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ULTRASONIC DIAGNOSTIC APPARATUS,
IMAGE DISPLAY METHOD, AND IMAGE
PROCESSING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
PCT Application No. PCT/JP2013/057708, filed Mar. 18,
2013 and based upon and claiming the benefit of priority from
Japanese Patent Application No. 2012-091024, filed Apr. 12,
2012, the entire contents of all of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus, image display method,
and image processing apparatus which display the micro-
structures of tissue perfusion and vascular flows in a contrast
echo method performed by using an ultrasonic contrast agent.

BACKGROUND

[0003] Ultrasonic diagnosis allows an operator to display in
real time how the heart beats or the fetus moves, by simply
bringing an ultrasonic probe into contact with the body sur-
face. In addition, this technique is highly safe, and hence
allows repeated examination. Furthermore, this system is
smaller in size than other diagnostic apparatuses such as
X-ray, CT, and MRI apparatuses and can be moved to the
bedside to be easily and conveniently used for examination.
[0004] Ultrasonic diagnostic apparatuses used in this ultra-
sonic diagnosis vary in type depending on the functions
which they have. Some compact apparatuses which have
already been developed are small enough to be carried with
one hand, and ultrasonic diagnosis is free from the influence
of radiation exposure unlike diagnosis using X-rays and the
like. Therefore, such ultrasonic diagnostic apparatuses can be
used in obstetric treatment, treatment at home, and the like.

[0005] Recently, an intravenous ultrasonic contrast agent
has been commercialized, and the contrast echo method has
been performed. The purpose of this contrast echo method is
to perform hemodynamic evaluation by intravenously inject-
ing an ultrasonic contrast agent to enhance a blood flow signal
in examination of the heart, liver, or the like.

[0006] Many types of contrast agents are designed such that
microbubbles function as reflection sources. In this case, the
base material is air bubbles which have delicate characteris-
tics. For this reason, even at ultrasonic irradiation at a general
diagnostic level, air bubbles sometimes collapse due to a
corresponding mechanical effect. This eventually decreases
the intensity of signals from a scan plane.

[0007] In order to observe the dynamic state of tissue per-
fusion in real time, therefore, it is necessary to relatively
reduce the collapse of air bubbles due to scanning, for
example, by imaging with ultrasonic transmission of a low
sound pressure. However, imaging by such ultrasonic trans-
mission with a low sound pressure will decrease the signal/
noise ratio (to be referred to as an S/N ratio hereinafter). For
this reason, various types of signal processing methods for
compensating for this decrease in S/N ratio have been pro-
posed. This makes it possible to implement real-time visual-
ization with a high S/N ratio.

[0008] Using the above contrast agent, however, will visu-
alize not only a blood flow but also tissue perfusion at a
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capillary level. Although this is useful as diagnostic informa-
tion, the blood flow is buried in tissue perfusion to degrade the
visibility of a blood flow structure (blood vessel structure).

[0009] 1In contrast to this, the first technique has been pro-
posed as follows, which uses the characteristic that air
bubbles of the above contrast agent collapse. The first tech-
nique includes (a) observing the dynamic state of air bubbles
filling a scan slice under low sound pressure irradiation, (b)
making air bubbles collapse within the slice (strictly, the
irradiation volume) upon switching the irradiation sound
pressure to high sound pressure, and (¢) observing the state of
air bubbles entering the slice again. This first technique is
called a replenishment (reperfusion) method. There has also
been proposed an image processing method which recon-
structs aminute blood vessel image by performing maxinum
value holding computation for an image (its luminance) dur-
ing reperfusion to improve the visibility of a minute blood
vessel in which flowing air bubbles are very sparse. This
technique can provide tissue perfusion and a blood vessel
structure as diagnostic information.

[0010] The second technique using a Doppler method has
been known as an imaging method for separating tissue per-
fusion from blood flow information. The second technique
calculates the Doppler shift of a contrast agent signal to
display tissue perfusion in which the flow velocity or the like
is low and a blood flow signal exhibiting a high flow velocity
as compared with the tissue perfusion in different hues. This
technique can improve the visibility of a blood flow as com-
pared with a general grayscale-based image.

[0011] Recently, researches and developments of a contrast
agent have been conducted for visualization or medical treat-
ment of molecules specifically expressed in tumors and the
like. For example, this contrast agent have on its surfaces
special factors (ligands) for specifically adsorbing targets,
and are configured to adsorb specific targets according to the
types of ligands. The most advanced study on such a contrast
agent is a contrast agent having a ligand targeted to VEGFR2
(vascular endothelial growth factor receptor). VEGFR2 is
expressed in blood vessel cells damaged by myocardial inf-
arction or the like and can promote revascularization. It is
known that this contrast agent aggregates at targets in about
several to ten minutes after the intravenous injection of the
contrast agent.

[0012] Note that in a time zone of several minutes imme-
diately after the injection of a contrast agent, the contrast
agent is perfused in the body, as is known from general
contrast examination. On the other hand, after a lapse of 10
minutes from the injection of the contrast agent, although the
contrast agent perfused in the body disappears, the contrast
agent (to be written as a targeting contrast agent hereafter)
adsorbed on the target is adsorbed on a tumor, thereby further
providing diagnostic information from the amount of contrast
agent adsorbed and the like.

[0013] Evenwhen using the above targeting contrast agent,
tissue perfusion information and blood flow information are
important as diagnostic information.

[0014] However, high sound pressure transmission for rep-
erfusion in the first technique described above destroys the
targeting contrast agent (target bubbles) adsorbed on a target,
and hence cannot be used in the process of adsorbing the
targeting contrast agent.

[0015] Even when the second technique is used, since a
minute blood flow (structure) is buried in tissue perfusion or
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is influenced by motion artifacts, it is difficult to improve the
visibility of the microstructure of a vascular flow.

BRIEF DESCRIPTION OF THE DRAWING

[0016] FIG.11is ablock diagram showing the arrangement
of an ultrasonic diagnostic apparatus 10 according to the first
embodiment.

[0017] FIG. 2 is a block diagram for explaining the details
of an image generation circuit 24 shown in FIG. 1.

[0018] FIG. 3 is a flowchart showing a processing proce-
dure by the ultrasonic diagnostic apparatus 10 according to
this embodiment.

[0019] FIG.4isablock diagram for explaining an example
of the flow of a signal when a contrast mode is set in the
ultrasonic diagnostic apparatus 10 according to this embodi-
ment.

[0020] FIG.5isablock diagram for explaining an example
of the flow of a signal when a blood flow mode is set in the
ultrasonic diagnostic apparatus 10 according to this embodi-
ment.

[0021] FIG. 6isaview showing an example of the detection
of a motion artifact frame.

[0022] FIG. 7 is a view showing an example of transition
between display images upon switching from a contrast mode
to a blood flow mode in this embodiment.

[0023] FIG. 8 is a flowchart showing a processing proce-
dure by an ultrasonic diagnostic apparatus 10 according to the
second embodiment.

[0024] FIG. 9 is a view showing an example of transition
between display images upon switching from a contrast mode
to a blood flow mode in this embodiment.

DETAILED DESCRIPTION

[0025] 1In general, according to one embodiment, an ultra-
sonic diagnostic apparatus according to this embodiment
comprises an ultrasonic probe, scanning unit, signal genera-
tion unit, first wall filter, second wall filter, maximum value
holding computation processing unit, and display unit. The
scanning unit scans the inside of an object administered with
a confrast agent with ultrasonic waves via the ultrasonic
probe. The signal generation unit generates a quadrature
detection signal based on the reception signal output from the
scanning unit and outputs a packet signal constituted by a
plurality of quadrature detection signals. The first wall filter
has a passband corresponding to a blood flow component
included in the packet signal. The second wall filter has a
passband corresponding to a tissue perfusion component and
blood flow component included in the packet signal. The
maximum value holding computation processing unit applies
maximum value holding computation processing to a first
image corresponding to an output from the first wall filter.
[0026] The display unit displays the first image having
undergone maximum value holding computation processing
and a second image corresponding to an output from the
second wall filter.

[0027] Ultrasonic diagnostic apparatuses according to the
first and second embodiments will be described below with
reference to the accompanying drawings. Note that the same
reference numerals denote constituent elements having
almost the same functions and arrangements in the following
description, and a repetitive description will be made only
when required.
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First Embodiment

[0028] The first embodiment will be described first. FIG. 1
is a block diagram showing the arrangement of an ultrasonic
diagnostic apparatus 10 according to the first embodiment. As
shown in FIG. 1, the ultrasonic diagnostic apparatus 10
includes an ultrasonic diagnostic apparatus main body (to be
simply referred to as an apparatus main body hereinafter) 11,
an ultrasonic probe 12, an input device 13, and a monitor 14.
The apparatus main body 11 includes a transmission/recep-
tion unit 21, a B-mode processing unit 22, a Doppler process-
ing unit 23, an image generation circuit 24, a control proces-
sor (CPU) 25, an internal storage device 26, an interface unit
27, and a storage unit 28 including an image memory 28a and
asoftware storage unit 285. Note that the transmission/recep-
tion unit 21 and the like incorporated in the apparatus main
body 11 are sometimes implemented by hardware such as
integrated circuits and other times by software programs in
the form of software modules. The function of each constitu-
ent element will be described below.

[0029] The ultrasonic probe 12 includes a plurality of
piezoelectric transducers which generate ultrasonic waves
based on driving signals from the transmission/reception unit
21 and convert reflected waves from an object P into electrical
signals, a matching layer provided for the piezoelectric trans-
ducers, and a backing member which prevents ultrasonic
waves from propagating backward from the piezoelectric
transducers. When the ultrasonic probe 12 transmits an ultra-
sonic wave to the object P, the transmitted ultrasonic wave is
sequentially reflected by a discontinuity surface of acoustic
impedance of internal body tissue, and is received as an echo
signal by the ultrasonic probe 12. The amplitude of this echo
signal depends on an acoustic impedance difference on the
discontinuity surface by which the echo signal is reflected.
The echo produced when a transmitted ultrasonic pulse is
reflected by the surface of a moving blood flow, cardiac wall,
or the like is subjected to a frequency shift depending on the
velocity component of the moving body in the ultrasonic
transmission direction due to the Doppler effect.

[0030] The input device 13 is connected to the apparatus
main body 11 and includes a trackball 134, various types of
switches and buttons 135, a mouse 13¢, and a keyboard 134
which are used to input, to the apparatus main body 11,
various types of instructions, conditions, an instruction to set
a region of interest (ROI), various types of image quality
condition setting instructions, and the like from an operator.
[0031] Themonitor 14 displays morphological information
and blood flow information in the living body as images based
on video signals from the image generation circuit 24.
[0032] The transmission/reception unit 21 includes a trig-
ger generation circuit, delay circuit, and pulser circuit (none
of which are shown). The pulser circuit repetitively generates
rate pulses for the formation of transmission ultrasonic waves
ata predetermined rate frequency fr Hz (period: 1/fr sec). The
delay circuit gives each rate pulse a delay time necessary to
focus an ultrasonic wave into a beam and determine transmis-
sion directivity for each channel. The trigger generation cir-
cuit applies a driving pulse to the ultrasonic probe 12 at the
timing based on this rate pulse.

[0033] The transmission/reception unit 21 has a function of
instantly changing a transmission frequency, transmission
driving voltage, or the like in accordance with an instruction
from the control processor 25. In particular, the function of
changing a transmission driving voltage is implemented by
linear amplifier type transmission circuit capable of instantly
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switching its value or a mechanism of electrically switching a
plurality of power supply units.

[0034] The transmission/reception unit 21 includes an
amplifier circuit, A/D converter, and adder (none of which are
shown). The amplifier circuit amplifies an echo signal
received via the ultrasonic probe 12 for each channel. The
A/D converter gives the amplified echo signals delay times
necessary to determine reception directivities. The adder then
performs addition processing for the signals. With this addi-
tion, a reflection component from a direction corresponding
to the reception directivity of the echo signal is enhanced to
form a composite beam for ultrasonic transmission/reception
in accordance with reception directivity and transmission
directivity.

[0035] The B-mode processing unit 22 receives an echo
signal from the transmission/reception unit 21, and performs
logarithmic amplification, envelope detection processing,
and the like for the signal to generate data whose signal
intensity is expressed by a luminance level. This data is trans-
mitted to the image generation circuit 24. The monitor 14
displays the data as a B-mode image whose reflected wave
intensity is expressed by a luminance.

[0036] The Doppler processing unit 23 frequency-analyzes
velocity information from the echo signal received from the
transmission/reception unit 21 to extract a blood flow, tissue,
and contrast agent echo component by the Doppler effect, and
obtains blood flow information such as an average velocity,
variance, and power at multiple points. The obtained blood
flow information is sent to the image generation circuit 24,
and is displayed in color as an average velocity image, vari-
ance image, power image, and combined image of them on
the monitor 14.

[0037] The image generation circuit 24 generates an ultra-
sonic diagnostic image as a display image by converting the
scanning line signal string for ultrasonic scanning into a scan-
ning line signal string in a general video format typified by a
TV format. The image generation circuit 24 incorporates a
memory for storing image data, and allows the operator to
read out a recorded image during examination after diagnosis.
Note that data before it is input to the image generation circuit
24 is sometimes called “raw data”.

[0038] FIG. 2 shows the details of the image generation
circuit 24. As shown in FIG. 2, the image generation circuit 24
includes a signal processing circuit 24a, a scan converter 245,
and an image processing circuit 24c.

[0039] First of all, the signal processing circuit 24a per-
forms filtering to determine image quality at the scanning line
level in ultrasonic scanning. An output from the signal pro-
cessing circuit 24a is sent to the scan converter 245 and stored
in the image memory 28« in the storage unit 28.

[0040] The scan converter 244 converts the scanning line
signal string for ultrasonic scanning into a scanning line sig-
nal string in a general video format typified by a TV format.
An output from the scan converter 24b is sent to the image
processing unit 24c.

[0041] The image processing unit 24¢ executes image pro-
cessing such as adjustment of a luminance and contrast and
spatial filtering or combines the generated image with char-
acter information of various types of set parameters, scale
marks, and the like, and outputs the resultant data as a video
signal to the monitor 14. The monitor 14 then displays a
tomographic image indicating the tissue form of the object.
[0042] The control processor 25 has the function of an
information processing apparatus (computer) and controls
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the operation of the apparatus main body 11. The control
processor 25 reads out a control program for implementing
ultrasonic transmission/reception, image generation, image
display, and the like (to be described later) from the internal
storage device 26, expands the program in the software stor-
ageunit 285 in the storage unit 28, and executes computation,
control, and the like associated with each type of processing.
[0043] The internal storage device 26 stores, for example,
the above control program, diagnosis information (patient ID,
findings by doctors, and the like), a diagnostic protocol, trans-
mission/reception conditions, and other data groups. The
internal storage device 26 is also used to archive images in the
image memory 28a, as needed. Itis possible to transfer data in
the internal storage device 26 to an external peripheral device
of the ultrasonic diagnostic apparatus 10 via the interface unit
(interface circuit) 27.

[0044] The interface unit 27 is an interface associated with
the input device 13, a network, and a new external storage
device (not shown). The interface unit 27 can transfer, via a
network, data such as ultrasonic images, analysis results, and
the like obtained by the ultrasonic diagnostic apparatus 10.
[0045] Note that the image memory 28a described above is
formed from a memory which stores the image data received
from the signal processing circuit 24a. For example, the
operator can read out this image data after diagnosis, and can
reproduce the data as a still image or a moving image by using
a plurality of frames. The image memory 28« also stores an
output signal (called a radio frequency (RF) signal) immedi-
ately after it is output from the transmission/reception unit 21,
an image luminance signal immediately after it is transmitted
through the B-mode processing unit 22 and the Doppler pro-
cessing unit 23, other raw data, image data acquired via a
network, and the like, as needed.

[0046] Theoperation of the ultrasonic diagnostic apparatus
10 according to this embodiment will be described next. The
ultrasonic diagnostic apparatus 10 according to this embodi-
ment sets either the blood flow mode (first mode) or the
contrast mode (second mode), which will be described later,
in accordance with an instruction from the operator. The
ultrasonic diagnostic apparatus 10 operates in accordance
with the set mode. The control processor 25 included in the
apparatus main body 11 of the ultrasonic diagnostic apparatus
10 according to the embodiment has a function of controlling
the operation of the image generation circuit 24 to switch
between the blood flow mode and the contrast mode.

[0047] Assume that this embodiment uses a contrast agent
such as target bubbles. That is, the ultrasonic diagnostic appa-
ratus 10 according to the embodiment scans the inside of the
object P administered with a contrast agent (for example,
target bubbles) with ultrasonic waves via the ultrasonic probe
12.

[0048] A processing procedure by the ultrasonic diagnostic
apparatus 10 according to this embodiment will be described
with reference to the flowchart of FIG. 3. Assume that the
contrast mode is set in the ultrasonic diagnostic apparatus 10.
[0049] In this case, the ultrasonic diagnostic apparatus 10
displays an image corresponding to the contrast mode with
low sound pressure (step S1). Note that the contrast mode is a
mode for visualizing a blood flow or tissue perfusion by, for
example, a grayscale-based or Doppler-based processing.
Note that the concrete flow of a signal in a case in which the
contrast mode is set will be described later.

[0050] In this case, the operator can issue an instruction to
switch to the blood flow mode (that is, turn on MFI) via, for
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example, a command screen or operation panel. Without any
such instruction from the operator (NO in step S2), the appa-
ratus keeps performing the processing in step S1, that is,
keeps displaying an image corresponding to the contrast
mode.

[0051] With such an instruction from the operator (instruc-
tion to turn on MFI) (YES instep S2), the control processor 25
included in the apparatus main body 11 switches the contrast
mode setin the ultrasonic diagnostic apparatus 10 to the blood
flow mode (step S3). Note that the blood flow mode is a mode
in which, for example, transmission/reception conditions (a
reception band, PRF, and the like) and a wall filter are suitably
set to suitably extract a contrast agent flowing at a relatively
high flow velocity.

[0052] Inthiscase, the image generation circuit 24 included
in the apparatus main body 11 described above includes the
first wall filter having a passband corresponding blood flow
components included in signals such as average velocity,
variance, and power signals and the second wall filter having
apassband corresponding to tissue perfusion components and
blood flow components included in the signals. Since a vas-
cular flow is higher in flow velocity than tissue perfusion, the
first wall filter has a function of extracting a signal from a
contrast agent flowing at a relatively high flow velocity in a
region of interest (moving relative to the region of interest). In
contrast, the second wall filter has a function of extracting a
signal from a contrast agent flowing at a relatively low flow
velocity in the region of interest (resting relative to the region
of interest) and a signal from a contrast agent flowing at a
relatively high flow velocity in the region of interest.

[0053] If the contrast mode is switched to the blood flow
mode as described above (that is, the blood flow mode is set in
the ultrasonic diagnostic apparatus 10), the image generation
circuit 24 generates a blood flow image (first image) corre-
sponding to an output from the first wall filter and a tissue
perfusion image (second image) corresponding to an output
from the second wall filter. Note that a blood flow image is an
image for displaying a vascular flow in the region of interest,
and a tissue perfusion image is an image for displaying tissue
perfusion and a vascular flow in the region of interest.
[0054] In this case, when capturing an image of a minute
blood flow at a low flow velocity by, for example, Doppler-
based processing, the image tends to be influenced by motion
artifacts. This may degrades a blood flow image which is a
maximum luminance holding image (to be described later).
For this reason, the image generation circuit 24 detects a
motion artifact frame in a blood flow image corresponding to
an output from the first wall filter and removes the motion
artifact frame (step S4). For example, a motion artifact frame
is detected based on the displacements between frames in a
blood flow image based on the velocity information or tissue
image of each frame.

[0055] The image generation circuit 24 then applies maxi-
mum luminance holding computation processing (maximum
value holding computation processing) to the blood flow
image subjected to the above motion artifact frame detection
and removal processing (step S5). This maximum luminance
holding computation processing is the processing of generat-
ing a new image by, for example, selecting the maximum
value of luminance values spatially corresponding to a plu-
rality of frames.

[0056] Note that the apparatus may combine the processing
in steps S4 and S5 described above with processing such as
motion correction processing of correcting the positional
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shifts between frames. Combining such types of processing
makes it possible to generate an image with high visibility of
ablood flow structure (maximum luminance holding image).
[0057] Upon executing the processing in step S5, the image
generation circuit 24 generates a display image with the
maximum luminance holding image (the blood flow image
having undergone the maximum luminance holding compu-
tation processing) being superimposed on the real-time tissue
perfusion image corresponding to an output from the second
wall filter. For example, the monitor 14 displays the display
image generated in this case (step S6). When generating a
display image, it is also possible to adjust the dynamic range,
gain, map, and like of a blood flow image having undergone
maximum luminance holding computation processing suit-
ably for blood flow visibility. In this embodiment, this makes
it possible to simultaneously display (provide) a blood vessel
microstructure and tissue perfusion as diagnostic images.
[0058] Anexample ofthe flow ofa signal in a case in which
the contrast mode is set in the ultrasonic diagnostic apparatus
10 according to this embodiment will be described next with
reference to FIG. 4. The flow of a signal in the Doppler
processing unit 23 and the image generation circuit 24 will be
mainly described below.

[0059] A signal input to the Doppler processing unit 23
(that is, a signal transferred from the transmission/reception
unit 21 to the Doppler processing unit 23) will be described
first. A signal input to the Doppler processing unit 23 includes
a signal with a suppressed fundamental wave component and
an enhanced second harmonic (second harmonic wave) com-
ponent as a nonlinear signal. Note that the transmission/
reception unit 21 obtains this signal by transmitting a signal
having a second waveform (waveform with an inverted
amplitude) 180° out of phase from the first transmission
waveform and adding the resultant echo signal (reflected
wave data).

[0060] When such a signal is input to the Doppler process-
ing unit 23, the quadrature detection circuit included in the
Doppler processing unit 23 shown in F1G. 4 detects a complex
signal (quadrature detection signal) constituted by a real part
(R) and an imaginary part (I) by performing quadrature detec-
tion for the signal. Note that quadrature detection is per-
formed by mixing the signal input to the Doppler processing
unit 23 with an in-phase signal or a signal 90° out of phase. A
set of quadrature detection signals extracted by the quadra-
ture detection circuit in this manner are sent as a packet signal
to the image generation circuit 24. Note that a packet signal is
a set of a plurality of 1Q signals.

[0061] As described above, when the contrast mode is set,
the first wall filter (bandpass filter) in the image generation
circuit 24 (signal processing circuit 24a) extracts a signal
based on a contrast agent flowing in a region of interest at a
relatively high flow velocity from the packet signal consti-
tuted by the above quadrature detection signals, and the sec-
ond wall filter (lowpass filter) in the image generation circuit
24 (signal processing circuit 24a) extracts a signal based on a
contrast agent flowing in the region of interest at a relatively
low flow velocity and a signal based on a contrast agent
flowing in the region of interest at a relatively high flow
velocity. In this case, the bandpass filter is set so as not to
include any clutter component (component with no frequency
shift) in the passband.

[0062] Note that the signal extracted by the first wall filter
(the signal based on the contrast agent flowing in the region of
interest at a relatively high flow velocity) is, for example, a
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signal based on a blood flow component included in a packet
signal. The signals extracted by the second wall filter (the
signal based on the contrast agent flowing in the region of
interest at a relatively low flow velocity and the signal based
on the contrast agent flowing in the region of interest at a
relatively high flow velocity) are, for example, signals based
on a tissue perfusion component and blood flow component
included in the packet signal. In the following description, for
the sake of convenience, the signal extracted by the first wall
filter (obtained by filtering a packet signal with the first wall
filter) will be referred to as a blood flow signal, and the signal
extracted by the second wall filter (obtained by filtering a
packet signal with the second wall filter) will be referred to as
a tissue perfusion signal. That is, a blood flow signal is
obtained by filtering a packet signal with the first wall filter,
and a tissue perfusion signal is obtained by filtering a packet
signal with the second wall filter.

[0063] In the signal processing circuit 24a, a power calcu-
lation unit calculates the power of a blood flow signal. Note
that the power of the blood flow signal is calculated by R?+I*
where R is the real part of the signal and 1 is the imaginary part
of the signal.

[0064] The gain adjustment unit of the signal processing
circuit 24a then performs gain adjustment and the like for the
blood flow image corresponding to the blood flow signal
whose power is calculated and the tissue perfusion image
corresponding to the tissue perfusion signal to generate a
display image based on the gain-adjusted blood flow image
and tissue perfusion image.

[0065] Note that when performing gain adjustment, the
apparatus performs processing such as weighting the blood
flow image and tissue perfusion image for the generation of'a
display image. That is, a display image depends on a gain
adjustment processing result. In the contrast mode, when
performing gain adjustment processing, for example, a blood
flow image weight (w1) is set to be equal to a tissue perfusion
image weight (w2) (wl=w2). In the contrast mode, this gen-
erates a display image with the same ratio between a blood
flow image and a tissue perfusion image.

[0066] As described above, when the contrast mode is set,
the apparatus generates a display image based ona blood flow
image corresponding to a blood flow signal and a tissue
perfusion image corresponding to a tissue perfusion signal to
visualize both the blood flow and the tissue perfusion. Insome
cases, the blood flow structure is buried in the tissue perfu-
sion, and hence the visibility of the blood flow structure is
low.

[0067] Inthe case shown inFIG. 4, when the contrast mode
is set, the apparatus processes both a blood flow signal and a
tissue perfusion signal. However, when the contrast mode is
set, the apparatus may process, for example, only a tissue
perfusion signal (i.e., display only the tissue perfusion
image). Alternatively, the apparatus may be configured to
perform the same processing for a signal before it is separated
into a blood flow signal and a tissue perfusion signal by the
corresponding filters.

[0068] An example of the flow of a signal in a case in which
the blood flow mode is set in the ultrasonic diagnostic appa-
ratus 10 according to this embodiment will be described next
with reference to FIG. 5. As in the case shown in FIG. 4
described above, the following will mainly describe the flow
of a signal in the Doppler processing unit 23 and the image
generation circuit 24. Note that the flow of a signal in the

Oct. 24,2013

Doppler processing unit 23 is the same as that in the case in
which the contrast mode is set, and hence a detailed descrip-
tion of this will be omitted.

[0069] When the blood flow mode is set, the first wall filter
(bandpass filter) in the image generation circuit 24 (signal
processing circuit 24a) extracts a signal (blood flow signal)
based on a contrast agent flowing in a region of interest at a
relatively high flow velocity from the above packet signal,
and the second wall filter (lowpass filter) in the image gen-
eration circuit 24 (signal processing circuit 24a) extracts a
signal based on a contrast agent flowing in the region of
interest at a relatively low flow velocity and a signal based on
acontrast agent flowing in the region of interest at a relatively
high flow velocity (tissue perfusion signal).

[0070] The following will describe the processing per-
formed forablood flow signal (to be referred to as processing
on the blood flow signal side hereinafter) and the processing
performed for a tissue perfusion signal (to be referred to as
processing on the tissue perfusion signal side hereinafter) in a
case in which the blood flow mode is set.

[0071] Processing on the blood flow side will be described
first. In this case, in the signal processing circuit 24a, the
power calculation unit calculates the power of a blood flow
signal. The power calculation unit performs this power cal-
culation processing for the blood flow signal in the same
manner as that described in the case in which the contrast
mode is set, and hence a detailed description of this will be
omitted.

[0072] A motion artifact frame detection/removal unit in
the signal processing circuit 24a then detects amotion artifact
frame in a blood flow image corresponding to the blood flow
signal whose power has been calculated, and removes the
detected motion artifact frame.

[0073] FIG. 6 shows an example of the detection of a
motion artifact frame. In the case shown in FIG. 6, the appa-
ratus monitors velocity information in the overall image or a
region of interest in each of consecutive frames (blood flow
images), and detects, as a motion artifact frame, a frame
which exhibits a change in velocity information exceeding a
threshold relative to an adjacent frame. Note that, as
described above, the apparatus may also detect a motion
artifact by using the displacements between frames based on,
for example, a tissue image.

[0074] The maxhold unit (maximum value holding compu-
tation processing unit) of the signal processing circuit 24a
applies maximum luminance holding computation process-
ing (maxhold processing) to a blood flow image from which
a motion artifact frame is removed.

[0075] The image generation circuit 24 (signal processing
circuit 24a) then adjusts, for example, a dynamic range (DR)
and a map (MAP) by using DR and MAP adjustment units,
and performs processing such as gain adjustment described
above by using a gain adjustment unit. Note that processing
such as dynamic range (DR) adjustment and map (MAP)
adjustment may be performed for a maximum luminance
holding image (a blood flow image having undergone maxi-
mum luminance holding computation processing).

[0076] Processing onthe tissue perfusion signal side will be
described next. This processing on the tissue perfusion signal
side is executed in the same manner as in a case in which the
contrast mode is set. More specifically, gain adjustment or the
like is performed for a tissue perfusion image corresponding
to a tissue perfusion signal.
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[0077] Upon executing the processing on the blood flow
signal side and the processing on the tissue perfusion signal
side, the apparatus generates a display image based on a
maximum luminance holding image (a blood flow image
having undergone maximum luminance holding computation
processing) and a tissue perfusion image corresponding to the
tissue perfusion signal.

[0078] Note that in gain adjustment processing in the blood
flow mode, for example, the maximum luminance holding
image weight (w1) is set to be larger than the tissue perfusion
image weight (w2) (w1>w2). This generates a display image
with a large ratio of a maximum luminance holding image
(i.e., a blood flow image) in the blood flow mode.

[0079] As described above, when the blood flow mode is
set, since maximum luminance holding computation process-
ing has been applied to only a blood flow image by the
processing on the blood flow signal side, it is possible to avoid
a degradation in the visibility of a blood flow structure due to
the burying of the blood flow structure in tissue perfusion and
simultaneously provide the blood flow microstructure and
tissue perfusion as a diagnostic image.

[0080] FIG. 7 shows an example of the transition between
display images upon switching from the contrast mode to the
blood flow mode in this embodiment.

[0081] In the case shown in FIG. 7, a display image 100a
indicates a display image when the contrast mode is set. In
contrast, a display image 1005 indicates a display image
when the blood flow mode is set.

[0082] As described above, when the blood flow mode is
set, since maximum luminance holding computation process-
ing is applied to only a blood flow image, it is possible to
clearly observe a blood vessel structure 101 in the display
image 1005, as shown in FIG. 7, as compared with the display
image 100a. Note that in the display images 100a and 1005
shown in FIG. 7, tissue perfusion 102 is displayed around the
blood vessel structure 101.

[0083] As described above, this embodiment can display an
image with improved visibility of the microstructure of a
vascular flow by being configured to apply maximum value
holding computation processing to a blood flow image (first
image) corresponding to an output (i.e., a blood flow signal)
from the first wall filter and, display the blood flow image
having undergone the maximum value holding computation
processing and a tissue perfusion image (second image) cor-
responding to an output (i.e., a tissue perfusion signal) from
the second wall filter.

[0084] That is, in this embodiment, since maximum lumi-
nance holding computation processing is applied to only a
blood flow image, it is possible to avoid a degradation in the
visibility of a blood flow structure due to the burying of the
blood flow structure in tissue perfusion.

[0085] In addition, this embodiment can generate and dis-
play an image corresponding to the mode desired by the
operator by being configured to control the image generation
circuit 24 to switch between the blood flow mode (first mode)
of displaying at least maximum value holding image (a blood
flow image having undergone maximum value holding com-
putation processing) and the contrast mode (second mode) of
displaying a tissue perfusion image in accordance with an
instruction from the operator.

[0086] This embodiment also allows simultaneous obser-
vation of a blood flow structure and tissue perfusion without
burying the blood flow structure in the tissue perfusion by
being configured to display a display image with a maximum
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luminance holding image being superimposed on a tissue
perfusion image in the blood flow mode.

[0087] Furthermore, this embodiment can display animage
(maximum luminance holding image) improving the visibil-
ity of a blood flow structure by being configured to detect a
motion artifact frame in a blood flow image, remove the
detected motion artifact frame, and apply maximum lumi-
nance holding computation processing to the resultant image.
[0088] Note that this embodiment has exemplified the case
in which maximum luminance holding computation process-
ing is performed. However, the embodiment may be config-
ured to perform the processing (e.g., temporal afterimage
processing) of generating a new image by performing
weighted addition of signals at position spatially correspond-
ing to a plurality of frames instead of the maximum lumi-
nance holding computation processing. According to this
temporal afterimage processing, the range (the number of
frames) in which maximum value holding computation pro-
cessing is performed for a plurality of frames in a blood flow
image (first image) corresponding to an output from the first
wall filter described above changes with time. In other words,
in temporal afterimage processing, maximum value holding
computation processing is applied to only latest N frames (N
is a predetermined arbitrary integer) of a plurality of frames in
ablood flow image corresponding to an output from the first
wall filter. More specifically, assuming that N=10, if, for
example, the first to 100th frames of images are captured,
maximum value holding computation processing is applied to
the latest 10 images (the 91st to 100th frames of images) to
generate an image. If the 101st frame of an image is then
captured, the image obtained by applying maximum value
holding computation to the 91st to 100th frames of images is
discarded, and maximum value holding computation is
applied to the new latest 10 images (the 92nd to 101st frames
of images) to generate an image. In temporal afterimage
processing, such processing is repeated every time an image
is captured.

[0089] In addition, this embodiment may be configured to
singly display a blood flow or tissue perfusion as needed, for
example, during examination by the ultrasonic diagnostic
apparatus 10 according to the embodiment or after freezing of
an image.

[0090] For the sake of convenience, this embodiment has
exemplified the case in which one of the blood flow mode and
the contrast mode is set. However, the embodiment may be
configured to use other modes together with the above modes.

Second Embodiment

[0091] The second embodiment will be described next. The
arrangement of the blocks of an ultrasonic diagnostic appa-
ratus according to this embodiment is the same as that in the
first embodiment, and hence will be described with reference
to FIGS. 1 and 2, as needed.

[0092] An ultrasonic diagnostic apparatus 10 according to
this embodiment differs from the apparatus according to the
firstembodiment in that when the blood flow mode is set, only
the maximum luminance holding image described above is
displayed.

[0093] A processing procedure by the ultrasonic diagnostic
apparatus 10 according to this embodiment will be described
below with reference to the flowchart of FIG. 8. Assume that
the contrast mode is set in the ultrasonic diagnostic apparatus
10.
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[0094] 1In this case, the ultrasonic diagnostic apparatus 10
executes the processing in steps S11 to S15 corresponding to
the processing in steps S1 to S5 in FIG. 3 described above.
[0095] An image generation circuit 24 then generates a
display image based on a blood flow image (maximum lumi-
nance holding image) having undergone maximum lumi-
nance holding computation processing in step S15. For
example, a monitor 14 displays the display image generated
in this case (step S16). That is, in step S16, the apparatus
displays the image obtained by removing a tissue perfusion
image from the image (display image) displayed when the
blood flow mode is set in the first embodiment described
above (that is, only the blood flow represented by a maximum
luminance holding image).

[0096] FIG. 9 shows an example of the transition between
display images when the contrast mode is switched to the
blood flow mode in this embodiment.

[0097] In the case shown in F1G. 9, a display image 200a
indicates a display image when the contrast mode is set. A
display image 2005 indicates a display image immediately
after the contrast mode is switched to the blood flow mode. A
display image 200c¢ indicates a display image obtained after
maximum luminance holding computation processing upon
switching to the blood flow mode.

[0098] Thatis, in thisembodiment, when the contrast mode
is set, the display image 200q is displayed. Thereafter, the
display image 200a shifts to the display image 2005 imme-
diately after switching to the blood flow mode. In this case,
tissue perfusion 202 displayed in the display image 200a is
removed from the display image 2005. In the blood flow
mode, after maximum luminance holding computation pro-
cessing, the display image shifts to the display image 200c.
The display image 200¢ displays, for example, sparse periph-
eral vessels and microscopic blood vessels more clearly than
the display image 2005.

[0099] As described above, in this embodiment, when the
blood flow mode is set, the apparatus generates a display
image based on only a maximum luminance holding image,
and hence can further improve the visibility of a blood flow
structure.

[0100] In addition, in this embodiment, the apparatus can
display only a blood flow structure by removing a tissue
perfusion image from a display image instead of destroying
bubbles (air bubbles) in a slice by, for example, the replen-
ishment (reperfusion) method, and hence is useful when the
apparatus uses target bubbles or the operator does not want to
destroy a contrast agent (bubbles) more than necessary
because of a small perfusion amount of contrast agent.
[0101] According to the above description, in this embodi-
ment, when switching to the blood flow mode, the apparatus
generates a tissue perfusion image based on a tissue perfusion
signal as in the first embodiment. As described above, how-
ever, since a display image based on only a maximum lumi-
nance holding image is generated in this embodiment, the
processing of generating this tissue perfusion image may be
omitted. On the other hand, if the apparatus generates a tissue
perfusion image in the same manner as in the first embodi-
ment, the tissue perfusion image may be stored in the image
memory 28a or the like so as to allow the operator to read it
out after diagnosis.

[0102] According to these embodiments, it is possible to
provide an ultrasonic diagnostic apparatus and program
which can display an image which improves the visibility of
a microstructure of vascular flow.
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[0103] 1Inaddition, the processing described in the first and
second embodiments may be executed by an image process-
ing apparatus (e.g., aworkstation) outside the ultrasonic diag-
nostic apparatus. In this case, the image processing apparatus
externally reads a quadrature detection signal (a quadrature
detection signal generated based on a reception signal
obtained by scanning the inside of an object administered
with a contrast agent with ultrasonic waves via the ultrasonic
probe) and executes the above processing based on the
quadrature detection signal.

[0104] 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 ultrasonic diagnostic apparatus comprising;

an ultrasonic probe;

a scanning unit configured to scan inside of an object
administered with a contrast agent with an ultrasonic
wave via the ultrasonic probe;

asignal generation unit configured to generate a quadrature
detection signal based on a reception signal output from
the scanning unit and output a packet signal constituted
by the plurality of quadrature detection signals;

a first wall filter having a passband corresponding to a
blood flow component included in the packet signal,

a second wall filter having a passband corresponding to a
tissue perfusion component and blood flow component
included in the packet signal;

a maximum value holding computation processing unit
configured to apply maximum value holding computa-
tion processing to a first image corresponding to an
output from the first wall filter; and

a display unit configured to display the first image having
undergone the maximum value holding computation
processing and a second image corresponding to an out-
put from the second wall filter.

2. The ultrasonic diagnostic apparatus of claim 1, further
comprising a control unit configured to switch between a first
mode of causing the display unit to display at least the first
image having undergone the maximum value holding com-
putation processing and a second mode of causing the display
unit to display the second image in accordance with an
instruction from an operator.

3. The ultrasonic diagnostic apparatus of claim 2, wherein
the display unit displays an image with the first image having
undergone the maximum value holding computation process-
ing being superimposed on the second image.

4. The ultrasonic diagnostic apparatus of claim 1, further
comprising:

adetectionunit configured to detect a motion artifact frame
in the first image corresponding to an output from the
first wall filter,

wherein the maximum value holding computation process-
ing unit applies maximum value holding computation
processing to the first image from which the detected
motion artifact is removed.
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5. The ultrasonic diagnostic apparatus of claim 4, wherein
the detection unit detects the motion artifact frame basedon a
change between frames in the first image corresponding to an
output from the first wall filter.

6. The ultrasonic diagnostic apparatus of claim 1, wherein
the maximum value holding computation processing unit
corrects a motion between frames in the first image corre-
sponding to an output from the first wall filter during the
maximum value holding computation processing.

7. The ultrasonic diagnostic apparatus of claim 1, wherein
the maximum value holding computation processing unit
applies the maximum value holding computation processing
to a predetermined number of latest frames of a plurality of
frames of the first image corresponding to an output from the
first wall filter.

8. The ultrasonic diagnostic apparatus of claim 1,

wherein the first wall filter includes a bandpass filter, and

the second wall filter includes a lowpass filter.

9. An image display method executed by an ultrasonic
diagnostic apparatus which scans inside of an object admin-
istered with a contrast agent with an ultrasonic wave via an
ultrasonic probe, the method comprising:

generating a quadrature detection signal based on a recep-

tion signal obtained by the scanning and outputting a
packet signal constituted by the plurality of quadrature
detection signals;

applying maximum value holding computation processing

to a first image corresponding to an output from a first
wall filter having a passband corresponding to a blood
flow component included in the packet signal; and
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displaying the first image having undergone the maximum
value holding computation processing and a second
image corresponding to an output from a second wall
filter having a passband corresponding to a tissue perfu-
sion component and blood flow component included in
the packet signal.

10. An image processing apparatus conprising:

a reading unit configured to read a quadrature detection
signal generated based on a reception signal obtained by
scanning inside of an object administered with a contrast
agent with an ultrasonic wave via an ultrasonic probe;

asignal generation unit configured to output a packet signal
constituted by the plurality of read quadrature detection
signals;

a first wall filter having a passband corresponding to a
blood flow component included in the packet signal,

a second wall filter having a passband corresponding to a
tissue perfusion component and blood flow component
included in the packet signal;

a maximum value holding computation processing unit
configured to apply maximum value holding computa-
tion processing to a first image corresponding to an
output from the first wall filter; and

a display unit configured to display the first image having
undergone the maximum value holding computation
processing and a second image corresponding to an out-
put from the second wall filter.
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