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(57) ABSTRACT

A photographing cycle including a weak ultrasonic monitor
image photographing step of photographing monitor images
by using a weak enough ultrasonic wave not to let the
contrast agent disappear, a strong ultrasonic B mode image
photographing step of photographing a B mode image by
using a strong enough ultrasonic wave to make the contrast
agent disappear, and a weak ultrasonic CFM image photo-
graphing step for photographing CFM images by using a
weak enough ultrasonic wave not to let the contrast agent
disappear is iterated. The latest image resulting from the
addition of the CFM image is displayed superposed over the
B mode image.
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Ultrasonic diagnostic apparatus
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FIG. 2

High enough transmission intensity
to make contrast agent disappear
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FIG. 4

High enough transmission intensity
to make contrast agent disappear
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FIG. 6

High enough transmission intensity
to make contrast agent disappear
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FIG. 8

High enough transmission intensity
to make contrast agent disappear
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FIG. 10

Scanned region
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FIG. 11

High enough transmission intensity to make contrast disappear
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FIG. 13

High enough transmission intensity to make contrast disappear
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FIG. 14
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FIG. 15

High enough transmission intensity to make contrast agent disappear
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FIG. 17

High enough transmission intensity to make contrast disappear
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FIG. 18

Quantity of contrast agent
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FIG. 19
PRIOR ART

High enough transmission intensity
to make contrast agent disappear
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FIG. 21
PRIOR ART

High enough transmission intensity
to make contrast agent disappear
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FIG. 23

PRIOR ART

Scanned region
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FIG. 24
PRIOR ART

High enough transmission intensity to make contrast agent disappear
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FIG. 26
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FIG. 27
PRIOR ART
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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Applica-
tion No. 2001-221051 filed Jul. 23, 2001.

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasonic scanning
method and an ultrasonic diagnostic apparatus, and more
particularly to an ultrasonic scanning method and an ultra-
sonic diagnostic apparatus for eliminating the wasteful use
of strong ultrasonic waves irrespective of whether to pho-
tograph B mode images or to photograph CFM images and
enabling BCFM-based intermittent scanning to be per-
formed more appropriately than according to the related art.

FIG. 19 and FIG. 20 are prior art diagrams illustrating a
first example of BCFM-based intermittent scanning per-
formed in an ultrasonic diagnostic apparatus according to
the related art.

A photographing cycle including a weak ultrasonic moni-
tor image photographing step of photographing monitor
images M1 through M10 by using a weak enough ultrasonic
wave not to let the contrast agent (bubbles) disappear, a
strong ultrasonic B mode image photographing step of
photographing B mode images B1 by using a strong enough
ultrasonic wave to make the contrast agent disappear, and a
strong ultrasonic CFM (color flow mapping) image photo-
graphing step for photographing CFM image F1 by using a
strong enough ultrasonic wave to make the contrast agent
disappear is iterated.

FIG. 20 is a graph showing variations in the quantity of
the contrast agent present in the photographed area.

Incidentally, for the convenience of explanation, it is
supposed in this specification that immediately after photo-
graphing with strong ultrasonic waves 75% of the contrast
agent has disappeared and that and during photographing
with weak ultrasonic waves the contrast agent increases
(flows in).

As is seen from this graph jB, during the weak ultrasonic
monitor image photographing step the contrast agent
increases, during the strong ultrasonic B mode image pho-
tographing step and the strong ultrasonic CFM image pho-
tographing step the contrast agent disappears, and again
during the weak ultrasonic monitor image photographing
step the contrast agent increases; these variations are
repeated.

The latest one of the monitor images M1 through M10 is
displayed on, for instance, the left half of the screen.

The monitor images M1 through M10, because of their
high frame rate, excel in real time performance. However,
their picture quality is poor because they are photographed
by using weak ultrasonic waves.

The latest one of B mode images B1 is displayed on, for
instance, the right half of the screen.

The picture quality of the B mode images Bl is high,
because they are photographed in a state in which the
contrast agent has fully infiltrated and by using strong
ultrasonic waves. However, because of their low frame rate,
they are inferior in real time performance.

The latest one of CFM image F1 is displayed superposed
over the B mode image B1.

The picture quality of the CFM image F1 is not so high
because they are photographed in a state in which much of
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the contrast agent has disappeared, but somewhat higher
than the monitor images because they are photographed by
using strong ultrasonic waves. Because of their low frame
rate, they are inferior in real time performance.

FIG. 21 and FIG. 22 are prior art diagrams illustrating a
second example of BCFM-based intermittent scanning per-
formed in an ultrasonic diagnostic apparatus according to
the related art.

FIG. 21 is a diagram illustrating an ultrasonic scanning
method.

A photographing cycle including a weak ultrasonic moni-
tor image photographing step of photographing monitor
images M1 through M10 by using a weak enough ultrasonic
wave not to let the contrast agent disappear, a strong
ultrasonic CFM image photographing step for photograph-
ing CFM image F1 by using a strong enough ultrasonic wave
to make the contrast agent disappear, and a strong ultrasonic
B mode image photographing step of photographing B mode
images B1 by using a strong enough ultrasonic wave to
make the contrast agent disappear is iterated.

FIG. 22 is a graph showing variations in the quantity of
the contrast agent present in the photographed area.

As is seen from this graph jF, during the weak ultrasonic
monitor image photographing step the contrast agent
increases, during the strong ultrasonic CFM image photo-
graphing step and the strong ultrasonic B mode image
photographing step the contrast agent disappears, and again
during the weak ultrasonic monitor image photographing
step the contrast agent increases; these variations are
repeated.

The latest one of the monitor images M1 through M10 is
displayed on, for instance, the left half of the screen.

The monitor images M1 through M10, because of their
high frame rate, excel in real time performance. However,
their picture quality is poor because they are photographed
by using weak ultrasonic waves.

The latest one of CFM image F1 is displayed on, for
instance, the right half of the screen.

The picture quality of the CFM image F1 is high because
they are photographed in a state in which the contrast agent
has fully infiltrated and by using strong ultrasonic waves.
However, because of their low frame rate, they are inferior
in real time performance.

The latest one of B mode images B1 is displayed super-
posed over the CFM mode image F1.

The picture quality of the B mode images B1 is not so
high, because they are photographed in a state in which
much of the contrast agent has disappeared, but somewhat
higher than the monitor images because they are photo-
graphed by using strong ultrasonic waves. Because of their
low frame rate, they are inferior in real time performance.

FIG. 23 through FIG. 25 are prior art diagrams illustrating
a third example of BCFM-based intermittent scanning per-
formed in an ultrasonic diagnostic apparatus according to
the related art.

As shown in FIG. 23, a scanned region S is divided into,
for instance, four partial regions a through d.

Then, as shown in FIG. 24, a photographing cycle includ-
ing a weak ultrasonic monitor image photographing step of
photographing monitor images M1 through M8 all over the
scanned region S by using a weak enough ultrasonic wave
not to let the contrast agent disappear, a strong ultrasonic B
mode partial photographing step of photographing B mode
images B1 in each of the partial regions a, b, ¢ and d by using
a strong enough ultrasonic wave to make the contrast agent
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disappear, and a sequential partial photographic step at
which strong ultrasonic CFM image partial photographing
steps for sequentially photographing CFM image F1 by
using a strong enough ultrasonic wave to make the contrast
agent disappear is iterated.

FIG. 25 is a graph showing variations in the quantity of
the contrast agent present in the photographed area.

In partial region a, as is seen from graph jpBa, during the
weak ultrasonic monitor image photographing step the con-
trast agent increases, during the strong ultrasonic B mode
partial photographing step and the strong ultrasonic CFM
image partial photographing step the contrast agent
disappears, and again during the weak ultrasonic monitor
image photographing step the contrast agent increases; these
variations are repeated.

The same is true of graph jpBb of partial region b, graph
jpBc of partial region c and graph jpbd of partial region d as
of graph jpBa of partial region a.

The latest one of the monitor images M1 through M8 is
displayed on, for instance, the left half of the screen.

The monitor images M1 through M8, because of their
high frame rate, excel in real time performance. However,
their picture quality is poor because they are photographed
by using weak ultrasonic waves.

The latest one of B mode images B1 is displayed on, for
instance, the right half of the screen.

The picture quality of the B mode images Bl is high,
because they are photographed in a state in which the
contrast agent has fully infiltrated and by using strong
ultrasonic waves. However, because of their low frame rate,
they are inferior in real time performance.

The latest one of CFM image F1 is displayed superposed
over the B mode image B1.

The picture quality of the CFM image F1 is not so high
because they are photographed in a state in which much of
the contrast agent has disappeared, but somewhat higher
than the monitor images because they are photographed by
using strong ultrasonic waves. Because of their low frame
rate, they are inferior in real time performance.

FIG. 26 and FIG. 27 are prior art diagrams illustrating a
fourth example of BCFM-based intermittent scanning per-
formed in an ultrasonic diagnostic apparatus according to
the related art.

As shown in FIG. 26, a photographing cycle including a
weak ultrasonic monitor image photographing step of pho-
tographing monitor images M1 through M8 all over the
scanned region S by using a weak enough ultrasonic wave
not to let the contrast agent disappear, a strong ultrasonic
CFM monitor image partial photographing step of photo-
graphing CFM image F1 in each of the partial regions a, b,
¢ and d by using a strong enough ultrasonic wave to make
the contrast agent disappear, and a sequential partial photo-
graphic step at which strong ultrasonic B mode image partial
photographing steps for sequentially photographing B mode
images Bl by using a strong enough ultrasonic wave to
make the contrast agent disappear is iterated.

FIG. 27 is a graph showing variations in the quantity of
the contrast agent present in the photographed area.

In partial region a, as is seen from graph jpFa, during the
weak ultrasonic monitor image photographing step the con-
trast agent increases, during the strong ultrasonic CFM
image partial photographing step and the strong ultrasonic B
mode partial photographing step the contrast agent
disappears, and again during the weak ultrasonic monitor
image photographing step the contrast agent increases; these
variations are repeated.
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The same is true of graph jpFb of partial region b, graph
JpFc of partial region ¢ and graph jpFd of partial region d as
of graph jpFa of partial region a.

The latest one of the monitor images M1 through M8 is
displayed on, for instance, the left half of the screen.

The monitor images M1 through M8, because of their
high frame rate, excel in real time performance. However,
their picture quality is poor because they are photographed
by using weak ultrasonic waves.

The latest one of CFM image F1 is displayed on, for
instance, the right half of the screen.

The picture quality of the CFM image F1 is high because
they are photographed in a state in which the contrast agent
has fully infiltrated and by using strong ultrasonic waves.
However, because of their low frame rate, they are inferior
in real time performance.

The latest one of B mode images B1 is displayed super-
posed over the CFM mode image F1.

The picture quality of the B mode images B1 is not so
high, because they are photographed in a state in which
much of the contrast agent has disappeared, but somewhat
higher than the monitor images because they are photo-
graphed by using strong ultrasonic waves. Because of their
low frame rate, they are inferior in real time performance.

In the above-described BCFM-based intermittent scan-
ning with the conventional ultrasonic diagnostic apparatus,
strong ultrasonic waves are used irrespective of whether to
photograph B mode images or to photograph CFM images.
However, in the first example of the related art, the picture
quality of the B mode image obtained at the strong ultrasonic
B mode image photographing step immediately after the
weak ultrasonic monitor image photographing step is high,
but the picture quality of the CFM image obtained at the
following strong ultrasonic CFM image photographing step
is not so high. Thus, there is a problem that the use of strong
ultrasonic waves at this strong ultrasonic CFM image pho-
tographing step scarcely provides any advantage.

Similarly in the second example of the related art, there is
a problem that the use of strong ultrasonic waves at the
strong ultrasonic B mode image photographing step scarcely
provides any advantage.

Similarly in the third example of the related art, there is
a problem that the use of strong ultrasonic waves at the
strong ultrasonic CFM image partial photographing step
scarcely provides any advantage.

Similarly in the fourth example of the related art, there is
a problem that the use of strong ultrasonic waves at the
strong ultrasonic B mode partial photographing step scarcely
provides any advantage.

SUMMARY OF THE INVENTION

An object of the present invention, therefore, is to provide
an ultrasonic scanning method and an ultrasonic diagnostic
apparatus for eliminating the wasteful use of strong ultra-
sonic waves irrespective of whether to photograph B mode
images or to photograph CFM images and enabling BCFM-
based intermittent scanning to be performed more appropri-
ately than according to the related art.

According to its first aspect, the present invention pro-
vides an ultrasonic scanning method characterized in that a
photographing cycle including a strong ultrasonic B mode
image photographing step of photographing B mode images
by using a strong enough ultrasonic wave to make a contrast
agent disappear, a weak ultrasonic turbulent image photo-
graphing step of photographing turbulent images by using a
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weak enough ultrasonic wave not to let the contrast agent
disappear, and a weak ultrasonic monitor image photograph-
ing step of repeating many times photographing of monitor
images by using a weak enough ultrasonic wave not to let
the contrast agent disappear is iterated.

By the ultrasonic scanning method according to the first
aspect described above, B mode images are photographed
by using a strong ultrasonic wave, and turbulent images
(including CFM images) are photographed by using a weak
ultrasonic wave. As a result, even during the weak ultrasonic
turbulent image photographing step the contrast agent does
not disappear, but the quantity of the contrast agent is
increased by an inflow. Therefore, if it is assumed that the
frame rate is the same as in the above-described first
example of the related art, as the quantity of the infiltrating
contrast agent is greater than in the first example of the
related art, the picture quality of B mode images is
improved. Or even if the frame rate is higher than in the first
example of the related art, as the quantity of the infiltrating
contrast agent can be kept substantially equal to that in the
first example of the related art, comparable picture quality
can be achieved for B mode images that in the first example
of the related art. Thus, the frame rate can be enhanced
without sacrificing the picture quality of B mode images. On
the other hand, the picture quality of turbulent images is
poor because they are photographed by using a weak ultra-
sonic wave, but it is only slightly poorer than in the first
example of the related art. Therefore, as a whole, BCFM-
based intermittent scanning can be accomplished more
appropriately than by the first example of the related art.

According to its second aspect, the invention provides an
ultrasonic scanning method characterized in that, in the
ultrasonic scanning method of the above-described
configuration, either the strong ultrasonic B mode image
photographing step, the weak ultrasonic turbulent image
photographing step and the weak ultrasonic monitor image
photographing step are executed in this order, or the strong
ultrasonic B mode image photographing step, the weak
ultrasonic monitor image photographing step and the weak
ultrasonic turbulent image photographing step are executed
in this order.

By the ultrasonic scanning method according to the
second aspect described above, the sequence of executing
the strong ultrasonic B mode image photographing step, the
weak ultrasonic turbulent image photographing step and the
weak ultrasonic monitor image photographing step can be
selected as desired. This is because a weak ultrasonic wave
is used for the photographing of turbulent images, and
accordingly its replacement by the photographing of monitor
images in the sequence makes no trouble.

According to its third aspect, the invention provides an
ultrasonic scanning method characterized in that a photo-
graphing cycle including a strong ultrasonic turbulent image
photographing step of photographing turbulent images by
using a strong enough ultrasonic wave to make a contrast
agent disappear, a weak ultrasonic B mode image photo-
graphing step of photographing B mode images by using a
weak enough ultrasonic wave not to let the contrast agent
disappear, and a weak ultrasonic monitor image photograph-
ing step of repeating many times photographing of monitor
images by using a weak enough ultrasonic wave not to let
the contrast agent disappear is iterated.

By the ultrasonic scanning method according to the third
aspect described above, only turbulent images are photo-
graphed by using a strong ultrasonic wave, and B mode
images are photographed by using a weak ultrasonic wave.
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As a result, even during the weak ultrasonic B mode image
photographing step, the contrast agent does not disappear,
but the quantity of the contrast agent is increased by an
inflow. Therefore, if it is assumed that the frame rate is the
same as in the above-described second example of the
related art, as the quantity of the infiltrating contrast agent is
greater than in the second example of the related art, the
picture quality of turbulent images is improved. Or even if
the frame rate is higher than in the second example of the
related art, as the quantity of the infiltrating contrast agent
can be kept substantially equal to that in the second example
of the related art, comparable picture quality can be achieved
for turbulent images that in the second example of the
related art. Thus, the frame rate can be enhanced without
sacrificing the picture quality of turbulent images. On the
other hand, the picture quality of B mode images is poor
because they are photographed by using a weak ultrasonic
wave, but it is only slightly poorer than in the second
example of the related art. Therefore, as a whole, BCFM-
based intermittent scanning can be accomplished more
appropriately than by the second example of the related art.

According to its fourth aspect, the invention provides an
ultrasonic scanning method characterized in that, in the
ultrasonic scanning method of the above-described
configuration, either the strong ultrasonic turbulent image
photographing step, the weak ultrasonic B mode image
photographing step and the weak ultrasonic monitor image
photographing step are executed in this order, or the strong
ultrasonic turbulent image photographing step, the weak
ultrasonic monitor image photographing step and the weak
ultrasonic B mode image photographing step are executed in
this order.

By the ultrasonic scanning method according to the fourth
aspect described above, the sequence of executing the strong
ultrasonic wave photographing step, the weak ultrasonic B
mode image photographing step and the weak ultrasonic
monitor image photographing step can be selected as
desired. This is because a weak ultrasonic wave is used for
the photographing of B mode images, and accordingly its
replacement by the photographing of monitor images in the
sequence makes no trouble.

According to its fifth aspect, the invention provides an
ultrasonic scanning method characterized in that a change-
over is done as designated by the operator between the
ultrasonic scanning method according to the above-
described first or second aspect and the ultrasonic scanning
method according to the third or fourth aspect.

By the ultrasonic scanning method according to the fifth
aspect described above, if the ultrasonic scanning method
according to the first or second aspect is designated, B mode
images of higher picture quality can be obtained, of if the
ultrasonic scanning method according to the third or fourth
aspect is designated, turbulent images of higher picture
quality can be obtained.

According to its sixth aspect, the invention provides an
ultrasonic scanning method characterized in that a photo-
graphing cycle including a sequential partial photographic
step at which a scanned region is divided into two or more
partial regions and a strong ultrasonic B mode partial
photographing step of photographing in one partial region B
mode images by using a strong enough ultrasonic wave to
make the contrast agent disappear and a weak ultrasonic
turbulent image partial photographing step for photograph-
ing turbulent images by using a weak enough ultrasonic
wave not to let the contrast agent disappear are sequentially
done for each partial region, and of a weak ultrasonic
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monitor image photographing step of repeating many times
photographing of monitor images in the whole scanned
region by using a weak enough ultrasonic wave not to let the
contrast agent disappear is iterated.

By the ultrasonic scanning method according to the sixth
aspect described above, though photographing of B mode
images in one partial region and photographing of turbulent
images are sequentially repeated for each partial region, it is
basically the same in other respects as the ultrasonic scan-
ning method according to the first aspect described above.

Thus, only B mode images are photographed by using a
strong ultrasonic wave, and turbulent images are photo-
graphed by using a weak ultrasonic wave. As a result, even
during the weak ultrasonic turbulent image partial photo-
graphing step, the contrast agent does not disappear, but the
quantity of the contrast agent is increased by an inflow.
Therefore, if it is assumed that the frame rate is the same as
in the above-described third example of the related art, as the
quantity of the infiltrating contrast agent is greater than in
the third example of the related art, the picture quality of B
mode images is improved. Or even if the frame rate is higher
than in the third example of the related art, as the quantity
of the infiltrating contrast agent can be kept substantially
equal to that in the third example of the related art, compa-
rable picture quality can be achieved for B mode images that
in the third example of the related art. Thus, the frame rate
can be enhanced without sacrificing the picture quality of B
mode images. On the other hand, the picture quality of
turbulent images is poor because they are photographed by
using a weak ultrasonic wave, but it is only slightly poorer
than in the third example of the related art. Therefore, as a
whole, BCFM-based intermittent scanning can be accom-
plished more appropriately than by the third example of the
related art.

According to its seventh aspect, the invention provides an
ultrasonic scanning method characterized in that, in the
ultrasonic scanning method of the above-described
configuration, in one partial region either the strong ultra-
sonic B mode partial photographing step and the weak
ultrasonic turbulent image photographing step are executed
in this order or the weak ultrasonic turbulent image photo-
graphing step and the strong ultrasonic B mode partial
photographing step are executed in this order.

By the ultrasonic scanning method according to the
seventh aspect described above, the sequence of executing
the strong ultrasonic B mode partial photographing step and
the weak ultrasonic turbulent image partial photographing
step can be selected as desired. This is because a weak
ultrasonic wave is used for the photographing of turbulent
images, and accordingly its execution in any position causes
no trouble to the photographing of B mode images.

According to its eighth aspect, the invention provides an
ultrasonic scanning method characterized in that a photo-
graphing cycle including a sequential partial photographic
step at which a scanned region is divided into two or more
partial regions, and a strong ultrasonic turbulent image
partial photographing step of photographing turbulent
images in one partial region by using a strong enough
ultrasonic wave to make the contrast agent disappear and a
weak ultrasonic B mode image partial photographing step of
photographing B mode images by using a weak enough
ultrasonic wave not to let the contrast agent disappear are
sequentially done for each partial region, and of a weak
ultrasonic monitor image photographing step of repeating
many times photographing of monitor images by using a
weak enough ultrasonic wave not to let the contrast agent
disappear is iterated.
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By the ultrasonic scanning method according to the eighth
aspect described above, though photographing of turbulent
images in one partial region and photographing of B mode
images are sequentially repeated for each partial region, it is
basically the same in other respects as the ultrasonic scan-
ning method according to the third aspect described above.

Thus, only turbulent images are photographed by using a
strong ultrasonic wave, and B mode images are photo-
graphed by using a weak ultrasonic wave. As a result, even
during the weak ultrasonic B mode image partial photo-
graphing step, the contrast agent does not disappear, but the
quantity of the contrast agent is increased by an inflow.
Therefore, if it is assumed that the frame rate is the same as
in the above-described fourth example of the related art, as
the quantity of the infiltrating contrast agent is greater than
in the fourth example of the related art, the picture quality
of turbulent images is improved. Or even if the frame rate is
higher than in the fourth example of the related art, as the
quantity of the infiltrating contrast agent can be kept sub-
stantially equal to that in the fourth example of the related
art, comparable picture quality can be achieved for turbulent
images that in the fourth example of the related art. Thus, the
frame rate can be enhanced without sacrificing the picture
quality of turbulent images. On the other hand, the picture
quality of B mode images is poor because they are photo-
graphed by using a weak ultrasonic wave, but it is only
slightly poorer than in the fourth example of the related art.
Therefore, as a whole, BCFM-based intermittent scanning
can be accomplished more appropriately than by the fourth
example of the related art.

According to its ninth aspect, the invention provides an
ultrasonic scanning method characterized in that, in the
ultrasonic scanning method of the above-described
configuration, either in one partial region the strong ultra-
sonic turbulent image partial photographing step and the
weak ultrasonic B mode image partial photographing step
are executed in this order or the weak ultrasonic B mode
image partial photographing step and the strong ultrasonic
turbulent image partial photographing step are executed in
this order.

By the ultrasonic scanning method according to the
seventh aspect described above, the sequence of executing
the strong ultrasonic turbulent image partial photographing
step and the weak ultrasonic B mode image partial photo-
graphing step can be selected as desired. This is because a
weak ultrasonic wave is used for the photographing of B
mode images, and accordingly its execution in any position
causes no trouble to the photographing of turbulent images.

According to its 10th aspect, the invention provides an
ultrasonic scanning method characterized in that a change-
over is done as designated by the operator between the
ultrasonic scanning method according to the above-
described sixth or seventh aspect and the ultrasonic scanning
method according to the eighth or ninth aspect.

By the ultrasonic scanning method according to the 10th
aspect described above, if the ultrasonic scanning method
according to the sixth or seventh aspect is designated, B
mode images of higher picture quality can be obtained, of if
the ultrasonic scanning method according to the eighth or
ninth aspect is designated, turbulent images of higher picture
quality can be obtained.

According to its 11th aspect, the invention provides an
ultrasonic scanning method characterized in that, in the
ultrasonic scanning method of the above-described
configuration, when photographing is done by using a weak
enough ultrasonic wave not to let the contrast agent
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disappear, a higher frequency is used than that when pho-
tographing is done by using a strong enough ultrasonic wave
to make the contrast agent disappear.

By the ultrasonic scanning method according to the 11th
aspect described above, because the frequency of the ultra-
sonic wave is raised when photographing is done by using
a weak ultrasonic wave, the destruction of the contrast agent
can be restrained more.

According to its 12th aspect, the invention provides an
ultrasonic diagnostic apparatus comprising an ultrasonic
probe, an ultrasonic scanning means for scanning the inside
of a subject by using that ultrasonic probe, an ultrasonic
image generating means for generating an ultrasonic image
on the basis of data obtained by scanning, and an ultrasonic
image display means for displaying the ultrasonic image,
characterized in that the ultrasonic scanning means iterates
a photographing cycle including a strong ultrasonic B mode
image photographing step of photographing B mode images
by using a strong enough ultrasonic wave to make a contrast
agent disappear, a weak ultrasonic turbulent image photo-
graphing step of photographing turbulent images by using a
weak enough ultrasonic wave not to let the contrast agent
disappear, and a weak ultrasonic monitor image photograph-
ing step of repeating many times photographing of monitor
images by using a weak enough ultrasonic wave not to let
the contrast agent disappear.

With the ultrasonic diagnostic apparatus according to the
12th aspect described above, the ultrasonic scanning method
according to the first aspect described above can be carried
out appropriately.

According to its 13th aspect, the invention provides an
ultrasonic diagnostic apparatus characterized in that, in the
ultrasonic diagnostic apparatus of the above-described
configuration, the ultrasonic scanning means either executes
the strong ultrasonic B mode image photographing step, the
weak ultrasonic turbulent image photographing step and the
weak ultrasonic monitor image photographing step in this
order or executes the strong ultrasonic B mode image
photographing step, the weak ultrasonic monitor image
photographing step and the weak ultrasonic turbulent image
photographing step in this order.

With the ultrasonic diagnostic apparatus according to the
13th aspect described above, the ultrasonic scanning method
according to the second aspect described above can be
carried out appropriately.

According to its 14th aspect, the invention provides an
ultrasonic diagnostic apparatus provided with an ultrasonic
probe, an ultrasonic scanning means for scanning the inside
of a subject by using that ultrasonic probe, an ultrasonic
image generating means for generating an ultrasonic image
on the basis of data obtained by scanning, and an ultrasonic
image display means for displaying the ultrasonic image,
characterized in that the ultrasonic scanning means iterates
a photographing cycle including a strong ultrasonic turbu-
lent image photographing step of photographing turbulent
images by using a strong enough ultrasonic wave to make a
contrast agent disappear, a weak ultrasonic B mode image
photographing step of photographing B mode images by
using a weak enough ultrasonic wave not to let the contrast
agent disappear, and a weak ultrasonic monitor image pho-
tographing step of repeating many times photographing of
monitor images by using a weak enough ultrasonic wave not
to let the contrast agent disappear.

With the ultrasonic diagnostic apparatus according to the
14th aspect described above, the ultrasonic scanning method
according to the third aspect described above can be carried
out appropriately.
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According to its 15th aspect, the invention provides an
ultrasonic diagnostic apparatus characterized in that, in the
ultrasonic diagnostic apparatus of the above-described
configuration, the ultrasonic scanning means either executes
the strong ultrasonic turbulent image photographing step,
the weak ultrasonic B mode image photographing step and
the weak ultrasonic monitor image photographing step in
this order or the strong ultrasonic turbulent image photo-
graphing step, the weak ultrasonic monitor image photo-
graphing step and the weak ultrasonic B mode image
photographing step in this order.

‘With the ultrasonic diagnostic apparatus according to the
15th aspect described above, the ultrasonic scanning method
according to the fourth aspect described above can be
carried out appropriately.

According to its 16th aspect, the invention provides an
ultrasonic diagnostic apparatus provided with the ultrasonic
scanning means according to the 12th or 13th aspect and the
ultrasonic scanning means according to the 14th or 15th
aspect, and with a designating means for use by the operator
to designate the ultrasonic scanning means to be worked.

With the ultrasonic diagnostic apparatus according to the
16th aspect described above, the ultrasonic scanning method
according to the fifth aspect described above can be carried
out appropriately.

According to its 17th aspect, the invention provides an
ultrasonic diagnostic apparatus provided with an ultrasonic
probe, an ultrasonic scanning means for scanning the inside
of a subject by using that ultrasonic probe, an ultrasonic
image generating means for generating an ultrasonic image
on the basis of data obtained by scanning, and an ultrasonic
image display means for displaying the ultrasonic image,
characterized in that the ultrasonic scanning means iterates
a photographing cycle including a sequential partial photo-
graphic step at which a scanned region is divided into two
or more partial regions and a strong ultrasonic B mode
partial photographing step of photographing in one partial
region B mode images by using a strong enough ultrasonic
wave to make the contrast agent disappear and a weak
ultrasonic turbulent image partial photographing step for
photographing turbulent images by using a weak enough
ultrasonic wave not to let the contrast agent disappear are
sequentially done for each partial region, and of a weak
ultrasonic monitor image photographing step of repeating
many times photographing of monitor images in the whole
scanned region by using a weak enough ultrasonic wave not
to let the contrast agent disappear.

‘With the ultrasonic diagnostic apparatus according to the
17th aspect described above, the ultrasonic scanning method
according to the sixth aspect described above can be carried
out appropriately.

According to its 18th aspect, the invention provides an
ultrasonic diagnostic apparatus characterized in that, in the
ultrasonic diagnostic apparatus of the above-described
configuration, the ultrasonic scanning means executes in one
partial region either the strong ultrasonic B mode partial
photographing step and the weak ultrasonic turbulent image
photographing step in this order or the weak ultrasonic
turbulent image photographing step and the strong ultrasonic
B mode partial photographing step in this order.

‘With the ultrasonic diagnostic apparatus according to the
18th aspect described above, the ultrasonic scanning method
according to the seventh aspect described above can be
carried out appropriately.

According to its 19th aspect, the invention provides an
ultrasonic diagnostic apparatus provided with an ultrasonic
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probe, an ultrasonic scanning means for scanning the inside
of a subject by using that ultrasonic probe, an ultrasonic
image generating means for generating an ultrasonic image
on the basis of data obtained by scanning, and an ultrasonic
image display means for displaying the ultrasonic image,
characterized in that the ultrasonic scanning means iterates
a photographing cycle including a sequential partial photo-
graphic step at which a scanned region is divided into two
or more partial regions, and a strong ultrasonic turbulent
image partial photographing step of photographing turbulent
images in one partial region by using a strong enough
ultrasonic wave to make the contrast agent disappear and a
weak ultrasonic B mode image partial photographing step of
photographing B mode images by using a weak enough
ultrasonic wave not to let the contrast agent disappear are
sequentially done for each partial region, and of a weak
ultrasonic monitor image photographing step of repeating
many times photographing of monitor images in the whole
scanned region by using a weak enough ultrasonic wave not
to let the contrast agent disappear.

With the ultrasonic diagnostic apparatus according to the
19th aspect described above, the ultrasonic scanning method
according to the eighth aspect described above can be
carried out appropriately.

According to its 20th aspect, the invention provides an
ultrasonic diagnostic apparatus characterized in that, in the
ultrasonic diagnostic apparatus of the above-described
configuration, the ultrasonic scanning means executes in one
partial region either the strong ultrasonic wave photograph-
ing step and the weak ultrasonic B mode image photograph-
ing step in this order or the weak ultrasonic B mode image
photographing step and the strong ultrasonic wave photo-
graphing step in this order.

With the ultrasonic diagnostic apparatus according to the
20th aspect described above, the ultrasonic scanning method
according to the ninth aspect described above can be carried
out appropriately.

According to its 21st aspect, the invention provides an
ultrasonic diagnostic apparatus provided with the ultrasonic
scanning means according to the 17th or 18th aspect and the
ultrasonic scanning means stated according to the 19 or 20th
aspect, and with a designating means for use by the operator
to designate the ultrasonic scanning means to be worked.

With the ultrasonic diagnostic apparatus according to the
21st aspect described above, the ultrasonic scanning method
according to the 10th aspect described above can be carried
out appropriately.

According to its 22nd aspect, the invention provides an
ultrasonic diagnostic apparatus characterized in that, in the
ultrasonic diagnostic apparatus of the above-described
configuration, the ultrasonic scanning means uses a higher
frequency when photographing is done by using a weak
enough ultrasonic wave not to let the contrast agent disap-
pear than that when photographing is done by using a strong
enough ultrasonic wave to make the contrast agent disap-
pear.

With the ultrasonic diagnostic apparatus according to the
22nd aspect described above, the ultrasonic scanning
method according to the 11th aspect described above can be
carried out appropriately.

Therefore, the ultrasonic scanning method and the ultra-
sonic diagnostic apparatus according to the present inven-
tion make it possible to carry out BCFM-based intermittent
scanning more appropriately than the related art and elimi-
nating the wasteful use of a strong ultrasonic wave whether
B mode images are to be photographed of CFM images are
to be photographed.
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Further objects and advantages of the present invention
will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating the configuration of an
ultrasonic diagnostic apparatus pertaining to one mode of
implementing the present invention.

FIG. 2 is a diagram illustrating a first ultrasonic scanning
method pertaining to the invention.

FIG. 3 is a graph showing variations in the quantity of the
contrast agent in the first ultrasonic scanning method per-
taining to the invention.

FIG. 4 is a diagram illustrating a second ultrasonic
scanning method pertaining to the invention.

FIG. 5 is a graph showing variations in the quantity of the
contrast agent in the second ultrasonic scanning method
pertaining to the invention.

FIG. 6 is a diagram illustrating a third ultrasonic scanning
method pertaining to the invention.

FIG. 7 is a graph showing variations in the quantity of the
contrast agent in the third ultrasonic scanning method per-
taining to the invention.

FIG. 8 is a diagram illustrating a fourth ultrasonic scan-
ning method pertaining to the invention.

FIG. 9 is a graph showing variations in the quantity of the
contrast agent in the fourth ultrasonic scanning method
pertaining to the invention.

FIG. 10 is a diagram illustrating a scanned region and
partial regions.

FIG. 11 is a diagram illustrating a fifth ultrasonic scanning
method pertaining to the invention.

FIG. 12 is a graph showing variations in the quantity of
the contrast agent in the fifth ultrasonic scanning method
pertaining to the invention.

FIG. 13 is a diagram illustrating a sixth ultrasonic scan-
ning method pertaining to the invention.

FIG. 14 is a graph showing variations in the quantity of
the contrast agent in the sixth ultrasonic scanning method
pertaining to the invention.

FIG. 15 is a diagram illustrating a seventh ultrasonic
scanning method pertaining to the invention.

FIG. 16 is a graph showing variations in the quantity of
the contrast agent in the seventh ultrasonic scanning method
pertaining to the invention.

FIG. 17 is a diagram illustrating an eighth ultrasonic
scanning method pertaining to the invention.

FIG. 18 is a graph showing variations in the quantity of
the contrast agent in the eighth ultrasonic scanning method
pertaining to the invention.

FIG. 19 is a diagram illustrating an ultrasonic scanning
method, which is a first example of the related art.

FIG. 20 is a graph showing variations in the quantity of
the contrast agent in the ultrasonic scanning method, which
is the first example of the related art.

FIG. 21 is a diagram illustrating an ultrasonic scanning
method, which is a second example of the related art.

FIG. 22 is a graph showing variations in the quantity of
the contrast agent in the ultrasonic scanning method, which
is the second example of the related art.

FIG. 23 is a diagram illustrating a scanned region and
partial regions.
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FIG. 24 is a diagram illustrating an ultrasonic scanning
method, which is a third example of the related art.

FIG. 25 is a graph showing variations in the quantity of
the contrast agent in the ultrasonic scanning method, which
is the third example of the related art.

FIG. 26 is a diagram illustrating an ultrasonic scanning
method, which is a fourth example of the related art.

FIG. 27 is a graph showing variations in the quantity of
the contrast agent in the ultrasonic scanning method, which
is the fourth example of the related art.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention will be described in detail with
reference to modes of carrying it out illustrated in drawings.

FIG. 1 illustrates the configuration of an ultrasonic diag-
nostic apparatus pertaining to one mode of implementing the
present invention.

This ultrasonic waves diagnostic apparatus 100 is config-
ured of an ultrasonic probe 1; a transmitting/receiving
section 2 for transmitting a strong enough ultrasonic wave to
make the contrast agent disappear or a weak enough ultra-
sonic wave not to let the contrast agent disappear, receiving
an echo corresponding to it and outputting a reception
signal; a B mode processing section 3 for generating B mode
image information from the reception signal; a CFM pro-
cessing section 4 for generating CFM image information
from the reception signal; a monitor image generating
section 5 for selecting either B mode image information
obtained by scanning with a weak enough ultrasonic wave
not to let the contrast agent disappear or CFM image
information obtained by-scanning with a weak enough ultra-
sonic wave not to let the contrast agent disappear and
generating monitor images; a B mode image generating
section 6 for generating B mode images from B mode image
information obtained by scanning with a strong enough
ultrasonic wave to make the contrast agent disappear; a
CFM image generating section 7 for generating CFM
images from CFM image information obtained by scanning
with a strong enough ultrasonic wave to make the contrast
agent disappear; a display control section 9 for performing
control to display a monitor image on the left half of the
screen of a display unit 10 and to display an synthetic image
synthesized by having a B mode image and a CFM image
overlap each other on the right half of the screen of the
display unit 10; the display unit 10 for displaying images and
messages; and a scan control section 11 for controlling
overall operations.

The ultrasonic diagnostic apparatus 100 executes an ultra-
sonic scanning method illustrated in FIG. 2, FIG. 4, FIG. 6,
FIG. 8, FIG. 11, FIG. 13, FIG. 15 or FIG. 17 by injecting a
contrast agent into the blood flow of a subject, and working
the ultrasonic probe 1, the transmitting/receiving section 2,
the B mode processing section 3 and the CFM processing
section 4 under the control of the scan control section 11.
The operator designates which of the ultrasonic scanning
methods illustrated in FIG. 2, FIG. 4, FIG. 6, FIG. 8, FIG.
11, FIG. 13, FIG. 15 and FIG. 17 is to be executed.

First Ultrasonic Scanning Method

As shown in FIG. 2, a photographing cycle including a
weak ultrasonic monitor image photographing step of pho-
tographing monitor images M1 through M8 by using a weak
enough ultrasonic wave not to let the contrast agent
disappear, a strong ultrasonic B mode image photographing
step of photographing a B mode image B1 by using a strong

10

15

20

25

30

35

40

45

50

55

60

65

14

enough ultrasonic wave to make the contrast agent
disappear, and a weak ultrasonic CFM image photographing
step for photographing CFM images F1 through F3 by using
a weak enough ultrasonic wave not to let the contrast agent
disappear is iterated.

The latest image XF resulting from the addition of the
CFM image F1 through F3 is displayed superposed over the
B mode image B1.

FIG. 3 is a graph showing variations in the quantity of the
contrast agent present in the photographed areca.

As is seen from this graph aB, during the weak ultrasonic
monitor image photographing step the contrast agent
increases, and during the strong ultrasonic B mode image
photographing step the contrast agent disappears. After that,
during the weak ultrasonic CFM image photographing step
and the weak ultrasonic monitor image photographing step
the contrast agent increases, and during the strong ultrasonic
B mode image photographing step the contrast agent disap-
pears; these variations are repeated.

As comparison of this graph aB and graph jB in the first
example of the related art described above would reveal,
supposing that the frame rate is the same as in the first
example of the related art, the quantity of the contrast agent
during the photographing of the B mode image is greater
than in the first example of the related art. As a result, the
picture quality of the B mode image can be improved. In
other words, even if the frame rate is higher than in the first
example of the related art, the quantity of the contrast agent
can be kept about the same, and therefore comparable
picture quality of the B mode image to that in the first
example of the related art can be achieved. Thus, without
sacrificing the picture quality of the B mode image, the
frame rate can be raised.

The picture quality of CFM images ZF is not so high, but
on account of the photographing in a state in which much of
the contrast agent has disappeared and the use of a weak
ultrasonic wave, their addition results in a comparable
quality level to that in the first example of the related art.

Incidentally, although the picture quality of the CFM
image F1 is rather poor on account of the photographing in
a state in which much of the contrast agent has disappeared
and the use of a weak ultrasonic wave, it is only slightly
poorer than in the first example of the related art, only the
CFM image F1 can as well be used instead of using the
added CFM images 2F.

By the first ultrasonic scanning method so far described,
BCFM-based intermittent scanning can be accomplished
generally more appropriately than by the first example of the
related art. Moreover it is appropriate for the observation of
opacification in B mode images, and can also provide
information on blood flow in the surroundings through CFM
images.

Second Ultrasonic Scanning Method

As shown in FIG. 4, a photographing cycle including a
weak ultrasonic monitor image photographing step of pho-
tographing monitor images M1 through M8 by using a weak
enough ultrasonic wave not to let the contrast agent
disappear, a strong ultrasonic CFM image photographing
step for photographing CFM image F1 by using a strong
enough ultrasonic wave to make the contrast agent
disappear, and a weak ultrasonic B mode image photograph-
ing step of photographing B mode images B1 through B3 by
using a weak enough ultrasonic wave not to let the contrast
agent disappear is iterated.

The latest image ZB resulting from the addition of the B
mode images B1 through B3 is displayed superposed over
the CFM image F1.
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FIG. 5 is a graph showing variations in the quantity of the
contrast agent present in the photographed area.

As is seen from this graph oF, during the weak ultrasonic
monitor image photographing step the contrast agent
increases, and during the strong ultrasonic CFM image
photographing step the contrast agent disappears. After that,
during the weak ultrasonic B mode image photographing
step and the weak ultrasonic monitor image photographing
step the contrast agent increases, and during the strong
ultrasonic CFM image photographing step the contrast agent
disappears; these variations are repeated.

As comparison of this graph oF and graph jF in the
second example of the related art described above would
reveal, supposing that the frame rate is the same as in the
second example of the related art, the quantity of the contrast
agent during the photographing of the CFM image is greater
than in the second example of the related art. As a result, the
picture quality of the CFM image can be improved. In other
words, even if the frame rate is higher than in the second
example of the related art, the quantity of the contrast agent
can be kept about the same, and therefore comparable
picture quality of the CFM image to that in the second
example of the related art can be achieved. Thus, without
sacrificing the picture quality of the CFM image, the frame
rate can be raised.

The picture quality of B mode images 2B is not so high,
but on account of the photographing in a state in which much
of the contrast agent has disappeared and the use of a weak
ultrasonic wave, their addition results in a comparable
quality level to that in the second example of the related art.

Incidentally, although the picture quality of the B mode
image B1 is rather poor on account of the photographing in
a state in which much of the contrast agent has disappeared
and the use of a weak ultrasonic wave, it is only slightly
poorer than in the second example of the related art, only the
B mode image Bl can as well be used instead of using the
added B mode images ZB.

By the second ultrasonic scanning method so far
described, BCFM-based intermittent scanning can be
accomplished generally more appropriately than by the
second example of the related art. Moreover it is appropriate
for the observation of opacification in CFM images, and can
also provide structural information through B mode images.

Third Ultrasonic Scanning Method

A third ultrasonic scanning method is a variation of the
first ultrasonic scanning method in which the order of the
relative positions of the strong ultrasonic B mode image
photographing step and the weak ultrasonic CFM image
photographing step are changed.

As shown in FIG. 6, the weak ultrasonic CFM image
photographing step is executed immediately after the weak
ultrasonic monitor image photographing step, followed by
the execution of the strong ultrasonic B mode image pho-
tographing step.

As is seen from graph B in FIG. 7, during the weak
ultrasonic monitor image photographing step and the weak
ultrasonic CFM image photographing step the contrast agent
increases, during the strong ultrasonic B mode image pho-
tographing step the contrast agent disappears, during the
weak ultrasonic monitor image photographing step and the
weak ultrasonic CFM image photographing step the contrast
agent increases; these variations are repeated.

As comparison of this graph B and graph jB in the first
example of the related art described above would reveal,
supposing that the frame rate is the same as in the first
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example of the related art, the quantity of the contrast agent
during the photographing of the B mode image is greater
than in the first example of the related art. As a result, the
picture quality of the B mode image can be improved. In
other words, even if the frame rate is higher than in the first
example of the related art, the quantity of the contrast agent
can be kept about the same, and therefore comparable
picture quality of the B mode image to that in the first
example of the related art can be achieved. Thus, without
sacrificing the picture quality of the B mode image, the
frame rate can be raised.

The picture quality of the CFM images ZF is not so high,
because of the use of a weak ultrasonic wave in
photographing, but the photographing in a state in which the
contrast agent has increased and the addition of a plurality
of CFM images result in a comparable quality level to that
in the first example of the related art.

Incidentally, although the picture quality of the CFM
image F1 is rather poor on account of the use of a weak
ultrasonic wave in, it is only slightly poorer than in the first
example of the related art, only the CFM image F1 can as
well be used instead of using the added CFM images ZF.

By the third ultrasonic scanning method so far described,
BCFM-based intermittent scanning can be accomplished
generally more appropriately than by the first example of the
related art. Moreover it is appropriate for the observation of
opacification in B mode images, and can also provide
information on blood flow in the surroundings through CFM
images.

Fourth Ultrasonic Scanning Method

A fourth ultrasonic scanning method is a variation of the
second ultrasonic scanning method in which the order of the
relative positions of the strong ultrasonic CFM image pho-
tographing step and the weak ultrasonic B mode image
photographing step are changed.

As shown in FIG. 8, the weak ultrasonic B mode image
photographing step is executed immediately after the weak
ultrasonic monitor image photographing step, followed by
the execution of the strong ultrasonic CFM image photo-
graphing step.

As is seen from graph BF in FIG. 9, during the weak
ultrasonic monitor image photographing step and the weak
ultrasonic B mode image photographing step the contrast
agent increases, during the strong ultrasonic CFM mode
image photographing step the contrast agent disappears, and
during the weak ultrasonic monitor image photographing
step and the weak ultrasonic B mode image photographing
step the contrast agent increases; these variations are
repeated.

As comparison of this graph BF and graph jF in the second
example of the related art described above would reveal,
supposing that the frame rate is the same as in the second
example of the related art, the quantity of the contrast agent
during the photographing of the CFM image is greater than
in the second example of the related art. As a result, the
picture quality of the CFM image can be improved. In other
words, even if the frame rate is higher than in the second
example of the related art, the quantity of the contrast agent
can be kept about the same, and therefore comparable
picture quality of the CFM image to that in the second
example of the related art can be achieved. Thus, without
sacrificing the picture quality of the CFM image, the frame
rate can be raised.

The picture quality of B mode images 2B is not so high
because of the use of a weak ultrasonic wave in
photographing, but the photographing in a state in the
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contrast agent has increased and the addition of a plurality
of B mode images, their addition result in a comparable
quality level to that in the second example of the related art.

Incidentally, although the picture quality of the B mode
image B1 is rather poor on account of the use of a weak
ultrasonic wave in photographing, it is only slightly poorer
than in the second example of the related art, only the B
mode image B1 can as well be used instead of using the
added B mode images ZB.

By the fourth ultrasonic scanning method so far
described, BCFM-based intermittent scanning can be
accomplished generally more appropriately than by the
second example of the related art. Moreover it is appropriate
for the observation of opacification in CFM images, and can
also provide structural information through B mode images.

Fifth Ultrasonic Scanning Method

As shown in FIG. 10, the scanned region S is divided into,
for instance, four partial regions a through d.

Then, as shown in FIG. 11, a photographing cycle includ-
ing a weak ultrasonic monitor image photographing step of
photographing monitor images M1 through M8 in the whole
scanned region S by using a weak enough ultrasonic wave
not to let the contrast agent disappear, and a sequential
partial photographic step of sequentially performing a strong
ultrasonic B mode image partial photographing step of
photographing a B mode image B1 by using a strong enough
ultrasonic wave to make the contrast agent disappear and a
weak ultrasonic CFM image partial photographing step of
photographing a CFM image F1 by using a weak enough
ultrasonic wave not to let the contrast agent disappear in
each of the partial regions a, b, ¢ and d is iterated.

FIG. 12 is a graph showing variations in the quantity of
the contrast agent present in the photographed area.

In the partial region a, as is seen from graph apBa, during
the weak ultrasonic monitor image photographing step the
contrast agent increases, and during the strong ultrasonic B
mode image partial photographing step the contrast agent
disappears. After that, during the weak ultrasonic CFM
image partial photographing step and the weak ultrasonic
monitor image photographing step the contrast agent
increases, and during the strong ultrasonic B mode image
photographing step the contrast agent disappears; these
variations are repeated.

The same is true of graph apBb of the partial region b,
graph apBc of the partial region ¢ and graph apBd of the
partial region d as of graph apBa of the partial region a.

As comparison of this graph apBa and graph jpBa in the
third example of the related art described above would
reveal, supposing that the frame rate is the same as in the
third example of the related art, the quantity of the contrast
agent during the photographing of the B mode image is
greater than in the third example of the related art. As a
result, the picture quality of the B mode image can be
improved. In other words, even if the frame rate is higher
than in the third example of the related art, the quantity of
the contrast agent can be kept about the same, and therefore
comparable picture quality of the B mode image to that in
the third example of the related art can be achieved. Thus,
without sacrificing the picture quality of the B mode image,
the frame rate can be raised.

The picture quality of CFM image F1 is not so high on
account of the photographing in a state in which much of the
contrast agent has disappeared and the use of a weak
ultrasonic wave, but it is only slightly poorer than in the third
example of the related art.
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Incidentally, as in the first ultrasonic scanning method, it
is also possible to photograph a plurality of CFM images F1,
F2, . . . in the partial regions, and use CFM images XF
resulting from their addition. These added CFM images XF
have about the same picture quality as in the third example
of the related art.

By the fifth ultrasonic scanning method so far described,
BCFM-based intermittent scanning can be accomplished
generally more appropriately than by the third example of
the related art. Moreover it is appropriate for the observation
of opacification in B mode images, and can also provide
information on blood flow in the surroundings through CFM
images.

Sixth Ultrasonic Scanning Method

As shown in FIG. 13, a photographing cycle including a
weak ultrasonic monitor image photographing step of pho-
tographing monitor images M1 through M8 in the whole
scanned region S by using a weak enough ultrasonic wave
not to let the contrast agent disappear, and a sequential
partial photographic step of sequentially performing a strong
ultrasonic CFM image partial photographing step of photo-
graphing a CFM image F1 by using a strong enough
ultrasonic wave to make the contrast agent disappear and a
weak ultrasonic waves B mode image partial photographing
step of photographing a B mode image B1 by using a weak
enough ultrasonic wave not to let the contrast agent disap-
pear in each of the partial regions a, b, ¢ and d is iterated.

FIG. 14 is a graph showing variations in the quantity of
the contrast agent present in the photographed area.

In the partial region a, as is seen from graph apFa, during
the weak ultrasonic monitor image photographing step the
contrast agent increases, and during the strong ultrasonic
CFM mode image photographing step the contrast agent
disappears. After that, during the weak ultrasonic B mode
image photographing step and the weak ultrasonic monitor
image photographing step the contrast agent increases, and
during the strong ultrasonic CFM image photographing step
the contrast agent disappears; these variations are repeated.

The same is true of graph apFb of the partial region b,
graph oPFc of the partial region ¢ and graph oPFd of the
partial region d as of graph aPFa of the partial region a.

As comparison of this graph aPFa and the fourth example
of the related art described above would reveal, supposing
that the frame rate is the same as in the fourth example of the
related art, the quantity of the contrast agent during the
photographing of the CFM image is greater than in the
fourth example of the related art. As a result, the picture
quality of the CFM image can be improved. In other words,
even if the frame rate is higher than in the fourth example of
the related art, the quantity of the contrast agent can be kept
about the same, comparable picture quality of the CFM
image to that in the fourth example of the related art can be
achieved. Thus, without sacrificing the picture quality of the
CFM image, the frame rate can be raised.

The picture quality of B mode image B1 is not so high on
account of the photographing in a state in which much of the
contrast agent has disappeared and the use of a weak
ultrasonic wave, but it is only slightly poorer than in the
fourth example of the related art.

Incidentally, as in the second ultrasonic scanning method,
it is also possible to photograph a plurality of B mode
images B1, BL2, . . . in the partial regions, and use B mode
images XB resulting from their addition. These added B
mode images 2B have about the same picture quality as in
the fourth example of the related art.

By the sixth ultrasonic scanning method so far described,
BCFM-based intermittent scanning can be accomplished
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generally more appropriately than by the fourth example of
the related art. Moreover it is appropriate for the observation
of opacification in CFM images, and can also provide
structural information through B mode images.

Seventh Ultrasonic Scanning Method

A seventh ultrasonic scanning method is a variation of the
fifth ultrasonic scanning method in which the order of the
relative positions of the strong ultrasonic B mode image
photographing step and the weak ultrasonic CFM image
partial photographing step are changed.

As shown in FIG. 15, the weak ultrasonic CFM image
partial photographing step is executed first, followed by the
execution of the strong ultrasonic B mode image photo-
graphing step.

In the partial region a, as is seen from graph PBa in FIG.
16, during the weak ultrasonic monitor image photographing
step and the weak ultrasonic CFM image photographing step
the contrast agent increases, during the strong ultrasonic B
mode image photographing step the contrast agent
disappears, and during the weak ultrasonic monitor image
photographing step and the weak ultrasonic CFM image
photographing step the contrast agent increases; these varia-
tions are repeated.

As comparison of this graph fPBa and graph jpBa in the
third example of the related art described above would
reveal, supposing that the frame rate is the same as in the
third example of the related art, the quantity of the contrast
agent during the photographing of the B mode image is
greater than in the third example of the related art. As a
result, the picture quality of the B mode image can be
improved. In other words, even if the frame rate is higher
than in the third example of the related art, the quantity of
the contrast agent can be kept about the same, comparable
picture quality of the B mode image to that in the third
example of the related art can be achieved. Thus, without
sacrificing the picture quality of the B mode image, the
frame rate can be raised.

The picture quality of CFM image F1 is not so high on
account of the use of a weak ultrasonic wave in
photographing, but only slightly poorer than in the third
example of the related art.

Incidentally, as in the first ultrasonic scanning method, it
is also possible to photograph a plurality of CFM images F1,
F2, . . . in the partial regions, and use CFM images ZF
resulting from their addition. These added CFM images ZF
have about the same picture quality as in the third example
of the related art.

By the seventh ultrasonic scanning method so far
described, BCFM-based intermittent scanning can be
accomplished generally more appropriately than by the third
example of the related art. Moreover it is appropriate for the
observation of opacification in B mode images, and can also
provide information on blood flow in the surroundings
through CFM images.

Eighth Ultrasonic Scanning Method

An eighth ultrasonic scanning method is a variation of the
sixth ultrasonic scanning method in which the order of the
relative positions of the strong ultrasonic CFM image pho-
tographing step and the weak ultrasonic B mode image
photographing step are changed.

As shown in FIG. 17, the weak ultrasonic B mode image
photographing step is executed first, followed by the execu-
tion of the strong ultrasonic CFM image partial photograph-
ing step.

In the partial region a, as seen from graph fpFa in FIG.
18, during the weak ultrasonic monitor image photographing
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step and the weak ultrasonic B mode image photographing
step the contrast agent increases, during the strong ultrasonic
CFM mode image photographing step the contrast agent
disappears, and during the weak ultrasonic monitor image
photographing step and the weak ultrasonic B mode image
photographing step the contrast agent increases; these varia-
tions are repeated.

As comparison of this graph fPFa and graph jpFa in the
fourth example of the related art described above would
reveal, supposing that the frame rate is the same as in the
fourth example of the related art, the quantity of the contrast
agent during the photographing of the CFM image is greater
than in the fourth example of the related art. As a result, the
picture quality of the CFM image can be improved. In other
words, even if the frame rate is higher than in the fourth
example of the related art, the quantity of the contrast agent
can be kept about the same, and therefore comparable
picture quality of the CFM image to that in the fourth
example of the related art can be achieved. Thus, without
sacrificing the picture quality of the CFM image, the frame
rate can be raised.

The picture quality of B mode image B1 is not so high on
account of the photographing in a state in which much of the
contrast agent has disappeared and the use of a weak
ultrasonic wave, but it is only slightly poorer than in the
fourth example of the related art.

Incidentally, as in the second ultrasonic scanning method,
it is also possible to photograph a plurality of B mode
images B1, BL2, . . . in the partial regions, and use B mode
images 2B resulting from their addition. These added B
mode images 2B have about the same picture quality as in
the fourth example of the related art.

By the eighth ultrasonic scanning method so far
described, BCFM-based intermittent scanning can be
accomplished generally more appropriately than by the
fourth example of the related art. Moreover it is appropriate
for the observation of opacification in CFM images, and can
also provide structural information through B mode images.

As another mode of implementation, there can be cited an
ultrasonic scanning method and an ultrasonic diagnostic
apparatus wherein, when photographing is done by using a
weak enough ultrasonic wave not to let the contrast agent
disappear, a higher frequency is used than that when pho-
tographing is done by using a strong enough ultrasonic wave
to make the contrast agent disappear.

As the frequency of the ultrasonic wave is raised in
addition to the use of a weak ultrasonic wave, the destruction
of the contrast agent can be restrained more.

Many widely different embodiments of the invention may
be configured without departing from the spirit and the
scope of the present invention. It should be understood that
the present invention is not limited to the specific embodi-
ments described in the specification, except as defined in the
appended claims.

‘What is claimed is:

1. An ultrasonic diagnostic apparatus comprising an ultra-
sonic probe, an ultrasonic scanning device for scanning the
inside of a subject by using that ultrasonic probe, an ultra-
sonic image generating device for generating an ultrasonic
image on the basis of data obtained by scanning, and an
ultrasonic image display device for displaying the ultrasonic
image, wherein said ultrasonic scanning device iterates a
photographing cycle comprising a strong ultrasonic B mode
image photographing step of photographing B mode images
by using a strong enough ultrasonic wave to make a contrast
agent disappear, a weak ultrasonic turbulent image photo-
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graphing step of photographing turbulent images by using a
weak enough ultrasonic wave not to let the contrast agent
disappear, and a weak ultrasonic monitor image photograph-
ing step of repeating many times photographing of monitor
images by using a weak enough ultrasonic wave not to let
the contrast agent disappear.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein said ultrasonic scanning device either executes
the strong ultrasonic B mode image photographing step, the
weak ultrasonic turbulent image photographing step and the
weak ultrasonic monitor image photographing step in this
order or executes the strong ultrasonic B mode image
photographing step, the weak ultrasonic monitor image
photographing step and the weak ultrasonic turbulent image
photographing step in this order.

3. An ultrasonic diagnostic apparatus provided with an
ultrasonic probe, an ultrasonic scanning device for scanning
the inside of a subject by using that ultrasonic probe, an
ultrasonic image generating device for generating an ultra-
sonic image on the basis of data obtained by scanning, and
an ultrasonic image display device for displaying the ultra-
sonic image, wherein said ultrasonic scanning device iter-
ates a photographing cycle comprising a strong ultrasonic
turbulent image photographing step of photographing tur-
bulent images by using a strong enough ultrasonic wave to
make a contrast agent disappear, a weak ultrasonic B mode
image photographing step of photographing B mode images
by using a weak enough ultrasonic wave not to let the
contrast agent disappear, and a weak ultrasonic monitor
image photographing step of repeating many times photo-
graphing of monitor images by using a weak enough ultra-
sonic wave not to let the contrast agent disappear.

4. The ultrasonic diagnostic apparatus according to claim
3, wherein said ultrasonic scanning device either executes
the strong ultrasonic turbulent image photographing step,
the weak ultrasonic B mode image photographing step and
the weak ultrasonic monitor image photographing step in
this order or the strong ultrasonic turbulent image photo-
graphing step, the weak ultrasonic monitor image photo-
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graphing step and the weak ultrasonic B mode image
photographing step in this order.

5. An ultrasonic diagnostic apparatus provided with an
ultrasonic probe, an ultrasonic scanning device for scanning
the inside of a subject by using that ultrasonic probe, an
ultrasonic image generating device for generating an ultra-
sonic image on the basis of data obtained by scanning, and
an ultrasonic image display device for displaying the ultra-
sonic image, wherein said ultrasonic scanning device iter-
ates a photographing cycle comprising a sequential partial
photographic step at which a scanned region is divided into
two or more partial regions and a strong ultrasonic B mode
partial photographing step of photographing in one partial
region B mode images by using a strong enough ultrasonic
wave to make the contrast agent disappear and a weak
ultrasonic turbulent image partial photographing step for
photographing turbulent images by using a weak enough
ultrasonic wave not to let the contrast agent disappear are
sequentially done for each partial region, and of a weak
ultrasonic monitor image photographing step of repeating
many times photographing of monitor images in the whole
scanned region by using a weak enough ultrasonic wave not
to let the contrast agent disappear.

6. The ultrasonic diagnostic apparatus according to claim
5, wherein said ultrasonic scanning device executes in one
partial region either the strong ultrasonic B mode partial
photographing step and the weak ultrasonic turbulent image
photographing step in this order or the weak ultrasonic
turbulent image photographing step and the strong ultrasonic
B mode partial photographing step in this order.

7. The ultrasonic diagnostic apparatus according to claim
5, wherein said ultrasonic scanning device uses a higher
frequency when photographing is done by using a weak
enough ultrasonic wave not to let the contrast agent disap-
pear than that when photographing is done by using a strong
enough ultrasonic wave to make the contrast agent disap-
pear.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

BYEwE R (F)

L5
HAh 22 TF SRk
S\EReERE

BEG®)

HEANMEESEFNENREGERSR  ABIERAEBBHNERS

BEISHNRE

US6558327 S OUN]=
US10/199352

BAR¥—

BARE—

BRABSETRASHREREARLT , BRFEAT
SUZUKI YOICHI

SUZUKI, YOICHI

A61B8/00 G01S15/00 G01S15/89 A61B8/14 A61B8/06 GO6T1/00
AB1B8/481 G01S15/8979 G01S7/52041

A 4F/RMAULIN

2001221051 2001-07-23 JP

US20030032881A1

Espacenet  USPTO

—
—
—

2003-05-06

2002-07-19

patsnap

RARENRBEM T EELFEX  BEFBEARGARSRETE /2 "
REBENERRARBEXBGREEETEL , FAEEATEY
A EBBNEFKRRCFMBBRNSEFCFMEGHRIR , IUEE - -

FHEKR. AMCFMBB=ENSRHEGENE REBEXE KL,

A



https://share-analytics.zhihuiya.com/view/d480b19a-1f98-4742-adfa-2de2efd7963d
https://worldwide.espacenet.com/patent/search/family/019054780/publication/US6558327B2?q=US6558327B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6558327.PN.&OS=PN/6558327&RS=PN/6558327

