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(54) Ultrasonic diagnostic apparatus, ultrasonic image processing apparatus, and medical image
diagnostic apparatus
(57)  According to one embodiment, an ultrasonic di-

agnostic apparatus which comprises an ultrasonic trans-
mission/reception unit (12, 21) configured to transmit ul-
trasonic waves to a scan area including a predetermined
region throughout an analysis period, receive reflected
waves from the scan area, and acquire ultrasonic data
associated with the scan area for each phase in the anal-
ysis period, an analysis unit (24, 25) configured to gen-
erate aluminance time curve associated with atleastone
analysis area included in the scan area by using the ul-
trasonic data in each phase in the analysis period and
analyze a stagnant time of the contrast medium associ-
ated with at least one analysis area based on the gener-
ated luminance time curve, an image generation unit (24,
25) configured to generate a stagnant time image for
each phase in the analysis period, with different hues
being assigned to at least one analysis area in accord-
ance with the stagnant times.
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Description

[0001] Embodiments described hereinrelate generally
to an ultrasonic diagnostic apparatus, an ultrasonic im-
age processing apparatus, and a medical image diag-
nostic apparatus.

BACKGROUND

[0002] Ultrasonic diagnosis allows to display in real
time how the heart beats or the fetus moves, by simply
bringing an ultrasonic probe into contact with the body
surface. This technique is highly safe, and hence allows
repetitive examination. Furthermore, this system is
smaller in size than other diagnostic apparatuses such
as X-ray, CT, and MRI apparatuses and can be moved
to the bedside to be easily and conveniently used for
examination. In addition, ultrasonic diagnostic appara-
tuses vary in type depending on the functions which they
have. Some compact apparatuses which have already
been developed are small enough to be carried with one
hand, and ultrasonic diagnosis is free from the influence
of radiation exposure unlike diagnosis using X-rays.
Therefore, such ultrasonic diagnostic apparatuses can
be used in obstetric treatment, treatment at home, and
the like.

[0003] Recently, intravenous-type ultrasonic contrast
media (to be simply referred to as contrast media here-
inafter) have been commercialized, and a "contrast echo
method" has been practiced. This technique aims at he-
modynamics evaluation upon enhancement of a blood
flow signal by injecting an ultrasonic contrast medium
through a vein in, for example, cardiac and hepatic ex-
aminations. Many contrast media function by using mi-
crobubbles asreflection sources. For example, a second-
generation ultrasonic contrast medium called Sonazoid®
which has recently been released in Japan comprises
microbubbles each covered with a phospholipid film and
containing a perfluorobutane gas. Ithas become possible
to stably observe how a contrast medium refluxes, using
ultrasonic transmission waves with an amplitude small
enough not to destroy microbubbles.

[0004] Scanningadiagnosticregion (e.g., liver cancer)
after the administration of a contrast medium allows to
observe increases and decreases in signal intensity from
the inflow of a contrast medium, which circulates on a
blood flow, to the outflow of the contrast medium. Studies
have been made to enable benignancy/malignancy dif-
ferential diagnosis of a tumoral lesion or diagnosis of a
"diffuse" disease or the like based on such differences
in temporal changes in signal intensity.

[0005] In general, such temporal changes in signal in-
tensity need to be recorded or interpreted as a moving
image unlike simple morphological information. This gen-
erally leads to a long time required for interpretation. Un-
der the circumstance, there has been proposed a tech-
nique of mapping the inflow time information of a contrast
medium to be generally observed in moving images onto
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a single stillimage (see Jpn. Pat. Appin. KOKAI Publica-
tion No. 2001-269341, and Jpn. Pat. AppIn. KOKAI Pub-
lication No. 2004-321688). Such a technique expresses,
with different hues, the differences between the peak
times of signals based on a contrast medium and allows
to recognize at a glance the inflow time at each position
within a diagnostic slice.

[0006] In tumor blood vessels which run in a compli-
cated manner as compared with normal blood vessels,
a phenomenon is observed, in which bubbles have no-
where to go and become stagnant or reflux after stagna-
tion (see R.K. Jain, "Normalization of Tumor Vasculature:
An Emerging Conceptin Antiangiogenetic Therapy", Sci-
ence, Vol. 307, pp. 58 - 62, January 2005). In practice,
when performing contrast medium ultrasonic observation
using a tumor mouse, the behavior of bubbles like that
described above is observed in tumor blood vessels. If
it is possible to evaluate the behavior of bubbles with
contrast-enhanced ultrasonic waves which enable bio-
logical imaging, there is a possibility that this technique
can be applied to the evaluation of abnormality of tumor
blood vessels.

[0007] It has been confirmed by histopathological ob-
servation thatan antiangiogenic agent (anticancer agent)
which has currently been clinically tested fragments/con-
fines tumor blood vessels by destroying blood vessels
that nourish the tumor (see M. Yamazaki, et al., "Sonic
hedgehog derived from human pancreatic cancer cells
augments angiogenic function of endothelial progenitor
cells", Cancer Science, Vol. 99(6), pp. 1131 - 1138). If it
is possible to visualize and quantify, with contrast-en-
hanced ultrasonic waves, the manner of how bubbles
become stagnant in blood vessels fragmented by the an-
tiangiogenic agent, this technique can be expected to be
applied to treatment effect determination.

[0008] However, mapping of contrast medium inflow
times (arrival times) using a conventional ultrasonic di-
agnostic apparatus cannot express characteristics after
the arrival of the contrast medium. For example, it is not
possible to discriminate between, for example, a state in
which a contrast medium is continuously flowing into a
given area and new microbubbles (to be simply referred
to as bubbles hereinafter) are replacing old bubbles and
a state in which bubbles that have flowed into the area
are stagnant.

[0009] Note that, for example, the technique disclosed
in Jpn. Pat. Appin. KOKAI Publication No. 2001-269341
displays contrast medium inflow information (e.g., arrival
times) in an ultrasonic scanning slice by color mapping
with reference to a given time, and hence allows to ob-
serve, in an entire image, how a contrast medium flows
into each area. However, this technique does not allow
sufficient evaluation of the stagnant state of bubbles after
the arrival of the contrast medium at each area. In addi-
tion, the technique disclosed in Jpn. Pat. Appin. KOKAI
Publication No. 2004-321688 can present the informa-
tion of arrival times by performing more precise compu-
tation based on a logical model of the reflux of microcir-
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culatory blood flows. However, even this technique can-
not sufficiently evaluate the stagnant state of bubbles
after the arrival of a contrast medium at each area.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1 is a block diagram showing the arrangement
of an ultrasonic diagnostic apparatus 10 according
to the first embodiment;

FIG. 2 is a block diagram for explaining the arrange-
ment of an image generation unit 24;

FIG. 3 is a flowchart for explaining a procedure for
processing (contrast medium stagnant information
generation processing) based on a contrast medium
stagnant information generation function according
to this embodiment;

FIG. 4 is a flowchart showing a procedure for the
processing of generating a stagnant time image ac-
cording to the first embodiment;

FIG. 5 is a graph for explaining the principle of the
processing of generating a stagnant time image;
FIG. 6 is a view showing an example of a stagnant
time image displayed while being updated in chron-
ological order;

FIG. 7 is a graph for explaining duration/hue conver-
sion processing for a pixel c in an analysis period;
FIG. 8 is a graph showing an example of a duration
distribution (histogram) associated with an area b
shown in FIG. 6, which is generated in, for example,
step S5;

FIG. 9 is a view for explaining changing processing
for a hue correspondence map;

FIG. 10 is a view for explaining changing processing
for a hue correspondence map;

FIG. 11 is a graph showing TICs and hue corre-
spondence maps associated with pixels a’ and b’;
and

FIG. 12 is a flowchart showing a procedure for the
processing of generating a stagnant time image ac-
cording to the second embodiment.

DETAILED DESCRIPTION

[0011] In general, according to one embodiment, an
ultrasonic diagnostic apparatus which acquires an ultra-
sonic image by scanning, with ultrasonic waves, a pre-
determined region of an object to which a contrast me-
diumis administered includes an ultrasonic transmission/
reception unit configured to transmit ultrasonic waves to
a two-dimensional area or a three-dimensional area,
which includes the predetermined region, as a scan area
throughout an analysis period, receive reflected waves
from the scan area, and acquire ultrasonic data associ-
ated with the scan area for each phase in the analysis
period, an analysis unit configured to generate a lumi-
nance time curve associated with at least one analysis
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area included in the scan area by using the ultrasonic
data in each phase in the analysis period and analyze a
stagnant time of the contrast medium associated with at
least one analysis area based on the generated lumi-
nance time curve, an image generation unit configured
to generate a stagnant time image for each phase in the
analysis period, with different hues being assigned to at
least one analysis area in accordance with the stagnant
times, and a display unit configured to display the stag-
nant time image for each phase.

[0012] The first and second embodiments will be de-
scribed below with reference to the views of the accom-
panying drawing. Note that the same reference numerals
in the following description denote constituent elements
having almost the same functions and arrangements,
and a repetitive description will be made only when re-
quired. For the sake of a concrete description, the follow-
ing description will exemplify a case in which the contrast
medium stagnant information generation function to be
described later is implemented in an ultrasonic diagnostic
apparatus. However, the contrast medium stagnant in-
formation generation function described in each embod-
iment can be implemented in other medical image diag-
nostic apparatuses such as an X-ray computed tomog-
raphy apparatus, a magnetic resonance imaging appa-
ratus, and an X-ray diagnostic apparatus.

(First Embodiment)

[0013] FIG. 1is a block diagram showing the arrange-
ment of an ultrasonic diagnostic apparatus 10 according
to the firstembodiment. As shownin FIG. 1, the ultrasonic
diagnostic apparatus 10 includes an ultrasonic probe 12,
an input device 13, a monitor 14, a transmission/recep-
tion unit 21, a B-mode processing unit 22, a Doppler
processing unit 23, an image generation unit 24, a control
processor 25, a storage unit 26, an interface unit 29, and
an internal memory 30. The transmission/reception unit
21 and the like incorporated in an apparatus main body
11 may be implemented by hardware such as an inte-
grated circuit and the like, or may be implemented by
software programs as software modules. The function of
each constituent element will be described below.

[0014] The ultrasonic probe 12 includes a plurality of
piezoelectric transducers which generate ultrasonic
waves based on driving signals from the transmission/
reception unit 21 and convert reflected waves from an
object into electrical signals, a matching layer provided
for the piezoelectric transducers, and a backing member
which prevents ultrasonic waves from propagating back-
ward from the piezoelectric transducers. When the ultra-
sonic probe 12 transmits ultrasonic waves to an object
P, the transmitted ultrasonic waves are sequentially re-
flected by a discontinuity surface of acoustic impedance
of internal body tissue, and are received as an echo signal
by the ultrasonic probe 12. The amplitude of this echo
signal depends on an acoustic impedance difference on
the discontinuity surface by which the echo signal is re-
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flected. The echo produced when a transmitted ultrasonic
pulse is reflected by the surface of a moving blood flow,
cardiac wall, or the like is subjected to a frequency shift
depending on the velocity component of the moving body
in the ultrasonic transmission direction due to the Doppler
effect.

[0015] The input device 13 is connected to the appa-
ratus body 11 and includes a trackball 13a, various types
of switches 13b, buttons 13c, a mouse 13d, and a key-
board 13e which are used to input, to the apparatus main
body 11, various types of instructions, conditions, an in-
struction to set a region of interest (ROI), various types
of image quality condition setting instructions, and the
like from an operator.

[0016] The monitor 14 displays morphological informa-
tion and blood flow information in the living body as im-
ages based on video signals from the image generation
unit 24.

[0017] The transmission/reception unit 21 includes a
trigger generation circuit, delay circuit, and pulser circuit
(none of which are shown). The pulser circuit repetitively
generates rate pulses for the formation of transmission
ultrasonic waves at a predetermined rate frequency fr Hz
(period: 1/fr sec). The delay circuit gives each rate pulse
a delay time necessary to focus an ultrasonic wave into
a beam and determine transmission directivity for each
channel. The trigger generation circuit applies a driving
pulse to the probe 12 at the timing based on this rate
pulse.

[0018] The transmission/reception unit 21 has a func-
tion of instantly changing a transmission frequency,
transmission driving voltage, or the like in accordance
with an instruction from the control processor 25. In par-
ticular, the function of changing a transmission driving
voltage is implemented by linear amplifier type transmis-
sion circuit capable of instantly switching its value or a
mechanism of electrically switching a plurality of power
supply units.

[0019] The transmission/reception unit 21 includes an
amplifier circuit, A/D converter, and adder (none of which
are shown). The amplifier circuit amplifies an echo signal
received via the probe 12 for each channel. The A/D con-
verter gives the amplified echo signals delay times nec-
essary to determine reception directivities. The adder
then performs addition processing for the signals. With
this addition, a reflection component from a direction cor-
responding to the reception directivity of the echo signal
is enhanced to form a composite beam for ultrasonic
transmission/reception in accordance with reception di-
rectivity and transmission directivity.

[0020] The B-mode processing unit 22 receives an
echo signal from the transmission/reception unit 21, and
performs logarithmic amplification, envelope detection
processing, and the like for the signal to generate data
whose signal intensity is expressed by a luminance level.
After the image generation unit 24 performs predeter-
mined processing for this data, the monitor 14 displays
the resultant data as a B-mode image whose reflected
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wave intensity is expressed by a luminance.

[0021] The Doppler processing unit 23 frequency-an-
alyzes velocity information from the echo signal received
from the transmission/reception unit 21 to extract a blood
flow, tissue, and contrast medium echo component by
the Doppler effect, and obtains blood flow information
such as an average velocity, variance, and power at mul-
tiple points. The obtained blood flow information is sent
to the image generation circuit 24, and is displayed in
color as an average velocity image, a variance image, a
power image, and a combined image of them on the mon-
itor 14.

[0022] The image generation unit 24 generates an ul-
trasonic diagnostic image as a display image by convert-
ing the scanning line signal string for ultrasonic scanning
into a scanning line signal string in a general video format
typified by a TV format. The image generation unit 24
incorporates a storage memory which stores image data.
The operator can read out images recorded during ex-
amination after, for example, diagnosis. Note that data
before it is input to the image generation unit 24 is some-
times called "raw data".

[0023] FIG. 2 is a block diagram for explaining the ar-
rangement of the image generation unit 24. As shown in
FIG. 2, the image generation unit 24 includes a signal
processing unit 24a, a scan converter 24b, and an image
processing unit 24c. The signal processing unit 24a per-
forms filtering for determining image quality at the scan-
ning line level in ultrasonic scanning. The data processed
by the signal processing unit 24a is sent to the scan con-
verter 24b and is simultaneously output to an image
memory 30a in the internal memory 30 to be temporarily
stored.

[0024] The scan converter 24b converts the scanning
line signal string for ultrasonic scanning into a scanning
line signal string in a general video format typified by a
TV format. The data after the conversion is output to the
image processing unit 24c. The image processing unit
24c executes image processing such as adjustment of a
luminance and contrast and spatial filtering, and the
processing of combining the generated image with char-
acter information of various types of set parameters,
scale marks, and the like, and outputs the resultant data
as avideo signal to the monitor 14. The image processing
unit 24¢ further executes processing and the like based
on the contrast medium stagnant information generation
function (to be described later) to generate ultrasonic im-
ages, stagnant time images, and the like in accordance
with control signals from the control processor 25.
[0025] The control processor (CPU) 25 is a control unit
which has the function of an information processing ap-
paratus (computer) and controls the operation of the main
body of this ultrasonic diagnostic apparatus. The control
processor 25 reads out a control program for executing
the contrast medium stagnant information generation
function (to be described later) from the storage unit 26,
expands the program in a software storage unit 30b, and
executes computation, control, and the like associated
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with each type of processing. The control processor 25
further executes quantitative analysis of stagnant times
by using generated stagnant time images in the process-
ing based on the contrast medium stagnant information
generation function (to be described later).

[0026] The storage unit 26 stores control programs for
implementing the contrast medium stagnant information
generation function (to be described later), various types
of scan sequences, image generation, and display
processing, hue correspondence maps which defines the
correspondence relationship between durations and
hues, diagnosis information (patient ID, findings by doc-
tors, and the like), a diagnosis protocol, transmission/
reception conditions, and other data. The storage unit 26
is also used to store images in the image memory 30a,
as needed. It is possible to transfer data in the storage
unit 26 to an external peripheral device via the interface
unit 29.

[0027] The interface unit 29 is an interface associated
with the input device 13, a network, and a new external
storage device (not shown). The interface unit 29 can
transfer data such as ultrasonic images, analysis results,
and the like obtained by this apparatus to another appa-
ratus via a network.

[0028] The internal memory 30 includes the image
memory 30a and the software storage unit 30b. The im-
age memory 30a temporarily stores the image data re-
ceived from the signal processing unit 24a for each frame
or volume. For example, the operator can read out data
stored in the image memory 30a after diagnosis, and can
reproduce the data as a still image or a moving image
by using a plurality of frames. The image memory 30a
also stores an output signal (radio frequency (RF) signal)
immediately after it is output from the transmission/re-
ception unit 21, an image luminance signal immediately
after it is transmitted through the transmission/reception
unit 21, other raw data, image data acquired via the net-
work, and the like, as needed. The software storage unit
30b temporarily stores the dedicated program read out
from the storage unit 26 when executing the contrast me-
dium stagnant information generation function (to be de-
scribed later).

(Contrast Medium Stagnant Information Generation
Function)

[0029] The contrast medium stagnantinformation gen-
eration function will be described next. This function
measures a temporal change in each pixel value in an
analysis area set in a scan area (a two-dimensional or
three-dimensional area in an object subjected to ultra-
sonic scanning), analyzes the stagnant time of a contrast
medium in the analysis area for each pixel by using the
measured temporal change in pixel value, and generates
and displays a stagnant time image or the like for the
evaluation of the stagnant time of the contrast medium
based on the analysis result.

[0030] Note that an analysis area set in a scan area
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is, for example, a two-dimensional or three-dimensional
area including a diagnosis target area as an analysis tar-
get for the contrast medium stagnant information gener-
ation function, and is set by the operator at a predeter-
mined timing. One or a plurality of analysis areas may
be set in a scan area. In addition, the entire scan area
can be one analysis area. Furthermore, it is possible to
arbitrarily set or change the size of each analysis area
from the size of an area constituted by a single pixel to
the size of an area constituted by a plurality of pixels.
[0031] FIG. 3 is a flowchart for explaining a procedure
for processing (contrast medium stagnant information
generation processing) based on this contrast medium
stagnant information generation function. The contents
of processing to be executed in each step will be de-
scribed below.

[Reception of Inputs such as Patient Information and
Transmission/Reception Conditions: Step S1]

[0032] The operator inputs patient information and se-
lects transmission/reception conditions (a field angle, fo-
cal position, transmission voltage, and the like for deter-
mining the size of a scan area), a scan sequence for
ultrasonically scanning a three-dimensional area in an
object throughout a predetermined period of time via the
input device 13 (step S1). The internal memory 30 or the
like automatically stores the input and selected various
types of information and conditions and the like.

[Ultrasonic Scanning: Step S2]

[0033] The transmission/reception unit 21 then ultra-
sonically scans an areaincluding a predetermined region
(e.g., a blood vessel as a diagnosis target) of an object
as a scan area throughout an analysis period as an anal-
ysis target, and acquires ultrasonic data (ultrasonic data
for each frame) corresponding to each phase in the pre-
determined period (step S2). For a concrete description,
this embodiment will exemplify a case in which two-di-
mensional scanning is executed for a two-dimensional
area as a scan area. However, this embodiment is not
limited to this case, and may execute three-dimensional
scanning (volume scanning) for a three-dimensional area
as a scan area.

[Generation of Ultrasonic Image: Step S3]

[0034] The acquired ultrasonic data are sequentially
sent to the B-mode processing unit 22 via the transmis-
sion/reception unit 21. The B-mode processing unit 22
performs logarithmic amplification, envelope detection
processing, and the like for the data to generate image
data whose signal intensity is expressed by a luminance.
The image generation unit 24 performs harmonic com-
ponent extraction processing and the like for the gener-
ated image data to generate an ultrasonic image (an ul-
trasonic image for each frame) corresponding to each



9 EP 2 394 580 A1 10

phase k (k =1, 2, ..., n) (step S3). The generated ultra-
sonic image represents the spatial density (density) of
the contrast medium at each phase by using a signal
value (luminance value).

[Generation of Stagnant Time Image: Step S4]

[0035] Theimage generation unit 24 sequentially gen-
erates the TICs (Time Intensity Curves) of the respective
pixels in the analysis area by using the ultrasonic images
corresponding to the respective phases, and generates
a stagnant time image by analyzing the stagnant time of
the contrast medium for each pixel in the analysis area
by using the generated respective TICs (step S4).
[0036] FIG. 4 is a flowchart showing a procedure for
the processing of generating a stagnant time image. The
processing of generating a stagnant time image based
on this flowchart is executed concurrently for each pixel
in an analysis area. FIG. 5 is a graph for explaining the
concept of the processing of generating a stagnant time
image, and shows TICs and hue correspondence maps
respectively associated with a given pixel ain an analysis
area a and a given pixel b in an analysis area b.

[0037] As shown in FIG. 4, first of all, the image gen-
eration unit 24 initializes (resets) a timer to 0 in accord-
ance with a predetermined phase (e.g., the ith phase,
wherei=1,2,3, ..., n), and starts measuring the duration.
The image generation unit 24 also sets a flag represent-
ing the presence/absence of a contrast medium to O (cor-
responding to the signal 0 from the contrast medium:
"absence of contrast medium") (step S41). Such initiali-
zation can exclude a portion having a high signal intensity
such as a tissue signal before the inflow of a contrast
medium.

[0038] The image generation unit 24 then compares
the signal intensity with a preset threshold, for the pixel,
to determine whether the pixel value exceeds the thresh-
old (i.e., whether a contrast medium exists at a position
corresponding to the pixel) (step S42). If the pixel value
exceeds the threshold, the image generation unit 24
starts measuring the duration upon setting the flag rep-
resenting the presence/absence of a contrast medium to
1 (corresponding to "presence of contrast medium"), and
keeps measuring the duration by using the timer (step
S43). According to the case in FIG. 5, the image gener-
ation unit 24 determines, for the pixel a, that the contrast
medium arrival time corresponds to time t1 when the pixel
value becomes equal to or more than the threshold. The
image generation unit 24 then changes the flag repre-
senting the presence/absence of a contrast medium from
0 to 1, and continues to measure the duration by using
the timer. The image generation unit 24 determines, for
the pixel b, that the contrast medium arrival time corre-
sponds to time t2 when the pixel value becomes equal
to or more than the threshold. The image generation unit
24 then changes the flag representing the presence/ab-
sence of a contrast medium from 0 to 1, and continues
to measure the duration by using the timer.
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[0039] The image generation unit 24 then determines
the hue of the pixel at the ith phase (frame) based on the
value of the duration timer and the preset hue corre-
spondence map (in the case of FIG. 5, hue 1 is made to
correspond to duration < T, and hue 2 is made to corre-
spond to duration > T) (step S44). Such hue determina-
tion processing is executed concurrently for each pixel
in an analysis area. As a result, a stagnant time image
associated with the ith phase is generated, with the con-
trast medium stagnant time at each position in the anal-
ysis area being represented by a hue, and a signal in-
tensity from the contrast medium at each position in the
analysis area being represented by a luminance (step
S45). The monitor 14 displays the generated stagnant
time image associated with the ith phase, together with
the hue correspondence map, in, for example, the form
shown in FIG. 6.

[0040] The control processor 25 then determines
whether to terminate the stagnant time image generation
(step S46). If the control processor 25 determines not to
terminate the stagnant time image generation, the proc-
ess returns to step S42. The image generation unit 24
then compares the pixel value of the pixel at the (i + 1)
th phase with the preset threshold to determine whether
the pixel value exceeds the threshold (step S42). If the
pixel value exceeds the threshold, the image generation
unit 24 determines "presence of contrast medium" and
continues to measure the duration while keeping the flag
at 1. The image generation unit 24 executes the process-
ing from step S43 to step S45 for the pixel at the (i + 1)
th phase. If the pixel value of the pixel at the (i + 1) th
phase is smaller than the threshold, the image generation
unit 24 stores the value of the duration timer as the stag-
nant time of the contrast medium at the pixel in the time
interval from the time when the flag is set at 1 upon de-
termination of "presence of contrast medium" to the cur-
rent time in step S43, and holds the hue assigned to the
pixel in the previous phase (step S44). With this opera-
tion, the image generation unit 24 generates a stagnant
time image associated with the (i + 1) th phase, with the
contrast medium stagnant time at each position in the
analysis area being represented by a hue, and the signal
intensity from the contrast medium at each position in
the analysis area being represented by aluminance (step
S45). The monitor 14 then displays the generated stag-
nant time image associated with the (i + 1) th phase,
thereby updating the stagnant time image associated
with the ith phase.

[0041] The control processor 25 executes analysis on
the stagnant time in each of the subsequent phases.
When a stagnant time image at the nth phase which is
the last phase in the analysis period is generated, the
control processor 25 terminates the stagnant time image
generation (step S46).

[0042] With the above processing, in the case shown
in FIG. 5, hue 1 is assigned to the pixel a in each phase
after time t1. Hue 1 is assigned to the pixel b in each
phase after time 2 to time t2 + T. Hue 2 is assigned to
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the pixel b in each phase from time t2 + T to time t4.
Therefore, by observing the stagnant time image updat-
ed/displayed in chronological order in the form shown in
FIG. 6, the observer can visually grasp that the duration
of the contrast medium is short and the blood flow is
relatively fast at the position corresponding to the pixel
a, and that the duration is long and the blood flow is rel-
atively slow at the position corresponding to the pixel b.
[0043] If, for example, the TIC of a predetermined pixel
cin an analysis area is represented by a curve like that
shown in FIG. 7, hue 1 is assigned to the pixel c in each
phase from time t1 to time t1 + T, and hue 2 is assigned
to the pixel in each phase from time t1 + T to time t3. In
addition, the stagnant time fromtime t1 to time t2 is stored
attime t2, and the timer is reset. From time t3, measure-
ment of a stagnant time is started again, and hue 1 is
assigned in each phase from time t3 to time t3 + T, and
hue 2 is assigned in each phase after time t3 + T. There-
fore, by observing the analysis area which changes in
hue from hue 1 — hue 2 — hue 1 — hue 2 in the stagnant
time image updated/displayed in chronological order in
the form shown in FIG. 6, the observer can visually grasp
how the stagnant time of the contrast medium changes
from moment to moment at the position corresponding
to the pixel ¢ (that is, how the contrast medium becomes
stagnant and inflows/outflows).

[0044] The image generation unit 24 then calculates
the statistical value of the duration of each pixel (e.g., the
maximum value, average value, minimum value, median
value, or the like of the durations at each pixel in an anal-
ysis period) by using all the durations stored for the re-
spective pixels. The image generation unit 24 generates
a stagnant time image associated with the analysis pe-
riod by determining a hue for each pixel in the analysis
area based on the calculated statistical values and the
hue correspondence map (step S47). The monitor 14
then displays the generated stagnant time image asso-
ciated with the analysis period in a predetermined form.
[0045] Note that it is also possible to generate a stag-
nant time image associated with this analysis period by
performing Max-Value Holding for each pixel in the anal-
ysis area throughout the analysis period.

[Quantitative Analysis of Stagnant Time/Display of Anal-
ysis Result: Step S5]

[0046] The control processor 25 then executes quan-
titative analysis of the stagnant time by using the stagnant
time image corresponding to each phase in the analysis
period and displays the result (step S5). For example,
the control processor 25 calculates the histogram of du-
rations in the analysis area in a predetermined phase or
the histogram of durations throughout a predetermined
period of time in the analysis area. The control processor
25 also executes quantitative analysis to calculate a pre-
determined quantitative value such as the mode value
(peak), center of gravity, or variance of the histogram, or
the proportion of an area corresponding to a given dura-
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tion or more to the region of interest. The monitor 14
displays the calculated histogram and the calculated
quantitative value in, for example, the form shown in FIG.
8.

(First Modification)

[0047] The above embodiment has exemplified the
case in which the TIC of each pixel in an analysis area
is generated, and the processing of generating a stag-
nant time image which is shown in FIG. 4 is performed
by using the TICs. However, this embodiment is not lim-
ited to this. It is possible to divide an analysis area into
small areas each constituted by, for example, a plurality
of pixels, generate TICs by using the average values or
maximum values of pixel values in the respective small
areas, and perform the processing of generating a stag-
nant time image by using the TICs.

(Second Modification)

[0048] A stagnant time as a hue boundary in a hue
correspondence map can be arbitrarily changed and set.
For example, in the hue correspondence map shown in
FIG. 9, time T1 is defined as a boundary such that hue
1 changestohue 2 attime T1. Inthis hue correspondence
map, for example, time T1” shown in FIG. 10 may be re-
defined by, for example, dragging the boundary line be-
tween hue 1 and hue 2 such that hue 1 changes to hue
2 at time T1'. Re-defining the hue correspondence map
in this manner will update (enlarge) an area of the stag-
nant time image which corresponds to hue 2 from the
area shown in FIG. 9 to the area shown in FIG. 10.

(Third Modification)

[0049] The number of hues defined by a hue corre-
spondence map (i.e., the number of hues (different
colors) representing stagnant times which are defined by
a hue correspondence map) can be arbitrarily changed
and set. In addition, stagnant times serving as the bound-
aries between the respective hues can be arbitrarily
changed, as described in the second modification.

(Fourth Modification)

[0050] The operator may want to observe the behavior
of each contrast medium bubble by using the ultrasonic
probe 12 as a high-frequency probe. In this case, it is
possible to use the analysis according to this embodi-
ment in a state in which each contrast medium bubble is
made to be easily observed by reducing the amount of
contrast medium administered as compared with normal
operation.

(Fifth Modification: Raw Data)

[0051] The above embodiment has exemplified the
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case in which the above contrast medium stagnant infor-
mation generation processing is executed by using ultra-
sonic data constituted by pixels. However, this embodi-
ment is not limited to this, and it is possible to execute
the above contrast medium stagnant information gener-
ation processing by using raw data before it is input to
the image generation unit 24.

(Effects)

[0052] This ultrasonic diagnostic apparatus measures
atemporal change in each pixel value in an analysis area
set in a scan area, and analyzes the stagnant time of a
contrast medium for each pixel in the analysis area by
using the measured temporal change in each pixel value.
Based on the analysis result, this apparatus then gener-
ates a stagnant time image for the evaluation of the stag-
nant time of the contrast medium, and updates and dis-
plays the stagnant time image in chronological order. By
observing the hues of a stagnant time image which is
updated and displayed, the observer can visually grasp
a position where the duration of a contrast medium is
short and the blood flow is relatively fast, a position where
the duration is long and the blood flow is relatively slow,
and a position where the duration of the contrast medium
changes from moment to moment and blood becomes
stagnant and inflows/outflows. This improve the visual
comprehension of the stagnant state of a contrast medi-
um in the contrast echo method, and can be expected to
contribute to tumor blood vessel evaluation and the de-
termination of the effect of an antiangiogenic agent.
[0053] This ultrasonic diagnostic apparatus calculates
the statistical value of the duration of each pixel (e.g., the
maximum value, average value, minimum value, median
value, or the like of the durations at each pixel in an anal-
ysis period) by using all the durations stored for the re-
spective pixels. The ultrasonic diagnostic apparatus gen-
erates a stagnant time image associated with the analy-
sis period by determining a hue for each pixel in the anal-
ysis area based on the calculated statistical values and
the hue correspondence map. In addition, it is possible
to execute quantitative analysis of stagnant times by us-
ing a stagnant time image corresponding to each phase
in an analysis period and display the result. This improve
the quantitative comprehension of the stagnant state of
a contrast medium in the contrast echo method, and can
be expected to contribute to tumor blood vessel evalua-
tion and the determination of the effect of an antiang-
iogenic agent.

(Second Embodiment)

[0054] FIG. 11 shows TICs and hue correspondence
maps for pixels a’ and b’. As is obvious from each TIC in
FIG. 11, the contrast medium continuously flows without
becoming stagnant at the pixel a’, and flows slow and
becomes stagnant at the pixel b’. If the presence/ab-
sence of a contrast medium is determined in such a state
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of each area based on only comparison between signal
intensities and a threshold as in the first embodiment, it
is impossible to discriminate the pixel a’ from the pixel
b’. It may therefore be determined that the contrast me-
dium flows slow and is stagnant at both the pixels a’ and
b’

[0055] The second embodiment, therefore, focuses at-
tention on a point that the flow rate of a contrast medium
corresponds to temporal changes in signal intensity, and
is configured to more accurately determine the presence/
absence of a contrast medium at each position in con-
sideration of temporal changes in signal intensity as well
as the comparison between signal intensities and a
threshold.

[0056] FIG. 12 is a flowchart showing a procedure for
the processing of generating a stagnant time image ac-
cording to this embodiment. This flowchart differs from
that shown in FIG. 4 in the processing in steps S42a to
S44. The contents of the processing in steps S42a to
S44 will be described below.

[0057] Animage generation unit24 compares the pixel
value (signal intensity) of each pixel with a preset thresh-
old to determine whether the pixel value exceeds the
threshold (that is, whether a contrast medium exists at a
position corresponding to the pixel) (step S42a). If the
pixel value exceeds the threshold, the image generation
unit 24 calculates the difference between the signal in-
tensities at the positions in consecutive frames and de-
termines whether the absolute value of the difference is
larger than a preset threshold (that is, whether the tem-
poral change in signal intensity is larger than a reference
value) (step S42b).

[0058] Ifthe difference valueis smallerthan the thresh-
old, the image generation unit 24 starts measuring the
duration upon setting a flag representing the presence/
absence of a contrast medium to 1 (corresponding to
"presence of contrast medium") (or while keeping the flag
at 1), and continues to measure the duration with the
timer (step S43). If the pixel value is smaller than the
threshold or the difference value is larger than the thresh-
old, the image generation unit 24 stores the time from
the instant the flag is set to 1 upon determining "presence
of contrast medium" to the current time as the stagnant
time of the contrast medium at the pixel, which is the
value of the duration timer in step S43, and holds a hue
assigned to the pixel in the previous phase (step S44).
[0059] This makes it possible to discriminate the blood
flow at the pixel @’ in FIG. 11 from the blood flow at the
pixel b’ and to accurately display the pixel a’ with hue 1,
at which the blood flow in a normal blood vessel or the
like is relatively fast, and the pixel b’ with hue 2, at which
the contrast medium is stagnant in a tumor blood vessel
or the like. Although the absolute value of the difference
between signal intensities is used in this case, it is pos-
sible to reset the duration when the difference is larger
or smaller than a preset threshold. In addition, it is pos-
sible to use the difference between frames at arbitrary
intervals instead of the difference between consecutive
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frames.

[0060] Note that the present invention is not limited to
each embodiment described above, and constituent el-
ements can be modified and embodied in the execution
stage within the spirit and scope of the invention. The
following are concrete modifications.

(1) Each function associated with each embodiment
can also be implemented by installing programs for
executing the corresponding processing in a com-
puter such as a workstation and expanding them in
a memory. In this case, the programs which can
cause the computer to execute the corresponding
techniques can be distributed by being stored in re-
cording media such as magnetic disks ((floppy®)
disks, hard disks, and the like), optical disks (CD-
ROMs, DVDs, and the like), and semiconductor
memories.

(2) In each embodiment, ultrasonic scanning on a
two-dimensional area or three-dimensional area
throughout an analysis period is the processing
based on the premise that a slice position or volume
position remains the same between phases. In prac-
tice, however, no matter how firmly the operator
holds the probe, the hand may move or the probe
may be moved by the respiration of a patient. That
is, it is difficult to perfectly fix a slice or volume posi-
tion. To correct the positional shift between consec-
utive slices or volumes by using, for example, the
movement correction technique disclosed in Jpn.
Pat. Appin. KOKAI Publication No. 2007-330764 is
very useful when this proposed technique is used
for actual examination.

(3) It is possible to measure and display the arrival
time of a contrast medium (the time when the con-
trastmedium has arrived first after the administration
of the contrast medium), peak time, Wash-In time,
Wash-Out time, and the like concurrently with the
contrast medium stagnant information generation
processing disclosed in each embodiment. It is pos-
sible to acquire these pieces of information by ana-
lyzing the TIC of each pixel in an analysis area.

In such a case, a hue correspondence map can be
defined as a map constituted by, for example, two
axes, namely an arrival time axis and a duration axis.
For example, in step S4, the image generation unit
24 executes hue assignment by using a hue corre-
spondence map constituted by two axes, namely an
arrival time axis and a duration axis.

(4) The second embodiment performs contrast me-
dium stagnant information generation processing in
consideration of temporal changes in signal intensi-
ty, in addition to comparison between signal intensi-
ties and a threshold. In contrast to this, it is possible
to perform contrast medium stagnant information
generation processing with reference to only tempo-
ral changes in signal intensity.
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[0061] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Claims

1. An ultrasonic diagnostic apparatus which acquires
an ultrasonic image by scanning, with ultrasonic
waves, a predetermined region of an object to which
a contrast medium is administered, the apparatus
characterized by comprising:

an ultrasonic transmission/reception unit (12,
21) configured to transmit ultrasonic waves to a
two-dimensional area or a three-dimensional ar-
ea, which includes the predetermined region, as
a scan area throughout an analysis period, re-
ceive reflected waves from the scan area, and
acquire ultrasonic data associated with the scan
area for each phase in the analysis period;

an analysis unit (24, 25) configured to generate
a luminance time curve associated with at least
one analysis area included in the scan area by
using the ultrasonic data in each phase in the
analysis period and analyze a stagnant time of
the contrast medium associated with said at
least one analysis area based on the generated
luminance time curve;

an image generation unit (24, 25) configured to
generate a stagnant time image for each phase
in the analysis period, with different hues being
assigned to said at least one analysis area in
accordance with the stagnant times; and
adisplay unit (14) configured to display the stag-
nant time image for said each phase.

2. The apparatus of claim 1, characterized in that the
image generation unit (24, 25) generates the stag-
nant time image by using a correspondence map
defining a correspondence relationship between du-
rations of the contrast medium and hues.

3. The apparatus of claim 1, characterized in that the
image generation unit (24, 25) generates the stag-
nant time image by using a second correspondence
map defining a correspondence relationship be-
tween durations of the contrast medium, arrival times
of the contrast medium, and hues.
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The apparatus of claim 2, characterized by further
comprising a changing unit (24, 25) configured to
change the correspondence relationship of the cor-
respondence map,

wherein when the changing unit (24, 25) changes
the correspondence relationship, the image gener-
ation unit (24, 25) generates the stagnant time image
by using the correspondence map after the change.

The apparatus of claim 1, characterized in that the
analysis unit (24, 25) compares a signal intensity in
said at least one analysis area with a predetermined
threshold in each phase in the analysis period by
using the generated luminance time curve, and starts
measuring the stagnant time at a timing when the
signal intensity exceeds the predetermined thresh-
old.

The apparatus of claim 1, characterized in that the
analysis unit (24, 25) compares a signal intensity in
said at least one analysis area with a predetermined
threshold in each phase in the analysis period by
using the generated luminance time curve, and fin-
ishes measuring the stagnant time at a timing when
the signal intensity becomes lower than the prede-
termined threshold.

The apparatus of claim 1, characterized in that the
analysis unit (24, 25) calculates a temporal change
in signal intensity in said at least one predetermined
area based on the generated luminance time curve,
and starts measuring the stagnant time at a timing
when the calculated temporal change becomes
smaller than a predetermined threshold.

The apparatus of claim 1, characterized in that the
analysis unit (24, 25) calculates a temporal change
in signal intensity in said at least one predetermined
area based on the generated luminance time curve,
and finishes measuring the stagnant time at a timing
when the calculated temporal change exceeds a pre-
determined threshold.

The apparatus of claim 1, characterized in that the
analysis unit (24, 25) calculates a maximum value
or average value of durations in the analysis period
for said at least one analysis area, and

theimage generation unit (24, 25) generates, for said
at least one predetermined area, the stagnant time
image to which different hues are assigned in ac-
cordance with the maximum value or the average
value.

The apparatus of claim 1, characterized in that the
analysis unit (24, 25) calculates a predetermined
quantitative value associated with the analysis area
by using the stagnant time image corresponding to
each phase in the analysis period, and
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the display unit (14) displays the quantitative value
in a predetermined form.

The apparatus of claim 1, characterized by further
comprising a correction unit (24, 25) configured to
correct a positional shift between phases in the scan
area during acquisition of ultrasonic data acquired
for each phase in the analysis area.

A medical image diagnostic apparatus which ac-
quires image data associated with a predetermined
region of an object to which a contrast medium is
administered, the apparatus characterized by com-
prising:

an image data acquisition unit configured to ac-
quire image data associated with a two-dimen-
sional area or a three-dimensional area, which
includes the predetermined region, as a target
area throughout an analysis period, for each
phase in the analysis period;

an analysis unit (24, 25) configured to generate
a luminance time curve associated with at least
one analysis area included in the scan area by
using the image data in each phase in the anal-
ysis period and analyze a stagnant time of the
contrast medium associated with said at least
one analysis area based on the generated lumi-
nance time curve;

an image generation unit (24, 25) configured to
generate a stagnant time image for each phase
in the analysis period, with different hues being
assigned to said at least one analysis area in
accordance with the stagnant times; and
adisplay unit (14) configured to display the stag-
nant time image for said each phase.

The apparatus of claim 12, characterized in that
the image generation unit (24, 25) generates the
stagnanttime image by using a correspondence map
defining a correspondence relationship between du-
rations of the contrast medium and hues.

The apparatus of claim 12, characterized in that
the image generation unit (24, 25) generates the
stagnant time image by using a second correspond-
ence map defining a correspondence relationship
between durations of the contrast medium, arrival
times of the contrast medium, and hues.

The apparatus of claim 13, characterized by further
comprising a changing unit (24, 25) configured to
change the correspondence relationship of the cor-
respondence map,

wherein when the changing unit (24, 25) changes
the correspondence relationship, the image gener-
ation unit (24, 25) generates the stagnant time image
by using the correspondence map after the change.
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The apparatus of claim 12, characterized in that
the analysis unit (24, 25) compares a signal intensity
in said at least one analysis area with a predeter-
mined threshold in each phase in the analysis period
by using the generated luminance time curve, and
starts measuring the stagnant time at a timing when
the signal intensity exceeds the predetermined
threshold.

The apparatus of claim 12, characterized in that
the analysis unit (24, 25) compares a signal intensity
in said at least one analysis area with a predeter-
mined threshold in each phase in the analysis period
by using the generated luminance time curve, and
finishes measuring the stagnant time at a timing
when the signal intensity becomes lower than the
predetermined threshold.

The apparatus of claim 12, characterized in that
the analysis unit (24, 25) calculates a temporal
change in signal intensity in said at least one prede-
termined area based on the generated luminance
time curve, and starts measuring the stagnant time
at a timing when the calculated temporal change be-
comes smaller than a predetermined threshold.

The apparatus of claim 12, characterized in that
the analysis unit (24, 25) calculates a temporal
change in signal intensity in said at least one prede-
termined area based on the generated luminance
time curve, and finishes measuring the stagnant time
at a timing when the calculated temporal change ex-
ceeds a predetermined threshold.

The apparatus of claim 12, characterized in that
the analysis unit (24, 25) calculates a maximum val-
ue or average value of durations in the analysis pe-
riod for said at least one analysis area, and
theimage generation unit (24, 25) generates, for said
at least one predetermined area, the stagnant time
image to which different hues are assigned in ac-
cordance with the maximum value or the average
value.

The apparatus of claim 12, characterized in that
the analysis unit (24, 25) calculates a predetermined
quantitative value associated with the analysis area
by using the stagnant time image corresponding to
each phase in the analysis period, and

the display unit (14) displays the quantitative value
in a predetermined form.

The apparatus of claim 12, characterized by further
comprising a correction unit (24, 25) configured to
correct a positional shift between phases in the scan
area during acquisition of ultrasonic data acquired
for each phase in the analysis area.
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23. An ultrasonic image processing apparatus charac-

terized by comprising:

a storage unit configured to store ultrasonic data
associated with a scan area corresponding to
each phase in an analysis period, which is ac-
quired by transmitting ultrasonic waves to a two-
dimensional area or a three-dimensional area,
which includes a predetermined region of an ob-
jectto which a contrast medium is administered,
as the scan area throughout the analysis period
and receiving reflected waves from the scan ar-
ea;

an analysis unit (24, 25) configured to generate
a luminance time curve associated with at least
one analysis area included in the scan area by
using the ultrasonic data in each phase in the
analysis period and analyze a stagnant time of
the contrast medium associated with said at
least one analysis area based on the generated
luminance time curve;

an image generation unit (24, 25) configured to
generate a stagnant time image for each phase
in the analysis period, with different hues being
assigned to said at least one analysis area in
accordance with the stagnant times; and
adisplay unit (14) configured to display the stag-
nant time image for said each phase.
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