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ULTRASONIC IMAGING APPARATUS AND
ULTRASONIC IMAGING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2007-193979 filed Jul. 26, 2007,
herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The subject matter disclosed herein relates to an
ultrasonic imaging apparatus which displays a B-mode image
of a subject to which a contrast agent is administered.
[0003] Tt has recently been practiced to administer a con-
trast agent to a subject and image or photograph the admin-
istered contrast agent using a B-mode image of an ultrasonic
imaging apparatus. The contrast agent comprises liquid con-
taining a large quantity of bubbles. The contrast agent admin-
istered to the subject circulates within a body with time.
Ultrasound produced from the ultrasonic imaging apparatus
at this time is strongly reflected from the contrast agent and
the contrast agent is plotted or drawn as a B-mode image high
in signal intensity. A time change in the contrast agent that
circulates within the body provides an operator with clini-
cally-useful information by determining, for example, a time
intensity curve (abbreviated as TIC) (refer to, for example,
Japanese Unexamined Patent Publication No. 2006-102030).
[0004] After the administration of the contrast agent to the
subject, the operator brings an ultrasonic probe into closely
contact with the subject and waits for inflow of the contrast
agent into a targeted affected part or area. During this period,
the operator starts a timer synchronized with the administra-
tion of the contrast agent and performs rough settings such as
the position and brightness or brightness of an imaging
region, etc. while referring to the B-mode image. When the
contrast agent flows into the imaging region, the operator tries
to further adjust a position to be imaged and brightness and
the like while holding the ultrasonic probe and thereby
acquire an optimum image.

[0005]  According to the background art, however, the work
of the operator is cumbersome and is not easy to concentrate
on the acquisition of the optimum image for the contrast
agent. That is, the operator needed to perform, after the
administration of the contrast agent, the operations such as
the startup of the timer, and the adjustments to the imaging
position and brightness and the like with timing provided for
inflow of the contrast agent into the imaging region while
holding the vltrasonic probe.

[0006] Inrecentyearsinparticular, those from one in which
bubbles corresponding to constituent elements arc destroyed
by irradiation of ultrasound to one in which they repeat
expansion/contraction operations without being destroyed by
irradiation of ultrasound have also been used as contrast
agents. Each of the contrast agents makes it possible to apply
the ultrasound repeatedly and observe a dynamic state in a
subject over a long period of time.

[0007] On the other hand, it is not preferable to administer
the contrast agent to the subject repeatedly upon imaging
using the contrast agent. Acquiring the optimum image reli-
ably with once-administration has been required. At this time,
the above-described cumbersomeness of work interferes with
the acquisition of the optimum image.
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[0008] Interms of these, how to realize an ultrasonic imag-
ing apparatus capable of, when the contrast agent adminis-
tered to the subject is observed, making various operations
easier and lightening an operator’s working load becomes
important.

BRIEF DESCRIPTION OF THE INVENTION

[0009] Itis desirable that the problem described previously
is solved.

[0010] An ultrasonic imaging apparatus according to the
invention of a first aspect includes an image acquisition unit
which acquires B-mode image information on an imaging
region lying within a subject, a display unit which displays
the B-mode image information thereon, a contrast agent
inflow start detecting device which detects an inflow timing at
which a contrast agent administered to the subject starts to
flow in the imaging region, using the B-mode image infor-
mation, and a post-processing starting device which starts up
post-processing conducted after the contrast agent has started
to flow in the imaging region, in sync with the inflow timing.
[0011] In the invention according to the first aspect, the
contrast agent inflow start detecting device automatically
detects inflow timing provided to start the inflow of a contrast
agent administered to a subject into an imaging region, using
B-mode image information. The post-processing starting
device starts up post-processing conducted alter the inflow of
the contrastagent in the imaging region s started, in sync with
the inflow timing.

[0012] An ultrasonic imaging apparatus according to the
invention of a second aspect is provided wherein in the ultra-
sonic imaging apparatus described in the first aspect, the
contrast agent inflow start detecting device includes a bright-
ness change detecting device which detects a brightness
change that occurs in a B-mode image of the B-mode image
information.

[0013] An ultrasonic imaging apparatus according to the
invention of a third aspect is provided wherein in the ultra-
sonic imaging apparatus described in the second aspect, the
brightness change detecting device sets timing for the bright-
ness change to the inflow timing,

[0014] In the invention of the third aspect, the brightness
change detecting device detects the inflow of a contrast agent.
[0015] An ultrasonic imaging apparatus according to the
invention of a fourth aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the first to
third aspects, the ultrasonic imaging apparatus includes a
region-of-interest setting device which sets a region of inter-
est to the B-mode image in the imaging region, which is
displayed on the display unit.

[0016] In the invention of the fourth aspect, a region in
which the detection of a brightness change is performed is set
to the limited optimum position.

[0017] An ultrasonic imaging apparatus according to the
invention of a fifth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the fourth aspect, the
brightness change detecting device detects a brightness
change in the B-mode image in the imaging region or the
region of interest.

[0018] In the invention of the fifth aspect, a brightness
change is detected in either whole region in an imaging region
or a specific region of interest.

[0019] An ultrasonic imaging apparatus according to the
invention of a sixth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the fifth aspect, the
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brightness change detecting device includes an average pixel
value calculating device which calculates an average pixel
value of pixel values contained in the B-mode image.
[0020] Intheinvention of the sixth aspect, an average pixel
value is defined as a parameter indicative of a change in
brightness.

[0021] An ultrasonic imaging apparatus according to the
invention of a seventh aspect is provided wherein in the ultra-
sonic imaging apparatus described in the sixth aspect, the
brightness change detecting device determines that the
brightness change has occurred, when the average pixel value
exceeds a threshold value.

[0022] An ultrasonic imaging apparatus according to the
invention of an eighth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the sixth aspect, the
average pixel value calculating device includes a recording
unit which stores therein a time intensity curve indicative of a
time change in the average pixel value.

[0023] Intheinvention of the eighth aspect, reference to the
time intensity curve is enabled.

[0024] An ultrasonic imaging apparatus according to the
invention of a ninth aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the fifth to
eighth aspects, the brightness change detecting device
includes a maximum pixel value calculating device which
determines a maximum pixel value of pixel values contained
in the B-mode image information.

[0025] In the invention of the ninth aspect, a maximum
pixel value is defined as a parameter indicative of a brightness
change.

[0026] An ultrasonic imaging apparatus according to the
invention of a tenth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the ninth aspect, the
brightness change detecting device determines that the
brightness change has occurred, when the maximum pixel
value exceeds a threshold value.

[0027] An ultrasonic imaging apparatus according to the
invention of an eleventh aspect is provided wherein in the
ultrasonic imaging apparatus described in any one of the fifth
to tenth aspects, the brightness change detecting device
includes a histogram calculating device which determines a
histogram of pixel values contained in the B-mode image
information.

[0028] In the invention of the eleventh aspect, a histogram
is defined as a parameter indicative of a brightness change.
[0029] An ultrasonic imaging apparatus according to the
invention of a twelfth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the eleventh aspect, the
brightness change detecting device determines that the
brightness change has occurred, when a distribution of the
histogram changes with time.

[0030] An ultrasonic imaging apparatus according to the
invention of a thirteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in the sixth, ninth and
eleventh aspects, the brightness change detecting device
includes a switch which selects the average pixel value cal-
culating device, the maximum pixel value calculating device
or the histogram calculating device.

[0031] Intheinvention of the thirteenth aspect, a parameter
indicative of a change in brightness is selected.

[0032] An ultrasonic imaging apparatus according to the
invention of a fourteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in any one of the first
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to thirteenth aspects, the ultrasonic imaging apparatus
includes a speaker which produces a warning sound.

[0033] An ultrasonic imaging apparatus according to the
invention of a fifteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in the fourteenth
aspect, the post-processing starting device includes a warning
sound generating device which causes the speaker to produce
a warning sound in sync with the inflow timing,

[0034] Inthe invention of the fifteenth aspect, the inflow of
a contrast agent is notified to an operator easily.

[0035] An ultrasonic imaging apparatus according to the
invention of a sixteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in any one of the first
to fifteenth aspects, the ultrasonic imaging apparatus includes
a lamp which emits light for evoking attention.

[0036] An ultrasonic imaging apparatus according to the
invention of a seventeenth aspect is provided wherein in the
ultrasonic imaging apparatus described in the sixteenth
aspect, the post-processing starting device includes a lamp
lighting device which causes the lamp to emit light in sync
with the inflow timing.

[0037] Intheinvention of the seventeenth aspect, the inflow
of a contrast agent is notified to the operator easily.

[0038] An ultrasonic imaging apparatus according to the
invention of an eighteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in any one of the first
to seventeenth aspects, the post-processing starting device
includes a timer which starts counting in sync with the inflow
timing.

[0039] In the invention of the eighteenth aspect, elapsed
time from the inflow of a contrast agent is measured.

[0040] An ultrasonic imaging apparatus according to the
invention of a nineteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in the eighteenth
aspect, the post-processing starting device includes a timer
display control device which causes the display unit to dis-
play time information of the timer in sync with the inflow
timing.

[0041] In the invention of the nineteenth aspect, elapsed
time from the inflow of a contrast agent is displayed.

[0042] An ultrasonic imaging apparatus according to the
invention of a twentieth aspect is provided wherein in the
ultrasonic imaging apparatus described in any one of the first
to nineteenth aspects, the post-processing starting device
includes a detected information display device which dis-
plays information on the average pixel value, information on
the maximum pixel value or information on the histogram on
the display.

[0043] Inthe invention of the twentieth aspect, information
about an average pixel value, a maximum pixel value or a
histogram is displayed, and the operator is caused to recog-
nize a change in brightness.

[0044] According to the invention, inflow timing provided
to allow a contrast agent administered to a subject to flow in
an imaging region is automatically detected. and post-pro-
cessing such as the startup of a timer, which occurs after the
inflow of the contrast agent, is started up. It is therefore
possible to lighten an operator’s working load, by extension,
allow an operator to concentrate on acquisition of a B-mode
image containing the contrast agent and acquire a suitable
B-mode image with one contrast-agent administration.
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[0045] Further objects and advantages of the present inven-
tion will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 is a block diagram showing an overall con-
struction of an ultrasonic imaging apparatus.

[0047] FIG. 2 is a block diagram illustrating a functional
construction

[0048] of a controller.

[0049] FIG. 3 is a flowchart showing the operation of the
ultrasonic imaging apparatus according to an embodiment 1.
[0050] FIG. 4 is an explanatory diagram illustrating one
example of a B-mode image to which a region of interest is
set.

[0051] FIG. 5 is a flowchart showing the operation of a
contrast agent inflow start detecting process according to the
embodiment 1.

[0052] FIG. 6 is an explanatory diagram showing one
example of a TIC (Time Intensity Curve).

[0053] FIG. 7 is a flowchart showing the operation of a
post-processing starting process according to the embodi-
ment 1.

[0054] FIG. 8 is an explanatory diagram illustrating a con-
struction of a display unit according to the embodiment 1.
[0055] FIG. 9 is a flowchart showing the operation of a
contrast agent inflow start detecting process according to an
embodiment 2.

[0056] FIGS.10(A), 10(B), and 10(C) are explanatory dia-
grams showing one example illustrative of histograms and a
difference histogram according to the embodiment 2.

DETAILED DESCRIPTION OF THE INVENTION

[0057] Best modes for carrying out ultrasonic imaging
apparatuses according to the invention will be explained
below with reference to the accompanying drawings. Inci-
dentally, the invention is not limited thereby.

[0058] An overall construction of an ultrasonic imaging
apparatus 100 according to an embodiment 1 will first be
explained. FIG. 1 is a block diagram showing the overall
construction of the ultrasonic imaging apparatus 100 accord-
ing to the embodiment 1. The ultrasonic imaging apparatus
100 includes an ultrasonic probe 10, an image acquisition unit
102, an image memory 104, an image display controller 105,
a display unit 106, an input unit 107, a speaker 109, a lamp
101 and a controller 108.

[0059] The ultrasonic probe 10 applies ultrasound in a spe-
cific direction of an imaged section of a region, i.e., a subject
2 for transmitting and receiving the ultrasound and receives
ultrasonic echoes reflected in each case from the inside of the
stbject 2 as time-series sound rays. The ultrasonic probe 10
includes a probe array in which piezoelectric devices are
arranged in array form, and acquires two-dimensional tomo-
graphic image information including an electronic scanning
direction faced in the direction of this arrangement.

[0060] The image acquisition unit 102 includes a transmit-
receive part and a B-mode processor or the like. The transmit-
receive part is connected to the ultrasonic probe 10 by a
coaxial cable and generates an electric signal for driving each
piezoelectric device of the ultrasonic probe 10. The transmit-
receive part also performs first-stage amplification on each
reflected ultrasonic echo received thereat.
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[0061] The B-mode processor performs a process for gen-
erating, in real time, a B-mode image from a reflected ultra-
sonic echo signal amplified by the transmit-receive part.
[0062] Theimage memory 104 is a large-capacity memory
that stores B-mode image information or the like acquired at
the image acquisition unit 102. The image memory 104 is
constituted of, for example, a hard disk or the like.

[0063] The image display controller 105 performs display
frame rate conversion of the B-mode image information or
the like generated at the B-mode processor and control on the
shape and position of an image display.

[0064] The display unit 106 includes a CRT (Cathode Ray
Tube) or an LCD (Liquid Crystal Display) or the like and
displays the B-mode image or the like thereon.

[0065] Theinputunit 107 includes a keyboard, amouse and
the like and is inputted with an operation or control input
signal by an operator. The input unit 107 performs, for
example, an operation input for selecting the display of a
doppler process, designation made by a cursor or the like for
performing image processing on displayed image informa-
tion, an operation input for performing the settings of various
threshold values, etc.

[0066] The controller 108 includes an image acquisition
control unit which controls the operations of the respective
parts of the ultrasonic imaging apparatus, based on the opera-
tion input signal inputted from the input unit 107 and pro-
grams and data stored in advance, and an image processor
which performs image processing using the two-dimensional
tomographic image information stored in the image memory
104.

[0067] The lamp 101 emits light according to instructions
given from the controller 108. Upon this light emission, such
acolor that the operator takes interest therein, e.g., ared color
or the like is used.

[0068] The speaker 109 produces sound according to
instructions issued from the controller 108. This sound pro-
duces such a warning sound that the operator takes interest
therein,

[0069] FIG. 2 is a block diagram showing a functional
construction of the controller 108. The controller 108
includes an image acquisition control unit 59, an image pro-
cessor 60 and a post-processing staring means 68.

[0070] The image acquisition control unit 59 controls the
acquisition of B-mode image information about the subject 2
and performs the display of the acquired B-mode image infor-
mation and control on the storage thereof in the image
memory 104 and the like.

[0071] The image processor 60 performs operational or
computational processing or the like using the B-mode image
information of the image memory 104 and automatically
detects the timing provided to allow a contrast agent admin-
istered into the subject 2 to flow into a targeted imaging
region. The image processor 60 includes a region-of-interest
setting means 61 and a contrast agent inflow start detecting
means 62.

[0072] Theregion-of-interest setting means 61 sets aregion
of interest (ROI) to the corresponding B-mode image dis-
played on the screen of the display unit 106. The region of
interest is obtained by designating the position of a cursor
existing on the screen using the mouse or the like of the input
unit 107. For example, a circular region of interest 1s set as the
region of interest. The region-of-interest setting means 61
extracts the two-dimensional tomographic image information
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of the image memory 104 corresponding to the set region of
interest and transmits the same to the contrast agent inflow
start detecting means 62.

[0073] The contrast agent inflow start detecting means 62
includes an average pixel value calculating means 63, a maxi-
mum pixel value calculating means 64, a histogram calculat-
ing means 65, a brightness change detecting means 66 and a
switch 69. The average pixel value calculating means 63 takes
an average of pixel values of two-dimensional tomographic
image information on the set region of interest or two-dimen-
sional tomographic image information containing all imag-
ing regions and determines an average pixel value. Assuming
now that a pixel value is Ai, a parameter of a pixel position is
1, and thenumber of pixels ina region of interest or an imaging
region is N, an average pixel value AV is calculated by the
following equation:

AV=(SAi)YN

[0074] Incidentally, parameters of £ indicative of addition
are expressed in i=1 to N and omitted in the equation. Inci-
dentally, the average pixel value calculating means 63 has an
unillustrated recording unit. Information about the deter-
mined average pixel value is stored therein with time series.
The information of the recording unit forms information on a
TIC (Time Intensity Curve).

[0075] The maximum pixel value calculating means 64
determines the maximum pixel value of the pixel values of the
two-dimensional tomographic image information on the set
region of interest or the two-dimensional tomographic image
information containing all imaging regions. Assuming now
that a pixel value is Al, a parameter of a pixel position is i and
the number of pixels in a region of interest or an imaging
region is N, the maximum pixel value AM is calculated by the
following equation:

AM=Max(41, 42, ..., 4n)

[0076] Incidentally, the histogram calculating means 65
will be described in detail later.

[0077] The switch 69 selects any one of the average pixel
value calculating means 63, the maximum pixel value calcu-
lating means 64 and the histogram calculating means 65 in
response to an input signal sent from the input unit 107. The
operator determines whether the two-dimensional tomo-
graphic image information is one only for the region of inter-
est or contains all the imaging regions and further selects an
optimum detecting method depending on, for example,
whether an object to be examined by a contrast agent is in
blood or tissue.

[0078] The brightness change detecting means 66 detects a
change in the brightness of a B-mode image using informa-
tion on the average pixel value, maximum pixel value or
histogram or the like calculated by the average pixel value
calculating means 63, maximum pixel value calculating
means 64 or histogram calculating means 65 and generates a
brightness change detection signal.

[0079] The brightness change detecting means 66 is input-
ted with threshold information from the input unit 107 in
advance. When the inflow of a contrast agent into the corre-
sponding imaging region or region of interest is started, the
average pixel value or the maximum pixel value increases.
The threshold information is used as a reference value for
making a decision as to whether the inflow of the contrast
agent has been made. When the average pixel value or the
maximum pixel value exceeds the threshold value of the
threshold information, it is determined that the contrast agent
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has flowed in. The timing provided to make this decision is
defined as inflow timing. Incidentally, the threshold informa-
tion is decided experimentally in consideration of a detecting
method, a region to be imaged and the like.

[0080] The post-processing starting means 68 starts post-
processing executed after the contrast agent has flowed in the
imaging region, with the brightness change detection signal
generated by the brightness change detecting means 66 as a
startup signal. In the post-processing staring means 68 shown
in FIG. 2, an example is shown in which the generation of a
warning sound, the lighting of the lamp, the startup of a timer
and the display of an indicator are carried out. The post-
processing starting means 68 includes a warning sound gen-
erating means 73, a lamp lighting means 74, a timer 70, a
timer display control means 71 and a detected information
display means 72.

[0081] The warning sound generating means 73 causes the
speaker 109 1o produce a warning sound in sync with the
brightness change detection signal outputted from the bright-
ness change detecting means 66.

[0082] The lamp lighting means 74 causes the lamp 101 to
emit light in sync with the brightness change detection signal
outputted from the brightness change detecting means 66.
[0083] The timer 70 starts the measurement of time from
zero in sync with the brightness change detection signal out-
putted from the brightness change detecting means 66. The
timer display control means 71 starts the display of time
information being measured by the timer 70 in sync with a
detection pulse sent from the brightness change detecting
means 66. The timer display control means 71 transmits the
time information of the tinier 70 to the image display control-
ler 105 in real time and displays the same on the display unit
106.

[0084] The detected information display means 72 displays
detected information about the average pixel value, maxi-
mum pixel value, time intensity curve, histogram and the like
in sync with the brightness change detection signal outputted
from the brightness change detecting means 66. Incidentally,
in the present embodiment 1, the detected information display
means 72 displays an indicator indicative of the average pixel
value on the display unit 106.

[0085] The operation of the controller 108 according to the
embodiment 1 will next be explained using FIG. 3. FIG. 3 is
a flowchart showing the operation of the controller 108. An
operator first performs initial setting on the controller 108
(Step S301). Upon the initial setting, settings such as the
selection of a B-mode, the startup of the contrast agent inflow
start detecting means for automatically detecting the inflow of
a contrast agent into the corresponding imaging region, a
method for detection processing, the input of a threshold
value, etc. are conducted from the input unit 107. Incidentally,
the present embodiment 1 shows a case in which the average
pixel value calculating means 63 is selected as the method for
detection processing.

[0086] Thereafter, the operator brings the ultrasonic probe
10 into closely contact with the subject 2 and sets a region of
interest (ROI) while causing the display unit 106 to draw or
plot a B-mode image for a targeted imaging region (Step
S302). Upon this setting of the region of interest, the region of
interest is set to, for example, the corresponding blood vessel
of the subject 2 drawn into the B-mode image of the display
unit 106. FIG. 4 shows an example in which a region of
interest 31 is set to a blood vessel 32 drawn into a B-mode
image 33 displayed on the display unit 106. The region of
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interest 31 is set to a portion lying within the blood vessel 32
drawn into the B-mode image 33, at which the blood 34 flows
in an imaging region.

[0087] Thereafter, the operator administers a contrast agent
to the subject 2 (Step S303). The operator administers the
contrast agent to a vein of the subject 2. After its administra-
tion, the contrast agent enters arteries from the vein via the
heart and circulates in the body of the subject 2. With its
circulation, the contrast agent moves into the arteries while
remaining substantially in massive or agglomerated form and
flows into various organs, e.g., the liver after a predetermined
time interval. The contrast agent is gradually diffused while
this circulation is being repeated and brought in the cells of a
tissular portion such as the liver,

[0088] Thereafter, the controller 108 performs a contrast
agent inflow start detecting process through the contrast agent
inflow start detecting means 62 (Step S304). FIG. 5 is a
flowchart showing the operation of the contrast agent inflow
start detecting process executed by the contrast agent inflow
start detecting means 62. In FIG. 5, a contrast agent inflow
startis detected from a change in the average pixel value of the
region of interest 31 set to the B-mode image 33. Now con-
sider that the average pixel value calculating means 63 has
been selected by the switch 69 in accordance with the initial
setting conducted at Step S301.

[0089] The average pixel value calculating means 63
acquires the latest two-dimensional tomographic image
information of the region of interest 31 set to the B-mode
image 33 (Step S500) and calculates the average pixel value
of pixel values contained in the two-dimensional tomo-
graphic image information (Step S501). The brightness
change detecting means 66 compares the average pixel value
with a threshold value set from the input unit 107 and deter-
mines whether it exceeds the threshold value (Step S502).
When the average pixel value does not exceed the threshold
value (NO at Step S502), the brightness change detecting
means 66 proceeds to Step S500 and acquires two-dimen-
sional tomographic image information of the region of inter-
est 31 again. When the average pixel value has exceeded the
threshold value (YES at Step 8502), the brightness change
detecting means 66 generates a brightness change detection
signal assuming that the contrast agent is under inflow timing
at which it has flowed in the corresponding imaging region
(Step S503). The present contrast agent inflow start detecting
process is terminated. Incidentally, the calculated average
pixel value is stored in the unillustrated recording unit in
sequence and forms information of a TIC to be described
later.

[0090] FIG. 6 illustrates by way of example, a TIC showing
the manner in which the average pixel value of the region of
interest 31 changes with time. The horizontal axis indicates
the time, and the vertical axis indicates the average pixel value
of the region of interest 31. Since the contrast agent is in a
non-inflow state in the TIC initially, the TIC has a contrast
agent non-inflow period 61 approximately constant at a low
average pixel value.

[0091] When the contrast agent reaches the imaging region
of the B-mode image 33, the contrast agent flows in the image
of the blood vessel 32 as a high-brightness agglomerated
region. The average pixel value of the region of interest 31 set
to the inflow portion of the blood increases with the inflow of
the contrast agent and forms a contrast agent inflow period 62.
The contrast agent moves while being maintained substan-
tially in an agglomerated state in the blood and passes through
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the region of interest 31. Along with it, the average pixel value
is reduced again and assumes an average pixel value approxi-
mately similar to the contrast agent non-inflow period 61.
Here, the threshold value for detecting the inflow of the con-
trast agent is experimentally decided so as to assume the
minimum value that exceeds the range of variation in the
average pixel value of the contrast agent non-inflow period
61.

[0092] Referring back to FIG. 3 subsequently, the post-
processing starting means 68 starts a post-processing starting
process subsequent to the flow of the contrast agent into the
imaging region, based on the brightness change detection
signal (Step S306).

[0093] FIG. 7 is a flowchart showing the operation of the
post-processing starting means 68. The post-processing start-
ing means 68 first determines whether the brightness change
detection signal is inputted (Step S700). When the brightness
change detection signal is not inputted (NO at Step S700), the
post-processing starting means 68 repeats this decision pro-
cess until the brightness change detection signal is inputted.

[0094] When the brightness change detection signal is
inputted (YES at Step S700), the post-processing starting
means 68 starts the timer 700 assuming that the contrast agent
1s under inflow timing provided to start the inflow thereof in
the imaging region (Step S701). Consequently, the timer 70
includes elapsed time information subsequent to the inflow of
the contrast agent.

[0095] Thereafter, the post-processing starting means 68
produces a warning sound from the speaker 109 using the
warning sound generating means 73 (Step S702). Owing to
the warning sound, the operator recognizes the inflow of the
contrast agent in the imaging region without observing the
details of the B-mode image 33.

[0096] Afterwards, the post-processing starting means 68
starts the timer display control means 71 (Step S703). The
timer display control means 71 transmits the elapsed time
information of the timer 70 to the image display controller
105 with a predetermined time interval. The image display
controller 105 displays the elapsed time information from the
inflow of the contrast agent into the imaging region together
with the B-mode image 33.

[0097] Thereafter, the post-processing starting means 68
starts the detected information display means 72 to cause the
display unit 106 to display an indicator indicative of detected
information (Step S704). The detected information display
means 72 transmits information on the average pixel value
calculated by the average pixel value calculating means 63 to
the image display controller 105. The average pixel value
information subsequent to the inflow of the contrast agent into
the imaging region is displayed on the display unit 106 along
with the B-mode image 33.

[0098] FIG. 8 is a diagram showing one example illustra-
tive of elapsed time information and average pixel value
information displayed along with a B-mode image 33. A
tinier display part 81 and an indicator 82 arc contained in the
display screen of the display unit 106 along with the B-mode
image 33. The timer display part 81 numerically displays
elapsed time information counted by the timer 70 in real time.
The indicator 82 indicates the magnitude of an average pixel
value of a region of interest 31 in the size of an expansion/
contraction display part 83 that expands and contracts in the
vertical direction. Incidentally, the indicator 82 can also indi-
cate the magnitude of the average pixel value numerically.
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[0099] Thereafter, the operator recognizes the inflow of the
contrast agent into the imaging region according to a warning
sound ora display start or the like of the timer display part 81
and observes the contrast agent drawn into the B-mode image
33 while making fine adjustments to the position or gain or the
like of the ultrasonic probe 10 (Step S307), and terminates the
actual process.

[0100] In the present embodiment 1 as mentioned above,
the contrast agent inflow start detecting means 62 automati-
cally detects the inflow of the contrast agent into the imaging
region from the change in the brightness of the average pixel
value contained in the region of interest 31 and subsequently
automatically performs the generation of the warning sound,
the startup and display of the timer 70, and the display of the
indicator 82 indicative of the magnitude of the average pixel
value. It is therefore possible to automatically start post-
processing conducted after the inflow of the contrast agent
into the imaging region, save operator’s time and trouble and
cause the operator to concentrate on the observation and
optimization of the B-mode image 33 after the inflow of the
contrast agent.

[0101] Inthe presentembodiment 1, the average pixel value
of the region of interest 31 is calculated using the average
pixel value calculating means 63. It is determined that when
the average pixel value exceeds the threshold value, the con-
trast agent has flowed in the imaging region. However, it is
also possible to select the maximum pixel value calculating
means 64 by the switch 69 in place of the selection of the
average pixel value calculating means 63, calculate the maxi-
mum pixel value of the region of interest 31 and determine
that the contrast agent has flowed in the imaging region when
the maximum pixel value exceeds the threshold value. Inci-
dentally, when the maximum pixel value calculating means
64 is selected, the displayed contents of the indicator 82 can
be defined as information about the maximum pixel value.
[0102] In the present embodiment 1, the region of interest
31 is set to the B-mode image 33, and the inflow of the
contrast agent is determined from the average pixel value or
maximum pixel value of the region of interest 31. However, it
is also possible to calculate the average pixel value or maxi-
mum pixel value using all two-dimensional tomographic
image information about a B-mode image 33 containing all
imaging regions and thereby determine the inflow of the
contrast agent.

[0103] Although the present embodiment 1 has shown the
example in which the timer display part 81 and the indicator
82 are displayed on the display unit 106, the time intensity
curve (TIC) shown in FIG. 6 can also be displayed on the
display unit 106 together with the B-mode image 33.

[0104] In the present embodiment 1, the post-processing
starting means 68 has started up the warning sound generating
means 73 and the timer 70 or the like. However, they can also
be started up by recording a routine operation conducted after
the contrast agent has flowed in the imaging region, e.g., a
gain adjustment or the like as a micro program and synchro-
nizing the micro program with the brightness change detec-
tion signal. Thus, the operator’s routine operation conducted
after the contrast agent has flowed in the imaging region can
be further lightened.

[0105]  Although the post-processing starting means 68 has
started the warning sound generating means 73 in the present
embodiment 1, it is also possible to light the lamp 101 based
on the brightness change detection signal transmitted to the
lamp lighting means 74 simultaneously with it or in place
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thereof and urge the operator to evoke his/her attention. Thus,
the operator is able to recognize easier the inflow timing at
which the contrast agent has flowed in the imaging region.

[0106] Incidentally, although, in the embodiment 1, the
average pixel value or the maximum pixel value is calculated
using the two-dimensional tomographic image information
on the imaging region or the region of interest, and the inflow
of the contrast agent is detected from the change in the bright-
ness of each of these pixel values, it is also possible to calcu-
late the histogram of each pixel value in the imaging region or
the region of interest and detect the inflow of the contrast
agent into the imaging region from the time change in the
histogram. Therefore, an embodiment 2 will show a case in
which a histogram of each pixel value is calculated from
two-dimensional tomographic image information about an
imaging region, and the inflow of a contrast agent into the
imaging region is detected from a time change in the histo-
gram.

[0107] Since the construction of an ultrasonic imaging
apparatus 100 is exactly equal to one shownin FIGS. 1 and 2,
its description is omitted here. Next, the operation of a con-
troller 108 is exactly alike except for the initial setting of Step
S301 in the flowchart shown in FIG. 3, the setting of the
region of interest at Step S303 and the contrast agent inflow
start detecting process of Step S304. Only different portions
will be explained here.

[0108] Upon the initial setting of Step S301, an operator
first performs a changeover setting of a switch 69 via an input
unit 107 and selects a histogram calculating means 65.

[0109] Thereafter, the operator does not set the region of
interest at Step S303. The calculation of a histogram to be
described later is conducted using two-dimensional tomo-
graphic image information containing all imaging regions.
[0110] Afterwards, a contrast agent inflow start detecting
means 62 of the controller 108 performs a contrast agent
inflow start detecting process. FIG. 9 is a flowchart showing
the operation of the contrast agent inflow start detecting pro-
cess according to the present embodiment 2. The histogram
calculating means 65 first acquires two-dimensional tomo-
graphic image information on the imaging region from an
image memory 104 (Step S901).

[0111] Subsequently, the histogram calculating means 65
calculates a histogram using the two-dimensional tomo-
graphic image information (Step $902). FIGS. 10(A), 10(B),
and 10(C) are explanatory diagrams showing the histogram
calculated using a B-mode image 33 by the histogram calcu-
lating means 65. FIG. 10(A) is a diagram of a histogram 91
where no contrast agent flows in an imaging region. The
horizontal axis indicates a pixel value, and the vertical axis
indicates the number of pixels (frequency). Incidentally, the
values of the pixels illustrate all 64 levels of gray by way of
example. A pixel value of the B-mode image 33 approxi-
mately exists between pixel values having gray levels equal to
one half of zero to all gray levels. These pixel values arc
values that a tissular portion of a subject 2 has.

[0112] FIG. 10(B) is a diagram of a histogram 92 where a
contrast agent has flowed in an imaging region. In addition to
a distribution represented by the pixels of the tissular portion
shown in FIG. 10(A), a new peak occurs in a high pixel value
portion with the inflow of the contrast agent. Incidentally, the
histogram calculating means 65 has an unillustrated record-
ing unit and stores therein information on the calculated his-
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togram in time series. The information of the recording unit is
used when a difference in histogram and the like to be
described later are made.

[0113] Thereafter, the histogram calculating means 65
makes a difference between the calculated histogram and the
histogram of the recording unit, which has been calculated
prior to the former histogram and thereby calculates a differ-
ence histogram (Step S903). A brightness change detecting
means 66 of the contrast agent inflow start detecting means 62
determines whether such a pixel value that the number of
pixels exceeds a threshold value exists in the difference his-
togram (Step S904).

[0114] Here, when such a pixel value that the number of
pixels exceeds the threshold value does not exist in the dif-
ference histogram (NO at Step S904), the brightness change
detecting means 66 proceeds to Step S901 because no change
occurs in the histogram and the contrast agent does not flow in
the imaging region, and acquires two-dimensional tomo-
graphic image information on a succeeding frame.

[0115] When such a pixel value exists in the difference
histogram (YES at Step S904), the brightness change detect-
ing means 66 generates a brightness change detection signal
since it is considered that a change occurs in the histogram
and the contrast agent has flowed in the imaging region (Step
S905).

[0116] FIG. 10(C) is an explanatory diagram showing a
difference histogram 93 produced by making a difference
between the histograms 91 and 92. In the difference histo-
gram 93, only a pixel value portion at which a change in the
number of pixels occurs due to the inflow of the contrast agent
is extracted. The contrast agent flows in the blood vessels
while an agglomerated state having a spread is being approxi-
mately maintained. The difference histogram 93 becomes one
in which variations in the pixel value increase and spread as
the spread of such an agglomerated portion becomes larger.
When a peak pixel number at a peak contained in the differ-
ence histogram 93 exceeds a threshold value here, a contrast
agent of predetermined dose is regarded to have been
detected, and inflow timing at which the contrast agent has
flowed in the corresponding imaging region, is reached. Thus,
the brightness change detecting means 66 generates a bright-
ness change detection signal.

[0117] Inthe present embodiment 2 as described above, the
histogram calculating means 65 is capable of calculating the
histograms from the two-dimensional tomographic image
information on the imaging region and determining a change
in the brightness of the imaging region from the difference
between the histograms different in acquisition time.

[0118] Though the histograms for the imaging region have
been determined by the histogram calculating means 65 in the
present embodiment 2, it is also capable of setting a region of
interest to the imaging region in like manner, determining
histograms related to the region of interest and detecting a
change in brightness.

[0119] Though the histograms for the imaging region have
been determined by the histogram calculating means 65 in the
present embodiment 2, it is also possible to cause the display
unit 106 to display the histograms and visually determine the
inflow of the contrast agent into the imaging region.

[0120] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. It should be understood

Jan. 29, 2009

that the present invention is not limited to the specific embodi-
ments described in the specification, except as defined in the
appended claims.

1. An ultrasonic imaging apparatus comprising;

an image acquisition unit configured to acquire B-mode
image information on an imaging region of a subject;

a display unit configured to display the B-mode image
information;

a contrast agent inflow start detecting device configured to
detect an inflow timing at which a contrast agent admin-
istered to the subject starts to flow in the imaging region,
using the B-mode image information; and

a post-processing starting device configured to start post-
processing in sync with the inflow timing after the con-
trast agent has started to flow in the imaging region.

2. The ultrasonic imaging apparatus according to claim 1,
wherein said contrast agent inflow start detecting device com-
prises a brightness change detecting device configured to
detect a brightness change that occurs in a B-mode image of
the B-mode image information.

3. The ultrasonic imaging apparatus according to claim 2,
wherein said brightness change detecting device is config-
ured to set a timing for the brightness change related to the
inflow timing.

4. The ultrasonic imaging apparatus according to claim 1,
further comprising a region-of-interest setting device config-
ured to set a region of interest to the B-mode image in the
imaging region, which is displayed on said display unit.

5. The ultrasonic imaging apparatus according to claim 4,
wherein said brightness change detecting device is config-
ured to detect a brightness change in the B-mode image in the
region of interest.

6. The ultrasonic imaging apparatus according to claim 5,
wherein said brightness change detecting device comprises
an average pixel value calculating device configured to cal-
culate an average pixel value of a plurality of pixel values
contained in the B-mode image.

7. The ultrasonic imaging apparatus according to claim 6,
wherein said brightness change detecting device is config-
ured to detect that the brightness change has occurred when
the average pixel value exceeds a threshold value.

8. The ultrasonic imaging apparatus according to claim 6,
wherein said average pixel value calculating device com-
prises a recording unit configured to store a time intensity
curve indicative of a time change in the average pixel value.

9. The ultrasonic imaging apparatus according to claim 5,
wherein said brightness change detecting device comprises a
maximum pixel value calculating device configured to deter-
mine a maximum pixel value of a plurality of pixel values
contained in the B-mode image information.

10. The ultrasonic imaging apparatus according to claim 9,
wherein said brightness change detecting device is config-
ured to determine that the brightness change has occurred
when the maximum pixel value exceeds a threshold value.

11. The ultrasonic imaging apparatus according to claim 5,
wherein said brightness change detecting device comprises a
histogram calculating device configured to determine a his-
togram of pixel values contained in the B-mode image infor-
mation.

12. The ultrasonic imaging apparatus according to claim
11, wherein said brightness change detecting device is con-
figured to determine that the brightness change has occurred
when a distribution of the histogram changes with time.
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13. The ultrasonic imaging apparatus according to claim 6,
wherein said brightness change detecting device further com-
prises a switch configured to select one of said average pixel
value calculating device, said maximum pixel value calculat-
ing device, and said histogram calculating device.

14. The ultrasonic imaging apparatus according to claim 1,
further comprising a speaker configured to produce a warning
sound.

15. The ultrasonic imaging apparatus according to claim
14, wherein said post-processing starting device comprises a
warning sound generating device configured to cause said
speaker to produce the warning sound in sync with the inflow
timing.

16. The ultrasonic imaging apparatus according to claim 1,
further comprising a lamp configured to emit light for evok-
ing attention.

17. The ultrasonic imaging apparatus according to claim
16, wherein said post-processing starting device comprises a
lamp lighting device configured to cause said lamp to emit
light in sync with the inflow timing.
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18. The ultrasonic imaging apparatus according to claim 1,
wherein said post-processing starting device comprises a
timer configured to start counting in sync with the inflow
timing.

19. The ultrasonic imaging apparatus according to claim
18, wherein said post-processing starting device further com-
prises a timer display control device configured to cause said
display unit to display time information of said timer in sync
with the inflow timing.

20. An ultrasonic imaging method comprising the steps of:

using B-mode image information acquired on an imaging

region of a subject to detect an inflow timing at which a
contrast agent administered to the subject starts to flow
in the imaging region; and

starting up post-processing in sync with the inflow timing

after the contrast agent has started to flow into the imag-
ing region.
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