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Description

[0001] The presentinvention relates to ultrasonic diagnostic equipments wherein, in a mode where ultrasounds which
are based on a low acoustic pressure that does not burst the bubbles of a contrast medium are transmitted when the
contrast medium is given and where the intensity changes of the ultrasounds are observed, the bubbles are broken by
transmitting a high acoustic pressure capable of bursting the bubbles in a moment, an index about blood flow information
is estimated on the basis of the data of an echo signal group before and after the breaking of the bubbles, and the
estimated information is offered to an observer.

[0002] In an ultrasound contrast examination, a contrast medium which is made of shellless micro bubbles or shelled
ones formed of sugar or fat is used, and a blood flow movement is observed by utilizing the enhancement of echo signals
based on the contrast medium, thereby to diagnose the function of an internal organ, to differentially diagnose a tumor
or to diagnose the degree of progression of the tumor, or to follow up a therapeutic effect. Contrast media which are
currently permitted to be injected into blood from veins for the purpose of ultrasonic diagnoses, within the State of Japan,
are of the property of generating intense signals when the contrast media are caused to decay and disappear by
ultrasound projection. The contrast medium of this property can produce a greater contrasting effect by positively breaking
bubbles. However, each time the bubbles are broken for imaging, the contrasting effect is shortened. It is therefore
impossible to observe intensity changes repeatedly with one time of contrast medium injection. The contrast medium
must be sometimes injected anew, depending upon the contents of the diagnosis. When the quantity of injection increases
in this manner, a patient is forced to bear a physical burden and an economical burden correspondingly.

[0003] Meanwhile, in recent years, bubbles which generate intense nonlinear signals without being broken by low-
acoustic-pressure ultrasounds have been developed as ultrasound contrast media of next generation (hereinbelow, also
termed "next-generation contrast media"). The next-generation contrast medium presents the enhancement of the signals
under a low acoustic pressure without causing the bubbles to decay and disappear as in the conventional contrast
medium, so that it permits a region of interest to be repeatedly diagnosed. Incidentally, at present, the next-generation
contrast media are at the stage of clinical drug trials within the State of Japan. In contrast, they have already been
authorized and employed at clinical sites in some oversea regions.

[0004] Most suited as an imaging method which employs the bubbles of such a next-generation contrast medium is
a technique which does not directly apply the conventional method of causing the bubbles to decay by transmitting
ultrasounds under the high acoustic pressure, but which transmits the ultrasounds under a low acoustic pressure that
does not cause the bubbles to decay, and which utilizes the reflected waves of the transmitted ultrasounds. The man-
ufacturers of ultrasonic diagnostic equipments have developed equipments capable of coping with the next-generation
contrast media, and have already put these equipments into the market.

[0005] On the other hand, as an imaging technique employing the ultrasound contrast medium has been established
in recent years, it has been vigorously attempted to offer, not only an image requiring a subjective judgment for a
diagnosis, but also objective quantitative information. The "objective quantitative information" is, for example, that quan-
titative information on a blood flow which is obtained from the changes of signal enhancement versus time as are based
on the contrast medium. Owing to such quantitative information, it is possible to make the diagnosis of the function of
an internal organ or the differential diagnosis of a tumor and the diagnosis of the degree of progression of the tumor
more objectively.

[0006] When the quantitative information is to be acquired using the conventional ultrasound contrast medium (which
is not of the next generation), high-acoustic-pressure ultrasounds (ultrasounds for imaging) need to be projected a
plurality of times with transmission intervals changed. Ultrasound scans are performed many times at the different
transmission intervals in this manner, for the following reason: as already stated, the micro bubbles forming the conven-
tional ultrasound contrast medium are caused to decay and disappear by the projection of the high-acoustic-pressure
ultrasounds for imaging, and the bubbles (the contrast medium) within a scanning plane are broken by each time of
transmission. In order to collect data corresponding to various elapsed times, therefore, ultrasound transmission oper-
ations in which the respective time periods are individually caused to lapse are required. In a case, for example, where
the data of a TIC (Time Intensity Curve) till 20 [seconds] are sampled and collected at time intervals of one [second], a
time periodof 1 +2+ 3+ ... + 18 + 19 + 20 = 210 [seconds] is expended.

[0007] FIG. 11Ais adiagram showing a scan sequence example in the case where high-acoustic-pressure ultrasounds
are projected with transmission intervals changed. Echo signals obtained by ultrasound transmission conforming to the
sequence are plotted in correspondence with the respective time intervals as shown in FIG. 11B. A function thus found
becomes a curve (time intensity curve) indicative of a state where a contrast medium is accumulated with the lapse of
time. A doctor, et al. can obtain objective quantitative information on the basis of the curve.

[0008] However, problems as stated below by way of example are involved in acquiring the objective quantitative
information with the ultrasound contrast medium.

[0009] In the first place, operator such as a doctor must continue to hold an identical section during the intermittent
transmission with the time intervals changed. This is difficult due to the motions of internal organs in a photographing
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mode, and from a technical viewpoint.

[0010] Secondly, breath holding for a long time period (which is generally said to be about 10 - 15 seconds though
opinions differ depending upon doctors and technicians) must be required of a patient in order to suppress the organic
motions in, for example, the abdominal region. This becomes a heavy burden particularly on the elderly, patients of low
physical strengths, and others.

[0011] Thirdly, in a case where the section of data acquired at the different time intervals has shifted due to a two-
dimensional or three-dimensional movement, the reliability of the quantitative information lowers.

[0012] Incidentally, as disclosed in, for example, JP-A-2003-61959, a photographing time period in such problems
involved in the acquisition of the quantitative information can be shortened to a certain degree by contriving the scan
sequence of the high-acoustic-pressure ultrasounds. From the viewpoint of lightening the burdens on the photographer
and the person to-be-photographed, however, it is desired to shorten the photographing time period still further.
[0013] The present invention has been made in view of the above circumstances, and has for its object to provide
ultrasonic diagnostic equipments which are capable of ultrasound scans by techniques adapted to satisfactorily exploit
the characteristics of next-generation contrast media, whereby burdens on a photographer and a person to-be-photo-
graphed in a photographing mode can be lightened.

[0014] WO 98/47533 A discloses an HDI scanner in which a first, high energy, pulse modifies contrast agent in a
region, and then further pulses are used to detect the flow of unmodified contrast agent and blood into that region.
[0015] EP-A-1314398 discloses another ultrasonic scanner in which a scan sequence gradually switches the ultra-
sound pressure from high to low after monitoring transmission.

[0016] According to the present invention, there is provided ultrasonic diagnostic equipment as defined in Claim 1.
[0017] This summary of the invention does not necessarily describe all necessary features so that the invention may
also be a sub-combination of these described features.

[0018] The invention can be more fully understood from the following detailed description when taken in conjunction
with the accompanying drawings, in which:

FIG. 1 shows a block arrangement diagram of an ultrasonic diagnostic equipment embodying the present invention;
FIG. 2is aflow chart showing the processing steps of a TIC analysis which the ultrasonic diagnostic equipment makes;
FIG. 3 is a diagram schematically showing the flow of scans since the push of a sequence start switch;

FIG. 4 is a diagram showing a TIC obtained by the TIC analysis process;

FIG. 5 shows an enlarged diagram corresponding to the time period t; - t; of the TIC shown in FIG. 4;

FIG. 6 is a diagram exemplifying a mean transit time and a designated-signal-intensity arrival time which are obtained
by the TIC analysis process;

FIG. 7 is a diagram for explaining an example of a display method for blood flow information obtained by the TIC
analysis process;

FIG. 8 is a diagram for explaining another example of the display method for the blood flow information obtained by
the TIC analysis process;

FIG. 9 is a diagram for explaining still another example of the display method for the blood flow information obtained
by the TIC analysis process;

FIG. 10 is a diagram showing in-vivo information MTB (Mean Transit Beat) which can be analyzed by utilizing
information obtained by the TIC analysis; and

FIG. 11A is a diagram showing a scan sequence example in the case where high-acoustic-pressure ultrasounds
are projected with transmission intervals changed, while FIG. 11B is a diagram showing a time intensity curve which
has been depicted by plotting echo signals obtained by ultrasound transmission conforming to the sequence in FIG.
11A.

[0019] Now, the first and second embodiments of the present invention will be described with reference to the drawing.
By the way, in the ensuing description, identical signs will be assigned to constituents having substantially the same
functions and configurations, and the constituents shall be repeatedly described only in necessary cases.

[0020] Incidentally, the embodiments shall exemplify cases of using a contrast medium of next-generation type. Be-
sides, the "contrast medium of the next-generation type" shall signify a "contrast medium which can attain a satisfactory
signal enhancement effect even when contrast medium bubbles are not broken, in an ultrasonic diagnosis", while a
"contrast medium of conventional type" shall signify a "contrast medium which cannot attain a satisfactory signal en-
hancement effect unless contrast medium bubbles are broken, in an ultrasonic diagnosis". Mentioned as a typical example
of the next-generation contrast medium is a contrast medium formed of bubbles whose shells are made of fat or a
surfactant and in which the air or fluorocarbon being an inert gas is contained in the shells.
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(First Embodiment)

[0021] The configuration of an ultrasonic diagnostic equipment according to the first embodiment will be described
with reference to FIG. 1. The figure shows a block arrangement diagram of the ultrasonic diagnostic equipment. As
shown in FIG. 1, the ultrasonic diagnostic equipment is configured of an electrocardiograph (ECG: ElectroCardioGraph)
1, an ultrasonic probe 4, the equipment proper 22, an operation panel 15, and an input device 35. The constituents of
the equipment will be explained below.

[0022] The electrocardiograph (ECG) 1 measures a graph in which a temporal variation in the electric phenomenon
of the heart of a patient P is recorded, that is, an electrocardiogram. An electrocardiac waveform signal detected by the
electrocardiograph 1 is sent to a reference data memory 3 through an amplifier 2. If necessary, the signal is sent to a
display unit 21 through a memory composition unit 11 so as to be displayed as an electrocardiac waveform.

[0023] The ultrasonic probe 4 has a plurality of piezoelectric vibrators which are acoustic/electric reversible transducers
made of piezoelectric ceramics or the like. The plurality of piezoelectric vibrators are arrayed, and are disposed at the
distal end of the probe 4.

[0024] The operation panel 15 is connected to the equipment proper 22, and it is furnished with the input device 35
(including a mouse 13, a track ball 14, switches 16 and a keyboard 17) for accepting various directions, instructions and
information from an operator into the equipment proper 22, and for performing the settings of a region of interest (ROI),
etc. Incidentally, the switches 16 of the input device 35 include a mode changing switch, an image quality adjusting
switch, an image saving switch and a measurement start switch, and besides, a switch for starting a quantitative infor-
mation analysis (TIC analysis) as will be stated later. The photographer operates the switches at suitable timings, whereby
he/she can automatically execute a series of operations conforming to a sequence for the TIC analysis; scan, data
saving, the analysis (estimation) of a blood flow index, and the display of an analytical result.

[0025] With a control circuit (CPU) 20 as the control center of the whole system, the equipment proper 22 includes
the amplifier 2, a B-mode unit 30, an ultrasound reception unit 5, an ultrasound transmission unit 6, a receiver unit 7, a
B-mode digital scan converter (DSC) unit 8, a color flow mapping (CFM) unit 9, a CFM-mode DSC unit 10, the memory
composition unit 11, a frame memory 12, a timing signal generator 18, a trigger signal generator 19, the display unit 21,
a blood-flow-index estimation unit 25, and a storage unit 27.

[0026] The ultrasound transmission unit 6 and the ultrasound reception unit 5 are connected to the ultrasonic probe 4.
[0027] The ultrasoundtransmission unit6includes a pulse generator 6A, atransmission delay circuit6B and a pulser 6C.
[0028] The pulse generator 6A recurrently generates rate pulses at a rate frequency fr Hz of, for example, 5 kHz
(period; 1/fr second). The rate pulses are distributed in the number of channels, and are sent to the transmission delay
circuit 6B. The transmission delay circuit 6B focuses ultrasounds into the shape of beams, and gives the individual rate
pulses delay times which are necessary for determining a transmission directivity. Incidentally, a trigger pulse from the
trigger signal generator 19 is fed as a timing signal to the transmission delay circuit 6B through the timing signal generator
18. The pulser 6C impresses a voltage pulse on the probe 4 every channel at a timing at which the rate pulses have
been delivered from the transmission delay circuit 6B. Thus, the ultrasound beams are transmitted to the patient P.
[0029] Reflected waves which have been reflected from the discontinuity plane of an acoustic impedance within the
patient P, are received by the probe 4. Echo signals which are outputted from the probe 4 every channel, are accepted
into the ultrasound reception unit 5.

[0030] The ultrasound reception unit 5 includes a preamplifier 5A, an A/D converter 5B, a reception delay circuit 5C
and an adder 5D. The preamplifier 5A amplifies the echo signals accepted into the ultrasound reception unit 5 through
the probe 4, every channel. Delay times necessary for determining a reception directivity are given to the amplified echo
signals by the reception delay circuit 5C, and the resulting echo signals are added up by the adder 5D. Owing to the
addition, a reflection component from a direction corresponding to the reception directivity of the echo signals is empha-
sized. The overall directivity of the ultrasound transmission and reception is determined by the reception directivity and
the transmission directivity. The overall directivity is usually called "scan lines".

[0031] The receiver unit 7 subjects the echo signals delivered from the ultrasound reception unit 5, to phase detection
by a phase detection circuit 7A, so as to extract signals of desired frequency band by an echo filter 7B. The extracted
data are sent from the receiver unit 7 to the B-mode unit 30 and the color flow mapping unit 9.

[0032] The B-mode unit 30 is constituted by an envelope detection circuit 30A and a logarithmic converter 30B. The
envelope detection circuit 30A detects the envelope of the output signals delivered from the echo filter 7B. The data
thus detected is called "B-mode detection data". The logarithmic converter 30B subjects the B-mode detection data to
a compression process based on logarithmic conversion. Incidentally, while the signals after the envelope detection and
before the logarithmic conversion are called the "B-mode detection data" as stated above, data after the envelope
detection and after the logarithmic conversion are sometimes called "B-mode raster data".

[0033] The color flow mapping unit 9 is constituted by a phase detection circuit, an analog-to-digital converter, an MTI
filter, an autocorrelator and an arithmetic unit though not shown. This color flow mapping unit 9 extracts blood flow
components based on the Doppler effect, and obtains blood flow information items, such as a mean velocity, a variance
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and power, at multiple points. The blood flow information items are sent to the display unit 21 through the CFM-mode
DSC unit 10 as well as the memory composition unit 11, and are color-displayed as a mean velocity image, a variance
image, a power image, and an image in which these images are combined.

[0034] The frame memory 12 stores the data of echo signal groups at individual processing stages (for example, RF
data obtained after phasing addition, IQ data obtained after phase detection, B-mode detection data, B-mode raster
data, and B-mode orthogonal transformation data obtained through orthogonal coordinate transformation by the B-mode
DSC unit 8) every frame therein. The data can be read out of the frame memory 12 at any desired timing.

[0035] The control circuit 20 performs controls concerning the operation of the ultrasonic diagnostic equipment, es-
pecially a control concerning an ultrasonic image diagnosis based on intermittent transmission as will be stated later,
as the control center of the whole system.

[0036] The blood-flow-index estimation unit 25 arithmetically estimates (or analyzes) an index about blood flow infor-
mation, on the basis of echo signals obtained by ultrasound scans. Here, the "index about blood flow information" is the
gradient (or rate) of the rise of intensity signals based on a TIC (Time Intensity Curve), a maximum-intensity arrival time,
an MTT (Mean Transit Time), or the like.

[0037] The estimation of the index about blood flow information in the blood-flow-index estimation unit 25 proceeds
as stated below. The blood-flow-index estimation unit 25 invokes a predetermined echo signal group stored in the frame
memory 12, and calculates a mean value or the like representative value within an estimation area, on the basis of the
intensities of echo signals at individual sample points. The representative value is the intensity (echo signal intensity)
mean value, a maximum intensity value, a minimum intensity value, a most frequent intensity value, an intensity median,
or any other statistical representative value concerning the intensities. By the way, in case of utilizing the signal group
of the B-mode raster data, the B-mode orthogonal transformation data or the like subjected to the logarithmic conversion
beforehand, a logarithmic inverse conversion process needs to be executed for restoring the data to the linear data,
before calculating the representative value.

[0038] In accordance with a scan sequence to be stated later, an echo signal group before bubbles are broken by
high-acoustic-pressure transmission is obtained as the maximum value by the above calculation. The blood-flow-index
estimation unit 25 obtains the TIC by estimating a straight line or a curve in such a way that the rate of change of signal
intensities versus time is fitted by a straight line approximation or a curve approximation on the basis of that change of
the signal intensities between frames which has been found using the maximum value and an echo signal group obtained
by low-acoustic-pressure transmission subsequent to the high-acoustic-pressure transmission. Besides, the blood-flow-
index estimation unit 25 makes an analysis utilizing the TIC, thereby to calculate the index about blood flow information.
The calculated index about blood flow information is stored in the frame memory 12 again. Incidentally, the scan sequence
for obtaining the TIC is so constructed that scans by the low-acoustic-pressure transmission are performed a plurality
oftimes in order to obtain index values at different times, and that the high-acoustic-pressure transmission is not performed
during the scans by the low-acoustic-pressure transmission.

[0039] The B-mode digital scan converter (DSC) unit 8 and the CFM-mode digital scan converter (DSC) unit 10 convert
the scan-line signal train of the ultrasound scans as inputted from the B-mode unit 30, into the data of an orthogonal
coordinate system as based on spatial information. Video format conversion is performed in sending data from the
memory composition unit 11 to the display unit 21.

[0040] The memory composition unit 11 composites character information items of various setting parameters, grad-
uations, a guidance image to be stated later, or the likes into one frame, and executes a process for converting the frame
into the scan-line signal train of a general video format represented by television, so as to output a video signal to the
display unit 21. Besides, in an TIC analysis process to be stated later, the memory composition unit 11 accepts the index
about blood flow information from the frame memory 12 and composites the index with a background B-mode image in
compliance with the request of the photographer or the like, so as to display the resulting image in a predetermined form.
[0041] The display unit 21 displays morphological information within the living body and the blood flow information as
an image. Besides, in the case of employing the contrast medium, the display unit 21 displays the spatial distribution of
the contrast medium, that is, a region where a blood flow or blood exists, as an intensity image or a color image on the
basis of a quantitative information content obtained. The frame memory 12 is included for storing the digital data output
of the memory composition unit 11 therein.

[0042] The storage unit 27 is storage means in which an acoustic field V indicating the magnitude of a space for an
acoustic pressure capable of causing micro bubbles to decay and disappear is stored every depth D. Incidentally, the
values of the acoustic field V are determined by previous measurements or simulations in which the parameters of
ultrasounds projected from the probe 4, such as a frequency, a focusing point and an Ml value, are controlled. The
storage unit 27 may be in any form which can save and offer electronic data, such as a hard disk, FD, CD or MD.

(Quantitative information analyses)

[0043] Next, a series of quantitative information analyses which the ultrasonic diagnostic equipment makes will be
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described. Incidentally, a case of making a TIC analysis as the quantitative information analysis will be exemplified in
this embodiment. Herein, a TIC analysis process is executed by the blood-flow-index estimation unit 25 on the basis of
the control of the CPU 20. By the way, the quantitative information analysis may well be executed in an image processing
apparatus which is incarnated by a workstation or a personal computer.

[0044] FIG. 2is aflow chart showing the processing steps of the TIC analysis which the ultrasonic diagnostic equipment
makes. Referring to FIG. 2, the injection of a (next-generation) contrast medium into the patient P is first started (step
S1) . The contrast medium is injected from a vein into blood continuously and slowly every predetermined amount.
[0045] Subsequently, while observing an ultrasound image which has been photographed in a scan mode based on
ultrasounds under a low acoustic pressure or a medium acoustic pressure that does not break the contrast medium, the
photographer confirms that an object to-be-diagnosed (such as internal organ) has been sufficiently filled with the bubbles
of the contrast medium. Then, the photographer determines a section being a subject for the TIC analysis process and
holds (or fixes) a probe at the section. Further, the photographer requests the patient P to hold his/her breath and
confirms that the motions of the object to-be-diagnosed have been suppressed. Thereafter, the photographer pushes
the start switch for starting regular photographing and the TIC analysis process (a time at which the switch was pushed
will be denoted by t, below), thereby to start a scan sequence (step S2).

[0046] When the start switch has been pushed, the photographing based on the contrast echo method is executed
(step S3). Since the next-generation contrast medium is used, scans conforming to a conventional sequence are not
appropriate for the photographing. In the ultrasonic diagnostic equipment, scans are executed on the basis of a sequence
as shown in FIG. 3 by way of example, in order to exploit the characteristics of the next-generation contrast medium to
the utmost.

[0047] FIG. 3 is a diagram schematically showing the flow of scans since the push of the sequence start switch. As
shown in the figure, the scans proceed in accordance with the following steps (1) through (3):

(1) In atime period from the time to to a preset time t;, scan is executed by ultrasounds under a low acoustic pressure
or a medium acoustic pressure which does not break the contrast medium. Owing to the scan for the time period,
echo signals in the case where the quantity of the contrast medium in the object to-be-diagnosed has reached a
saturation value (maximum value) are collected. The intensities of the echo signals (harmonic components) obtained
in the time period become a maximum value.

(2) In a time period from the time t; to a time t,, scan (replenish scan) is executed by ultrasounds under a high
acoustic pressure for the purpose of causing the contrast medium within the section to disappear and decay and
refreshing the section. Incidentally, the ultrasound scan in the time period should preferably be performed for at
least one frame under a sufficiently high acoustic pressure in order to completely annihilate and break the contrast
medium within the section.

(3) In a time period from the time t, to a preset time t3, scan by ultrasounds under a low acoustic pressure or a
medium acoustic pressure which does not break the contrast medium is executed from a state (at the time t,) where
the contrast medium within the section has been annihilated substantially completely. Owing to the scan in the time
period, echo signals which are reflective of the quantity of the contrast medium flowing into the object to-be-diagnosed
with the lapse of time are collected. Incidentally, the echo signals which are collected in the time period are, in
general, proportional to the quantity of the inflow contrast medium.

[0048] Subsequently, a region which is desired to be estimated by the TIC measurement (hereinbelow, termed "esti-
mation area") is designated for an ultrasound image displayed on the display unit 21 (step S4). The designation is done
by an input from the mouse 13, the track ball 14 or the like of the operation panel 15.

[0049] Subsequently, the blood-flow-index estimation unit 25 calculates signal intensities (intensity values) in individual
phases, on the basis of the echo signals collected in the time period t; - t; and the time period t, - t; at respective sample
points on scan lines within the estimation area, and it plots the signal intensities on a coordinate plane in which the axis
of ordinates represents the signal intensity, while the axis of abscissas represents a transmission time. Thus, the esti-
mation unit 25 estimates a TIC shown in FIG. 4 by way of example and a gradient tan y at the time t, as similarly shown
in FIG. 5 (step S5). Arecursive operation such as the method of least square can be used as a technique for the estimation.
[0050] Incidentally, FIG. 4 shows the TIC obtained by the analysis process, while FIG. 5 shows an enlarged diagram
corresponding to the time period t, - t5 of the TIC shown in FIG. 4. In FIGS. 4 and 5, time periods and signs signify the
following contents:

to - t1 : Echo signal group for acquiring and calculating the maximum value

ty - t,: Replenish

t, - t5: Signal group for calculating the rate of change for the intensity changes of echo signals (straight line or curve
fitting)

A: Maximum intensity
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Formula of a satufation process: f(t) = A(1 -
exp[-Bt])

f(t): Echo signal intensity
v: Gradient angle at the starting point of a signal intensity rise

[0051] Subsequently, the blood-flow-index estimation unit 25 calculates, for example, the A-value (the maximum value
or saturation value), a B-value (a value concerning the inflow velocity of the contrast medium), a mean transit time (MTT
= A/tan y), and time periods in which the echo signals arrive at values in proportions designated relative to the maximum
value (including a maximum-value arrival time, etc.) based on the formula of the saturation process; f (t) = A (1-exp [-
Bt]) by utilizing the signal groups which constitute the estimated TIC (step S6).

[0052] FIG. 6 is a diagram exemplifying the mean transit time and the designated-signal-intensity arrival time which
are obtained by the TIC analysis process.

[0053] By the way, in FIG. 6, time periods and signs signify the following contents:

to - t4 : Echo signal group for acquiring and calculating the maximum value

ty - to: Replinish

t, - t3: Signal group for calculating the rate of change for the intensity changes of echo signals (straight line or curve
fitting)

A: Maximum intensity

Formula of a saturation process: f(t) = A(l -
exp[-Bt])

S: Area defined including the time t,, the maximum value A;; and an estimated straight line (or curve)

MTT: Mean transmit time

Pt (o) : Time period in which an echo signal arrives at o % of the maximum intensity A of signals (maximum-value
arrival time at o = 100)

[0054] In the analysis process, the TIC concerning the object to-be-diagnosed is uniquely determined. Accordingly,
when the TIC obtained is utilized, the time period Pt () can be known by inputting the desired proportion A«a/100 relative
to the maximum value.

[0055] The clinical information Pt(at) may be presented to the operator in any scheme. Considered as the presenting
scheme is, for example, a display scheme as will be explained at a step S7 in FIG. 2, or a scheme in which the analytical
result exemplified in FIG. 6 is displayed on the display unit 21, and the operator brings a cursor to the position of the
desired proportion A+c/100 relative to the maximum value on the axis of ordinates and then right-clicks, whereby the
information Pt(o) corresponding to the proportion is displayed.

[0056] Subsequently, the blood flow information obtained by the TIC analysis process is presented to the operator
(step S7). Regarding the presentation of the blood flow information, display methods to be explained below with reference
to FIGS. 7 through 9 are effective by way of example.

[0057] FIG. 7 shows an example in which the index (namely, TIC) of the blood flow information obtained at individual
points is displayed as a two-dimensional mapping image (two-dimensional mapping display) by allotting colors (or
intensities) in accordance with the values of the index. In this case, a color bar which indicates the relationship between
the magnitudes of the index and the colors should preferably be displayed simultaneously with the two-dimensional
mapping image so that the index magnitudes can be readily judged. Besides, if necessary, the final frame image by the
high-acoustic-pressure ultrasounds employed in the data collection mode (that is, the final frame image obtained by the
scan during the time period t; - t,) or the like tissue image, or any other frame image obtained by the scan sequence
may well be composited with the two-dimensional mapping image and displayed as the background thereof.

[0058] FIG. 8 shows an example in which an ROI is set in a section being a subject for photographing and a TIC
analysis process, and a two-dimensional mapping image concerning the ROI, as well as an intensity curve concerning
the ROl is displayed. The intensity curve concerning the ROl is obtained in such a way that an ROl is further designated
within the estimation area, and that the processing of the steps S5 through S7 is executed for this ROI. A plurality of
such ROlIs can be designated at desired positions as shown in FIG. 8. Besides, sample points may well be conjointly
displayed.
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[0059] FIG. 9 shows an example in which, in the two-dimensional mapping display, only index values corresponding
to a designated range in the color bar are displayed (filter display). Such a display scheme can selectively extract and
indicate an area which has the index values in the specified range. Accordingly, in a case, for example, where the index
is y or tan y corresponding to the inflow velocity of blood, the display scheme has the advantage that an artery-controlled
malignant tumor part as to which the inflow velocity of a blood flow is said to be comparatively high can be extracted
and indicated by an appropriate range designation.

[0060] Incidentally, in-vivo information to be mentioned below by way of example can also be analyzed by utilizing
the information obtained by the TIC analysis.

[0061] FIG. 10 is a diagram showing in-vivo information MTB (Mean Transit Beat) which can be analyzed by utilizing
the information obtained by the TIC analysis. In the figure, the axis of ordinates represents the density, while the axis
of abscissas represents the heart rate. The MTB may be measured in such a way that the processing of the same
contents as already explained is executed for the steps S1 through S4 in FIG. 2, and that the typical values of respective
images are plotted on a coordinate plane representing the density on the axis of ordinates and the heart rate on the axis
of abscissas, on the basis of signals measured by the ECG 1 at the step S5.

[0062] Since the MTB is normalized on the basis of heart beats, it can be the a parameter which is peculiar to an
individual, unlike the absolute time. As the advantage of the MTB, accordingly, it is possible to expect the effect of
eliminating the different influences of the ages and figures of individuals on the heart rate, in the estimations of prede-
termined cardiac phases (for example, end systole and end diastole).

[0063] As described above, according to the ultrasonic diagnostic equipment of this embodiment, after the pervasion
of the contrast medium over the scan section has been confirmed by the low-acoustic-pressure scan or medium-acoustic-
pressure scan which does not burst the bubbles, the scan under the high acoustic pressure which breaks the bubbles
is performed, so as to refresh the section and to acquire the maximum value of echo signal intensities. Subsequently,
the scans employing the ultrasounds under the low acoustic pressure or medium acoustic pressure which does not
break the contrast medium are carried out the plurality of times at the different timings, thereby to execute the scan
sequence for acquiring the in-vivo information necessary for the TIC analysis. According to the sequence, the acquisition
of the information which is, at least, necessary for the TIC analysis requires only the time period in which the contrast
medium falls into a saturation state, and the time period which is expended since the contrast medium breaking by the
high-acoustic-pressure scan, till the completion of the ultrasound scans under the low acoustic pressure or medium
acoustic pressure that does not break the contrast medium.

[0064] Assuming by way of example that a field of view be 15 cm in the abdominal region, the scans under the low
acoustic pressure or medium acoustic pressure can be continuously performed in the ultrasonic diagnostic equipment,
and hence, a frame rate becomes about 15, though this depends upon conditions. Consequently, regarding the number
of data for estimating a TIC, at sample points on each scan line, there are nearly 45 time series data even when the
time period t, - t5 is assumed to be 3 seconds. Accordingly, the large number of time series data can be employed in
the shorter time than in the prior-art intermittent transmission, and an estimation precision can also be heightened.
Besides, in a case where the time period t; - t; for obtaining the maximum value is set at one second, the data of 15
frames can be collected in the above example. Accordingly, the precision of the maximum value can also be heightened
by taking a mean value. In this case, when the total scan time period is assumed to be 5 seconds, a breath holding
period may be short, and a burden on the person to-be-photographed is lightened.

[0065] In this manner, according to the ultrasonic diagnostic equipment, it is possible to perform the contrast echo
examination which satisfactorily exploit the characteristics of the next-generation contrast medium that it is not broken
by the ultrasound of the low acoustic pressure or medium acoustic pressure. Accordingly, the ultrasound scan time
period can be made shorter than in the prior art, and a section holding time period and a breath holding time period may
be short. As a result, burdens on the photographer and the person to-be-photographed can be lightened. Further, owing
to the data collection for the short time, influences ascribable to the motions of internal organs can be relieved, and the
larger number of time series data than in the prior art can be employed. Consequently, the estimation precision can be
enhanced. Moreover, since the bubbles do not continue to be burst as in the case of the conventional contrast medium,
data can be collected many times.

[0066] Besides, according to the ultrasonic diagnostic equipment, when the photographer manipulates the switch of
the operation panel at a desired timing, the above scan sequence can be automatically started at a predetermined timing
in accordance with a prestored program. Accordingly, the photographer can perform the contrast echo examination
satisfactorily exploiting the characteristics of the next-generation contrast medium, quickly by the simple manipulation,
with the result that the burden of the job on the photographer can be lightened.

[0067] Further, according to the ultrasonic diagnostic equipment, the blood flow information obtained by the TIC
analysis process can be displayed in such a scheme as the two-dimensional mapping display, the two-dimensional
mapping display concerning the ROl or ROls and the intensity curve display, or the filter display. Accordingly, the observer
can quickly observe the obtained blood flow information in the desired scheme easy of understanding.
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(Second Embodiment)

[0068] In the first embodiment already described, f(t) = A (1 - exp[-Bt]) was adopted as the formula indicative of the
saturation process, and the time periods in which the A-value, the B-value and the mean-transit-time echo signals reached
the values of the proportions designated relative to the maximum values were calculated on the basis of the formula.
[0069] On the other hand, in the second embodiment, f(t) = A (1 - Beexp[-Bt]) is adopted as a more general formula
indicative of the saturation process, and the A-value, etc. are computed on the basis of this formula. Incidentally, letter
B denotes an intensity change contribution rate which is determined in accordance with predetermined conditions, and
which is a desired parameter.

[0070] Methods for determining the intensity change contribution rate B are as stated below. By way of example, the
value of the parameter B is changed, and the B value which minimizes the cumulative absolute-value error or cumulative
squared error between values calculated by the formula f(t) = A (1 - Beexp[-Bt]) and the values of actually measured
sample points (that is, the B value which affords the highest reliability of a statistical estimation value) can be determined
as the value of the parameter B. Alternatively, the peculiar value of the parameter B may well be determined in corre-
spondence with, for example, a part to-be-diagnosed or a set ROI on clinical grounds. Further, for the purpose of finely
adjusting the formula f(t) = A (1 - Beexp[-ft]), the value of the parameter B may well be determined in such a way that
an operator selects the B value from within the pre-created table of B values by a manual operation. Such a process for
determining the parameter B is executed at the calculation processing of the index about blood flow information (at the
step S6 in FIG. 2) by, for example, the blood-flow-index estimation unit 25 (in FIG. 1).

[0071] According to the configuration described above, a quantitative information analysis of still higher precision can
be quickly and readily realized in addition to the advantages stated as to the first embodiment.

[0072] By the way, the presentinvention is not restricted to the embodiments as they are, but it can incarnate ultrasonic
diagnostic equipments by modifying the constituents at the stage of performance within a scope not departing from the
purport of the invention. Moreover, various contrivances can be made by appropriately combining the plurality of con-
stituents mentioned in the embodiments. By way of example, some of all the constituents mentioned in each of the
embodiments may well be omitted. Furthermore, the constituents included in the different embodiments may well be
appropriately combined.

Claims
1. Ultrasonic diagnostic equipment comprising:

an ultrasonic probe (4) arranged to transmit and receive ultrasounds to and from a subject for scanning within
a patient given a contrast medium;

adrive unit (6, 18, 19) arranged to generate a drive signal for driving said ultrasonic probe, and to feed the drive
signal to the ultrasonic probe;

a control unit (20) arranged to control said drive unit (6, 18, 19) on the basis of a sequence for colleclinc changes-
versus-time of a contrast medium density within the subject for scanning during a breath holding time period,
the sequence being formed so that, after the contrast medium flowing into the subject for scanning has sub-
stantially fallen into a saturation state, first ultrasounds at an intensity at which the contrast medium is broken
are transmitted from said ultrasonic probe, and that, after the transmission of the first ultrasounds, second
ultrasounds at an intensity at which the contrast medium is not broken are transmitted from said ultrasonic probe
(4) at least twice;

an analysis unit (25) arranged to analyze blood flow of the subject for scanning, on the basis of ultrasonic echoes
received in correspondence with the at least two transmissions of the second ultrasounds by the ultrasonic
probe, and to estimate information with respect to the blood flow of the subject after the at least two transmissions
of the second ultrasounds are executed, thereby being arranged to obtain an analytical result ; and

a display unit (21) arranged to display the information on the blood flow of the subject.

2. Ultrasonic diagnostic equipment as defined in claim 1, further comprising:
an instruction unit (35) through which an instruction of starting the ultrasound scans conforming to the sequence
is given;
wherein said control unit (20) is arranged to start the control of said drive unit (6, 18, 19) based on the sequence,

in response to the instruction from said instruction unit (35).

3. Ultrasonic diagnostic equipment as defined in claim 1, further comprising:
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a setting unit (35) arranged to set at least either a projection timing of the first ultrasounds or projection timings
of the second ultrasounds;

wherein said control unit (20) is arranged to control said drive unit (6, 18, 19) so that at least either of the first
ultrasounds or the second ultrasounds may be transmitted at the timing or timings set by said setting unit (35).

Ultrasonic diagnostic equipment as defined in claim 1, in which the information on the blood flow of the subject for
scanning includes at least one member selected from the group consisting of an A-value, a beta -value, a product
value between the A-value and the beta -value, a time period in which a signal intensity reaches a predetermined
proportion relative to a signal-intensity maximum value, and a mean transit time, based on a formula f(t) = A (1 -
exp[- beta t]) where symbol f(t) denotes an intensity, letter A denotes the maximum intensity, and letter t denotes time.

Ultrasonic diagnostic equipment as defined in claim 1,

in which the information on the blood flow of the subject for scanning includes at least one member selected from
the group consisting of a mean intensity value, a maximum intensity value, a minimum intensity value, a most
frequent intensity value, an intensity median, and any other statistical representative value concerning intensity
values, for sample points which exist within the subject for scanning; and

said display unit (21) is arranged to display the analytical result in a scheme in which the information on the blood
flow of the subject for scanning is indicated as any of numerical values, a table or a time intensity curve.

Ultrasonic diagnostic equipment as defined in claim 1,

in which the information on the blood flow of the subject for scanning includes at least one member selected from
the group consisting of a mean intensity value, a maximum intensity value, a minimum intensity value, a most
frequent intensity value, an intensity median, and any other statistical representative value concerning intensity
values, for sample points which exist within the subject for scanning; and

said display unit (21) is arranged to generate and display a two-dimensional mapping image which is obtained by
allotting to the sample points, colors that correspond to magnitudes of the statistical representative value concerning
the intensity values.

Ultrasonic diagnostic equipment as defined in claim 6, in which said display unit (21) is arranged to generate the
two-dimensional mapping image on the basis of only those sample points within the subject for scanning which
belong to a designated range, among the sample points of the statistical representative value.

Ultrasonic diagnostic equipment as defined in claim 1, further comprising:

a region-of-interest setting unit (21, 35) arranged to set a region of interest on the subject for scanning;
wherein said analysis unit (25) is arranged to analyze the information on the blood flow of the region of interest,
on the basis of the ultrasonic echoes received by said ultrasonic probe.

Ultrasonic diagnostic equipment as defined in claim 8,

in which the information on the blood flow of the region of interest includes at least one member selected from the
group consisting of a mean intensity value, a maximum intensity value, a minimum intensity value, a most frequent
intensity value, an intensity median, and any other statistical representative value concerning intensity values, for
the region of interest; and

said display unit (21) is arranged to display the analytical result in a scheme in which the information on the blood
flow of the region of interest is indicated as any of numerical values, a table or a time intensity curve.

Ultrasonic diagnostic equipment as defined in claim 8,

in which the information on the blood flow of the region of interest includes at least one member selected from the
group consisting of a mean intensity value, a maximum intensity value, a minimum intensity value, a most frequent
intensity value, an intensity median, and any other statistical representative value concerning intensity values, for
the region of interest; and

said display unit (21) is arranged to generate and display a two-dimensional mapping image which is obtained by
allotting colors that correspond to magnitudes of the statistical representative value concerning the intensity values
of the region of interest.

Ultrasonic diagnostic equipment as defined in claim 10, in which said display unit (21) is arranged to generate the

two-dimensional mapping image on the basis of only those sample points within the subject for scanning which
belong to a designated range, among sample points of the statistical representative value.
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12. Ultrasonic diagnostic equipment as defined in claim 1, in which the information on the blood flow of the subject for

scanning includes at least one member selected from the group consisting of an A-value, a beta -value, a product
value between the A-value and the beta -value, a time period in which a signal intensity reaches a predetermined
proportion relative to a signal-intensity maximum value, and a mean transit time, based on a formula f(t) = A (1 - B-
exp[- beta t]) where symbol f(t) denotes an intensity, letter A denotes the maximum intensity, letter B denotes an
intensity change contribution rate, and letter t denotes time.

Patentanspriiche

Ultraschalldiagnoseeinrichtung, umfassend:

eine Ultraschallsonde (4), die dafiir eingerichtet ist, Ultraschallimpulse zu einem abzutastenden Subjekt inner-
halb eines Patienten, dem ein Kontrastmedium gegeben wurde, zu tbertragen und von dort zu empfangen;
eine Treibereinheit (6, 18, 19), die daflr eingerichtet ist, ein Treibersignal zum Treiben der Ultraschallsonde zu
erzeugen und das Treibersignal in die Ultraschallsonde einzuspeisen;

eine Steuereinheit (20), die dafiir eingerichtet ist, die Treibereinheit (6, 18, 19) auf der Grundlage einer Sequenz
zum Sammelt von zeitlichen Anderungen einer Kontrastmediumdichte innerhalb des abzutastenden Subjekts
wahrend eines Zeitraums mit angehaltenem Atem zu steuern, wobei die Sequenz so gestaltetist, dass, nachdem
das in das abzutastende Subjekt strémende Kontrastmittel im wesentlichen einen Sattigungszustand erreicht
hat, erste Ultraschallsonde mit einer Intensitat, bei der das Kontrastmedium zerstort wird, von der Ultraschall-
sonde (ibertragen werden, und dass nach der Ubertragung der ersten Ultraschallimpulse zweite Ultraschallim-
pulse mit einer Intensitat, bei der das Kontrastmedium nicht zerstort wird, von der Ultraschallsonde (4) minde-
stens zweimal Ubertragen werden;

eine Analyseeinheit (25), die dafir eingerichtet ist, den Blutfluss des abzutastenden Subjekts auf der Grundlage
von Ultraschallechos zu analysieren, die im Zusammenhang mit den mindestens zwei Ubertragungen der zwei-
ten Ultraschallimpulse durch die Ultraschallsonde empfangen werden, und Information mit Bezug auf den Blut-
fluss des Subjekts zu schatzen, nachdem die mindestens zwei Ubertragungen der zweiten Ultraschallimpulse
ausgefuhrt wurden, wodurch sie dafur eingerichtet ist, ein Analyseergebnis zu erlangen; und

eine Anzeigeeinheit (21), die dafiir eingerichtet ist, die Information tber den Blutfluss des Subjekts anzuzeigen.

Ultraschalldiagnoseeinrichtung nach Anspruch 1, ferner umfassend:

eine Anweisungseinheit (35), durch die eine Anweisung zum Beginnen der Ultraschallabtastungen gemaf der
Sequenz erteilt wird;

wobei die Steuereinheit (20) dafiir eingerichtet ist, die Steuerung der Treibereinheit (6, 18, 19) auf der Grundlage
der Sequenz als Antwort auf die Anweisung von der Anweisungseinheit (35) zu beginnen.

Ultraschalldiagnoseeinrichtung nach Anspruch 1, ferner umfassend:

eine Einstelleinheit (35), die daflir eingerichtet ist, mindestens entweder eine Projektionszeitgebung der ersten
Ultraschallimpulse oder Projektionszeitgebungen der zweiten Ultraschallimpulse einzustellen;

wobei die Steuereinheit (20) dafiir eingerichtet ist, die Treibereinheit (6, 18, 19) so zu steuern, dass mindestens
einer von den ersten Ultraschallimpulsen oder den zweiten Ultraschallimpulsen zu der Zeitgebung oder den
Zeitgebungen (ibertragen werden kann, die durch die Einstelleinheit (35) eingestellt wurden.

Ultraschalldiagnoseeinrichtung nach Anspruch 1, bei der die Information ber den Blutfluss des abzutastenden
Subjekts mindestens ein Mitglied aufweist, das aus der Gruppe ausgewahlt wird, die aus folgendem besteht: ein
A-Wert, ein B-Wert, ein Produktwert aus dem A-Wert und dem B-Wert, ein Zeitraum, in dem eine Signalintensitat
eine vorbestimmte Proportion relativ zu einem Signalintensitatsmaximalwert erreicht, und eine mittlere Laufzeit,
beruhend auf einer Formel f(f) = A(1 - exp[-Bf]), wobei das Symbol f{t) eine Intensitét bezeichnet, der Buchstabe A
die maximale Intensitat bezeichnet und der Buchstabe t die Zeit bezeichnet.

Ultraschalldiagnoseeinrichtung nach Anspruch 1,

bei der die Information Gber den Blutfluss des abzutastenden Subjekts mindestens ein Mitglied aufweist, das aus
der Gruppe ausgewahlt wird, die aus folgendem besteht: ein mittlerer Intensitatswert, ein maximaler Intensitatswert,
ein minimaler Intensitatswert, ein haufigster Intensitatswert, ein Intensitdtsmedianwert und ein beliebiger anderer
statistisch reprasentativer Wert in Bezug auf Intensitatswerte fir Abtastpunkte, die innerhalb des abzutastenden
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Subjekts liegen; und

wobei die Anzeigeeinheit (21) dafur eingerichtet ist, das Analyseergebnis nach einem Schema anzuzeigen, bei dem
die Information uiber den Blutfluss des abzutastenden Subjekts als eines der folgenden angegeben wird: numerische
Werte, eine Tabelle oder eine Zeit-Intensitat-Kurve.

Ultraschalldiagnoseeinrichtung nach Anspruch 1,

bei der die Information Uber den Blutfluss des abzutastenden Subjekts mindestens ein Mitglied aufweist, das aus
der Gruppe ausgewahlt wird, die aus folgendem besteht: ein mittlerer Intensitdtswert, ein maximaler Intensitatswert,
ein minimaler Intensitatswert, ein haufigster Intensitatswert, ein Intensitdtsmedianwert und ein beliebiger anderer
statistisch reprasentativer Wert in Bezug auf Intensitatswerte fiir Abtastpunkte, die innerhalb des abzutastenden
Subjekts liegen; und

wobei die Anzeigeeinheit (21) dafiir eingerichtet ist, ein zweidimensionales Kartierungsbild zu erzeugen und anzu-
zeigen, das erlangt wird, indem den Abtastpunkten Farben zugeordnet werden, die Betrdgen des statistisch repra-
sentativen Werts in Bezug auf die Intensitatswerte entsprechen.

Ultraschalldiagnoseeinrichtung nach Anspruch 6, wobei die Anzeigeeinheit (21) dafiir eingerichtet ist, das zweidi-
mensionale Kartierungsbild nur auf der Grundlage derjenigen Abtastpunkte innerhalb des abzutastenden Subjekts
zu erzeugen, die zu einem festgelegten Bereich unter den Abtastpunkten des statistisch reprasentativen Werts
gehoren.

Ultraschalldiagnoseeinrichtung nach Anspruch 1, ferner umfassend:

eine Einheit zum Festlegen eines interessierenden Bereichs (21, 35), die dafiir eingerichtet ist, einen interes-
sierenden Bereich auf dem abzutastenden Subjekt festzulegen;

wobei die Analyseeinheit (25) dafir eingerichtet ist, die Information Uber den Blutfluss des interessierenden
Bereichs auf der Grundlage der Ultraschallechos zu analysieren, die durch die Ultraschallsonde empfangen
werden.

Ultraschalldiagnoseeinrichtung nach Anspruch 8,

bei der die Information Giber den Blutfluss des interessierenden Bereichs mindestens ein Mitglied aufweist, das aus
der Gruppe ausgewahlt wird, die aus folgendem besteht: ein mittlerer Intensitdtswert, ein maximaler Intensitatswert,
ein minimaler Intensitatswert, ein haufigster Intensitatswert, ein Intensitdtsmedianwert und ein beliebiger anderer
statistisch reprasentativer Wert in Bezug auf Intensitatswerte fir den interessierenden Bereich; und

wobei die Anzeigeeinheit (21) daflr eingerichtet ist, das Analyseergebnis nach einem Schema anzuzeigen, bei dem
die Information Uber den Blutfluss des interessierenden Bereichs als eines der folgenden angegeben wird: nume-
rische Werte, eine Tabelle oder eine Zeit-Intensitat-Kurve.

Ultraschalldiagnoseeinrichtung nach Anspruch 8,

bei der die Information Giber den Blutfluss des interessierenden Bereichs mindestens ein Mitglied aufweist, das aus
der Gruppe ausgewahlt wird, die aus folgendem besteht: ein mittlerer Intensitatswert, ein maximaler Intensitatswert,
ein minimaler Intensitatswert, ein haufigster Intensitatswert, ein Intensitdtsmedianwert und ein beliebiger anderer
statistisch reprasentativer Wert in Bezug auf Intensitatswerte fir den interessierenden Bereich; und

wobei die Anzeigeeinheit (21) daflr eingerichtet ist, ein zweidimensionales Kartierungsbild zu erzeugen und anzu-
zeigen, das durch Zuordnen von Farben erlangt wird, die Betrdgen des statistisch reprasentativen Werts in Bezug
auf die Intensitatswerte des interessierenden Bereichs entsprechen.

Ultraschalldiagnoseeinrichtung nach Anspruch 10, wobei die Anzeigeeinheit (21) daflr eingerichtet ist, das zweidi-
mensionale Kartierungsbild nur auf der Grundlage derjenigen Abtastpunkte innerhalb des Bereichs zu erzeugen,
die zu einem festgelegten Bereich unter den Abtastpunkten des statistisch reprasentativen Werts gehoren.

Ultraschalidiagnoseeinrichtung nach Anspruch 1, bei der die Information (iber den Blutfluss des abzutastenden
Subjekts mindestens ein Mitglied aufweist, das aus der Gruppe ausgewahlt wird, die aus folgendem besteht: ein
A-Wert, ein B-Wert, ein Produktwert aus dem A-Wert und dem B-Wert, ein Zeitraum, in dem eine Signalintensitat
eine vorbestimmte Proportion relativ zu einem Signalintensitdtsmaximalwert erreicht, und eine mittlere Laufzeit,
beruhend auf einer Formel f(f) = A (1 - exp[-B{]), wobei das Symbol f(f) eine Intensitat bezeichnet, der Buchstabe A
die maximale Intensitat bezeichnet, der Buchstabe B eine Intensitatsanderungsverteilungsrate bezeichnet und der
Buchstabe f die Zeit bezeichnet.
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Revendications

1.

Equipement de diagnostic ultrasonore comprenant :

une sonde ultrasonore (4) agencée pour émettre et recevoir des ultrasons vers et d’'un sujet pour un balayage
au sein d’'un patient qui a regu une substance de contraste ;

une unité de commande (6, 18, 19) agencée pour générer un signal de commande pour commander ladite
sonde ultrasonore, et pour délivrer le signal de commande a la sonde ultrasonore ;

une unité de contréle (20) agencée pour controler ladite unité de commande (6, 18, 19) sur la base d’'une
séquence pour collecter les variations dans le temps d’une densité de substance de contraste au sein du sujet
pour un balayage pendant une période de temps de retenue de respiration, la séquence étant formée de sorte
que, apres que la substance de contraste circulant au sein du sujet pour un balayage est sensiblement tombée
dans un état de saturation, des premiers ultrasons a une intensité a laquelle la substance de contraste est
rompue sont émis par ladite sonde ultrasonore, et de sorte que, aprés I'émission des premiers ultrasons, des
deuxiémes ultrasons a une intensité a laquelle la substance de contraste n’est pas rompue sont émis par ladite
sonde ultrasonore (4) au moins deux fois ;

une unité d’analyse (25) agencée pour analyser la circulation sanguine du sujet pour un balayage, sur la base
des échos ultrasonores regus en correspondance avec lesdites au moins deux émissions des deuxiémes
ultrasons par la sonde ultrasonore, et pour estimer des informations concernant la circulation sanguine du sujet
aprés que lesdites au moins deux émissions des deuxiemes ultrasons ont été effectuées, celle-ci étant de ce
fait agencée pour obtenir un résultat analytique ; et

une unité d’affichage (21) agencée pour afficher les informations concernant la circulation sanguine du sujet.

2. Equipement de diagnostic ultrasonore selon la revendication 1, comprenant en outre :

une unité d’instruction (35) par laquelle une instruction de commencement des balayages ultrasonores confor-
mément a la séquence est donnée ;

dans lequel ladite unité de contréle (20) est agencée pour débuter le contrble de ladite unité de commande (6,
18, 19) sur la base de la séquence, en réponse a l'instruction provenant de ladite unité d’instruction (35).

3. Equipement de diagnostic ultrasonore selon la revendication 1, comprenant en outre :

une unité de détermination (35) agencée pour déterminer au moins soit une synchronisation de projection des
premiers ultrasons, soit des synchronisations de projection des deuxiémes ultrasons ;

dans lequel ladite unité de controle (20) est agencée pour contrdler ladite unité de commande (6, 18, 19) de
sorte qu’au moins soit les premiers ultrasons, soit les deuxiémes ultrasons puissent étre émis conformément
a la synchronisation ou aux synchronisations déterminées par ladite unité de détermination (35).

Equipement de diagnostic ultrasonore selon la revendication 1, dans lequel les informations concernant la circulation
sanguine du sujet pour un balayage comprennent au moins un élément sélectionné dans le groupe consistant en
une valeur A, une valeur béta, une valeur de produit entre la valeur A et la valeur béta, une période de temps pendant
laquelle une intensité de signal atteint une proportion prédéterminée par rapport a une valeur maximum d’intensité
de signal, et un temps de transit moyen, sur la base d'une formule f(t) = A(1 - exp[-béta t]) ou le symbole f(t) désigne
une intensité, la lettre A désigne l'intensité maximum, et la lettre t désigne le temps.

Equipement de diagnostic ultrasonore selon la revendication 1,

dans lequel les informations concernant la circulation sanguine du sujet pour un balayage comprennent au moins
un élément sélectionné dans le groupe consistant en une valeur d’intensité moyenne, une valeur d’intensité maxi-
mum, une valeur d’intensité minimum, une valeur d’intensité la plus fréquente, une moyenne des intensités, et
n’importe quelle autre valeur statistique représentative concernant des valeurs d’intensité, pour des points d’échan-
tillonnage qui existent au sein du sujet pour un balayage ; et

ladite unité d’affichage (21) est agencée pour afficher le résultat analytique dans une méthode dans laquelle les
informations concernant la circulation sanguine du sujet pour un balayage sont indiquées en tant que I'une quel-
conque de valeurs numériques, d’une table ou d’'une courbe des intensités en fonction du temps.

Equipement de diagnostic ultrasonore selon la revendication 1,

dans lequel les informations concernant la circulation sanguine du sujet pour un balayage comprennent au moins
un élément sélectionné dans le groupe consistant en une valeur d’intensité moyenne, une valeur d’intensité maxi-
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mum, une valeur d’intensité minimum, une valeur d’intensité la plus fréquente, une moyenne des intensités, et
n’importe quelle autre valeur statistique représentative concernant des valeurs d’intensité, pour des points d’échan-
tilonnage qui existent au sein du sujet pour un balayage ; et
ladite unité d’affichage (21) est agencée pour générer et afficher une image de cartographie bidimensionnelle qui
est obtenue en attribuant aux points d’échantillonnage des couleurs qui correspondent a des amplitudes de la valeur
statistique représentative concernant les valeurs d’intensité.

Equipement de diagnostic ultrasonore selon la revendication 6, dans lequel ladite unité d’affichage (21) est agencée
pour générer 'image de cartographie bidimensionnelle sur la base uniquement des points d’échantillonnage au sein
du sujet pour un balayage qui appartiennent a une plage désignée, parmi les points d’échantillonnage de la valeur
statistique représentative.

Equipement de diagnostic ultrasonore selon la revendication 1, comprenant en outre :

une unité de détermination de région d’intérét (21, 35) agencée pour déterminer une région d’intérét du sujet
pour un balayage ;

dans lequel ladite unité d’analyse (25) est agencée pour analyser les informations concernant la circulation
sanguine de la région d’intérét, sur la base des échos ultrasonores regus par ladite sonde ultrasonore.

Equipement de diagnostic ultrasonore selon la revendication 8,

dans lequel les informations concernant la circulation sanguine de la région d’intérét comprennent au moins un
élément sélectionné dans le groupe consistant en une valeur d’intensité moyenne, une valeur d’intensité maximum,
une valeur d’intensité minimum, une valeur d’intensité la plus fréquente, une moyenne des intensités, et n'importe
quelle autre valeur statistique représentative concernant des valeurs d’intensité, pour la région d’intérét ; et

ladite unité d’affichage (21) est agencée pour afficher le résultat analytique dans une méthode dans laquelle les
informations concernant la circulation sanguine de la région d’intérét sont indiquées en tant que I'une quelconque
de valeurs numériques, d’une table ou d’une courbe des intensités en fonction du temps.

Equipement de diagnostic ultrasonore selon la revendication 8,

dans lequel les informations concernant la circulation sanguine de la région d’intérét comprennent au moins un
élément sélectionné dans le groupe consistant en une valeur d’intensité moyenne, une valeur d’intensité maximum,
une valeur d’intensité minimum, une valeur d’intensité la plus fréquente, une moyenne des intensités, et n'importe
quelle autre valeur statistique représentative concernant des valeurs d’intensité, pour la région d’intérét ; et

ladite unité d’affichage (21) est agencée pour générer et afficher une image de cartographie bidimensionnelle qui
est obtenue en attribuant des couleurs qui correspondent a des amplitudes de la valeur statistique représentative
concernant les valeurs d’intensité de la région d’intérét.

Equipement de diagnostic ultrasonore selon la revendication 10, dans lequel ladite unité d’affichage (21) est agencée
pour générer 'image de cartographie bidimensionnelle sur la base uniquement des points d’échantillonnage au sein
du sujet pour un balayage qui appartiennent a une plage désignée, parmi les points d’échantillonnage de la valeur
statistique représentative.

Equipement de diagnostic ultrasonore selon la revendication 1, dans lequel les informations concernant la circulation
sanguine du sujet pour un balayage comprennent au moins un élément sélectionné dans le groupe consistant en
une valeur A, une valeur béta, une valeur de produit entre la valeur A et la valeur béta, une période de temps
pendant laquelle une intensité de signal atteint une proportion prédéterminée par rapport a une valeur maximum
d’intensité de signal, et un temps de transit moyen, sur la base d’'une formule f(t) = A(1 - B-exp[-béta t]) ou le symbole
f(t) désigne une intensité, la lettre A désigne lintensité maximum, la lettre B désigne un taux de contribution de
variation d’intensité et la lettre t désigne le temps.
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FIG. 7
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