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Description
Technical Field

[0001] The present invention relates to an ultrasonic
diagnosis apparatus adaptable to contrast echo imaging
diagnosis, and a control method thereof.

Background Art

[0002] An ultrasonic imaging diagnosis apparatus dis-
plays a tomographic image of tissue through a non-inva-
sive examination method using an ultrasonic wave. The
ultrasonic imaging diagnosis apparatus is quite useful at
clinics, for example, beat pulsation of the heart or motion
of a fetus can be displayed in real time through a manip-
ulation as simple as placing an ultrasonic probe to the
body surface, a screening can be performed repetitively
owing to its high safety, and it can be moved to a bedside
for a screening to be conducted owing to its small system
size in comparison with other diagnosis equipment for X-
ray imaging, CT imaging, MR, etc. In addition, although
an ultrasonic diagnosis apparatus differs extensively de-
pending on the types, there has been recently developed
an ultrasonic diagnosis apparatus so small in size that
one can carry it around with one hand. There is a possi-
bility that an ultrasonic diagnosis apparatus the patient
can manipulate by himself will be developed in the near
future.

[0003] Incidentally, with the recent commercialization
of ultrasonic contrast media of an intravenous infusion
type, an ultrasonic diagnosis through the contrast echo
imaging method has been becoming popular. The con-
trast echo imaging method is aimed at evaluating the
dynamics of a blood flow, for example, in a screening of
the heart, the abdominal organs and the like, by intro-
ducing an ultrasonic contrast medium into a vein and
thereby enhancing a blood flow signal. Many of contrast
media use micro-bubbles as sources of reflections, and
the higher the quantity and concentration of the intro-
duced contrast medium become, the higher the effect of
contrast imaging becomes. On the other hand, it has
been known that bubbles, being a delicate base material
by nature, collapse upon irradiation of ultrasonic waves,
which shortens an effective time for contrast imaging.
[0004] US5,694,937 describes an ultrasound diagnos-
tic system in which bubbles are implanted into a body as
an ultrasonic shadowing agent and image data is ob-
tained from ultrasound echo signals. Ultrasound pulses
of afirst power are applied, followed by ultrasound pulses
of a second, higher power.

[0005] Thesystem of US 5,694,937 can be considered
to form the closest prior art for the invention.

[0006] US 5,833,613 describes an ultrasound imaging
system in which a contrast agent including microbubbles
is introduced into a subject. Ultrasound echo signals are
measured before and after application of an ultrasound
pulse which destroys the microbubbles.
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[0007] WOO00/57792describes a method of measuring
ambient pressure at a region of interest, in which gas-
containing microbubbles are introduced to the region, an
ultrasound signal is applied to destroy microbubbles hav-
ing a fragility threshold below the applied power level,
and an ultrasound backscatter response from the remain-
ing microbubbles is measured.

[0008] In general, a blood flow often means red blood
cells. Ideally speaking, it is preferably that a contrast me-
dium used for an ultrasonic diagnosis shows the same
dynamics as those of the red blood cells. In practice,
however, the contrast medium is now known to have dy-
namics different from those of the red blood cells.
[0009] Forexample, many of ultrasonic contrast media
are known to cause retention in the parenchyma of the
liver, and it is thought that foreign-body uptake cells in
the sinusoid of the liver ingest the retained contrast me-
dium (needless to say, the red blood cells are not ingest-
ed). Also, blood capillaries within the body include cavi-
ties of a size that allows a liquid component (blood plas-
ma) to seep out, so that cells are supplied with nutrition
or oxygen. Although the cavities of the blood capillaries
are too small of a size for the red blood cells to pass
through, it is predicted that some of contrast media leak
to the outside through the cavities in the blood capillary
wall depending on the bubble size (the average diameter
of the red blood cells is approximately 8 um, and it is
thought that the bubbles of a contrast medium having a
size of approximately 8 pum at the maximum and 0.5 pm
or less at the minimum are circulating throughout the
body) .

[0010] However, it remains unclear whether the con-
trast medium constantly reflects the dynamics of circu-
lating blood, and for example, in a case where bubbles
are retained in a micro circulation system, ecological in-
formation using the destruction of bubbles as the sources
of echoes may not reflect the dynamics of circulating
blood. In such a case, it may become difficult to observe
the true dynamics of the red blood cells even when en-
hancement in intensity by a contrast medium is achieved.
[0011] The invention was devised in view of the fore-
going situations, and therefore provides an ultrasonic di-
agnosis apparatus capable of observing or quantifying
bubbles of a contrast medium of a size comparable to
the red blood cells and bubbles of the contrast medium
of a sufficiently smaller size independently through con-
trol of a degree of disappearance of the bubbles by
changing transmission conditions.

Disclosure of Invention

[0012] In an aspect of the present invention, there is
provided an ultrasonic diagnosis apparatus as recited in
claim 1.

[0013] According to this arrangement, it is possible to
achieve an ultrasonic diagnosis apparatus capable of ob-
serving or quantifying bubbles of a contrast medium of a
size comparable to the red blood cells and bubbles of
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the contrast medium of a sufficiently smaller size inde-
pendently through control of a degree of disappearance
of bubbles by changing transmission conditions.

Brief Description of Drawings
[0014]

FIG. 1 is a view schematically showing an arrange-
ment of an ultrasonic diagnosis apparatus according
to one embodiment;

FIG. 2 is a graph showing a theoretical relation be-
tween the size of bubbles and a suction pressure
needed for destruction;

FIG. 3A,FIG. 3B, andFIG. 3C are views conceptually
showing microscopic regions where bubbles of dif-
ferent sizes are present;

FIG. 4 is a view used to explain one example of a
sequence related to a diagnosis made by the ultra-
sonic diagnosis apparatus 10;

FIG. 5 is a flowchart showing a scan protocol per-
formed by the ultrasonic diagnosis apparatus 10;
FIG. 6 is a view conceptually showing regrouping
processing of recorded images in the embodiment;
and

FIG. 7 is a view conceptually showing time intensity
curves acquired based on the method of the embod-
iment.

Best Mode for Carrying Out the Invention

[0015] An embodiment of the invention will now be ex-
plained with reference to the drawings. In the following
description, components having substantially the same
function and arrangement are labeled with the same ref-
erence numerals, and the explanation is repeated only
when necessary.

[0016] A schematic arrangement of an ultrasonic diag-
nosis apparatus according to this embodiment will be ex-
plained first.

[0017] FIG. 1 is a view schematically showing an ar-
rangement of an ultrasonic diagnosis apparatus 10 ac-
cording to this embodiment.

[0018] As show in FIG. 1, the ultrasonic diagnosis ap-
paratus 10 includes an ultrasonic probe 12 responsible
for transmission/reception of an ultrasonic signal to/from
a subject to be diagnosed, an apparatus main body 11
for driving the ultrasonic probe and processing a recep-
tion signal of the ultrasonic probe, an input portion 13
connected to the apparatus main body and allowing the
operator to input command information into the appara-
tus main body, and an ECG 14 for measuring an elec-
trocardiac waveform. The input portion 13 includes but-
tons, a keyboard, a trackball, etc., which enable control
of the diagnosis apparatus and various image-quality
condition settings.

[0019] The apparatus main body 11 includes an ultra-
sonic wave transmission unit 21, an ultrasonic wave re-
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ception unit22, aB-mode processing circuit23, a Doppler
processing circuit 24, an image processing circuit 25, an
image memory circuit 26, a display portion 28, a heart-
beat detection unit 29, a storage medium 30, a network
circuit 31, and a controller 32.

[0020] The ultrasonic wave transmission unit 21 is
composed of a trigger generator, a delay circuit, and a
pulsar circuit (all not shown), and it generates a focused
ultrasonic pulse by generating a pulsed ultrasonic wave
and sending the same to the piezoelectric transducers
of the probe 12. The transmission unit 21 is furnished
with a switching function of enabling an instantaneous
change of a transmission frequency, a transmission driv-
ing voltage, etc. at a command from the controller 32. In
particular, as to the transmission driving voltage, an in-
stantaneous change is achieved either by having a trans-
mission circuit of a linear amplifier type capable of switch-
ing its value instantaneously, or by electrically switching
a plurality of power supply units.

[0021] Also, the ultrasonic wave transmission unit 21
performs an intermittent transmission of an ultrasonic
wave according to a sequence described below (see FIG.
4) under the control of the controller 32. The intermittent
transmission referred to herein means, for example, in
the case of the contrast medium echo imaging method,
a transmission method of periodically repeating an op-
eration such that a transmission of an ultrasonic wave is
suspended (for example, for four seconds) and then the
transmission of an ultrasonic wave is resumed. Accord-
ing to the intermittent transmission, it is possible to ac-
quire a contrast medium echo signal corresponding to
blood flown in during an intermittence time. For example,
USP6,149,597 discloses a method of acquiring a time-
sequential change of the dynamics of a blood flow by
changing a time interval between suspensions.

[0022] The ultrasonic wave reception unit 22 receives
an echo signal outputted from each transducer of the
probe 12, the echo signal having been scattered by tissue
within the subject to be diagnosed. The echo signal is
amplified by a preamplifier for each channel in the ultra-
sonic wave reception unit 22, and is given with a delay
time needed to determine the reception directivity after
analog-to-digital conversion from the reception delay cir-
cuit, after which it is added up in an adder. This adding
processing is performed to enhance a reflection compo-
nent from a direction corresponding to the reception di-
rectivity of a reflection wave, and a comprehensive ultra-
sonic beam for transmission and reception can be formed
with the transmission directivity and the reception direc-
tivity acquired through this processing.

[0023] The B-mode processing circuit 23 applies echo
signal logarithmic amplification, envelope detection
processing, etc. to the echo signal inputted from the ul-
trasonic wave reception unit 22, and thereby generates
data indicating the signal intensity in brightness of lumi-
nance.

[0024] The Doppler processing circuit 24 performs fre-
quency analysis of speed information from the echo sig-
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nal, and sends the analysisresultto the image processing
circuit 25.

[0025] Theimage processing circuit 25 converts an ar-
ray of scanning line signals of ultrasonic scan into an
array of scanning line signals of a typical video format
represented by a TV. The image processing circuit 25
synthesizes the converted signal with character informa-
tion and scales of various setting parameters, and out-
puts the result to the display portion 28 as a video signal.
A tomographic image representing the shape of the tis-
sue within the subject to be diagnosed is thus displayed.
[0026] Theimage processing circuit 25 also generates
a TIC (Time Intensity Curve) based on plural pieces of
ultrasonic image information thus acquired. The TIC is a
graph indicating a time-sequential change of intensity
when the history of enhancement of the echo signal after
the introduction of a contrast medium is followed in the
region of interest, and is used for quantitative analysis in
evaluating the dynamics of a blood flow.

[0027] The image memory circuit 26 is composed of a
storage memory for storing image data. The information
stored in the image memory circuit 26 can be, for exam-
ple, read out after the diagnosis; moreover, a motion pic-
ture can be played back using information of more than
one frame.

[0028] The heartbeat detection unit 29 converts living
body signal information, such as an electrocardiogram
acquired in the ECG 14, into a digital signal. The digital
signal related to the living body signal information is syn-
thesized with a diagnosis image in the image processing
circuit 25, and is then displayed on the display portion 28
orrecorded in the memory provided to the image memory
circuit 26. When the living body signal information is
needed for analysis of a technical flow described below,
it is saved in the storage medium 30 or transferred to the
outside via the network circuit.

[0029] The storage medium 30 stores adiagnosis anal-
ysis program described below. Also, it is used to save an
image in the image memory circuit 26. The data in the
storage medium 30 can be also transferred to an outside
peripheral apparatus via the network circuit 31.

[0030] The controller 32 is furnished with a function of
operating as an information processing apparatus (com-
puter), and it is control means for controlling operations
of the ultrasonic diagnosis apparatus main body 11. In
particular, the controller 32 changes the transmission
conditions, such as the frequency and the driving voltage
of the transmission unit, from time to time, and appends
the information of the transmission conditions to a diag-
nosis image acquired under the above conditions, which
is then appended to image information or stored in the
storage medium. The controller 32 is also furnished with
a programming function so as to perform a transmission
sequence, which is characteristic of the invention.
[0031] Prior to an explanation of operations of the ul-
trasonic diagnosis apparatus of the invention, the theory
underlying as the premise will be discussed.

[0032] Firstly, general properties of micro-bubbles
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used as a contrast medium will be discussed. The micro-
bubbles (hereinafter, referred to simply as bubbles) can
be destroyed with a mechanical function of an ultrasonic
sound pressure. Theoretically, the threshold needs to be
a function of a frequency or a sound pressure (for exam-
ple, Holland AK, Apfel RE, "An improved theory for the
prediction of microcavitation thresholds", IEEE Trans Ul-
trason Ferroelec Freq Contr 1989; 36, No. 2, 204-208).
[0033] FIG. 2 is a graph showing a relation between
aninitial diameter of bubbles and the threshold of a sound
pressure needed to destroy the bubbles of each initial
diameter, calculated from the theoretical equation in the
article supra. It is understood from the graph that the
higher the irradiation sound pressure becomes, the more
readily the bubbles collapse, and the lower the irradiation
frequency becomes, the more readily the bubbles col-
lapse.

In addition, the level of a sound pressure needed for de-
struction also varies with the sizes of bubbles, and it is
understood that the irradiation sound pressure needs to
be raised in order to destroy larger bubbles.

[0034] The dynamics of bubbles of a contrast medium
within a living body will now be described. The average
size, the number of bubbles per unit volume, etc. of the
commercially available contrast media vary depending
on the kinds of the product. A typical diameter of the
bubblesis approximately 2to4 um, which is a size slightly
smaller than the red blood cells. Hence, the bubbles of
a contrast medium can readily pass through the blood
capillaries.

[0035] However, not all the bubbles have the diameter
of 2 to 4 um because of the nature of the bubbles, and
part of the bubbles has a diameter outside of the above-
specified range. The bubbles having a size of other than
2 to 4 pm, for example, the bubbles having a size of
approximately 1 um function as extremely small sources
of echoes as long as they maintain that size. On the other
hand, the bubbles having a size of approximately 1 pum
is quite vulnerable to destruction with respect to a sound
pressure as shown in FIG. 2, and in particular, they have
natural disposition that they expand with a suction pres-
sure and become large sources of echoes. Also, for ex-
ample, the bubbles of a size of approximately 6 um ac-
count for a small ratio; however, because a reflection
echo per count is originally large, they function as large
sources of echoes.

[0036] Hence, the bubbles of a size of approximately
6 n.m are thought to possibly behave in the same manner
as the red blood cells, and circulate throughout the body
without leaking from the blood capillary walls. On the oth-
er hand, the bubbles of a size of approximately 1 um are
thought to possibly leak from the blood capillary walls
and seep out to cavities between the leaking cell mem-
branes. In particular, the latter is attested by the fact de-
scribed in the following.

[0037] There are a number of interstices called Disse’s
cavities of a size of approximately 1 pum in the sinusoid
of the liver. Nutrition and substances at the level of oxy-
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genmoleculesreadily flow into the Disse’s cavities. Thus,
assume that the bubbles of a size of approximately 1 um
seep out from the blood capillary walls to the cavities
between the leaking cell membranes as described
above, then it is predicted that the bubbles of a size of
approximately 1 um flow into the Disse’s cavities as well.
In fact, it is known that when the ultrasonic scan is sus-
pended after the introduction of a contrast medium, and
irradiation is resumed approximately five minutes later,
echoes equal to or larger than those from the blood flow
in the blood capillaries are observed in the liver. This fact
implies that the bubbles are also flown into a circulation
system smaller than the red blood cells.

[0038] From the content above, the followings are in-
ferred as to an ultrasonic diagnosis. That is, for example,
in a state where the region of interest is fully filled with a
contrast medium, it is thought that a group of bubbles
having a broad size distribution including a lager size are
present in a blood flow circulation system at the level of
the red blood cells, whereas a group of bubbles whose
sizes are limited to, forexample, 1 wm or less, are present
in a blood flow (blood plasma) circulation system smaller
than the red blood cells. It is inferred that this character-
istic applies to typical abdominal system, in particular,
the liver, the kidney, the spleen, etc. As another example,
phagocytes called Kupffer cells are present within the
liver, which possibly phagocytize the bubbles. It is also
thought that the bubbles taken into these cells are limited
to those of relative small sizes.

[0039] FIG. 3Ais a diagrammatic view used to explain
that the bubbles are allowed to flow into different circu-
lation systems depending on their sizes.

[0040] AsshowninFIG. 3A, bubbles 52 and 53 having
a size of approximately 2 to 4 um and bubbles 54 having
a size of approximately 1 um flow into a circulation sys-
tem 50 (for example, a blood vessel) of the level of the
red blood cells, and for example, they circulate with the
red blood cells. Also, the bubbles 52 and 53 cannot pass
through the blood vessel wall in a circulation system 51
in which the blood plasma or the like circulates, and the
circulation system 51 is therefore filled with bubbles 54
of a size of approximately 1 um.

[0041] The important point of the invention is that the
invention focused on that the dynamics of bubbles of a
contrast medium within a living body differ depending on
their sizes, so that first living body information based on
bubbles of a contrast medium of a size comparable to
the red blood cells and second living body information
based on bubbles of the contrast medium smaller than
the red blood cells (for example, bubbles of a size of 1
pm or less) are imaged or quantified independently. In
order to acquire the first living body information and the
second living body information adequately, the ultrasonic
diagnosis apparatus of the embodiment controls the tim-
ings at which the bubbles disappear according to their
sizes by performing ultrasonic wave transmissions while
changing the transmission conditions described below.
[0042] FIG. 3B and FIG. 3(c) are diagrammatic views
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used to explain the principle to acquire the first living body
information and the second living body information.
[0043] When ultrasonic irradiation is performed initially
at a sound pressure of approximately 500 k Pascal within
the region of interest (for example, within the region
shown in FIG. 3A) filled with the bubbles, then it is pos-
sible to chiefly destroy the bubbles of a size of approxi-
mately 1 wm, which makes it possible to acquire large
sources of echoes (echoes as flash echoes). As a result,
it is possible to acquire the ecological information from a
total region (the region indicated by dots in FIG. 3B) of
the circulation system 50 and the circulation system 51
where the bubbles of a size of approximately 1 um were
present. In addition, although it is not clear, because the
ecological information is also based on an echo signal
from a circulation system at or lower the level of the red
blood cells, the ecological information has a possibility
of providing new diagnosis information, such as the size
of interstices, the function of uptake cells, and the met-
abolic function.

[0044] Subsequently, when irradiation is performed at
a sound pressure level of 1000 k Pascal, for example, of
all the remaining bubbles that were not destroyed in the
lastirradiation, it is possible to destroy chiefly the bubbles
that are relatively vulnerable to destruction (including the
bubbles 52 and 53 of a size of 2 to 4 um in FIG. 3A),
which makes it possible to acquire large sources of ech-
oes (echoes as flash echoes). Consequently, it is possi-
ble to acquire the ecological information from the circu-
lation system 50 (the region indicated by dots in FIG. 3C)
at the level of the red blood cells where the bubbles 52
and 53 were chiefly present. This ecological information
reflects the dynamics of the red blood cells, and therefore
becomes useful information for a general diagnosis or
quantification of a blood flow.

[0045] An operation achieved by the ultrasonic diag-
nosis apparatus 10 in an ultrasonic diagnosis through
the contrast echo imaging method will now be explained
chiefly in terms of an ultrasonic wave transmission to a
subject to be diagnosed.

[0046] FIG. 4 is a view used to explain one example
of an ultrasonic wave transmission sequence for an ab-
dominal diagnosis performed by the ultrasonic diagnosis
apparatus 10.

[0047] Referring to FIG. 4, the abscissa is used as an
elapse of time. The ordinate is used as the strength of a
mechanical function resulted from a transmission and
applied to the bubbles, and the higher the value of the
ordinate becomes, the lower the transmission frequency
becomes (alternatively, the higher the transmission driv-
ing sound pressure becomes, or a combination of the
foregoing). According to this sequence, the mechanical
function is controlled step by step according to the sizes
of the bubbles to be destroyed.

[0048] Also, each group of arrows in the drawing (Gl,
G2, G3, and so forth in the drawing) represents the ul-
trasonic scan of one frame, and the lengths of the re-
spective arrows reflect the strength of the mechanical
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function of a transmission sound pressure of the frame
in question (that is, the longer the arrow becomes, the
higher the strength becomes). For example, the group
G1 of the transmission frame indicates so-called four
consecutive transmissions in an ultrasonic diagnosis,
and an interval t1 is a frame interval. The four ultrasonic
wave transmissions in each group (for example, in the
group G1) are not necessarily performed at regular in-
tervals.

[0049] Also, an inverse number 1/t1 corresponds to a
so-called frame rate. A time interval t2 indicates a so-
called intermittent transmission interval, which is a rela-
tively long time intervalin comparison with frame intervals
for a normal diagnosis. To be more specific, it is prefer-
able that t2 is approximately 3 to 5 seconds, which is an
interval needed for the region of interest to be filled with
the bubbles, or longer.

[0050] The characteristic point of the ultrasonic wave
transmission sequence shown in FIG. 4 is that transmis-
sions are performed through the intermittent transmis-
sions in such a manner that the mechanical function in-
creases gradually after the region of interest of the organs
is filled with the bubbles, so that two or more frames are
acquired. By increasing the mechanical function step by
stepinthis manner, itis possible to give rise to destruction
of bubbles of a contrast medium smaller than the red
blood cells (for example, bubbles of a size of 1 um or
less) and destruction of bubbles of the contrast medium
of a size comparable to the red blood cells at different
timings. This enables isolation of the living body informa-
tion from the blood flow circulation system for circulating
the red blood cells and the living body information from
the blood flow (plasma) circulation system smaller than
the red blood cells.

[0051] The ultrasonic wave transmissions by the ultra-
sonic diagnosis apparatus are aimed at destroying two
kinds of bubbles (bubbles of a contrast medium smaller
than the red blood cells and bubbles of the contrast me-
dium of a size comparable to the red blood cells as de-
scribed above) at different timings. Hence, it is sufficient
to perform at least two ultrasonic wave transmissions in
the ultrasonic scan of one frame. Nevertheless, in the
case shown in FIG. 4, four ultrasonic wave transmissions
are performed in one frame. This is done so to enable
more accurate judgment as to in which irradiation out of
four ultrasonic irradiations the destruction of bubbles of
a contrast medium of a size comparable to the red blood
cells took place. By performing a greater number of ul-
trasonic transmissions in the ultrasonic scan of one frame
in this manner, it is possible to distinguish, more accu-
rately, the living body information from the blood flow
circulation system for circulating the red blood cells from
the living body information from the blood flow (plasma)
circulation system smaller than the red blood cells.
[0052] Also, the sequence is repeated in G2, G3 and
so forth. This is done so to generate TIC’s composed of
the respective kinds of information: the living body infor-
mation from the blood flow circulation system for circu-
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lating the red blood cells, and the living body information
from the blood flow (plasma) circulation system smaller
than the red blood cells, in addition to acquisition of ul-
trasonic images.

[0053] A diagnosis protocol adopting the transmission
sequence of FIG. 4 will now be explained with reference
to FIG. 5.

[0054] FIG. 5 is a flowchart used to explain the diag-
nosis protocol performed by the ultrasonic diagnosis ap-
paratus 10.

[0055] Referring to FIG. 5, the operator initially deter-
mines the sequence shown in FIG. 4 uniquely by pro-
gramming the respective parameters as preparation prior
to a screening (Step S1).

[0056] Tobe more concrete, the operatorinputs values
for the number N of transmission frames (that is, the
number of groups G1, G2, and so forth of arrows of FIG.
4), the driving frequency and the driving sound pressure
for each transmission (that is, the transmission condi-
tions), the frame interval t1, the intermittent transmission
interval t2, etc. Herein, the number N of the transmission
frames = 6, and the ultrasonic wave transmissions of one
frame are performed while increasing the mechanical
function in four steps as shown in FIG. 4.

[0057] It may be arranged in such a manner that the
operator can determine the sequence by choosing a de-
sired program interactively from a plurality of pre-installed
programs.

[0058] Then, the operator starts the scan of the subject
to be diagnosed based on a normal sequence (Step S2).
[0059] The scan in this step is for observation in the B-
mode, the Doppler mode, etc. generally performed be-
fore the introduction of a contrast medium. Hence, in this
step, the scan is performed based on not the sequence
shown in FIG. 4 but on a normal sequence.

[0060] Then, a contrast medium is introduced, and the
ultrasonic sound transmissions or the like based on the
sequence shown in FIG. 4 are started (Step S3).
[0061] The start manipulation is performed with the
pressing of a button provided to the input portion 13.
[0062] Subsequently, the scan is performed automat-
ically based on the transmission sequence shown in FIG.
4 (Step S4 through Step S6). More specifically, the ultra-
sonic wave transmissions of one frame corresponding to
G1 of FIG. 4 are performed first, and echo signals cor-
responding to the respective ultrasonic waves are re-
ceived. The respective echo signals thus received are
subjected to predetermined processing and recorded in-
to the image memory or the storage medium as image
information, so thatimages together with the information
of the transmission conditions in each step of the me-
chanical function are recorded.

[0063] Subsequently, the ultrasonic wave transmis-
sions of six transmission frames are repeated with the
set intermittent interval t2 (t2 can be set to vary each
time) (Step S7, etc.). In Step S7, upon judgment that a
total number of the transmission frames has reached six,
the ultrasonic diagnosis apparatus 10 terminates the
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transmission sequence shown in FIG. 4.

[0064] The termination of this sequence can be per-
formed when the operator presses the end button in the
input portion. However, itmay be arranged in such aman-
ner that, for example, the number of repetitions is record-
ed in a pre-installed program and the sequence is termi-
nated automatically when the predetermined number of
transmissions are performed.

[0065] A group of images recorded according to the
above procedure are read out later, and displayed on the
display portion 28. In this instance, the transmission con-
ditions corresponding to the image being displayed are
displayed concurrently on the display portion 28. Also, it
is possible to play back a group of recorded frames con-
secutively, frame-by-frame, inversely, side-by-side, etc.
[0066] Further, the ultrasonic diagnosis apparatus is
furnished with a function of regrouping a plurality of ul-
trasonic images acquired based on the sequence shown
in FIG. 4, so that they are displayed in groups having the
same transmission conditions. The regrouping of the im-
ages is achieved based on the transmission conditions
and the time information appended to each piece of im-
agedata. To be more concrete, the image data appended
with the same transmission conditions is extracted, and
the extracted image data is further arranged time-se-
quentially based on the time information.

[0067] FIG. 6 is a view used to explain the image re-
grouping function.

[0068] Respective images "a", "b", "c", and "d" (upper
row in the drawing) in each image frame shown in the
upper row of FIG. 6 are classified into groups of images
based on the transmission conditions as shown in the
lower row in the drawing, and are further arranged time-
sequentially. Because each group of images regrouped
in this manner is composed of images having the same
transmission conditions, each group can be said to reflect
the living body information based on the bubbles of a
contrast medium having substantially the same diameter.
In other words, each image group is unified as either
ultrasonic images dominated by the living body informa-
tion from the blood flow circulation system for circulating
the red blood cells or ultrasonic images dominated by
the living body information from the blood flow (plasma)
circulation system smaller than the red blood cells.
[0069] It should be noted that the ultrasonic diagnosis
apparatus 10 is able to display images in an arbitrary
mode, including loop playback of all the images forming
all the image groups, loop playback of all images forming
one image group, loop playback of more than one image
groups, frame-by-frame playback, etc.

[0070] Further, the ultrasonic diagnosis apparatus is
furnished with a function of specifying an adequate local
region with respect to the acquired image groups (for
example, those in the lower row in FIG. 6) and finding
the intensity histogram or an average intensity value with-
in the specified region, and a function of computing the
time intensity curve (TIC).

[0071] FIG. 7 shows one example of the respective
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TIC’s acquired from an image group A and an image
group B. A curve A indicates the TIC of the image group
A and a curve B indicates the TIC of the image group B.
InFIG. 7, the ordinate is used as a signal intensity related
to the reception ultrasonic waves, and the abscissa is
used as an elapsed time (that is, an elapsed time corre-
sponding to the repetitions of the intermittent transmis-
sions).

[0072] ReferringtoFIG.7,theflowofbubblesindicated
by the curve A reflects, besides the flow of the red blood
cells, a flow of particles sufficiently smaller than the red
blood cells. This is because the curve A is based on im-
ages "a" acquired through transmissions at a relatively
low sound pressure in each frame. In addition, because
the curve A also includes a quite slow flow that leaks out
from the blood vessel wall, the intensity continues to rise
minutely even after so-called blood flow perfusion
reached a saturation state.

[0073] On the other hand, in regard to the curve B, a
contrast medium in the blood flow reaches saturation in
a few seconds. This is because the curve B is based on
images "b" acquired through transmissions at a high
sound pressure following the transmission at a low sound
pressure in each frame, and thereby directly reflects the
flow of the red blood cells.

[0074] It should be noted that when the aforemen-
tioned intermittentinterval of scan is extended, the region
of interest is filled with the bubbles, and the signal inten-
sity of the TIC rises more abruptly.

[0075] Also, the ultrasonic diagnosis apparatus may
be furnished with additional functions, so that it can per-
form image processing, such as addition and subtraction
of a plurality of acquired curves.

[0076] Accordingtothe arrangementdescribed above,
because ultrasonic wave transmissions are performed
while the mechanical function is increased step by step
within one frame, it is possible to induce destructions of
bubbles of a contrast medium step by step according to
their different sizes. Because the bubbles of a contrast
medium are allowed to flow into different regions of the
living body depending on their sizes, by generating ultra-
sonic images using the respective destructions as the
sources of echoes, it is possible to provide more diver-
sified information, for example, information reflecting
more detailed dynamics of circulating blood and the dy-
namics of substances smaller than the red blood cells,
information of the distribution of predaceous cells, etc.
for use in an ultrasonic diagnosis.

[0077] It should be appreciated that the invention of
this application is not limited to the embodiment de-
scribed above, and can be modified in various manners
in practical stages without departing from the scope of
the invention. Also, the respective embodiments can be
combined as needed when possible, and combined ef-
fects can be achieved in such a case. Further, the em-
bodiment described above includes inventions at various
stages, and a variety of inventions can be extracted by
adequately combining a plurality of components dis-
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closed above. For example, of all the components shown
in the embodiment, even when some components are
omitted, the object discussed in the "Problems that the
Invention is to Solve" column can be achieved, and in a
case where at least one of the advantages described in
the "Advantage of the Invention" column is achieved, the
arrangement that omits some components can be ex-
tracted as an invention.

Industrial Applicability

[0078] According to the invention, it is possible to
achieve an ultrasonic diagnosis apparatus capable of ob-
serving or quantifying bubbles of a contrast medium of a
size comparable to the red blood cells and bubbles of
the contrast medium of a sufficiently smaller size inde-
pendently through control of a degree of disappearance
of bubbles by changing transmission conditions.

Claims
1. An ultrasonic diagnosis apparatus (10), comprising:

an ultrasonic probe (12) for transmitting/receiv-
ing an ultrasonic wave to/from a specific portion
within a subject to be diagnosed to whom a con-
trast medium has been introduced;

a driving signal generator (21) for generating a
driving signal of said ultrasonic probe;
characterized in that the apparatus further
comprises:

acontroller (32) for controlling said driving signal
generator (21) to acquire image data for one
frame in such a manner that said ultrasonic
probe (12) consecutively transmits each of a plu-
rality of ultrasonic waves of a different mechan-
ical function applied to bubbles of the contrast
medium by increasing a transmission driving
sound pressure or decreasing a transmission
sound frequency step by step after the specific
portion of the subject is filled with the bubbles
of the contrast medium, said plurality of ultra-
sonic waves of the different mechanical func-
tions being used to destroy bubbles of said con-
trast medium having different sizes, and to ac-
quire a plurality ofimages that correspond to the
different sizes of the bubbles.

2. The ultrasonic diagnosis apparatus according to
claim 1, wherein said controller (32) controls said
driving signal generator (21) in such a manner that
the transmission driving sound pressure of said ul-
trasonic waves increases through the sequence of
ultrasonic waves.

3. The ultrasonic diagnosis apparatus according to
claim 1, wherein said controller (32) controls said
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driving signal generator (21) in such a manner that
the transmission sound frequency of the ultrasonic
waves decreases through the sequence of ultrasonic
waves.

The ultrasonic diagnosis apparatus according to
claim 1, wherein said controller (32) controls said
driving signal generator (21) to acquire image data
for a sequence of the one frame in such a manner
that the ultrasonic waves in the sequence of the one
frame are transmitted through intermittent transmis-
sions at predetermined time intervals needed to ac-
cumulate said contrast medium in said subject to be
diagnosed.

The ultrasonic diagnosis apparatus according to
claim 4, further comprising a display device (28) for
displaying, when the plurality of images for each
frame in said sequence are acquired by said inter-
mittent transmissions, a plurality of said images
based on a corresponding ultrasonic wave of each
frame concurrently and wherein the plurality of im-
ages for each frame in said sequence are based on
the ultrasonic waves in response to each of the plu-
rality of ultrasonic waves having different strength of
a mechanical function, wherein said different
strength is gradually increased.

The ultrasonic diagnosis apparatus according to
claim 5, wherein said display device (28) arranges
said plurality of images for each frame to be dis-
played concurrently time-sequentially and then dis-
plays said plurality of images.

The ultrasonic diagnosis apparatus according to
claim 1, wherein said plurality of ultrasonic waves
for the one frame have different strength of a me-
chanical function applied to the bubbles of the con-
trast medium at which the bubbles of said contrast
medium presentin blood in a blood vessel and tissue
fluid and lymph outside the blood vessel within said
subject to be diagnosed are destroyed at different
timings.

The ultrasonic diagnosis apparatus according to
claim 1, wherein said controller (32) controls said
driving signal generator (21) forthe one frame in such
a manner that a first ultrasonic wave is transmitted
with a first strength of a mechanical function under
which bubbles of said contrast medium of a small
diameter are destroyed but bubbles of said contrast
medium of a large diameter are hardly destroyed,
and a second ultrasonic wave is transmitted with a
second strength of a mechanical function under
which bubbles of said contrast medium of the small
diameter and the large diameter are destroyed.

The ultrasonic diagnosis apparatus according to
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claim 4, characterised by further comprising:

animage processing unit (25) configured to gen-
erate the plurality of images for each frame of
the sequence of the one frame based on the
plurality of ultrasonic waves having different
strength of a mechanical function, and classify
the plurality of images acquired in the sequence
of the one frame into groups of images based
on the strength of a mechanical function; and
adisplay device (28) which displays the plurality
ofimages so as to be arranged time-sequentially
in each group.

The ultrasonic diagnosis apparatus according to
claim 1, characterised by further comprising:

an image processing unit (25) configured to cal-
culate a plurality of time intensity curves corre-
sponding to the plurality of images acquired
based on the plurality of ultrasonic waves having
different strength of a mechanical function, and
generate a subtraction image of the plurality of
calculated curves; and

adisplay device (28) which displays the subtrac-
tion image.

The ultrasonic diagnosis apparatus according to
claim 10, characterized in that the image process-
ing unit (25) calculates the plurality of time intensity
curves based on pieces of the plurality of images.

The ultrasonic diagnosis apparatus according to
claim 1, characterized in that the controller (32)
controls said driving signal generator (21) in such a
manner that said ultrasonic probe (12) transmits
more than two ultrasonic waves having different
strength of a mechanical function for the one frame
so as to increase the transmission driving sound
pressure or decrease the sound transmission fre-
quency at at least three steps.

Patentanspriiche

1.

Ultraschalldiagnosegerat (10), umfassend:

eine Ultraschallsonde (12) zum Senden/Emp-
fangen einer Ultraschallwelle zu/von einem be-
stimmten Bereich innerhalb eines zu diagnosti-
zierenden Subjekts, dem ein Kontrastmittel ein-
gefiihrt wurde;

einen Treibersignalgenerator (21) zum Erzeu-
gen eines Treibersignals der Ultraschallsonde;
dadurch gekennzeichnet, dass das Geréat fer-
ner umfasst:

eine Steuerung (32) zum Steuern des Treiber-
signalgenerators (21), um Bilddaten fiir einen
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Frame derart zu erfassen, dass die Ultraschall-
sonde (12) nacheinander jede einer Mehrzahl
von Ultraschallwellen einer unterschiedlichen
mechanischen Funktion, die auf Blasen des
Kontrastmittels angewendet werden, sendet, in-
dem Schritt fir Schritt ein Sendetreiberschall-
druck erhoht wird oder eine Sendetonfrequenz
verringert wird, nachdem der spezifische Be-
reich des Subjekts mit den Blasen des Kontrast-
mittels geflllt ist, wobei die Mehrzahl von Ultra-
schallwellen der unterschiedlichen mechani-
schen Funktionen verwendet wird, um Blasen
des Kontrastmittels mit unterschiedlichen Gro-
Ben zu zerstoren, und um eine Mehrzahl von
Bildern zu erfassen, die zu den verschiedenen
GrolRen der Blasen gehdren.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Steuerung (32) den Treibersignalgenerator (21)
derart ansteuert, dass der Sendeschalldruck der Ul-
traschallwellen mitder Abfolge von Ultraschallwellen
zunimmt.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Steuerung (32) den Treibersignalgenerator (21)
derart ansteuert, dass die Sendetonfrequenz der Ul-
traschallwellen mitder Abfolge von Ultraschallwellen
abnimmt.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Steuerung (32) den Treibersignalgenerator (21)
derart ansteuert, dass Bilddaten fiir eine Sequenz
des einen Frames derart erfasst werden, dass die
Ultraschallwellen in der Sequenz des einen Frames
durch ein intermittierendes Senden bei vorbestimm-
ten Zeitintervallen gesendet werden, die erforderlich
sind, um das Kontrastmittel in dem zu diagnostizie-
renden Subjekt anzusammeln.

Ultraschalldiagnosegerat nach Anspruch 4, ferner
mit einer Anzeigevorrichtung (28) zum Anzeigen ei-
ner Mehrzahl der Bilder auf der Grundlage einer ent-
sprechenden Ultraschallwelle fir jeden Frame
gleichzeitig, wenn die Mehrzahl von Bildern fiirjeden
Frame in der Sequenz durch das intermittierende
Senden erfasst werden, und

wobei die Mehrzahl von Bildern fir jeden Frame in
der Sequenz auf den Ultraschallwellen als Reaktion
auf jede der Mehrzahl von Ultraschallwellen mit un-
terschiedlicher Starke einer mechanischen Funktion
basiert, wobei die unterschiedliche Starke allmahlich
erhoht wird.

Ultraschalldiagnosegerat nach Anspruch 5, wobei
die Anzeigevorrichtung (28) die Mehrzahl von Bil-
dern flr jeden anzuzeigenden Frame gleichzeitig
zeitsequentiell anordnet und dann die Mehrzahl von
Bildern anzeigt.
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Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Mehrzahl von Ultraschallwellen fiir den einen
Frame eine unterschiedliche Starke einer mechani-
schen Funktion, die auf die Blasen des Kontrastmit-
tels angewendet wird, aufweist, bei der die Blasen
des Kontrastmittels, die in einem Blutgefall und Ge-
webeflissigkeit und Lymphe auRerhalb des Blutge-
falBes innerhalb des zu diagnostizierenden Subjekts
vorhanden sind, zu unterschiedlichen Zeitpunkten
zerstort werden.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Steuerung (32) den Treibersignalgenerator (21)
fir den einen Frame derart steuert, dass eine erste
Ultraschallwelle mit einer ersten Starke einer me-
chanischen Funktion gesendet wird, mit der Blasen
des Kontrastmittels mit einem kleinem Durchmesser
zerstort werden, aber Blasen des Kontrastmittels mit
einem groflem Durchmesser kaum zerstort werden,
und eine zweite Ultraschallwelle mit einer zweiten
Starke einer mechanischen Funktion gesendet wird,
bei der Blasen des Kontrastmittels mit dem kleinem
Durchmesser und dem groRem Durchmesser zer-
stort werden.

Ultraschalldiagnosegerat nach Anspruch 4, da-
durch gekennzeichnet, dass es ferner umfasst:

eine Bildverarbeitungseinheit (25), die ausgebil-
det ist, um die Mehrzahl von Bildern fir jeden
Frame der Sequenz des einen Frames basie-
rend auf der Mehrzahl von Ultraschallwellen mit
unterschiedlicher Starke einer mechanischen
Funktion zu erzeugen, und die Mehrzahl von Bil-
dern, die in der Sequenz des einen Frames auf-
genommen wurden, in Gruppen von Bildern ba-
sierend auf der Starke einer mechanischen
Funktion zu klassifizieren und

eine Anzeigevorrichtung (28), die die Mehrzahl
von Bildern derart anzeigt, dass sie zeitsequen-
tiell in jeder Gruppe angeordnet ist.

10. Ultraschalldiagnosegerat nach Anspruch 1, da-

durch gekennzeichnet, dass es ferner umfasst:

eine Bildverarbeitungseinheit (25), die ausgebil-
det ist, um eine Mehrzahl von Zeitintensitatskur-
ven zu berechnen, die der Mehrzahl von Bildern
entsprechen, die basierend auf der Mehrzahl
von Ultraschallwellen mit unterschiedlicher
Starke einer mechanischen Funktion erfasst
wurden, und ein Subtraktionsbild der Mehrzahl
von berechneten Kurven zu erzeugen; und
eine Anzeigevorrichtung (28), die das Subtrak-
tionsbild anzeigt.

11. Ultraschalldiagnosegerat nach Anspruch 10, da-

durch gekennzeichnet, dass die Bildverarbei-
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12.

tungseinheit (25) die Mehrzahl von Zeitintensitats-
kurven basierend auf Teilen der Mehrzahl von Bil-
dern berechnet.

Ultraschalldiagnosegerat nach Anspruch 1, da-
durch gekennzeichnet, dass die Steuerung (32)
den Treibersignalgenerator (21) derart ansteuert,
dass die Ultraschallsonde (12) mehr als zwei Ultra-
schallwellen mit unterschiedlicher Starke einer me-
chanischen Funktion fiir den einen Frame sendet,
um in mindestens drei Schritten den Sendeschall-
druck zu erhéhen oder die Schallsendefrequenz zu
verringern.

Revendications

1.

Appareil  de ultrasonore

comprenant :

diagnostic (10),

une sonde ultrasonore (12) pour émettre/rece-
voir une onde ultrasonore vers/depuis une partie
spécifique al'intérieur d’un sujet a diagnostiquer
chez qui un milieu de contraste a été introduit ;
un générateur de signal d’entrainement (21)
pour générer un signal d’entrainement de ladite
sonde ultrasonore ;

caractérisé en ce que I'appareil comprend en
outre :

un dispositif de commande (32) pour comman-
der ledit générateur de signal d’entrainement
(21) a acquérir une donnée d'image pour une
trame d’une maniére telle que ladite sonde ul-
trasonore (12) émette de fagon consécutive
chacune de la pluralité des ondes ultrasonores
d’'une fonction mécanique différente appliquée
a des bulles du milieu de contraste en augmen-
tant une pression acoustique entrainant une
émission ou en diminuant une fréquence acous-
tigue d’émission étape par étape aprés que la
partie spécifique du sujet a été remplie avec les
bulles du milieu de contraste, ladite pluralité
d’ondes ultrasonores des fonctions mécaniques
différentes étant utilisées pour détruire des bul-
les dudit milieu de contraste présentant des
tailles différentes, et pour acquérir une pluralité
d’'images qui correspondent aux tailles différen-
tes des bulles.

Appareil de diagnostic ultrasonore selon la revendi-
cation 1, dans lequel ledit dispositif de commande
(32) commande ledit générateur de signal d’entrai-
nement (21) d’'une maniére telle que la pression
acoustique entrainant une émission desdites ondes
ultrasonores augmente a travers la séquence d’on-
des ultrasonores.

Appareil de diagnostic ultrasonore selon la revendi-
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cation 1, dans lequel ledit dispositif de commande
(32) commande ledit générateur de signal d’entrai-
nement (21) d’'une maniére telle que la fréquence
acoustique d’émission des ondes ultrasonores dimi-
nue a travers la séquence d’ondes ultrasonores.

Appareil de diagnostic ultrasonore selon la revendi-
cation 1, dans lequel ledit dispositif de commande
(32) commande ledit générateur de signal d’entrai-
nement (21) a acquérir une donnée d’'image pour
une séquence de la une trame d’'une maniére telle
que les ondes ultrasonores dans la séquence de la
une trame soient émises a travers des émissions
intermittentes a des intervalles de temps prédéter-
minés nécessaires pour accumuler ledit milieu de
contraste dans ledit sujet a diagnostiquer.

Appareil de diagnostic ultrasonore selon la revendi-
cation 4, comprenant en outre un dispositif d’afficha-
ge (28) pour afficher, lorsque la pluralité d'images
pour chaque trame dans ladite séquence sont ac-
quises par lesdites émissions intermittentes, une
pluralité desdites images sur la base d’une onde ul-
trasonore correspondante de chaque trame simul-
tanément et

dans lequel la pluralité d'images pour chaque trame
dans ladite séquence sont basées sur les ondes ul-
trasonores en réponse a chacune de la pluralité des
ondes ultrasonores présentant une résistance diffé-
rente d’'une fonction mécanique, dans lequel ladite
résistance différente est progressivement augmen-
tée.

Appareil de diagnostic ultrasonore selon la revendi-
cation 5, dans lequel ledit dispositif d’affichage (28)
agence ladite pluralité d'images pour chaque trame
a afficher simultanément séquentiellement dans le
temps et affiche ensuite ladite pluralité d'images.

Appareil de diagnostic ultrasonore selon la revendi-
cation 1, dans lequel ladite pluralité d’ondes ultraso-
nores pour la une trame présente une résistance dif-
férente d’une fonction mécanique appliquée aux bul-
les du milieu de contraste au niveau duquel les bulles
dudit milieu de contraste présent dans le sang dans
un vaisseau sanguin et un liquide tissulaire et la lym-
phe a I'extérieur du vaisseau sanguin a l'intérieur
dudit sujet a diagnostiquer sont détruites a des mo-
ments différents.

Appareil de diagnostic ultrasonore selon la revendi-
cation 1, dans lequel ledit dispositif de commande
(32) commande ledit générateur de signal d’entrai-
nement (21) pour la une trame d’'une maniére telle
qu’une premiére onde ultrasonore soit émise avec
une premiére résistance d’une fonction mécanique
sous laquelle des bulles dudit milieu de contraste
d’'un petit diamétre sont détruites mais des bulles
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dudit milieu de contraste d’un grand diamétre sont
difficilement détruites, et une seconde onde ultraso-
nore soit émise avec une seconde résistance d’'une
fonction mécanique sous laquelle des bulles dudit
milieu de contraste du petit diametre et du grand
diamétre sont détruites.

Appareil de diagnostic ultrasonore selon la revendi-
cation4, caractérisé en ce qu’ilcomprend enoutre :

une unité de traitement d'image (25) configurée
pour générer une pluralité d’images pour cha-
que trame de la séquence de la une trame sur
la base de la pluralité d’ondes ultrasonores pré-
sentant une résistance différente d’une fonction
mécanique, et classer la pluralité d’images ac-
quises dans la séquence de la une trame en
groupes d’'images sur la base de la résistance
d’une fonction mécanique ; et

un dispositif d’affichage (28) qui affiche la plu-
ralité d'images de telle sorte quelles soient
agencées séquentiellement dans le temps dans
chaque groupe.

10. Appareil de diagnostic ultrasonore selon la revendi-

cation 1, caractérisé en ce qu’ilcomprend enoutre :

une unité de traitement d'image (25) configurée
pour calculer une pluralité de courbes d’intensité
temporelle correspondant ala pluralité d’images
acquises sur la base de la pluralité d’'ondes ul-
trasonores présentant une résistance différente
d’'unefonction mécanique, etgénérer uneimage
soustractive de la pluralité de courbes
calculées ; et

un dispositif d’affichage (28) qui affiche I'image
soustractive.

11. Appareil de diagnostic ultrasonore selon la revendi-

cation 10, caractérisé en ce que l'unité de traite-
ment d’'image (25) calcule la pluralité de courbes
d’intensité temporelle sur la base de parties de la
pluralité d’images.

12. Appareil de diagnostic ultrasonore selon la revendi-

cation 1, caractérisé en ce que le dispositif de com-
mande (32) commande ledit générateur de signal
d’entrainement (21) d’'une maniére telle que ladite
sonde ultrasonore (12) émette plus de deux ondes
ultrasonores présentant une résistance différente
d’une fonction mécanique pour la une trame de ma-
niére a augmenter la pression acoustique entrainant
une émission ou a diminuer la fréquence acoustique
d’émission au niveau d’au moins trois étapes.
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