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ULTRASONIC IMAGING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2007-267446 filed Oct. 15, 2007,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The subject matter disclosed herein relates to an
ultrasonic imaging apparatus which images a contrast agent
administered to a subject and observes a time change in the
contrast agent that permeates through an imaging area
thereof.

[0003] It has recently been practised to administer a con-
trast agent to a subject and observe B-mode image in an
imaging area, about the blood vessels or a tissue portionor the
like through which the contrast agent has permeated, using an
ultrasonic imaging apparatus. The B-mode image indicates
the manner in which a distribution of the contrast agent in the
imaging area changes with time. Upon this imaging, maxi-
mum intensity projection (abbreviated as “MIP”) using
acquired B-mode images is conducted to make it easier for an
operator to observe the distribution of the contrast agent,
which changes momentarily.

[0004] The maximum intensity projection compares pixel
values lying in the same pixel position between a plurality of
acquired B-mode images, determines the maximum pixel
value of these pixel values and forms maximum intensity
projection image information comprised of the maximum
pixel value. In the B-mode image information, the contrast
agent is extracted as a high brightness or intensity area, and
the process of the position and intensity of this high-bright-
ness area being changed is observed. Thus, the maximum
intensity projection image results in one in which a contrast
agent distribution at the acquisition of the B-mode images is
projected onto one image together with the past distribution
status.

[0005] According to the above background art, however,
the maximum intensity projection image could not provide
visual comparisons between a time change in the distribution
of the contrast agent and all permeation processes including
the process that the contrast agent will permeate after the
acquisition of the maximum intensity projection image. That
is, the maximum intensity projection image assumes the
image in which the current and past distributions of contrast
agent are overlaid, where it is formed in time with the acqui-
sition thereofinreal time. This cannot be compared with other
portion or region, particularly, a region through which the
contrast agent will permeate.

[0006] Now, while the time change indicated by the con-
trast agent distribution in the subject brings about important
information clinically, the contrast-agent permeating process
is not understood by itself but understood more clearly by
visually comparing other region, particularly, a region
through which the contrast agent permeated in the past, and a
region or the like through which the contrast agent will per-
meate and making relative comparisons of shapes or the like
with these regions.

[0007] In the case of the liver, for example, the contrast
agent flows therein from the artery thereof and migrates into
the portal vein thereof. At this time, the grasping of the behav-
ior of the contrast agent in the artery and the behavior of the
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contrast agent in the portal vein corresponding to the desti-
nation along with the difference in time phase between them
vyields various information in diagnosing lesions.

[0008] In view of these, it is of importance of how an
ultrasonic imaging apparatus having image information that
enables a visual comparison of the time change in the maxi-
mum intensity projection image inclusive of the region
through which the contrast agent permeates after the acqui-
sition of the maximum intensity projection image is realized.

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
device for administering a contrast agent to a subject and
acquiring B-mode image information in an imaging area of
the subject through which the contrast agent permeates, an
image storing device for storing a plurality of the B-mode
image information changed with the permeation therein dur-
ing a predetermined imaging time range from after the admin-
istration, a first maximum intensity projection device for
forming first maximum intensity projection image informa-
tion by maximum intensity projection using the B-mode
image information acquired in a first time range contained in
the imaging time range, a second maximum intensity projec-
tion device for forming second maximum intensity projection
image information by maximum intensity projection using
the B-mode image information acquired in a second time
range contained in the first time range, a second image for-
mation device for forming a second image based on the sec-
ond maximum intensity projection image information, an
overlaid image generation device for generating an overlaid
image in which the second image is overlaid on a first image
of the first maximum intensity projection image information,
and a display device for displaying the overlaid image.
[0011] Intheinvention accordingto the first aspect, the first
maximum intensity projection device forms first maximum
intensity projection image information by maximum inten-
sity projection using B-mode image information acquired in
a first time range contained in an imaging time range. The
second maximum intensity projection device forms second
maximum intensity projection image information by maxi-
mum intensity projection using B-mode image information
acquired in a second time range contained in the first time
range and generates and displays an overlaid image in which
a second image based on the second maximum intensity
projection image information are overlaid on a first image of
the first maximum intensity projection image information.
[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, an input
unit is provided which inputs designation formation on the
imaging time range, the first time range and the second time
range.

[0013] Inthe invention of the second aspect, the input unit
performs time designation for an imaging time range, a first
time range and a second time range.

[0014] 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
input unit has a time range designation key which inputs the
designation information on the imaging time range, the first
time range and the second time range.
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[0015] An ultrasonic imaging apparatus according to the
invention of a fourth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the third aspect, the
time range designation key inputs frame number information
or acquisition time information of the B-mode image infor-
mation constituting the designation information while dis-
playing the B-mode image information for the imaging time
range on the display device.

[0016] Intheinvention of the fourth aspect, first and second
time ranges are easily designated by frame numbers or acqui-
sition times while referring to B-mode image information in
an imaging time range.

[0017] An ultrasonic imaging apparatus according to the
invention of a fifth aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the second
through fourth aspects, the designation information includes
start time information and end time information for the imag-
ing time range.

[0018] An ultrasonic imaging apparatus according to the
invention of a sixth aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the second
through fifth aspects, the designation information includes
start time information and end time information for the first
time range.

[0019] An ultrasonic imaging apparatus according to the
invention of a seventh aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the second
through sixth aspects, the designation information includes
start time information and end time information for the sec-
ond time range.

[0020] An ultrasonic imaging apparatus according to the
invention of an eighth aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the first
through seventh aspects, the second image is an image of the
second maximum intensity projection image information.
[0021] In the invention of the eighth aspect, an image of
second maximum intensity projection image information is
overlaid on a first image as it is.

[0022] 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 first
through seventh aspects, the second image formation device
includes a contrast table in which pixel values and hues of
image information are associated with one another.

[0023] 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
second image is a colour image in which a pixel value of the
second maximum intensity projection image information is
associated with a hue, based on the contrast table.

[0024] In the invention of the tenth aspect, a second image
is displayed in colour.

[0025] 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 first
through tenth aspects, the input unit includes an overlay ratio
designation key which inputs overlay ratio information
indicative of a ratio in brightness between the first image and
the second image at the execution of the overlay.

[0026] 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
overlaid image formation device changes pixel values of the
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firstand second images to overlay the first and second images,
based on the overlay ratio information.

[0027] Intheinvention of the twelfth aspect, overlaid image
formation device changes an overlay ratio between first and
second images to easy to see them.

[0028] An ultrasonic imaging apparatus according to the
invention of a thirteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in any one of the first
through twelfth aspects, the second time range includes a
plurality of time ranges set with respect to the one first time
range.

[0029] In the invention of the thirteenth aspect, second
images different in time range are acquired.

[0030] An ultrasonic imaging apparatus according to the
invention of a fourteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in the thirteenth
aspect, the second image formation device has a plurality of
the contrast tables including different hues and associates the
contrast tables having the different hues with one another
every second maximum intensity projection image informa-
tion for the set time ranges thereby to form second images
different in hue.

[0031] An ultrasonic imaging apparatus according to the
invention of a fifteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in any one of the first
through fourteenth aspects, the second maximum intensity
projection device changes the second time range with time
stepwise from zero to form second maximum intensity pro-
jection image information every step.

[0032] An ultrasonic imaging apparatus according to the
invention of a sixteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in the fifteenth
aspect, the second image formation device forms a second
image, based on the second maximum intensity projection
image information for each step referred to above, and the
overlaid image formation device generates an overlaid image
using the second image for each step referred to above.
[0033] 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 display device cine-displays the overlaid image for
each step referred to above in sync with the change with the
time.

[0034] Inthe invention of the seventeenth aspect, a second
image contained in an overlaid image is changed with time.
[0035] An ultrasonic imaging apparatus according to the
invention of an eighteenth aspect includes an image acquisi-
tion device for administering a contrast agent to a subject and
acquiring B-mode image information in an imaging area of
the subject through which the contrast agent permeates, an
image storing device for storing a plurality of the B-mode
image information changed with the permeation therein dur-
ing a predetermined imaging time range from after the admin-
istration, a first maximum intensity projection device for
forming first maximum intensity projection image informa-
tion by maximum intensity projection using the B-mode
image information acquired in a first time range contained in
the imaging time range, a second maximum intensity projec-
tion device for changing a second time range contained in the
first time range with time stepwise from zero and forming
second maximum intensity projection image information by
maximum intensity projection using the B-mode image infor-
mation acquired in the second time range, for each step, a
second image formation device for forming a second image
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based on the second maximum intensity projection image
information at each step referred to above, an overlaid image
generation device for generating an overlaid image in which
the second image is overlaid on a first image of the first
maximum intensity projection image information, at each
step referred to above, and a display device for displaying the
overlaid image at each step referred to above.

[0036] According to the invention, an operator is able to
easily make a contradistinction between a second image and
afirstimage overlaid thereon through an overlaid image of the
first and second images subjected to maximum intensity pro-
jection, make it easy to understand a time change in contrast
agent and easily make a contradistinction to all permeation
processes of the contrast agent, which occur during the time
subsequent to the time required to acquire the second image.
[0037] 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

[0038] FIG. 1 is a block diagram showing an overall con-
struction of an ultrasonic imaging apparatus.

[0039] FIG. 2 is an explanatory diagram illustrating an
operation panel included in an input unit of the ultrasonic
imaging apparatus.

[0040] FIG. 3 is a block diagram showing a detailed con-
struction of a controller and an image display controller.
[0041] FIG. 4 is an explanatory diagram depicting one
example of a contrast table that causes pixel values and hues
to correspond.

[0042] FIG. 5 is a flowchart showing the operation of the
controller.
[0043] FIG. 6 is an explanatory diagram depicting one

example illustrative of B-mode images acquired within a first
time image.

[0044] FIG. 7 is an explanatory diagram showing one
example of an MIP completed image.

[0045] FIG. 8 is an explanatory diagram illustrating one
example of an MIP progress image.

[0046] FIG. 9 is an explanatory diagram depicting one
example of an overlaid image.

[0047] FIG. 10 is an explanatory diagram showing one
example of a cine display in which overlaid images are
changed in time order.

DETAILED DESCRIPTION OF THE INVENTION

[0048] Various embodiments of an ultrasonic imaging
apparatus according to the invention will be explained below
with reference to the accompanying drawings. Incidentally,
the invention is not limited thereby.

[0049] An overall construction of an ultrasonic imaging
apparatus according to a first embodiment will first be
explained. FIG. 1 is a block diagram showing the overall
construction of the ultrasonic imaging apparatus according to
the embodiment 1. The ultrasonic imaging apparatus includes
a probe unit 101, an image acquisition unit 109, an image
memory unit 104 that constitutes image storing device, an
image display controller 105, a display unit 106 that consti-
tutes display device, an input unit 107 and a controller 108.
[0050] The probe unit 101 repeatedly transmits ultrasound
in a specific direction of an imaged section of a region, i.e., a
subject 1 for transmitting and receiving the ultrasound and
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receives ultrasonic signals reflected from inside the subject 1
as time-series sound rays. Concurrently with it, the probe unit
101 performs electronic scanning while the directions to
transmit the ultrasound are being switched sequentially. Inci-
dentally, although not shown in the figure, piezoelectric ele-
ments are arranged in the probe unit 101 in array form.
[0051] The transmission-reception part 102 is connected to
the probe unit 101 by a coaxial cable and performs the gen-
eration of an electric signal for driving each piezoelectric
element of the probe unit 101 and first-stage amplification of
each ultrasonic signal received thereat.

[0052] The image processor 103 performs the formation of
an electric signal for driving the transmission-reception part
102 and the formation of B-mode image information or the
like from the ultrasonic signal amplified by the transmission-
reception part 102. Particularly when a contrast agent is
administered to the subject 1, the image processor 103 per-
forms contrast mode processing for generating a contrast
mode image such as a B-mode image in real time.

[0053] Theimage processor 103 delays a transmission sig-
nal and brings a focus depth position into focus in the case of,
for example, ultrasonic transmission as specific contents of
processing. In the case of ultrasonic reception, the image
processor 103 performs delay/addition processing of a
received ultrasonic signal, A/D (analog/digital) conversion
processing, processing for writing post-conversion digital
information to the image memory unit 104 as B-mode image
information, and the like.

[0054] Theimage memory unit 104 is an image memory for
storing each B-mode image information or the like generated
by the contrast mode processing. In particular, the image
memory unit 104 stores the B-mode image information that
changes in time therein with a frame constituting one frame of
B-mode image formation in an imaging area. This storage is
done over an imaging time range between the instant when
the contrast agent has been administered to the subject I and
the instant when the contrast agent circulates within the sub-
ject 1 and reaches the imaging area and further the contrast
agent passes through the imaging area or is absorbed by a
tissue portion. Incidentally, the imaging time range is set by
the input of designated information using keys or the like of
the input unit 107, which is conducted by an operator while
the B-mode image is being observed. Upon this storage, the
acquired B-mode image information is stored in the image
memory unit 104 together with time information for its acqui-
sition.

[0055] The image display controller 105 performs display
frame rate conversion of the B-mode image information or
the like generated at the image processor 103, colour display
control and shape/position control of a displayed image. The
image display controller 105 also performs the display of ROI
(region of interest) indicative of a region of interest on the
displayed image such as the B-mode image information, etc.
[0056] The display unit 106 displays image information
outputted from the image display controller 105 visually to
the operator by using a CRT (cathode ray tube) or an LCD
(liquid crystal display) or the like. The display unit 106 is also
capable of performing a color display in accordance with
instructions issued from the image display controller 105.
[0057] The controller 108 controls the operations of the
above respective parts of the ultrasonic imaging apparatus,
based on an operation input signal supplied from the input
unit 107 and the program and data stored in advance to cause
the display unit 106 to display the B-mode image or the like.
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[0058] The input unit 107 consists of a keyboard and a
pointing device or the like. A key for an operation or control
input signal for selecting an imaging mode such as B-mode
imaging by the operator, akey for designating first and second
time ranges for performing maximum intensity projection, a
key for inputting an overlay ratio, etc. exist therein.

[0059] FIG.2isa diagram showing one example of a panel
of the input unit 107. The input unit 107 includes a keyboard
20, a TGC (Time Gain Controller) 21, a patient designation
part 22 including a New Patient Key or the like, a measure-
ment input part 23 including a track ball corresponding to a
pointing device, the setting of ROL etc., and a contrast mode
input part 24 including setting keys at the use of the contrast
agent.

[0060] Thecontrast mode input part 24 includes an imaging
time range designation key 25, a first time range designation
key 26 and a second time range designationkey 27, an overlay
ratio designation key 28, etc. The imaging time range desig-
nation key 25 is pressed by the operator after the contrast
agent has been administered to the subject 1 to start the
storage of the acquired B-mode image information into the
image memory unit 104. When the contrast agent exists in the
blood vessels and has passed through the imaging area of the
subject 1 or when the contrast agent is absorbed by a tissue
portion and a contrast agent distribution is brought to a sta-
tionary state, the imaging time range designation key 25 is
pressed again by the operator to stop the storage of the
acquired B-mode image information into the image memory
unit 104.

[0061] The first time range designation key 26 and the
second time range designation key 27 are keys for inputting
information for designating a first time range and a second
time range. Using the keyboard 20 or the like after these keys
have been pressed, start time information and end time infor-
mation corresponding to the information for designating the
first time range and the second time range are inputted
sequentially.

[0062] The overlay ratio designation key 28 is a key for,
when an elapsed or progress image corresponding to a second
image and a completed image corresponding to a first image
both are displayed to overlap each other, inputting overlay
ratio information indicative of a ratio in brightness between
the displayed images. For example, the input of a numerical
value indicative of an overlay ratio by the keyboard 20 is
performed after the overlay ratio designation key 28 has been
pressed.

[0063] FIG. 3 is a block diagram showing a detailed con-
figuration of the controller 108 and the image display con-
troller 105. The controller 108 includes an image acquisition
control unit 88, a first maximum intensity projection device
81, a second maximum intensity projection device 82 and a
second image formation device 83. The image display con-
troller 105 includes an overlaid image generation device 84.

[0064] The image acquisition control unit 88 performs an
ultrasonic scan, based on scan information such as the imag-
ing mode designation information sent from the input unit
107 to acquire or obtain B-mode image information. In par-
ticular, the image acquisition control unit 88 recognizes
through the designation information of the imaging time
range designation key 25 from the input unit 107 that the
contrast agent has been administered to the subject 1 and
starts the storage of the B-mode image information into the
image memory unit 104.
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[0065] The first maximum intensity projection device 81
reads the B-mode image information on the plural frames
stored in the image memory unit 104 in accordance with the
designation information about the first time range designated
from the input unit 107 and compares pixel values at the same
pixel position between these frames of B-mode image infor-
mation to determine the maximum pixel value. The first maxi-
mum intensity projection device 81 forms maximum inten-
sity projection completed image information (hereinafter
called MIP completed image information) corresponding to
new single frame of first maximum intensity projection image
information with the maximum pixel value as a pixel value.

[0066] The second maximum intensity projection device
82 compares pixel values at the same pixel position between
the frames using the B-mode image information of the plural
frames stored in the image memory unit 104, which are des-
ignated by the second time range from the input unit 107
thereby to obtain the maximum pixel value. The second maxi-
mum intensity projection device 82 forms maximum inten-
sity projection elapsed or progress image information (here-
inafter called MIP elapsed or progress image information)
corresponding to new single frame of second maximum
intensity projection image information with the maximum
pixel value as a pixel value.

[0067] The second image formation device 83 forms an
elapsed or progress image corresponding to a second image
using the MIP progress image information formed by the
second maximum intensity projection device 82. When the
progress image is not designated in particular from the input
unit 107, the pixel value of the MIP progress image informa-
tion is used as it is. The second image formation device 83
includes a contrast table in which pixel values and hues are
associated with one another. When the designation of a colour
display is made from the input unit 107, the pixel value of the
MIP progress image information is set as the value of a code
associated with the hue. FIG. 4 is an explanatory diagram
showing one example of the contrast table 85. The contrast
table 85 is one example of a table in which 0 to the maximum
value or intensity corresponding to the pixel values are asso-
ciated with the hues from the blue purple to the red lying ina
visible-light range. Incidentally, the hue is represented by
characters of the blue purple to red to provide easy under-
standing in FIG. 4. However, the corresponding values of
codes are actually associated with the hues of the blue purple
to red. When the code is transmitted to the image display
controller 105, the corresponding hue is represented at a pixel
position of the display unit 106.

[0068] Referring back to FIG. 3, the overlaid image gen-
eration device 84 includes an overlay ratio changing device
86 and displays the completed image of the MIP completed
image information and the progress image of the MIP
progress image information in overlapped form at the same
position of the display unit 106 as an overlaid image. The
overlay ratio changing device 86 changes the brightness val-
ues of the completed image and the progress image, based on
an overlay ratio inputted from the input unit 107. When, the
overlay ratio is defined as the brightness value of the progress
image where the brightness value of the completed image is
set as 1, the pixel value of the progress image is set to a value
multiplied by the overlay ratio. Since the completed image
and the progress image are displayed on the display unit 106
in overlapped form at the same position, the overlaid image is
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one obtained by adding the completed image corresponding
to the first image and the progress image corresponding to the
second image.

[0069] The operation of the controller 108 will next be
explained using FIG. 5. FIG. 5 is a flowchart showing the
operation of the controller 108. An operator first administers
a contrast agent to the subject 1 (Step S501). Then, the opera-
tor brings the probe unit 101 into intimate contact with the
subject 1 and acquires B-mode image information in a target
imaging area. At the same time, the operator designates an
imaging time range through the imaging time range designa-
tion key 25 and performs the storage of the acquired B-mode
image information into the image memory unit 104 (Step
S502). Here, the imaging time range designated by the opera-
tor is ended after, for example, the entry of the contrast agent
is started from approximately immediately after the contrast
agent has been administered and the contrast agent in the
blood vessels has passed through the imaging area, or after
recirculation and permeation through a tissue portion are
performed and the contrast agent contained in the imaging
area has been brought to a stationary state.

[0070] Thereafter, the operator inputs designation informa-
tion of a first time range using the first time range designation
key 26 from the input unit 107 while referring to the B-mode
image information stored in the image memory unit 104 (Step
S503). Here, the first time range corresponds to a time range
included in the imaging time range. The time taken to admin-
ister the contrast agent and thereafter start the penetration of
the contrast agent lying in the blood vessels into the corre-
sponding imaging area of a B-mode image is defined as the
start time. The end time is set after the contrast agent lying in
the blood vessels have passed through the imaging area. The
first time range is set as the time range that includes all
permeation processes in which the contrast agent in the imag-
ing area changes, as will be described later. Incidentally, the
designation information of the first time range is set using
information indicative of the order of acquiring frame num-
bers of B-mode image information or the like provided in
time with the time required to acquire the B-mode image
information or the acquisition time.

[0071] FIG. 6 is an explanatory diagram in which only
image information that belong to the set first time range are
taken out from the B-mode image information stored in the
image memory unit 104 and B-mode images 61 through 66 of
theses image information are arranged in accordance with
acquired time order. The B-mode 61 is an image at the start
time of the first time range. In the B-mode image 61, a con-
trast agent image 71 lying in the blood vessels, which has
begun to penetrate in the imaging area, exists in the lower left
of the imaging area. Subsequently, the contrast agent image
71 circulates in the blood vessels and performs such migra-
tions as indicated by contrast agent images 72 through 76 of
the B-mode images 62 through 66. The B-mode image 66 is
an image at the end time of the first time range. The contrast
agent image 71 located at the lower left of the B-mode image
61 upon the start time is one moved to the upper right. Inci-
dentally, FIG. 6 shows the B-mode images existent in the first
time range in simplified form. In practice, the number of
frames indicative of the number of images exceeds a few
hundred of frames, and the B-mode images 61 through 66
also result in ones fragmented in time.

[0072] Referring back to FIG. 5, the operator thereafter
inputs designation information of a second time range using
the second time range designation key 27 from the input unit
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107 while referring to the B-mode image information stored
in the image memory unit 104 (Step S504). The second time
range is a time range that indicates in-progress time during
which the contrast agent in the imaging area changes. As
shown in FIG. 6, for example, the second time range has the
same start time as that of the first time range and has an end
time in the course of the first time range.

[0073] Thereafter, the controller 108 forms MIP completed
image information from the B-mode images 61 through 66 in
the first time range using the first maximum intensity projec-
tion device 81 (Step S505). FIG. 7 is an explanatory diagram
showing an MIP completed image 91 of the MIP completed
image information formed from the B-mode images 61
through 66. The MIP completed image 91 is an image
obtained such that all of the contrast agent images 71 through
76 corresponding to high-brightness areas or regions con-
tained in the B-mode images 61 through 66 are all overlaid.
The MIP completed image 91 is an image indicative of all
migration processes of the contrast agent moved within the
blood vessels in the imaging area.

[0074] Subsequently to the above, the controller 108 forms
MIP elapsed or progress image information corresponding to
the maximum intensity projection image of the B-mode
images in the second time range using the second maximum
intensity projection device 82 (Step S506). FIG. 8 is a dia-
gram showing an MIP elapsed or progress image 92 of the
MIP progress image information formed by the second maxi-
mum intensity projection device 82 where the range of the
B-mode images 61 through 63 is designated as the second
time range. The MIP progress image 92 is an image obtained
by combining the contrast agent images 71 through 73 cor-
responding to the high-brightness regions contained in the
B-mode images 61 through 63 and is shown as a diagonally-
shaded area in the figure.

[0075] Then, the operator determines whether when the
MIP completed image 91 and the MIP progress image 92 are
displayed in overlapped form, the MIP progress image 92
should be displayed in color (Step S507). When the MIP
progress image 92 is not displayed in color (NO at Step
S507), the operator inputs overlay ratio information from the
input unit 107 (Step S509).

[0076] When the MIP progress image 92 is displayed in
color (YES at Step S507), the operator selects such a contrast
table 85 as shown in FIG. 4 in which the pixel values and the
hues are associated with one another (Step S508). The second
image formation device 83 forms a MIP elapsed or progress
image with a code indicative of the hue as a pixel value from
the MIP progress image 92 corresponding to the second
image (Step S510). Incidentally, the MIP progress image is an
image whose diagonally-shaded portion is displaced in color,
when the MIP progress image 92 shown in FIG. 8 is used.
[0077] Thereafter, the overlay ratio changing device 86 of
the overlaid image generation device 84 adjusts the pixel
values of the MIP progress image 92 and the MIP completed
image corresponding to the first image, based on the overlay
ratio information and performs the generation and display of
the overlaid image at the same position on the screen of the
display unit 106 (Step S511), after which the present process-
ing is terminated. Incidentally, when the MIP progress image
92 is set as the image displayed in color, the overlaid image
generation device 84 can also omit the adjustment using the
overlay ratio information or replace the image at the position
where the MIP completed image 92 is displayed in color with
the MIP progress image 92.
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[0078] FIG. 9 is a diagram showing an overlaid image 93
formed such that the MIP progress image 92 is overlaid on the
MIP completed image 91. The overlaid image 93 is obtained
such that the MIP progress image 92 is overlaid on the MIP
completed image 91. In FIG. 9, the portion indicative of the
MIP progress image 92 is diagonally shaded to make it easy
to understand a distinction from the MIP completed image 91.
The MIP progress image 92 is displayed with the MIP com-
pleted image 91 as the background. Thus, the operator is able
to perform a contradistinction between the MIP progress
image 92 and the MIP completed image 91 indicative of all
permeation processes for the contrast agent.

[0079] In the present embodiment as described above, the
MIP completed image 91 corresponding to the first image is
formed using the B-mode images 61 through 66 acquired in
the first time range from the start of the permeation of the
contrast agent through the imaging area to its end. The MIP
progress image 92 corresponding to the second image is
formed using the B-mode images 61 through 63 acquired in
the second time range contained in the first time range. The
overlaid image 93 with the MIP progress image 92 overlaid
thereon is generated with the MIP completed image 91 as the
background image, and the overlaid image 93 is displayed.
Therefore, the contradistinction between the MIP progress
image 92 indicative of the contrast-agent permeation process
and the MIP completed image 91 indicative of all permeation
processes for the contrast agent is easily performed, by exten-
sion, the change in the MIP progress image 92 is made easy to
understand.

[0080] While the MIP progress image is represented by the
diagonally-shaded portion in FIGS. 8 and 9 in the present
embodiment, the MIP progress image is displayed as an area
different in brightness or hue from the MIP completed image
91 at the actual display unit 106. That is, the overlaid image
generation device 84 forms the MIP progress image of the
brightness value corresponding to the overlay ratio informa-
tion set at Step S509, or the second image formation device 83
forms the MIP progress image having the hue code of the
contrast table, which has been selected at Step S509.

[0081] In the present embodiment, the second maximum
intensity projection device 82 and the second image forma-
tion device 83 form the single sheet of MIP progress image 92
projected at the maximum value or intensity using the
B-mode images 61 through 63 of the second time range as
shown in FIGS. 8 and 9. However, the second maximum
intensity projection device 82 is also capable of continuously
increasing the time range within the second time range in
incremental steps, whereby a plurality of MIP progress
images that change stepwise within this time range, are over-
laid on the corresponding MIP completed image to perform
cine display which represents the so-overlaid one as a moving
picture or image.

[0082] FIG. 10 is an explanatory diagram showing one
example of the cine display using the B-mode images 61
through 66 shown in F1G. 6. The present example has showed
the case in which a second time range that constitutes a time
range for the cine display has been caused to coincide with a
first time range. The second maximum intensity projection
device 82 and the second image formation device 83 form a
plurality of MIP elapsed or progress images 41 through 46
increased in time range continuously from the start times of
the first and second time ranges to their end times. FIG. 10
shows a plurality of overlaid images 31 through 36 obtained
such that these MIP progress images 41 through 46 are over-
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laid on the MIP completed image 91. The overlaid images 31
through 36 are cine-displayed on the display unit 106 at time
intervals each similar to the acquisition time and make it easy
to dynamically understand a permeation process of a contrast
agent.

[0083] Although the present embodiment has shown the
case in which the second time range set within the first time
range is one, a plurality of second time ranges can also be set
within the first time range. In this case, a single sheet of
overlaid image is formed using a plurality of MIP elapsed or
progress images obtained every plural second time ranges. In
order to distinguish between the MIP progress images on the
overlaid image, they can be formed as MIP progress images
different in hue using hue’s contrast tables different every
plural second time ranges.

[0084] 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
that the present invention is not limited to the specific embodi-
ments described in the specification, except as defined in the
appended claim.

1. An ultrasonic imaging apparatus coniprising;

an image acquisition device configured to administer a
contrast agent to a subject and to acquire B-mode image
information in an imaging area of the subject through
which the contrast agent permeates;

an image storing device configured to store the B-mode
image information that changes according to the perme-
ation of the contrast agent during a predetermined imag-
ing time range from after the administration of the con-
trast agent,

a first maximum intensity projection device configured to
form first maximum intensity projection image informa-
tion by maximum intensity projection using the B-mode
image information acquired in a first time range con-
tained in the imaging time range;

a second maximum intensity projection device configured
to form second maximum intensity projection image
information by maximum intensity projection using the
B-mode image information acquired in a second time
range contained in the first time range;

a second image formation device configured to form a
second image based on the second maximum intensity
projection image information;

an overlaid image generation device configured to generate
an overlaid image in which the second image is overlaid
on a first image based on the first maximum intensity
projection image information; and

a display device configured to display the overlaid image.

2. The ultrasonic imaging apparatus according to claim 1,
further comprising an input unit configured to input designa-
tion formation on the imaging time range, the first time range,
and the second time range.

3. The ultrasonic imaging apparatus according to claim 2,
wherein said input unit comprises a time range designation
key configured to input the designation information on the
imaging time range, the first time range, and the second time
range.

4. The ultrasonic imaging apparatus according to claim 3,
wherein said time range designation key is configured to input
one of frame number information and acquisition time infor-
mation of the B-mode image information constituting the
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designation information while the B-mode image informa-
tion for the imaging time range is displayed on said display
device.

5. The ultrasonic imaging apparatus according to claim 2,
wherein the designation information includes start time infor-
mation and end time information for the imaging time range.

6. The ultrasonic imaging apparatus according to claim 2,
wherein the designation information includes start time infor-
mation and end time information for the first time range.

7. The ultrasonic imaging apparatus according to claim 2,
wherein the designation information includes start time infor-
mation and end time information for the second time range.

8. The ultrasonic imaging apparatus according to claim 1,
wherein the second image is based on the second maximum
intensity projection image information.

9. The ultrasonic imaging apparatus according to claim 1,
wherein said second image formation device comprises a
contrast table in which pixel values and hues of image infor-
mation are associated with one another.

10. The ultrasonic imaging apparatus according to claim 9,
wherein the second image is a colour image in which a pixel
value of the second maximum intensity projection image
information is associated with a hue, based on the contrast
table.

11. The ultrasonic imaging apparatus according to claim 1,
wherein said input unit comprises an overlay ratio designa-
tion key configured to input overlay ratio information indica-
tive of a ratio in brightness between the first image and the
second image at the execution of overlay.

12. The ultrasonic imaging apparatus according to claim
11, wherein said overlaid image formation device is config-
ured to change pixel values of the first and second images to
overlay the first and second images, based on the overlay ratio
information.

13. The ultrasonic imaging apparatus according to claim 1,
wherein the second time range includes a plurality of time
ranges set with respect to the first time range.

14. The ultrasonic imaging apparatus according to claim
13, wherein said second image formation device comprises a
plurality of contrast tables, each of said plurality of contrast
tables including different hues, said second image formation
device configured to associated said plurality of contrast
tables with one another every second maximum intensity
projection image information for the set time ranges in order
to form second images different in hue.

15. The ultrasonic imaging apparatus according to claim 1,
wherein said second maximum intensity projection device is
configured to change the second time range with time step-
wise from zero to form second maximum intensity projection
image information at each step.

16. The ultrasonic imaging apparatus according to claim 8,
wherein said second maximum intensity projection device is
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configured to change the second time range with time step-
wise from zero to form second maximum intensity projection
image information at each step.

17. The ultrasonic imaging apparatus according to claim
11, wherein said second maximum intensity projection
device is configured to change the second time range with
time stepwise from zero to form second maximum intensity
projection image information at each step.

18. The ultrasonic imaging apparatus according to claim
15, wherein said second image formation device is configured
to form a second image based on the second maximum inten-
sity projection image information for each step, said overlaid
image formation device is configured to generate an overlaid
image using the second image for each step.

19. The ultrasonic imaging apparatus according to claim
18, wherein said display device is configured to cine-display
the overlaid image for each step in sync with the change with
the time.

20. An ultrasonic imaging apparatus comprising:

an image acquisition device configured to administer a
contrast agent to a subject and to acquire B-mode image
information in an imaging area of the subject through
which the contrast agent permeates;

an image storing device configured to store the B-mode
image information that changes according to the perme-
ation of the contrast agent during a predetermined imag-
ing time range from after the administration of the con-
trast agent;

a first maximum intensity projection device configured to
form first maximum intensity projection image informa-
tion by maximum intensity projection using the B-mode
image information acquired in a first time range con-
tained in the imaging time range;

a second maximum intensity projection device configured
to change a second time range contained in the first time
range with time stepwise from zero and to form second
maximum intensity projection image information by
maximum intensity projection using the B-mode image
information acquired in the second time range for each
step;

a second image formation device configured to form a
second image based on the second maximum intensity
projection image information at each step;

an overlaid image generation device configured to generate
an overlaid image in which the second image is overlaid
on a first image based on the first maximum intensity
projection image information at each step; and

adisplay device configured to display the overlaid image at
each step.
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