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(54) ULTRASONIC DIAGNOSTIC DEVICE AND ULTRASONIC IMAGE DISPLAY METHOD

(57) Provided are an ultrasonic diagnostic device
and an ultrasonic image display method having a function
of displaying an inflow time map representing relative
differences in blood flow dynamics such as inflow time
of a contrast agent in difference colors, including a func-
tion of selectively extracting a focused vessel and con-
structing a noise-less inflow time map, and in the com-
parison of differences in color between the constructed
inflow time map and the past inflow time map to examine
a change in blood flow dynamics by therapy or the like,
an interpolation function of unifying the color of regions
as a base. A TIC analysis unit 13 calculates a parameter
(tα) indicating an inflow starting time of a contrast agent
and a difference of brightness ΔI due to the contrast agent
using image data in a range designated by a image de-
tection unit 11. A first pixel selection unit 15 selectively
extracts a pixel meeting certain conditions and concur-
rently removes a non contrast-enhanced region. An im-
age construction unit 16 constructs an inflow time map
colored in accordance with the values of tα, and a second
pixel selection unit 17 selectively extracts a vessel fo-
cused by an operator using a histogram based on the
difference of brightness.
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Description

Technical Field

[0001] The present invention relates to a technique of
transmitting ultrasonic waves to the inside of a living body
and of imaging information on the inside of the living body
based on a signal received, and more particularly relates
to an ultrasonic diagnostic device and an ultrasonic im-
age display method of effectively detecting dynamic in-
formation on a blood flow based on a plurality of time-
series contrast-enhanced images for imaging.

Background Art

[0002] Ultrasonic diagnostic devices are one of com-
mon image display devices in clinical practice together
with CTs and MRIs, and have features of compact in size
and enabling motion picture imaging. Although the view-
ing field is limited, ultrasonic diagnostic devices have ex-
cellent spatial and time resolutions, and with the use of
an ultrasonic contrast agent, micro-structured blood flow
dynamics can be observed, and so the ultrasonic diag-
nostic devices have an important function to diagnose
properties of tumors.
[0003] Although CTA (CT Angiography) has been a
main-stream for observation means of blood flow dynam-
ics, CTA has problems of exposure to radiation and tox-
icity of iodine contrast agents. Therefore the usage of
CTA may be limited for patients suffering from kidney
disease or having an allergy. Compared with this, ultra-
sonic contrast agents are micro-bubbles of a few mm in
diameter and the agents themselves do not have any
toxicity. Further since ultrasonic contrast agents have
properties of resonating in a frequency bandwidth of
medical ultrasonic waves to emit intense radiation of har-
monic components, having a size equal to red blood cells
to enter into small vessels, and being discharged from
the body with the course of time mainly through exchange
of gases in the lung, blood flow dynamics of small vessels
can be observed easily.
[0004] Liver tumors are one of lesions that can be ef-
fectively observed with blood flow dynamics. It is known
about liver tumors that blood vessels that are dominant
at the lesion part shift from portal to asteriosity during the
course of worsening from precancer states such as hep-
atitis and cirrhosis to liver cancer. It is known that as for
liver tumors at an early stage, portal veins are dominant,
through which blood via a digestive system flows, and
as the clinical state progresses, dominant vessels shift
to arteries (Non-Patent Literature 1).
[0005] Arteries and portal veins are different in inflow
starting time and inflow-speed of a contrast agent due to
their different circulatory pathways. Effective means to
evaluate such a difference in blood flow dynamics is TIC
(Time-Intensity Curve) that is obtained by plotting a
change of brightness over time due to the inflow of a
contrast agent. A contrast-enhanced image or the TIC of

a lesion part enables early detection of the lesion or de-
termination of its activity. Furthermore, since blood flow
dynamics vary with types of lesions such as hepatocar-
cinoma, metastatic cancer and cyst, the contrast-en-
hanced ultrasonic techniques are regarded as important
for effective imaging techniques in differential diagnosis
of lesions.
[0006] The evaluation using blood flow dynamics is ef-
fective also to determine the effectiveness of cancer ther-
apy. In the case of medical therapy using RF or medi-
cines, blood flow dynamics in addition to the size of tu-
mors are important targets of observation. This is be-
cause, even when a tumor does not change in size on
the image, the effectiveness of the therapy can be deter-
mined based on dissipation of tumor vessels or a de-
crease in the amount of the blood flow. Especially in the
case of therapy such as an anti-angiogenic agent or vas-
cular embolization therapy targeting at vessels serving
as nutrient supply for tumors, the future therapeutic strat-
egy will be decided by not only the presence or not of
blood flow into a lesion but also whether the blood flow
found is portal or asteriosity, and therefore blood flow
dynamics are important targets of the observation to de-
termine the effectiveness.
[0007] The technique described in Patent Literature 1
is to calculate statistic values such as average brightness
values based on the measured TIC and display a color-
coded image in accordance with the values. In this tech-
nique, firstly tissue is filled with a contrast agent under
the irradiation of ultrasonic waves at a medium to low
sound pressure level. Subsequently the contrast agent
is cleaned out by irradiation of ultrasonic waves at a high
sound pressure level, and a blood flow flowing back to
the same imaging plane under irradiation of ultrasonic
waves at a medium to low sound pressure level again is
evaluated with TIC.
[0008] The technique described in Patent Literature 2
is to detect the inflow time of a contrast agent for each
vessel and display relative differences therebetween in
different colors. A region of interest is provided on a
screen, and an image is colored while setting the inflow
time in this region as a reference time.

Citation List

Patent Literatures

[0009]

Patent Literature 1: JP 2005-81073 A
Patent Literature 2: JP 2010-94220 A

Non-Patent Literature

[0010]

Non-Patent Literature 1: Beers B. E. V et al.: AJR
176, 667. 2001.
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Summary of Invention

Technical Problem

[0011] It is an object of the invention to provide an ul-
trasonic diagnostic device and an ultrasonic image dis-
play method having a function of displaying an inflow time
map representing relative differences in blood flow dy-
namics such as inflow time of a contrast agent in differ-
ence colors, including a function of selectively extracting
a focused vessel and constructing a noise-less inflow
time map, and in the comparison of differences in color
between the constructed inflow time map and the past
inflow time map to examine a change in blood flow dy-
namics by therapy or the like, an interpolation function
of unifying the color of regions as a base.

Solution to Problem

[0012] In the present invention, a TIC analysis unit 13
calculates a parameter (tα) indicating an inflow starting
time of a contrast agent and a difference of brightness
ΔI due to the contrast agent using image data in a range
designated by an image detection unit 11. A first pixel
selection unit 15 selectively extracts a pixel meeting cer-
tain conditions and concurrently removes a non contrast-
enhanced region. An image construction unit 16 con-
structs an inflow time map colored in accordance with
the values of tα, and a second pixel selection unit 17
selectively extracts a vessel focused by an operator using
a histogram based on the difference of brightness.

Advantageous Effects of Invention

[0013] According to the present invention, a focused
vessel can be selectively extracted, and an inflow time
map with good viewability can be presented.

Brief Description of Drawings

[0014]

Fig. 1 is a block diagram illustrating an exemplary
configuration of one embodiment.
Fig. 2 describes processing steps of one embodi-
ment.
Fig. 3 describes a step of selecting an image to be
processed in one embodiment.
Fig. 4A describes a relation between TIC and meas-
urement values in one embodiment.
Fig. 4B describes a coefficient for a threshold bright-
ness in one embodiment.
Fig. 5 describes pixel extraction using a color bar of
time in one embodiment.
Fig. 6 describes a change in range of a color bar of
time in one embodiment.
Fig. 7 describes pixel extraction using a histogram
in one embodiment.

Fig. 8 describes a state where a histogram in one
embodiment is reflected in a color bar of brightness.
Fig. 9 describes setting change in one embodiment.
Fig. 10 describes the case of comparison between
a plurality of inflow time maps in one embodiment.
Fig. 11 describes optimization of a color bar of time
in one embodiment.
Fig. 12 is a block diagram illustrating an exemplary
configuration using RAW data in one embodiment.

Description of Embodiments

[0015] The following describes embodiments of the
present invention, with reference to the drawings. Fig. 1
is a block diagram of an ultrasonic diagnostic device as
an embodiment. The ultrasonic diagnostic device as the
embodiment includes: a probe 2 that transmits and re-
ceives ultrasonic signals to and from an object 1; a trans-
mitting beamformer unit 4 and a receiving beamformer
unit 7 that provide a predetermined time delay to a pie-
zoelectric element making up the probe 2 to form a de-
sired transmitting/receiving beam; an A/D convertor 6
and a D/A convertor 3 for analogue/digital conversion of
transmitted/received signals; a TGC (Time Gain Control-
ler) 5 that compensates for amplitude attenuation gen-
erated during the propagation of ultrasonic signals inside
a living body; an envelope detector 8 that detects a re-
ceived RF signal and converts the signal into an image
signal; and a scan convertor 9 that constructs two-dimen-
sional image data from the image signal. These elements
configure a generally known image data construction unit
to construct an ultrasonic image. The present embodi-
ment further includes: an image memory 12 that stores
image data from the scan convertor 9; an image detection
unit 11 that selects a data range to be used to construct
an inflow time map from the storage image data, by re-
ceiving designation of information containing a starting
time when a contrast agent is given to a test object, for
example; a TIC analysis unit 13 that finds parameters
necessary to evaluate blood flow dynamics from the se-
lected image data; a memory 14 that stores numeric val-
ues calculated by the TIC analysis unit 13; a first pixel
selection unit 15 that extracts and removes a pixel in
accordance with conditional expressions set in the device
beforehand; an image construction unit 16 that con-
structs an inflow time map using the numeric values
stored in the memory 14; and a second pixel selection
unit 17 that extracts a pixel again from the image con-
structed by the image construction unit 16 using bright-
ness information and time information, thus extracting
information focused by an operator.
[0016] Image data constructed by the image data con-
struction unit refers to a monochrome image (B mode)
or an image using a contrast agent (an image where sig-
nals from a contrast agent are emphasized using a trans-
mission/reception sequence, filter processing or the like)
that is generally used in clinical practice. Since a method
for constructing such an image is generally known, just
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a brief explanation is given here. The probe 2 has an
ultrasonic emission surface configured as a one-dimen-
sional array where a plurality of piezoelectric elements
are aligned in one line, each element having a function
of transmission/reception of ultrasonic waves. A voltage
pulse from the transmitting beamformer unit 4 is input to
each piezoelectric element via the D/A convertor 3, and
piezoelectric vibrations of the elements cause irradiation
of ultrasonic waves toward the object 1. At this time, a
predetermined time delay is electronically given to each
piezoelectric element, and the ultrasonic waves trans-
mitted from these piezoelectric elements come into a fo-
cus at a predetermined position inside the object 1. Re-
flection echo from the object 1 is received by each pie-
zoelectric element, and is subjected to amplitude com-
pensation by the TGC 5 depending on the propagation
distance. Subsequently, the received signal is sent to the
receiving beamformer unit 7 via the A/D convertor 6, to
which a delay time depending on the distance from the
focus position to each piezoelectric element is applied,
and a result of addition is output (phasing and adding).
[0017] Exemplary well-known techniques to enhance
a signal from a contrast agent for imaging include a tech-
nique of transmitting two signal having phases inverted
to each other and adding received signals thereof The
addition of the received signals can suppress fundamen-
tal frequency components mainly associated with tissue
components, while emphasizing harmonic components
mainly associated with signals from the contrast agent.
As a result, a contrast-agent emphasized image can be
obtained.
[0018] Ultrasonic waves are transmitted and received
by all scanning lines along with the line of the piezoelec-
tric elements, whereby a two-dimensional distribution of
reflection echo of the object 1 can be obtained. The re-
ceiving beamformer unit 7 outputs an RF signal including
a real part and an imaginary part that are separated, and
the RF signal output is sent to the envelope detector 8.
The signal sent to the envelope detector 8 is converted
into a video signal, to which pixel interpolation between
scanning lines is applied at the scan convertor 9 for re-
construction into two-dimensional image data, and such
data is displayed on a display 10.
[0019] Referring to the flowchart of Fig. 2, the following
describes a method for displaying an ultrasonic image to
construct an inflow time map using image data from the
scan convertor 9.
[0020] Firstly, an operator fixes the probe 2 in a state
where the probe captures the object 1 in an imaging
plane, and administers a contrast agent. Concurrently
with the administration of the contrast agent or before
and after the administration, the operate presses a start
button on the device to capture image data, thus storing
time-series image data from the stage when the contrast
agent flows into the object to the stage the target is filled
with the contrast agent in the image memory 12 (Step
0). Next, image data to be used for evaluation of blood
flow dynamics is selected from the captured image data

(Step 1).
[0021] Selecting a set of image data to be used from
the image memory 12 leads to, as shown in Fig. 3, display
of selected image data 32, a start button 31 to indicate
start of processing of an inflow time map and a time range
bar 33 to indicate a time range of the image data. The
units of the time range bar 33 may be seconds setting
the initial value as 0 second or may be frame numbers
setting the initial value at 1. The time range bar 33 is
provided with an arrow indicating a time position of the
current image, and image data at a time position desig-
nated by the operator can be displayed sequentially. The
time range bar 33 is further provided with a start arrow
and an end arrow to designate the range of image data
to be processed, and so the operator designates the start
and end range of image data to be used for inflow time
map processing while observing the image data (Step
1). In this occasion, in order to mainly observe blood flow
dynamics, the start arrow is typically set at a time imme-
diately before or immediately after the inflow of a contrast
agent to the object 1. It is appropriate to set the end arrow
at a position where the inflow of the contrast agent into
the focused vessel is finished or when a contrast-en-
hanced imaging of a tissue can be confirmed through
angiography. In the former case, useful information for
judgment as to whether arteries or portal veins are dom-
inant at the lesion part can be obtained. In the latter case,
the injection procedure of the contrast agent can be ob-
served at not only vessels but also from vessels to a
tissue region based on differences in color, and therefore
useful information to identify a lesion or identify a major
feeding vessel for the lesion can be obtained. Especially
in the occasion for therapy targeting at vessels, it is very
useful for identification of a target or judgment of effects
from the therapy, but the processing time is accordingly
increased.
[0022] Some ultrasonic diagnostic devices have a
function of temporarily cleaning out a expanded contrast
agent in the imaging plane of the object using high sound-
pressure ultrasonic waves, and using this function, the
contrast agent flowing into the imaging plane again may
be observed after the irradiation of the high sound-pres-
sure ultrasonic waves. In that case, image data corre-
sponding to the time for the high sound-pressure irradi-
ation can be easily specified based on the integral value
or the average value of the brightness of image data, for
example, and the start arrow may be automatically
placed at the position of this image data.
[0023] A ROI on the image data may be used for spatial
range designation, whereby processing cost can be re-
duced.
[0024] After designation of the range of image data,
selecting the start button 31 leads to automatic resetting
of a time one second ahead of the starting time desig-
nated at Step 2 as a new starting time, and image data
in this range is sent to the TIC analysis unit 13. Image
data for 1 second immediately before the starting time
designated by the operator is used to calculate difference
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of brightness due to a factor other then the contrast agent.
The numeric value of 1 second is set beforehand as a
time corresponding to one heartbeat, and brightness fluc-
tuations during this period can be regarded as the fluc-
tuations of a speckle pattern mainly generated by heart-
beats. The calculated difference of brightness is always
inherent in TIC, which is a value necessary to precisely
calculate the difference of brightness due to a contrast
agent from the TIC. The setting of 1 second can be freely
changed by the operator, and can be adjusted appropri-
ately in accordance with heartbeats of a patient, for ex-
ample. When the newly set starting time exceeds the
range of the image data obtained, 0 second is set as the
starting time.
[0025] The TIC analysis unit 13 calculates, from a TIC,
a maximum value Ipre

max in the time range (tpre-tstart) be-
fore injection of contrast agent, a maximum value Imax
and a minimum value Imin in the entire processing range
(tstart-tend), threshold brightness Iα set by the operator
beforehand and a time tα, when reaching the threshold
brightness for each pixel (Step 2). Fig. 4A shows relations
between parameters calculated by the TIC measurement
unit 13 and the TIC. As described above, tpre is a value
of 1 second ahead of the starting time that the operator
sets at Step 1. The following describes, as an evaluation
value (a mapping parameter) to construct an inflow time
map, tα indicating an inflow starting time of the contrast
agent. Actually, however, various statistic values found
from the TIC such as a maximum value and an average
value that can be measured from the TIC can be candi-
dates for the mapping parameter, among which an op-
erator can select a value freely. Iα is a value obtained by
multiplying the maximum value Imax by coefficient α that
the operator sets beforehand. The value of the coefficient
α can be decided freely by the operator, and when the
inflow starting time of the contrast agent is set as the
mapping parameter, an appropriate value for α may be
about 0.5 to 0.8 emprically. In order to calculate appro-
priate tα, as shown in Fig. 4B, the "inclination" of the TIC,
i.e., the peak of inflowing contrast agent has to be cap-
tured as the threshold brightness. In the drawing, as ex-
amples of inappropriate α, α=0.9 and α=0.2 are shown.
It can be understood that in both of the case, the TIC
reaches the threshold brightness at a position not relating
to the inflow of the contrast agent, resulting in the calcu-
lation of inappropriate tα. The following describes the
case of α=0.8.
[0026] When the TIC analysis unit 13 calculates a pa-
rameter, it is desirable to perform averaging about 3 to
5 frames of the TIC. This processing can remove the
influences of electrical noise included in the image data
from the TIC, thus enabling calculation of a more precise
parameter. At this time, the frequency of sampling of im-
age data (the number of pieces of image data per unit
time) is preferably maintained.
[0027] Next, based on the parameter calculated by the
TIC measurement unit 13, a difference of brightness ΔI
(=Iα-Ipre

max) is calculated for each pixel (Step 3). Factors

of fluctuations of TIC include the inflow of a contrast agent
and movement of a tissue. When the probe is fixed and
breathing is controlled by holding breath, for example,
presumably the brightness fluctuations due to the move-
ment of a tissue mainly result from fluctuations of speckle
due to heartbeats. Accordingly, ΔI obtained by subtract-
ing the maximum value Ipre

max of the brightness fluctua-
tions at the stage before injection of a contrast agent from
Iα is calculated as the difference of brightness. Further,
the magnitude of the value of ΔI reflects the amount of
blood flow, which becomes an effective index to judge
the types of vessels such as arteries, portal veins and
tumor vessels. The numeric values calculated by the TIC
analysis unit 13 and ΔI are stored in the memory 14.
[0028] Next, the first pixel selection unit 15 selectively
extracts a pixel at a contrast-enhanced region (Step 4).
The selected pixel meets the following two conditions.

Condition 1: Iα > Ipre
max; and

Condition 2: ΔI > Ipre
max-Imin.

[0029] The first pixel selection unit 15 leaves a pixel
that might be a contrast-enhanced region, and removes
a pixel that can be certainly determined as a non contrast-
enhanced region or a pixel that would become noise of
an inflow time map certainly. Condition 1 means that the
threshold brightness exceeds the maximum brightness
of the stage before injection of contrast agent. Since a
pixel not meeting this condition will show the same bright-
ness fluctuations as those at the stage before injection
of contrast agent even at the contrast-agent injection
stage, such a pixel is determined as a non contrast-en-
hanced region where the inflow of contrast agent is not
found. Conversely when this pixel is determined as a
contrast-enhanced region, an incorrect mapping param-
eter is more likely to be calculated as shown in Fig. 4B.
Condition 2 means that the difference of brightness
(Ipre

max-Imin) due to heartbeats and body movement is
smaller than the difference of brightness (ΔI) due to the
contrast agent. When Condition 1 does not hold, ΔI will
be negative and so Condition 2 will not hold. The following
describes a pixel that meets Condition 1 but does not
meet Condition 2. Image data used in the present em-
bodiment basically is an image where a signal from a
contrast agent is emphasized and a signal from a tissue
is suppressed. In addition to that, a pixel not meeting
Condition 2 is a pixel that does not have a contrast-en-
hanced effect or hardly has the effect. Since the pixel
meets Condition 1, the TIC of this pixel increases at the
stage of contrast-agent injection, but the factor thereof
can be considered as entering of a tissue component due
to body movement or the like and not the contrast agent,
and therefore such a pixel is determined as a non con-
trast-enhanced region.
[0030] A pixel that does not meet the above Conditions
1 and 2 is considered as a non contrast-enhanced region,
and the mapping parameter tα and ΔI are made 0. The
first pixel selection unit 15 has a relatively small effect of
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removing a non contrast-enhanced region. The first pixel
selection unit 15 removes a pixel that can be certainly
considered as a non contrast-enhanced region, and a
pixel where determination between a contrast-enhanced
region and a non contrast-enhanced region includes am-
biguity is extracted if possible so as not to lose necessary
information. A focused vessel is mainly extracted at a
later stage by the second pixel selection unit 17, and the
first pixel selection unit 15 acts in an auxiliary manner
therefor. This mechanism can improve the viewability of
the initial image of an inflow time map, and image adjust-
ment by the operator at Step 6 as a second pixel selection
processing can be facilitated. On the other hand, without
the function of the first pixel selection unit 15, the color
distribution of the initial image will be in disorder because
of a random number of tα that a pixel of a non contrast-
enhanced region has. Especially the viewability of small
vessels is degraded, and image adjustment by the sec-
ond pixel selection unit 17 becomes difficult, and addi-
tionally a vessel to be focused may be overlooked.
[0031] Subsequently at Step 5, as shown in Fig. 5, an
inflow time map 51 color-coded in different colors in ac-
cordance with the values of the mapping parameter tα
found for the pixels is displayed on a display screen 34
together with the image data 32. The value tα in this case
is a time when the brightness reaches the value Iα ob-
tained by, as stated above, multiplying the maximum val-
ue Imax by the coefficient α set beforehand. The reason
for using tα is because relative values corresponding to
the pixels for the starting time of a contrast agent at a
focused portion can be compared. Although the original
contrast agent starting time is tstart, as illustrated in Fig.
9, there are a plurality of times having the same bright-
ness value, and so it is difficult to decide when is the
starting time as tstart. On the other hand, the calculated
tα can be considered as one point at any pixel, thus en-
abling the comparison.
[0032] Referring back to Fig. 5, a pixel with tα=0 is not
colored. Based on the color distribution of an inflow time
map displayed, the inflow starting time of the contrast
agent at a focused tissue can be compared relatively. As
a result, the property of a dominant vessel at a target
lesion can be found, such as portal or asteriosity, from
which useful information for differential diagnosis can be
obtained.
[0033] At Step 6, mapping information such as a range
for mapping of an inflow time map, color-coding and ves-
sel extraction is adjusted. The inflow time map 51 is pro-
vided with a color bar of time 52 indicating a correspond-
ing relation between numeric values of time of the map-
ping parameter and colors, and the color bar of time is
represented with a relative time while setting the starting
time tpre of the processing as 0. When the positions of
the starting point and the ending point provided in the
color bar of time 52 are changed, as shown in Fig. 6, the
minimum value and the maximum value of the color bar
of time 52 are changed to the starting point and the ending
point. At the same time, the correspondence between

time and colors is changed as well. The changed result
is reflected in the color-coding of the corresponding each
pixel, thus updating the inflow time map 51. The value of
tα of a pixel beyond the setting range is made 0, and the
color thereof is removed from the inflow time map. Further
as shown in Fig. 6, a change of time to divide can change
the division of the color-coded time, and such a change
also can be reflected in the inflow time map as needed.
The starting point and the ending point can be set by
directly changing the numeric values displayed on the
display screen 34.
[0034] Selecting a measure 54 button provided on the
display screen 34 leads to display of a first ROI 55 on
the inflow time map 51, where an absolute inflow time
with reference to the starting point is displayed in a nu-
meric value. Selecting the measure button again leads
to display of a second ROI 56. In the second ROI 56, a
relative difference in inflow time from the first ROI 55 is
displayed in a numeric value. In order to indicate a relative
relation, an arrow is drawn from the first ROI 55 to the
second ROI 56. Selecting the arrow in the screen leads
to display of an absolute difference in flowing time with
reference to the starting point for the second ROI 56 as
well, and the arrow disappears. This measurement func-
tion enables quantitative evaluation on a relative differ-
ence in blood flow dynamics between two vessels.
[0035] As stated above, the time range and the color-
coding of the inflow time map are adjusted freely, where-
by a vessel in the time range focused by the operator
can be extracted precisely, and an image can be adjusted
to be in an easy observation form for displaying.
[0036] A change of the time range enables selection
of the range focused by the operator and adjustment of
the color-coding. Therefore, at this stage, a noise com-
ponent remains on the inflow time map, mainly including
the pixels of the non contrast-enhanced region that can-
not be removed at Step 4, and especially in the case of
a relatively thin vessel such as a tumor vessel, the vessel
may be buried in the noise. Since a contrast-enhanced
region and a non contrast-enhanced region are differen-
tiated effectively by using not time information but bright-
ness information, the differentiation is performed by an
image adjustment function based on ΔI.
[0037] As shown in Fig. 5, when the operator presses
a pixel selection 53 button provided on the display screen,
the second pixel selection unit and the image construc-
tion unit operate to display a histogram as shown in Fig.
7, the histogram having the horizontal axis representing
ΔI and the vertical axis representing the number of pixels.
The histogram does not include ΔI=0. Pixels not meeting
the conditions at the first pixel selection unit are made 0,
and the number of pixels here is more likely to be a very
larger value than the number of pixels of other values.
Further this value is not necessary to adjust the inflow
time map, the range of ΔI>0 is displayed so as to improve
the viewability of the histogram. On the histogram, an
arrow or a color-coded region indicating the range for
mapping or both of them are displayed. When the oper-
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ator designates the range for mapping of ΔI on the his-
togram, then the second pixel selection unit instantly
makes the mapping parameter of the pixels having ΔI
beyond the range 0, and removes the color from the in-
flow time map. Since ΔI of the pixels corresponding to
the non contrast-enhanced region is much smaller than
that at the contrast-enhanced region, removal of this
range from the range for mapping enables effective re-
moval of noise.
[0038] Since a thicker vessel tends to have a larger ΔI,
selective extraction depending on the vessel size is en-
abled.
[0039] As shown in Fig. 8, the range for mapping can
be designated by dividing the histogram into three parts,
for example, as in the drawing in accordance with the
values of ΔI and converting the same into the range bar
for displaying. The length of each section of the range
bar is decided by the ratio of the number of pixels included
in each divided range to the total number of pixels. In this
case also, the number of pixels with ΔI=0 is not included.
The axis of the range bar may directly display the mag-
nitude of ΔI, and further description of small vessels and
large vessels may be displayed for smaller ΔI and larger
ΔI, respectively, for easy understanding.
[0040] Further as shown in Fig. 8, a ΔI image that is
color-shaded or color-coded in accordance with the val-
ues of ΔI may be displayed together with the range bar
and the histogram for ΔI, thus enabling checking pixels
to be removed on the image as a result of the designation
of the range for mapping for more precise adjustment.
[0041] However, the case of removing a pixel to be left
or vice versa may occur. As a function to cope with this
problem, as shown in Fig. 8, the ΔI image is provided
with a removal button, an extraction button and a LPF
(Low-Pass Filter) button. For instance, when the operator
selects the extraction button and then selects a pixel or
a region that the operator wants to extract always, that
region can be always extracted irrespective of the range
for mapping. Conversely a pixel selected by the removal
button is always removed. When the operator selects the
LPF button, LPF is applied to the ΔI image. Since the
distribution of ΔI can be smoothed spatially, a certain
collective range of pixels can be extracted and removed
when the range for mapping is changed. When a pixel
to be removed always is canceled, the removal button
may be selected again to select the pixel, whereby the
cancellation is executed. The same goes for the removal
of an extracted pixel. For LPF, selecting the LPF button
again will cancel the LPF.
[0042] As described above, the ultrasonic diagnostic
device of the present embodiment includes: the probe 2
that transmits and receives ultrasonic signals to and from
the test object 1; the receiving beamformer unit 7 that
performs phasing and adding processing with respect to
the ultrasonic signals received by the probe 2; the image
detection unit 11 that accepts designation of information
containing a starting time when a contrast agent is ad-
ministered to the test object 1; the first pixel selection unit

15 that extracts, on the basis of the information on the
starting time, a contrast-enhanced part with the contrast
agent from image data based on the signal subjected to
phasing and adding; the second pixel selection unit 17
that further extracts image data on the basis of pixel in-
formation of image data extracted by the first pixel selec-
tion unit 15; the image construction unit 16 that generates
an inflow time map on the basis of image data extracted
by the second pixel selection unit 17; and the display 10
that displays the inflow time map. The device has a two-
stage pixel extraction function, and at the first stage, a
non contrast-enhanced region is automatically removed
under a loose condition, and at the second stage the
operator adjusts the image based on time and brightness.
Herein, as a previous step of the image adjustment based
on brightness, the image may be adjusted based on time,
whereby viewability of the image can be improved and
the image can be easily adjusted based on time.
[0043] At the first stage of image extraction under a
loose condition, noise is removed. When the condition
for noise removal is too tight, even signals for a smaller
vessel, for example, will be removed. Therefore, in the
present invention, a loose condition as specified at Step
4 is used.
[0044] The adjustment based on brightness informa-
tion (ΔI) mainly aims to remove a component other than
a focused tissue. This adjustment is different from the
removal processing of a non contrast-enhanced region
at the first stage in that the image can be adjusted while
visually observing the focused tissue and the removal
effect. An important point of the processing based on ΔI
resides in that the image is adjusted based on information
that is not imaged. For instance, in order to remove a
signal from a thick vessel and extract a thin vessel, ΔI
can be set as shown in Fig. 8.
[0045] In the adjustment based on time (tα), the fo-
cused time range is narrowed for better image viewability,
and further an increase in the number of colors for each
unit time enables distinction of fine differences in blood
flow dynamics with great color differences. This process-
ing is to adjust the image based on information that is
imaged, and inherently is for the focusing range and the
color-coding of focused blood flow dynamics.
[0046] The above describes for Step 6 that adjustment
based on brightness information follows adjustment
based on time information. Actually, however, the order
may be reversed, or these adjustment steps may be per-
formed alternately. Since these adjustment steps relate
to each other closely, balance between them is important
for precise extraction of information on a focused vessel.
[0047] With these steps, an inflow time map is con-
structed and is displayed on the display 10 (Step 7).
[0048] Images displayed on the display screen 34 may
include a contrast-enhanced image and an inflow time
map as well as an image obtained by making the inflow
time map transparent and superimposing the transparent
image onto the contrast-enhanced image.
[0049] The display screen 34 is provided with a setting-
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change button, and selecting this button leads to display
of initial settings of a time before injection of contrast
agent and various parameters in the order of the process-
ing steps of an inflow time map as shown in Fig. 9. A
diagram shown in Fig. 4A about a relation between TIC
and various parameters also is displayed thereon. Con-
trast-enhanced imaging time and the coefficient α of
threshold brightness can be changed by directly chang-
ing corresponding numerals on the display screen. A
changing result will be reflected instantly in the relation
diagram of TIC. ΔI and a condition expression for pixel
selection can be changed by selecting the expression
and directly inputting using a keyboard attached to the
ultrasonic diagnostic device. Alternatively, after selecting
a parameter to be changed on the expression, the pa-
rameter may be dragged to a parameter after change,
whereby the parameter can be changed. The mapping
parameter is indicated with a circle on the TIC. The map-
ping parameter can be changed by directly inputting us-
ing a keyboard or by dragging the circle on the TIC to a
new parameter to be set as the mapping parameter. Drag
of the parameter may be implemented by a return button
or trackball generally attached to an ultrasonic diagnostic
device or a device having an alternative function therefor.
When the device is equipped with a touch panel, the drag
may be implemented by touching on the screen with a
finger.
[0050] On the screen of setting change, ON/OFF for
initial value subtraction can be further selected. In this
processing, an initial value is subtracted from all values
of TIC for the pixels to make the initial value of TIC 0
when various parameters are calculated by the TIC anal-
ysis unit 13. Advantages of this processing are described
below. A pixel with a high brightness value at the stage
before injection of contrast agent has a high Imax value,
and therefore Iα obtained by multiplying this by the coef-
ficient will reduce the value of Imax greatly. On the other
hand, the processing of subtracting the initial value from
TIC, the value of Imax is reduced, and so even in the case
of multiplication by the same coefficient, the degree of
reduction of Iα with reference to Imax becomes smaller.
Therefore, ON setting of the initial value subtraction
makes it easier to meet Condition 1 of the first pixel se-
lection unit 15. This effect lies in positive extraction of
pixels at a contrast-enhanced region where a tissue com-
ponent mainly remains strongly. In the present embodi-
ment, in order to selectively extract a vessel region pref-
erentially, and since the inside of a vessel is basically
drawn with low brightness on the ultrasonic image, the
initial setting is set OFF.
[0051] Since various parameters are stored in the
memory 14, concurrently with setting change, the image
is updated. However, in the case of change of the coef-
ficient α, since the mapping parameter tα has to be cal-
culated again based on TIC, the TIC analysis unit 13
calculates the parameter again. Alternatively, mapping
parameters corresponding to specific coefficients (e.g.,
α=0.5, 0.6, 0,7 and 0.8) may be calculated beforehand

and be stored in the memory 14, whereby recalculation
by the TIC analysis unit can be avoided. When the
processing range is changed, recalculation by the TIC
analysis unit 13 is required in a similar manner.
[0052] The following describes a function to compare
the constructed inflow time map with a past inflow time
map. Since this function is useful for determination on
the effect of therapy targeting at a vessel, the following
describes an example of comparison between inflow time
maps before and after therapy.
[0053] Selecting an image reading 100 button provided
on the display screen 34 leads to display of an inflow time
map 101 in the past stored in a HDD provided in the
ultrasonic diagnostic device on the display screen (Fig.
10). Assume that the inflow time map shown here de-
scribes the inflow starting time of a contrast agent, for
example. Since the inflow time maps before and after
therapy are differently adjusted in time range and bright-
ness range based on ΔI, a color bar of time 105 and a
range bar of brightness 104 are displayed together. In
this drawing, the inflow time map 101 before therapy is
an inflow time map in the past and an inflow time map
after therapy is the inflow time map 51 already displayed.
[0054] Selecting a base setting 107 button displayed
on the display screen 34 leads to display of base ROIs
on the inflow time maps before and after therapy, the
base ROIs serving as a reference of the inflow time map
101 before therapy and the inflow time map 51 after ther-
apy (base ROI 102 before injection and base ROI 103
after injection). Concurrently, positions of the average
time of the regions (base regions) designated by the base
ROIs are indicated with arrows at the color bar of time
105 and the color bar of time 52.
[0055] Next, a ROI is set at a position of a normal ves-
sel, for example, that is not affected by the therapy. De-
sirably the same vessel can be selected from the inflow
time maps before and after therapy. But when such a
selection is difficult, a vessel close to the focused region
in position may be selected. Since the inflow starting time
of each vessel can be distinguished easily based on dif-
ferences in color of the inflow time map, the base ROI
102 and the base ROI 103 can be set using not only the
spatial positional relation of vessels but also similarity of
blood flow dynamics.
[0056] Next, selecting the base setting 107 button
again leads to calculation of a relative time difference
(toffset) in time range between the inflow time maps before
and after therapy based on the colors of the base regions,
i.e., a difference in the inflow starting time, so that a cor-
respondence relation between the inflow time map before
therapy and the color is adjusted so as to match the inflow
time map after therapy. For instance, as shown in Fig.
11, when there is a time difference of toffset=tpost-tpre in
time at the base region between before and after therapy,
toffset is added to the mapping parameter for all pixels of
the inflow time map before therapy, so that a new map-
ping parameter (Tstart=tstart+toffset, Tpre=tpre+toffset) is
reconfigured. This optimization processing makes the
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color-coding of the base regions, i.e., the colors of tpost
and Tpre before and after therapy agree with each other,
whereby blood flow dynamics at a lesion can be com-
pared easily with a difference in color. A result of the color
adjustment of the inflow time map before therapy is in-
stantly reflected in the inflow time map. Accordingly, the
operator can reconfigure the base region at an optimum
position while checking the adjustment result on the
screen. Herein, time beyond the color bar as a result of
the optimization will be colorless on the inflow time map.
[0057] In a similar manner to the time range, the bright-
ness range is optimized. The images before and after
therapy may be displayed so that a contrast-enhanced
image is superimposed with a semi-transparent inflow
time map.
[0058] In the above description of embodiments, im-
age data from the scan convertor 9 is used for analysis.
Instead, RAW data output from the receiving beamformer
unit 7 may be used for analysis. Image data of the present
embodiment covers not only the image data from the
scan convertor 9 but also the RAW data.
[0059] As shown in Fig. 12, in addition to image data
from the scan convertor 9, RAW data from the receiving
beamformer unit 7 is stored in the image memory 12. In
the flowchart of Fig. 2, selection of image data (Step 1)
may be implemented using the image data, and the fol-
lowing numerical analysis (Step 2 to Step 6) may be im-
plemented using the RAW data. The RAW data directly
reflects information inside the living body, and is a signal
with a deeper bit-number than the image data in general.
Accordingly, compared with the case of using image da-
ta, numerical analysis of higher sensitivity and higher pre-
cision is enabled, thus making a difference in mapping
parameter for each part remarkable or facilitating distinc-
tion between vessels with slightly different ΔI values.

Reference Signs List
1 Object

2 Probe
3 D/A convertor
4 Transmitting beamformer unit
5 TGC
6 A/D convertor
7 Receiving beamformer unit

8 Envelope detector
9 Scan convertor
10 Display
11 Image detection unit
12 Image memory
13 TIC analysis unit

14 Memory
15 First pixel selection unit
16 Image construction unit
17 Second pixel selection unit
31 Start button

Claims

1. An ultrasonic diagnostic device, comprising:

a probe that transmits and receives ultrasonic
signals to and from a test object;
a receiving beamformer unit that performs phas-
ing and adding processing with respect to ultra-
sonic signals received by the probe;
an image detection unit that accepts designation
of information containing a starting time when a
contrast agent is administered to the test object;
a first pixel selection unit that extracts, on a basis
of the information on the starting time, a con-
trast-enhanced part with the contrast agent from
image data based on a signal subjected to phas-
ing and adding;
a second pixel selection unit that further extracts
image data on a basis of pixel information of
image data extracted by the first pixel selection
unit;
an image construction unit that generates an in-
flow time map on a basis of image data extracted
by the second pixel selection unit; and
a display that displays the inflow time map.

2. The ultrasonic diagnostic device, wherein the sec-
ond pixel selection unit further extracts an image on
a basis of information calculated based on the start-
ing time.

(continued)
32 Image data
33 Range bar of time
34 Display screen
51 Inflow time map

52 Color bar of time
53 Pixel selection button
54 Measure button
55 First ROI
56 Second ROI
80 ΔI image

81 Extraction button
82 Removal button
83 LPF button
100 Image reading button
101 Inflow time map before therapy
102 Base ROI before therapy

103 Base ROI after therapy
104 Color bar of brightness before therapy
105 Color bar of time before therapy
106 Color bar of brightness after therapy
107 Base setting button
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3. The ultrasonic diagnostic device according to claim
1, having a function of displaying, in addition to the
inflow time map constructed by the image construc-
tion unit, a numeric value of a mapping parameter
at a region designated by a first ROI on the display
as well as a numeric value of a mapping parameter
or a relative value with reference to the first ROI nu-
meric value at a region designated by a second ROI
on the display.

4. The ultrasonic diagnostic device according to claim
1, wherein
the image detection unit starts to extract from image
data at a predetermined time (tstart-tpre) ahead of the
starting time (tstart-tend) based on accepted designa-
tion.

5. The ultrasonic diagnostic device according to claim
2, further comprising a TIC analysis unit that calcu-
lates a numeric value required to construct the inflow
time map for each pixel,
wherein
the TIC analysis unit includes an analysis unit that
calculates, as a difference of brightness due to the
contrast agent, a difference of brightness ΔI obtained
by subtracting a maximum value Ipre

max in an range
before injection of the contrast agent from a thresh-
old brightness Iα,
the first pixel selection unit selects a pixel on a basis
of the calculated difference of brightness AI; and
the second pixel selection unit extracts a focused
pixel on a basis of time information calculated based
on the difference of brightness ΔI.

6. The ultrasonic diagnostic device according to claim
5, wherein the image construction unit generates a
color bar of time where colors vary with a change in
time of the time information and an inflow time map
where the image data extracted for each pixel is
colored with colors specified by the color bar.

7. The ultrasonic diagnostic device according to claim
6, wherein the second pixel selection unit can
change a time width of colors changing in the color
bar of time.

8. The ultrasonic diagnostic device according to claim
5, wherein
the second pixel selection unit selects a pixel to be
displayed on a basis of a histogram representing a
relation between the difference of brightness ΔI and
pixels, accepts a range for mapping to be displayed
on the histogram, changes parameters of pixels be-
yond the accepted range 0 and reflects the change
in the inflow time map.

9. The ultrasonic diagnostic device according to claim
6, wherein

the color bar of time used by the second pixel selec-
tion unit is displayed on a display screen so as to
allow an operator to designate a starting point and
a ending point, whereby parameters of pixels beyond
the range are made 0 and new color arrangement is
set having an upper limit and a lower limit of the color
bar of time at the starting point and the ending point,
respectively, and the setting is instantly reflected in
the inflow time map.

10. The ultrasonic diagnostic device according to claim
5, wherein
the second pixel selection unit selects a pixel to be
displayed on a basis of a color bar of brightness
where color changes with magnitude of brightness,
the color bar of brightness corresponding to a histo-
gram representing a relation between the difference
of brightness ΔI and pixels,
in the color bar of brightness, the number of dividing
the color bar of brightness and a width of each divid-
ed section are adjusted in accordance with the
number of dividing the histogram into equal parts
and a total number of pixels in each equally-divided
range, and
the color bar of brightness is displayed including in-
formation on a thickness or a type of a vessel in ad-
dition to magnitude of ΔI.

11. The ultrasonic diagnostic device according to claim
1, wherein a function of setting change provided on
a display screen allows an operator to freely change
a time width (tstart-tpre) used by the image detection
unit, a parameter calculated by the TIC measure-
ment unit and a conditional expression set at the first
pixel selection unit.

12. The ultrasonic diagnostic device according to claim
1, wherein the display compares an inflow time map
constructed and an inflow time map constructed in
the past while providing base ROIs on the two inflow
time maps to be compared so as to quantitatively
compare a relation between colors and time for each
ROI, and the ultrasonic diagnostic device further in-
cludes an interpolation function of making the base
ROIs agree with each other in a mapping parameter
and color-coding.

13. The ultrasonic diagnostic device according to claim
1, wherein the image data includes RAW data output
from the receiving beamformer.

14. An ultrasonic image display method, comprising the
steps of:

transmitting and receiving ultrasonic signals be-
tween a test object and an ultrasonic probe;
making a receiving beamformer unit perform
phasing and adding processing with respect to
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ultrasonic signals received by the ultrasonic
probe;
making an image detection unit accept designa-
tion of information containing a starting time
when a contrast agent is administered to the test
object;
making a first pixel selection unit extract, on a
basis of the information on the starting time, a
contrast-enhanced part with the contrast agent
from image data based on a signal subjected to
phasing and adding;
making a second pixel selection unit further ex-
tract image data on a basis of pixel information
of image data extracted by the first pixel selec-
tion unit;
making an image construction unit generate an
inflow time map on a basis of image data ex-
tracted by the second pixel selection unit; and
making a display display the inflow time map.
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