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(57) ABSTRACT

According to one embodiment, an ultrasonic diagnosis appa-
ratus includes a display unit to display an ultrasonic image, a
comparison unit to compare the signal/echo intensity of a
cardiac chamber portion of an ultrasonic image with the sig-
nal/echo intensity of a myocardial portion of the image, and
an indication generating unit to generate a specific indication
at a time point when the signal/echo intensity of the cardiac
chamber portion changes from a higher value to a lower value
than the signal/echo intensity of the myocardial portion or at
another time point with reference to the time point.
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ULTRASONIC DIAGNOSIS APPARATUS AND
DISPLAYING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2009-
132799, filed Jun. 2, 2009, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnosis apparatus and displaying method.

BACKGROUND

[0003] There have been growing needs for the quantitative
evaluation of cardiac wall motion. Recently, a myocardial
motion tracking technique (Wall Motion Tracking) using a
pattern matching technique has been commercialized, and
used clinically. This technique is, however, dependent on the
image quality of ultrasonic images. Using a contrast medium
will improve the image quality of a cardiac image. Therefore,
a contrast medium may be used in combination with tracking
processing.

[0004] However, the influence of speckle pattern noise due
to a contrast medium will degrade tracking accuracy on the
boundary portions between cardiac chambers and cardiac
muscle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.11is a block diagram showing the arrangement
of an ultrasonic diagnosis apparatus according to an embodi-
ment;

[0006] FIG. 2 is a flowchart showing a processing proce-
dure by this embodiment;

[0007] FIG. 3 is a graph showing an example of an image
before the injection of a contrast medium in FIG. 2;

[0008] FIG. 4 is a view showing an example of a cardiac
chamber ROI and myocardial ROI set in step S12 in FIG. 2;
[0009] FIG.5is a view for a supplementary explanation of
steps S15, S17, and S20 in FIG. 2, showing temporal changes
in the average signal/echo intensity ofa cardiac chamber ROI
and myocardial RO,

[0010] FIG. 6isaview showing the tracking result obtained
by a myocardial tracking processing unit in FIG. 1 without
using any contrast medium; and

[0011] FIG.71saview showing the tracking result obtained
by the myocardial tracking processing unit in FIG. 1 using a
contrast medium.

DETAILED DESCRIPTION

[0012] In general, according to one embodiment, an ultra-
sonic diagnosis apparatus includes a display unit to display an
ultrasonic image, a comparison unit to compare the signal/
echo intensity of a cardiac chamber portion of an ultrasonic
image with the signal/echo intensity of a myocardial portion
of the image, and an indication generating unit to generate a
specific indication at a time point when the signal /echo
intensity of the cardiac chamber portion changes from a
higher value to a lower value than the signal /echo intensity of
the myocardial portion or at another time point with reference
to the time point.
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[0013] FIG. 1is a block diagram showing the arrangement
of the ultrasonic diagnosis apparatus according to this
embodiment. A multi-channel ultrasonic probe 12 includes a
plurality of transducers arranged in an array. Each transducer
includes a piezoelectric element, an individual electrode
formed on the upper surface of the piezoelectric element, and
acommon electrode formed on the lower surface of the piezo-
electric element. One channel is constituted by one or a plu-
rality of neighboring transducers. An apparatus body 11
housed in a console case is connected to the ultrasonic probe
12.

[0014] The apparatus body 11 includes a transmission unit
21 and reception unit 22 connected to the ultrasonic probe 12.
The transmission unit 21 is provided with a pulser 21C con-
nected to each transducer. The pulser 21C applies a driving
signal (high-frequency voltage signal) to each corresponding
transducer in response to a pulse signal, as a trigger, which is
generated from a pulse generator 21A at a predetermined
period (the reciprocal of a pulse repetition frequency PRF)
and delayed by a transmission delay unit 21B.

[0015] The ultrasonic waves generated by the mechanical
vibrations of transducers based on driving signals propagate
in an object, are reflected by a discontinuity surface of acous-
tic impedance along the propagation path, and return as ech-
oes to the ultrasonic probe 12. The echoes mechanically
vibrate piezoelectric elements of the ultrasonic probe 12. A
preamplifier 22A of the reception unit 22 amplifies the weak
electrical signals generated by the vibrations. A reception
delay unit 22B then delays the signals. An adder 22C adds the
signals (phasing addition processing). This gives directivity
to the echo signal. The echo signal obtained by such addition
will be referred to as a reception signal hereinafter.

[0016] A B-mode processing unit 23 includes a detection
circuit, a logarithmic amplifier, and an analog/digital con-
verter. The detection circuit detects the ultrasonic waves (re-
ception signal) reflected by an acoustic impedance boundary
in a living body, and outputs the envelope of the ultrasonic
waves. The logarithmic amplifier logarithmically amplifies
the output signal from the detection circuit. The analog/digi-
tal converter further converts the signal into a digital signal
and outputs it as ultrasonic image data.

[0017] The output of the B-mode processing unit 23 is
connected to a data/control bus 30. A digital scan converter
(DSC) 24 is connected to the data/control bus 30. The digital
scan converter 24 superimposes graphics such as a pointer
and an ROI mark on the ultrasonic image in an ultrasonic scan
scheme, rearranges the information in accordance with the
video scan scheme of a monitor 14, and outputs the resultant
information.

[0018] The units connected to the data/control bus 30
include a control unit 31, an image memory 32, an ROI
pattern storage unit 33, an ROI setting unit 34, an average
luminance calculation unit 35, an average luminance com-
parison unit 36, a myocardial tracking processing unit 37, an
operation unit 38, an indication generating unit 39, and a time
register 40. The image memory 32 stores and retains the
ultrasonic image data output from the B-mode processing
unit 23 in accordance with a control signal for the storage of
image data from the control unit 31. When receiving no
control signal from the control unit 31, the image memory 32
does not store ultrasonic image data or overwrites the ultra-
sonic image data but does not retain the data.

[0019] TheROI pattern storage unit 33 stores and holds the
data of a plurality of ROI patterns and the data of a plurality
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of sampled ultrasonic images in advance. The data of each
ROI pattern defines the sizes and positions of two, typically
circular, ROIs respectively corresponding to a cardiac cham-
ber region and a myocardial region on a long-axis cardiac
ultrasonic image. A plurality of sampled ultrasonic images
are respectively associated with a plurality of ROI patterns.
The two ROIs defined by an ROI pattern are set to sizes and
positions suitable for a cardiac chamber region and a myo-
cardial region on a sampled ultrasonic image associated with
each ROI pattern.

[0020] The ROI setting unit 34 sets a cardiac chamber ROI
and a myocardial ROI on a live ultrasonic image actually
acquired from an object, based on a specific ROI pattern
selected from the plurality of ROI patterns stored in the ROI
pattern storage unit 33. The ROI setting unit 34 selects a
sampled ultrasonic image most similar to a live ultrasonic
image, and selects an ROl pattern associated with the selected
sampled ultrasonic image as a specific ROI pattern. Typically,
the ROI setting unit 34 subtracts the live ultrasonic image and
each sampled ultrasonic image from each other, and selects a
sampled ultrasonic image exhibiting a minimum sum of
squares of the difference.

[0021] The average luminance calculation unit 35 calcu-
lates, for the live ultrasonic image, the average luminance of
the pixels in the set cardiac chamber ROI and the average
luminance of the pixels in the set myocardial ROI. The signal
intensity or the echo intensity is finally converted into lumi-
nance according to the gray scale or color table. Therefore the
average luminance can be replaced the average signal /echo
intensity.

[0022] The average luminance comparison unit 36 com-
pares the calculated average luminance of the cardiac cham-

ber ROI with the calculated average luminance of the myo-
cardial ROL

[0023] The control unit 31 controls the indication generat-
ing unit 39, in accordance with the comparison result between
the average luminance of the cardiac chamber ROI and the
average luminance of the myocardial ROI, to generate a pre-
set indication. The control unit 31 also controls the image
memory 32 to store the live ultrasonic image data. Typically,
an indication is message data using a text representing, for
example, that an image suitable for speckle tracking has been
acquired. Typically, a message is presented as the text “image
suitable for speckle tracking has been acquired”. The monitor
14 displays this message after the digital scan converter 24
superimposes it on the live ultrasonic image. The indication
may be presented by changing part of an ultrasonic image,
typically the color of a boundary frame between cardiac
muscle and a cardiac chamber or in another display form.
Assume that such an indication is a message in the following
description.

[0024] Inpractice, after the injection of a contrast medium,
the average luminance of the cardiac chamber ROI increases
and exceeds the average luminance of the myocardial ROI.
Thereafter, as the contrast medium flows out from the cardiac
chamber with the lapse of time, the average luminance of the
cardiac chamber ROI changes to become lower than that of
the myocardial ROI. At the time of this change (at the start of
this change), a message is displayed, and the image memory
32 starts to store live ultrasonic image data. Note that the
message may be displayed and the image memory 32 may
start to store the live ultrasonic image data at a time point a
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predetermined time after the change time point as a reference
or an estimated time point a predetermined time before the
change time point.

[0025] The control unit 31 controls the time register 40 to
start measuring an elapsed time at the above change time
point. The time register 40 measures an elapsed time from the
above change time point. The monitor 14 displays the mea-
sured elapsed time.

[0026] Thecontrol unit 31 also compares the average lumi-
nance of the cardiac chamber ROI with a preset threshold.
When the average luminance of the cardiac chamber ROI
becomes lower than the threshold, the controlunit 31 controls
the indication generating unit 39 to generate message data
and end the storage of live ultrasonic image data. This mes-
sage is presented as, for example, the text “acquisition of
image suitable for speckle tracking is complete”.

[0027] At the same time, the control unit 31 further controls
the ultrasonic transmission unit 21 and the ultrasonic recep-
tion unit 22 to end ultrasonic scanning.

[0028] Note that the control unit 31 may end ultrasonic
scanning at a time point when a predetermined period of time
has elapsed since the change time point measured by the time
register 40. In accordance with a selection instruction issued
by the operator in advance, the control unit 31 selects whether
to end ultrasonic scanning at a time point when the average
luminance of the cardiac chamber ROI becomes lower than
the threshold or at a time point when a predetermined time has
elapsed since the change time point measured by the time
register 40. When the control unit 31 ends ultrasonic scanning
at a time point when a predetermined time has elapsed since
the change time point measured by the time register 40, the
monitor 14 displays the remaining time before the end of
ultrasonic scanning.

[0029] Note that the operation unit 38 includes operation
buttons in the form of real or icon buttons which are manually
operated to issue instructions to start and end storing live
ultrasonic image data into the image memory 32. The opera-
tor can arbitrarily select in advance whether to manually issue
instructions to start and end storing live ultrasonic image data
into the image memory 32 or to make the control unit 31
automatically control storing operation as described above.
[0030] FIG. 2 shows a processing procedure in this embodi-
ment. First of all, the ultrasonic transmission unit 21 and the
ultrasonic reception unit 22 start ultrasonic scanning on a
long-axis slice of a cardiac region of an object, as a scan
surface, via the ultrasonic probe 12 (S11). Ultrasonic scan-
ning is continuously repeated up to step S21 (to be described
later). Concurrently with ultrasonic scanning, the B-mode
processing unit 23 instantly generates ultrasonic image data
based on a reception signal. This image is displayed as a
grayscale image on the monitor 14 via the digital scan con-
verter 24. Although the ultrasonic image data generated by
the B-mode processing unit 23 is also supplied to the image
memory 32, the data is only overwritten and not stored until a
control signal for the start of storage (to be described later) is
received from the control unit 31.

[0031] The ROI setting unit 34 reads, from the image
memory 32, ultrasonic image data corresponding to a specific
cardiac phase which is set in advance, under the control of the
control unit 31. The ROI setting unit 34 subtracts the ultra-
sonic image from each of the plurality of sampled ultrasonic
images stored in the ROI pattern storage unit 33, and calcu-
lates the sums of squares of the differences. The ROI setting
unit 34 selects a sampled ultrasonic image exhibiting a mini-
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mum of the calculated sums of squares, and reads out the data
of an ROI pattern associated with the selected sampled ultra-
sonic image from the ROI pattern storage unit 33. With this
operation, the ROI setting unit 34 sets a cardiac chamber ROI
and a myocardial ROI (S12). The ROI setting unit 34 supplies
the data of the ROI pattern to the average luminance calcula-
tion unit 35.

[0032] Subsequently, a contrast medium is injected from a
contrast medium injector 13 into an object at a proper timing.
As a consequence, the contrast medium injector 13 outputs a
signal representing the start of the administration of a contrast
medium to the control unit 31 (S13). In response to this signal
as a trigger, the average luminance calculation unit 35
sequentially receives ultrasonic image data sequentially gen-
erated by ultrasonic scanning, via the image memory 32,
under the control the control unit 31. The average luminance
calculation unit 35 repeatedly calculates an average lumi-
nance AVv of the pixels in the cardiac chamber ROI and an
average luminance AVm of the pixels in the myocardial ROI,
which are based on the ROI pattern exemplified in FIG. 4
(S14).

[0033] FIG. 3 shows temporal changes in the average lumi-
nance AVv of the pixels in the cardiac chamber ROI and the
average luminance AVm of the pixels in the myocardial ROI.
Referring to FIG. 3, time t0 is the time when a contrast
medium is administered. In a period before the contrast
medium flows into the cardiac chamber, the average lumi-
nance AVv of the pixels in the cardiac chamber ROI is lower
than the average luminance AVm of the pixels in the myocar-
dial ROL.

[0034] The average luminance comparison unit 36 com-
pares the average luminance AVv of the cardiac chamber ROI
with the average luminance AVm of the myocardial ROI,
which are calculated by the average luminance calculation
unit 35. First, the average luminance comparison unit 36
determines whether the average luminance AVv of the cardiac
chamber ROI is higher than the average luminance AVm of
the myocardial ROI (S15). The change point at which the
average luminance AVv of the cardiac chamber ROI becomes
higher than the average luminance AVm of the myocardial
ROI indicates that the contrast medium has flowed into the
cardiac chamber. This change point corresponds to time t1.
The average luminance calculation unit 35 continuously and
repeatedly calculates the average luminance AVv of the pixels
in the cardiac chamber ROI and the average luminance AVm
of the pixels in the myocardial ROI (S16).

[0035] The average luminance comparison unit 36 again
compares the average luminance AVv of the cardiac chamber
ROI with the average luminance AVm ofthe myocardial ROI,
which are calculated by the average luminance calculation
unit 35. This time, the average luminance comparison unit 36
determines whether the average luminance AVv of the cardiac
chamber ROl is lower than the average luminance AVm of the
myocardial ROI (S17). The time point at which the average
luminance AVv of the cardiac chamber ROI changes from a
higher value to a lower value than the average luminance
AVm of the myocardial ROI indicates that the contrast
medium gradually flows out from the cardiac chamber to
stabilize the contrast medium density in the cardiac chamber
at a proper density in speckle tracking processing including
the processing of identifying the interface of the cardiac
muscle relative to the cardiac chamber. This time point cor-
responds to time t2.
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[0036] At time 12 when the average luminance AVv of the
cardiac chamber ROI has changed from a higher value to a
lower value than the average luminance AVm of the myocar-
dial RO], the indication generating unit 39 generates message
data under the control of the control unit 31. The digital scan
converter 24 superimposes the message data on a live ultra-
sonic image. The monitor 14 then displays the resultant
image, as exemplified by FIG. 5 (S18). For example, the
message “image suitable for speckle tracking has been
acquired” is displayed on the screen of the image display 18
upon being superimposed on a live ultrasonic image (S18). At
the same time, the image memory 32 starts to store live
ultrasonic image data under the control of the control unit 31
(519). The image memory 32 continuously stores live ultra-
sonic image data until the control unit 31 determines the end
of the processing in step S21.

[0037] Note that when seeing the message, the operator
may start storing live ultrasonic image data by issuing an
instruction to start the storage of live ultrasonic image data by
operating the operation unit 38.

[0038] The average luminance comparison unit 36 com-
pares the average luminance AVv of the cardiac chamber ROI
calculated by the average luminance calculation unit 35 with
the preset threshold (S20). A change in the average luminance
AVv of the cardiac chamber ROI to a value lower than the
threshold represents that the effect of the contrast medium in
the cardiac chamber has become unsuitable for speckle track-
ing processing. This time point corresponds to time t3.
[0039] At time t3 when the average luminance AVv of the
cardiac chamber ROI has changed to a value lower than the
threshold, the monitor 14 stops displaying the message on the
screen under the control of the control unit 31. At the same
time, the control unit 31 stops ultrasonic scanning and stops
storing live ultrasonic image data in the image memory 32
(S21).

[0040] Note that it is possible to stop storing live ultrasonic
image data by making the operator operate the operation umt
38 to issue an instruction to end the storage of live ultrasonic
image data upon seeing that the message is turned off.
[0041] As described above, ultrasonic image data is stored
in the period between time 2 when the average luminance
AVv of the cardiac chamber ROI has changed from a higher
value to a lower value than the average luminance AVm of the
myocardial ROI and time 3 when the average luminance AVv
of the cardiac chamber ROT has changed to a value lower than
the threshold. The myocardial tracking processing unit 37
executes myocardial tracking processing by using a plurality
of ultrasonic image data stored in this period. FIGS. 6 and 7
each show a result example display based on a myocardial
tracking processing result. Myocardial regions are extracted
from a plurality of ultrasonic images. The extracted myocar-
dial regions each are segmented into a plurality of segments.
The radial expansion/contraction ratio of each myocardial
segment on a reference image relative to the center of the
cardiac chamber is calculated. A segment mark is then supet-
imposed and displayed on an ultrasonic image with a hue
corresponding to the expansion/contraction ratio. Temporal
changes in the radial expansion/contract ratio of each seg-
ment are displayed in the form of a graph.

[0042] This embodiment can calculate an accurate speckle
tracking processing result by improving degradation in the
tracking accuracy of a boundary portion between the cardiac
chamber and the cardiac muscle due to the influence of
speckle pattern noise caused by a contrast medium and
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executing speckle tracking processing using an ultrasonic
image with suitable image quality.

[0043] According to the above description, the image
memory 32 stores a plurality of ultrasonic image data gener-
ated in the period between start time point t2 and end time
point t3, and myocardial tracking processing is executed for
the stored ultrasonic image data. However, it is possible to
store, in the image memory 32 in advance, all ultrasonic
image data generated after time t0 at which scanning starts or
time t1 and execute myocardial tracking processing for a
plurality of ultrasonic image data generated in the period
between start time t2 and end time t3, which are extracted
from the stored ultrasonic image data.

[0044] While certain embodiments have been described,
there embodiments have been presented by way of example
only, and are not intended to limited the scope of the inven-
tions. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; further-
more, various omissions, substitutions and changes in the
form of the methods and systems described herein may be
made without departing form the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What is claimed is:

1. An ultrasonic diagnosis apparatus which generates a
plurality of ultrasonic images by repeatedly scanning an inte-
rior of an object injected with a contrast medium by using an
ultrasonic wave, the apparatus comprising;

a display unit configured to display the ultrasonic images;

a comparison unit configured to compare a signal /echo

intensity of a cardiac chamber portion of the ultrasonic
image with a signal/echo intensity of a myocardial por-
tion concurrently with the scanning; and

an indication generating unit configured to generate a spe-

cific indication at one of a time point at which a signal/
echo intensity of the cardiac chamber portion changes
from a higher value to a lower value than a signal/echo
intensity of the myocardial portion and another time
point with reference to the time point.

2. The apparatus according to claim 1, wherein the com-
parison unit compares an average signal/echo intensity of a
cardiac chamber ROI of the ultrasonic image with an average
signal/echo intensity of a myocardial ROI.

3. The apparatus according to claim 2, further comprising
an ROI setting unit configured to set positions and sizes of the
cardiac chamber ROI and myocardial ROT in accordance with
a specific ROI pattern selected from a plurality of ROI pat-
terns.

4. The apparatus according to claim 3, wherein the ROI
pattern selection unit selects the specific ROI pattern based on
a correlation between one of the ultrasonic images and a
plurality of sampled ultrasonic images respectively corre-
sponding to the plurality of ROI patterns.

5. The apparatus according to claim 2, wherein the ROI
setting unit changes the positions and sizes of the cardiac
chamber ROI and myocardial ROI in accordance with a car-
diac phase.

6. The apparatus according to claim 1, wherein the indica-
tion generating unit generates indication data indicating that
an image suitable for speckle tracking is acquired.

7. The apparatus according to claim 1, wherein the indica-
tion generating unit generates data for causing the display
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unit to display a message representing that an image suitable
for speckle tracking is acquired.

8. The apparatus according to claim 1, wherein the indica-
tion generating unit generates data for changing a color of a
portion of the displayed ultrasonic image.

9. The apparatus according to claim 1, further comprising
an image storage, and

a control unit configured to control the image storage to
store at least one of the ultrasonic images generated after
one of the time point and the another time point in the
image storage.

10. The apparatus according to claim 1, further comprising

an image Storage, and

a control unit configured to control the image storage to
store at least one of the ultrasonic images generated in a
period between one of the time point and a time point
elapsing a predetermined time after the time point.

11. The apparatus according to claim 1, further comprising

a tracking processing unit configured to track a contour of a
specific region in the ultrasonic images.

12. The apparatus according to claim 1, wherein the track-
ing processing unit tracks the contour of the specific region
with respect to one of the ultrasonic images generated after
one of the time point and the another time point under the
control of the control unit.

13. The apparatus according to claim 11, wherein the track-
ing processing unit tracks the contour of the specific region
with respect to one of the ultrasonic images generated in a
period between one of the time point and the another time
point and a time point elapsing a predetermined time from one
of the time point and the another time point under the control
the control unit.

14. The apparatus according to claim 1, wherein the display
unit displays an elapsed time from the time point.

15. The apparatus according to claim 1, wherein the scan-
ning is stopped at a time point elapsing a predetermined time
form one of the time point and said other time point.

16. The apparatus according to claim 1, further comprising
a time register unit configured to measure an elapsed time
from one of the time point and the another time point.

17. The apparatus according to claim 16, wherein the dis-
play unit displays the measured elapsed time.

18. An ultrasonic diagnosis apparatus which generates a
plurality of ultrasonic images by repeatedly scanning an inte-
rior of an object injected with a contrast medium by using an
ultrasonic wave, the apparatus comprising:

a detection unit configured to detect a specific signal/echo
intensity change in the ultrasonic images concurrently
with the scanning;

a time register unit configured to measure an elapsed time
from one of atime point at which the specific signal/echo
intensity change is detected and another time point with
reference to the time point; and

a display unit configured to display the measured elapsed
time.

19. A method for displaying ultrasonic images generated

by repeatedly scanning, the method comprising:

Displaying the ultrasonic images;

Comparing a signal/echo intensity of a cardiac chamber
portion of each of the ultrasonic images with a signal/
echo intensity of a myocardial portion concurrently with
the scanning; and

generating a specific indication at one of a time point at
which a signal/echo intensity of the cardiac chamber
portion changes from a higher value to a lower value
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5
than a signal/echo intensity of the myocardial portion 21. The method according to claim 19, wherein the indi-
and another time point with reference to the time point. cation is represented by changing a color of a portion of the
20. The method according to claim 19, wherein the indi-  displayed ultrasonic image.

cation indicates that an ultrasonic image suitable for speckle
tracking is acquired. ok ok k¥
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