical quantity of a blood flow in this
order. Each method is particularly useful in displaying the
aforementioned replenishment image or the like.

[0072] A suitable blood flow image including an image at
the level of capillaries can be extracted with the use of maxi-
mum value holding processing, weight update processing,
and other luminance holding computations described below.
Firstly, the maximum value holding processing performed on
n replenishment images for frames F, through F,, included in
the same period T; will be described. The maximum value
holding processing performed on images for the frames F,
through F, referred to herein is defined as a computation to
generate a new image by selecting a maximum value P, (X,
y) among spatially corresponding luminance values in the
respective frames F, through F, .

[0073] To be more specific, the replenishment image for a
given frame F, (i is an integer satisfying 1=i=n) comprises a
set of spatially mapped luminance values P,(x, y), or a set of
mere one-dimensional sequence data P,(x) of luminance val-
ues. The values of P,(x, y) or P,(x) may be the signal strength,
signal amplitude, raw data values of RF data or the like
instead of luminance; however, the luminance values are
adopted herein. Generally, the respective data values having
large numerical values means a higher level of echo signals.
By exploiting the respective data values as such, the maxi-
mum value of the luminance values for all the pixels in the
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spatially corresponding frames F, through F, is selected, and
a computation is performed to generate a new image. This
computation can be expressed by Equation (1):

Pra@y)mmax[Py(x,y), . . ., Py(x, Y)] oy

[0074] When the maximum value holding processing is
used for a replenishment image, processing is performed in
accordance with Equation (1) above each time a new frame
belonging to the same low acoustic pressure period T, is
acquired, and the resulting image is displayed as a replenish-
ment image. To the operator (observer), the image obtained in
this manner seems as if it were showing a way in which
capillaries are sequentially contrasted with time.

[0075] In this instance, it should be noted that when the
maximum value holding processing is performed, only the
images within 1 to 2 sec. from the reference time have to be
used. Because when images over 2 sec. are included, the
micro-vascular structure is covered and hidden as is shown,
for example, in FIG. 3, which limits the advantages of con-
trast enhancement only as a domain.

[0076] The algorithm to achieve the maximum value hold-
ing processing is not limited to the one described above. For

example, the same advantages can be achieved by the algo-
rithm described below.

[0077] Thatis, given P,(X, y) as the pixel luminance at each
coordinate in the frame F, for a current tomographic image,
and P,_,(x, y) as the pixel luminance in the preceding image
frame, then image computation processing expressed by the
following equation is performed successively for i=2 to n for
these relative two frames.

If Px.p)>P,; (xp) then Py(x.p)=P;  (x.y) Else P(x.y)
=P, \(%y)

[0078] This algorithm is to update the value only for a pixel
having a larger luminance value than the counterpart in the
image related to the frame in the preceding stage. With the
replenishment image or the like obtained in this manner, the
operator is also able to observe a way in which capillaries are
sequentially contrasted with time.

[0079] Another method for a suitable blood flow image
including an image at the level of capillaries will now be
described. This method is to generate an image by applying
weight update processing on n replenishment images for
frames F, through F, included in the same period T,. The
weight update processing referred to herein means a compu-
tation expressed by the following equation:

[EP,(xy)>Pii(xy) then P(x,y)=4*P,(xy)+(1-4)*P; |

(%.y) Else Py{x,y)=(d=1)*P(xy)+4*P;1(x.y)

[0080] By setting A to a value less than one and approxi-
mating to one (for example, 0.99), there can be expected
functions that the maximum value is held for a short time (in
this case, a time interval between the frame in the preceding
stage and the current frame), and for a longer time, the lumi-
nance held before is attenuated. The operator is thus able to
observe a way in which capillaries are sequentially contrasted
with time from a replenishment image or the like obtained
according to this method.

[0081] Incidentally, such maximum value holding process-
ing or the like adopts computation means that projects a
maximum value or an updated value in the time direction.
Hence, effective time information cannot be obtained by dis-
playing a resulting image intact after it has undergone the
aforementioned processing.
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[0082] 1In order to eliminate this problem, the present
embodiment adopts hue display processing, which is particu-
larly effective in displaying a replenishment image or the like
having undergone the aforementioned processing. According
to the hue display, images are displayed in different colors for
time segments prespecified by the operator, which makes it
possibleto visually confirm which luminance displayed in the
final image belongs to which time segment. The following
description will describe the contents of the hue display pro-
cessing in an example case where two time segments (a first
time segment and a second time segment) are specified.

[0083] The operator first specifies a time at which the low
acoustic pressure period T, is divided to the first time segment
and the second time segment. Herein, 2 sec. from the refer-
ence time is set as the dividing time, and a segment before the
dividing time is referred to as the first time segment and a
segment after the dividing time is referred to as the second
time segment.

[0084] In the course of forward-feeding the images in the
image memory, in a case where the current frame F_ is present
in the first time segment, the maximum value holding pro-
cessing, for example, is applied to the frames F, through F,,
(that is, from the first frame to the current frame present in the
first time segment), and an image A is generated as a result.

[0085] In a case where the current frame F, is present
within the second time segment, the luminance value holding
computation is applied to the frames Fy, . .., F, (that is, from
the first frame to the current frame present in the first time
segment and the second time segment) to generate an image
A', while the image A is being generated.

[0086] Differential computation processing, that is, (image
A'-image A), is then performed to generate a resulting image
B. Finally, hue conversion is performed in such a manner that,
forexample, the image A is converted to ahue A (for example,
red), and the resulting image B is converted to a hue B (for
example, yellow). A superimposed image of these images is
generated, and as is shown in FIG. 12, displayed on the
monitor 14 as a replenishment image or the like.

[0087] Theoperator, by observing the replenishment image
shown in FIG. 12, becomes able to readily and rapidly under-
stand that the hue A is the region into which the contrast
medium has flown within 2 sec. from the reference time (first
time segment), and the hue B is the region into which the
contrast medium has flown 2 sec. later since the reference
time (second time segment).

[0088] According to the hue display processing, even when
the luminance value holding computation, such as the maxi-
mum value holding processing and the weight update pro-
cessing, is performed, it is possible to providea suitable blood
flow image containing information at the level of capillaries
in the mode easy for the operator to observe, without losing
time information.

[0089] While the hue display processing using two time
segments has been described by way of example, it goes
without saying that this method is applicable to an arbitrary
number of time segments. The procedure in such a case is that
the processing described above is performed for adjacent two
segments, and N images each having a different hue are
obtained, after which a superimposed image of these N
images is generated and displayed as a final image. For
example, in the case of a superimposed image where N=4 (for
example, four colors including red, yellow, green, and blue),
an image as shown in FIG. 13 is displayed on the monitor 14.
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[0090] When an image having undergone the hue display
processing is displayed, it is preferable to display concur-
rently a color scale bar indicating the relation between the
hues and the time segment or the elapsed time as are shown in
FIG. 12 and FIG. 13.

(Calculation of Histological, Physical Quantity)

[0091] Calculation processing for a histological, physical
quantity of a blood flow based on the blood flow image
obtained by the scan sequence will now be described.

[0092] The principle of the physical quantity calculation
processing is as follows. That is, in a case where the low
acoustic pressure ultrasonic transmission has been performed
for a sufficient time, T, sec., the pre-flash image 43 shown in
FIG. 3 is an image of a tomographic plane filled with blood
flows, and the signal luminance within this image is therefore
thought to be the maximum value at the region in question.
Also, it goes without saying that T,, sec. is needed for each
pixel luminance within the replenishment image immediately
after high acoustic pressure irradiation to restore to, or nearly
to that in the pre-flash image.

[0093] Assume that, during a given time duration, the lumi-
nance value of each pixel in the replenishment image reaches
C % (for example, 50%) of that in the pre-flash image, then a
shorter time than T,, is naturally given to this time duration.
The time duration during which the luminance value of each
pixel in the replenishment image reaches C % of the lumi-
nance value of the counterpart pixel in the pre-flash image is
defined as a quasi-recovery time T.. JP-A-11-89839, for
example, has reported the technique to display hues with a
consideration given to such a time duration for the pixel to
reach C % luminance value. The histological meaning of the
recovery time per se, however, is ambiguous by merely set-
ting the numerical value to C % arbitrarily, which may not
contribute much to clinical scenes.

[0094] For this reason, in this embodiment, the region hav-
ing reached the quasi-recovery time T, is displayed in hue,
and an average passing time T ,,,, (an average time needed for
a blood flow to pass through the tomographic plane), that is,
a histological, physical quantity of a blood flow, is predicted
from the quasi-recovery time T . to be presented to the opera-
tor.

[0095] The inventor discovered from his studies that when
a change of echo signals with time in an organ region within
the replenishment image is observed, it shapes a curve as
shown in FIG. 14. This curve can be satisfactorily approxi-
mated by Equation (2):

No=Vo(1-e P9 @

where V(1) is a linear signal strength before logarithmic con-
version, V,, is a signal strength after a sufficient time elapsed
(for example, a signal strength of the pre-flash image), f is a
constant, and t is a time duration. In particular, f is related to
a flow rate (the reciprocal number 1/f is related to the passing
time), and f§ becomes larger where the flow rate is high, and
smaller where the flow rate is low.

[0096] Whenanincrease in luminanceofthe replenishment
image is represented by the curve expressed by Equation (2)
above, the average passing time T,,, is equal to 1/8. Assume
that the signal strength reaches V -t - sec. later, then, Equation
(3) below is established from Equation (2) above:

Ve=Vo(1-¢ ) (€)
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[0097] By solving Equation (3) above for f, we get Equa-
tion (4):

p==1/ic(In(1-Ve/¥o)) @
[0098] Thus, the average passing time T,,, is given by
Equation (5):

T, =1/P=—t(U/In{1-V V) (5)

Equation (5) apparently looks complicated; however, T,,,~t~
is established if V. takes the value of Equation (6):

Ve=Vo((e-1)/e)=0.63212*F, (6)

[0099] In other words, an elapsed time (quasi-recovery
time T needed to reach C=63%) from the reference time, at
which the replenishment image becomes about 0.63 time of
pre-flash image, means the average passing time of the blood
flow related to the patient.

[0100] This result can be extended further. That is, let t . be
a time at which V. satisfies Equation (7):

VeVol(e "~ 1ye!™) ™

[0101] In this instance, there is established a relational
expression, T, =t-*n, between the average passing time T, ..
and t. In other words, by finding the quasi-recovery time t,
which is shorter than the original average passing time T,
and multiplying t~ by n, it is possible to obtain the average
passing time T,,,, without waiting for the physical time to
elapse. According to this extension, Equation (6) above can
be deemed as Equation (7), where n=1.

[0102] FIG. 15 is a correspondence table indicating the
relation between n and the value of V /V , computed in accor-
dance with Equation (7) above. In practice, a diagnostic
image is often displayed in the unit of decibels, and the
drawing shows values converted to decibels for V/V, as
well. This correspondence table is stored in the internal stor-
age device 29.

[0103] In this embodiment, a desired number for n is
selected first and t. needed for each pixel on the replenish-
ment image to reach the value of V ./V, corresponding to n is
then computed, according to the logic described above. A
value obtained by multiplying the resulting t. by n is pre-
sented to the operator as the average passing time T, ,, so that
the average passing time T, ,, can be predicted without having
to wait for contrast enhancement up to the pre-flash image.
[0104] To be more specific, at least one value for V /V, to
be referred to is set first. Herein, assume that V ./V,=0.39
(n=2) is set.

[0105] Subsequently. the signal strength of each pixelin the
pre-flash image obtained through imaging is stored as Py=(x,
y), while the pre-flash image is displayed on the monitor 14.
Also, it is judged whether P,(x, y)/P,(x, y)>0.39 is established
for the signal strength P,(x, y) of each pixel in the replenish-
ment image for each frame while the replenishment image is
being displayed like a moving picture. When it is judged that
P,(x, y)/Po(X,¥)>0.39 is established, hue display is performed
by coloring the pixel with a new color tone (red). Also, while
the replenishment image is being displayed, the numerical
value of T +n (sec.), the product of the elapse time T from
the reference time and n (n=2, herein), is displayed as the
average passing time T,,,. When the high acoustic pressure
transmission and the low acoustic pressure transmission are
performed repetitively, the same processing is performed
repetitively.

[0106] According to the method as described above, the
operator, by visually confirming that specific pixels on the
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screen are displayed concurrently at the timing at which these
pixels are colored, becomes able to visually confirm with ease
that the average passing time T, for the region of the subject
corresponding to these pixels is equal to T *n (sec.) or less.
The operator thus does not have to wait for the average pass-
ing time T, to elapse, and is able to predict the average
passing time T, that is, a histological, physical quantity of
a blood flow, in one n’th time of the actual time duration,
rapidly at high accuracy with ease.

(Series of Imaging Operations)

[0107] A series of imaging operations to perform the
respective functions described above will now be described
with reference to FIG. 16 and FIG. 17.

[0108] Firstly, imaging operations when the first image
generating and displaying method is used will be described.
FIG. 16 is a flowchart detailing the flow of the imaging
processing when a blood flow image is extracted using the
first image generating and displaying method. Initially, a high
acoustic pressure transmission time is set to 0.5 sec. and a low
acoustic pressure transmission time is set to 2 sec. (Step S0).
After the settings, at an instruction from the operator via the
start switch 13¢ of FIG. 8, the scan sequence is started,
according to which the high acoustic pressure transmission is
performed for 0.5 sec. and the low acoustic pressure trans-
mission is performed for 2 sec. repetitively (Step S1). The
scan conditions or the like are then switched to those of the
initial high acoustic pressure transmission (Step S2), and the
high acoustic pressure transmission is performed for 0.5 sec.
(Step S3).

[0109] When the high acoustic pressure transmission has
been performed for 0.5 sec., the scan conditions are switched
to those of the low acoustic pressure transmission (Step S4),
while at the same time, in a case where the luminance value
holding computation has been applied on the replenishment
image in the preceding stage, information related to the lumi-
nance vale holding computation in the preceding stage is reset
(Step S5). After the information is reset, the low acoustic
pressure ultrasonic transmission as well as new luminance
value holding computation is started (Step S6), and continued
for 2 sec. (Step S7). In the course from Steps S5 through S7,
a replenishment image, which is obtained through the low
acoustic pressure ultrasonic transmission and on which the
luminance value holding computation is applied, is displayed
on the monitor 14 in real time like a moving picture.

[0110] The pre-flash image is captured 2 sec. later since the
start of the low acoustic pressure transmission, and displayed
on the monitor 14 like a still image together with the replen-
ishment image (Step S8). When the same scan sequence is
repeated thereafter, processing from Steps S2 through S8 is
performed again. On the other hand, when an end instruction
is inputted via the stop switch 134, the imaging according to
the scan sequence is completed.

[0111] According to the imaging processing as described
above, the pre-flash image, on which a micro-vascular branch
structure is extracted due to the luminance value holding
computation, is displayed on the monitor 14 each time the low
acoustic pressure transmission and the high acoustic pressure
transmission are repeated. The replenishment image is also
displayed on the monitor 14 like a moving picture each time
the low acoustic pressure transmission and the high acoustic
pressure transmission are repeated. The operator is thus able
to observe not only the dynamic state of living organs in real
time from the replenishment image, but also the micro-vas-
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cular branch structure statically from the pre-flash image. It is
thus possible to obtain diagnostic information at the level of
micro-vascular branch rapidly in an effective manner.
[0112] For the imaging described above, calculation of a
histological, physical quantity may be performed instead or
together with the luminance value holding computation. In
this case, calculation of a histological, physical quantity is
performed instead of or in parallel with the luminance value
holding computation in Steps S6 and S7, and the result is
displayed in real time together with the replenishment image.
[0113] Imaging operations when the second image gener-
ating and displaying method is used will now be described.
FIG. 17 is a flowchart detailing the flow of processing for the
imaging operations when the second image generating and
displaying method is used.

[0114] The operator first sets, respectively via the switches
13/.13a,13g of FIG. 10, 2 sec. from the reference time as the
timing at which a selected image is obtained, 0.5 sec. as a high
acoustic pressure transmission time, and 6 sec. as a low
acoustic pressure transmission time (Step S10). After the
settings, at an instruction via the start switch 13¢, the scan
sequence is started, according to which the high acoustic
pressure transmission is performed for 0.5 sec. and the low
acoustic pressure transmission is performed for 6 sec. repeti-
tively (Step S11). The scan conditions or the like are then
switched to those of the initial high acoustic pressure trans-
mission (Step S12), and the high acoustic pressure transmis-
sion is performed for 0.5 sec. (Step S13).

[0115] When the high acoustic pressure transmission has
been performed for 0.5 sec., the scan conditions are switched
to those ofthe low acoustic pressure transmission (Step S14),
while at the same time information related to the luminance
vale holding computation in the preceding stage is reset (Step
S15). After the information is reset, the low acoustic pressure
ultrasonic transmission as well as new luminance value hold-
ing computation is started (Step S16), and continued for 2 sec.
(Step S17). In the course from Steps S15 through 817, a
replenishment image is displayed on the monitor 14 in real
time like a moving picture.

[0116] The selected image is captured 2 sec. later since the
start of the low acoustic pressure transmission, and displayed
on the monitor 14 like a still image together with the replen-
ishment image (Step S18). The low acoustic pressure ultra-
sonic transmission is continued for further 4 sec. (6-2 sec.),
and a corresponding replenishment image is displayed on the
monitor 14 in real time like a moving picture (Step S19).
[0117] When the same scan sequence is repeated thereafter,
processing from Steps S12 through S19 is performed again.
On the other hand, when an end instruction is inputted via the
stop switch 134, the imaging according to the scan sequence
is completed.

[0118] According to the imaging processing described
above, the same advantages as those achieved by the imaging
when the first image generating and displaying method is
used can be achieved. For the imaging described above, cal-
culation of a histological, physical quantity may be also pet-
formed instead of or together with the luminance value hold-
ing computation. In this case, calculation of a histological,
physical quantity is performed instead of or in parallel with
the luminance value holding computation in Steps S16
through S19, and the result is display in real time together
with the replenishment image.

Second Embodiment

[0119] A second embodiment of the invention will now be
described. This embodiment is to perform the first or second
image generating and displaying method in the middle of or
after the imaging.



US 2011/0004097 A1

[0120] As has been described, the ultrasonic diagnostic
image obtained and obsetved in real time with the apparatus
is also stored in the image memory 26. Hence, when the
operator has observed images for a certain time, he generally
stops the ultrasound scans through an input from a freeze
button on the control panel, so that a series of tomographic
images in the image memory 26 are played back. These
images can be displayed either like a still image or a moving
picture. Also, as is shown in FIG. 18, the operator is able to
control the playback, stop, fast forwarding, backward feed-
ing, etc. at arbitrary timing by means of playback buttons 13
and the track ball 135 provided to the input device 13.
[0121] Inaddition, asisshown in FI1G. 18, in the case of the
apparatus 10 of this embodiment, the input device 13 is pro-
vided with a maximum value holding button 13; used for the
aforementioned luminance value holding computation, for
example, for use in specifying whether the maximum value
holding processing is to be enabled. While the maximum
value holding button 13; remains OFF, conventional ultra-
sonic diagnostic images are displayed on the monitor frame
by frame. On the other hand, when the maximum value hold-
ing button 13;j is switched ON, a tomographic image frame
being displayed at that point in time is registered as the
reference image (F ). Subsequently, as the operator feeds the
display image forward to F,, F;, and so forth, the image
generating circuit 25 applies the aforementioned maximum
value holding computation on the images, including the ref-
erence image F, to the currently displayed tomographic
image frame F,, (n>1), and displays the result on the monitor
14.

[0122] Thefirst image generating and displaying method or
the like in the middle of or after the imaging as described
above is also applicable to the time-sequential backward
playback (that is, backward feeding of frames). For example,
when the operator have F,, (m<n) be displayed through back-
ward feeding of played back images after a tomographic
image frame F, (n>1) is displayed, the image generating cit-
cuit 25 only has to perform the maximum value holding
processing from F, to F, to generate an image again.

[0123] Tt should be noted that the obtained image may be
susceptible to motions, such as breathing and heat beats,
which gives rise to an offset of corresponding positions
between the frames. When the maximum value holding com-
putation or the like is performed directly in such a case, an
adequate result may not be obtained.

[0124] In order to eliminate this problem, the ultrasonic
diagnostic apparatus 10 is furnished with an image blurring
adjusting function to adjust the position correspondence
between frames, so that the luminance value holding process-
ing, such as the maximum value holding processing, can be
performed adequately. This adjustment is performed by
depressing a fine-adjustment button 13% shown in FIG. 18.
More concrete operations are as follows.

[0125] For example, in a case where the maximum value
holding computation is currently applied to frames F, through
F , then the mode is switched to the fine-adjustment mode
when the fine-adjustment button 13k is depressed. In this
fine-adjustment mode, for superimposed positions between a
maximum value holding image (image A) of F, through F, _,
andanimage of F (image B), a fine-adjustment displacement
(dx, dy), which is a quantity of offset between the image A and
the image B that needs to be cancelled out, is generated
through manipulation of the track ball 13s or the like. Then,
the position is fine-adjusted by mapping (x+dx, y+dy) of the
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image B to the coordinate (x, v) of the image A, and the
fine-adjustment is confirmed by depressing the fine-adjust-
ment button 13% again.

[0126] According to the configuration as above, the opera-
tor is able to perform the first or second image generating and
displaying method at any desired timing. Also, in the event of
an offset in position between frames, fine-adjustment is per-
formed at arbitrary timing, so that more reliable diagnostic
information can be obtained.

[0127] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the present
invention in its broader aspects is not limited to the specific
details, representative devices, and illustrated examples
shown and described herein. Accordingly, various modifica-
tions may be made without departing from the sprit or scope
of the general inventive concept as defined by the appended
claims and their equivalents.

1-20. (canceled)

21. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe which transmits ultrasonic waves to a
subject injected with contrast medium bubbles, receives
reflected ultrasonic waves from the subject, and gener-
ates echo signals on the basis of the received ultrasonic
waves;

a transmission unit configured to perform, via the ultra-
sonic probe, a series of first transmissions for a plurality
of frames at afirst acoustic pressure, which is an acoustic
pressure not to destroy substantially the contrast
medium bubbles but to obtain an image of a blood flow
circulation, and to perform a series of second transmis-
sions for a plurality of frames at a second acoustic pres-
sure to destroy the contrast medium bubbles;

a control unit configured to control the transmission unit in
such a manner that the series of first transmissions and
the series of the second transmissions are performed
alternatively; and

an image generating unit configured to generate a first
image by performing a luminance value holding com-
putation using echo signals of at least two frames
obtained in the first transmissions.

22. The ultrasonic diagnostic apparatus according to claim
21, wherein the image generating unit generates the first
image after initializing the luminance value holding compu-
tation synchronized with the first transmissions.

23. The ultrasonic diagnostic apparatus according to claim
21, wherein:

the image generating unit generates the first display image
according to an echo signal obtained through the first
ultrasonic transmission corresponding to a frame,
immediately before the plural first ultrasonic transmis-
sions are switched to the second ultrasonic transmission.

24. The ultrasonic diagnostic apparatus according to claim
21, wherein:

the image generating unit generates the first display image
according to an echo signal obtained through the first
ultrasonic transmission at a second point in time at
which a predetermined time period has elapsed since a
first point in time at which the second ultrasonic trans-
mission is switched to the plural first ultrasonic trans-
missions.

25. The ultrasonic diagnostic apparatus according to claim

24, further comprising:

a setting unit to set the second point in time to an arbitrary

time,
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wherein the image generating unit generates the first dis-
play image according to an echo signal obtained through
the first ultrasonic transmission at the second point in
time set by the setting unit.

26. The ultrasonic diagnostic apparatus according to claim
21, wherein:

the image generating unit updates the first display image

time-sequentially by performing the luminance value
holding computation from time to time, using echo sig-
nals for respective frames obtained through the plural
first ultrasonic transmissions.

27. The ultrasonic diagnostic apparatus according to claim
21, wherein:

the image generating unit generates a second display image

using an echo signal corresponding to an arbitrary frame
among echo signals of plural frames obtained through
the plural first ultrasonic transmissions; and

the display unit displays the first display image and the

second display image concurrently.

28. The ultrasonic diagnostic apparatus according to claim
21, wherein:

the display unit displays the first display image as a moving

picture and the second display image as a still image.

29. The ultrasonic diagnostic apparatus according to claim
21, wherein:

the display unit superimposes the first display image and

the second display image for display.

30. The ultrasonic diagnostic apparatus according to claim
21, wherein the image generating unit generates the first
display image by:

generating a first intermediate image by performing a lumi-

nance value holding computation according to echo sig-
nals of m frames obtained through the plural first ultra-
sonic fransmissions, and generating a second
intermediate image by performing the luminance value
holding computation according to echo signals of n
(m<n) frames obtained through the plural first ultrasonic
transmissions;

generating a differential image between the second inter-

mediate image and the first intermediate image;
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converting the first intermediate image into a first hue and
the differential image to a second hue; and

synthesizing the first intermediate image converted to the
first hue and the differential image converted to the
second hue.

31. The ultrasonic diagnostic apparatus according to claim
21, whetrein:

the luminance value holding computation is a maximum
value holding computation, by which the first display
image is generated by holding a maximum value among
values of the echo signals at spatially corresponding
positions between the plural frames.

32. The ultrasonic diagnostic apparatus according to claim
21, wherein:

the luminance value holding computation is a weight
update computation, by which the first display image is
generated by adding a weight to each of the echo signals
at spatially corresponding positions between adjacent
two frames among the plural frames.

33. The ultrasonic diagnostic apparatus according to claim
21, wherein:

in a case that the second ultrasonic transmission is pet-
formed, the image generating unit generates the first
display image by initializing the luminance value hold-
ing computation and according to echo signals obtained
through the plural first ultrasonic transmissions after the
second ultrasonic transmission.

34. The ultrasonic diagnostic apparatus according to claim
21, further comprising:
a selection unit to select a reference frame at which the
luminance value holding computation is started,
wherein the image generating unit starts the luminance

value holding computation from the selected reference
frame.
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