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MEASUREMENT POINT

(57) Disclosed is an ultrasonic diagnostic apparatus
provided with a measurement position setting unit con-
figured to set a region of interest in the cardiac muscle
in the ultrasonic image displayed on the display unit, a
tracking calculation unit configured to track the move-
ment of the cardiac muscle at a plurality of measurement
points in the region of interest, and a physical quantity
calculating unit configured to calculate a specific physical
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quantity on the basis of the results of the tracking.

The calculated specific physical quantity is displayed
on the display unit.

The tracking calculation unit tracks the measure-
ment points using a plurality of first segmenting lines
along the epicardium and the endocardium of the cardiac
muscle and a plurality of second segmenting lines that
are orthogonal to the second segmenting lines.
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Description
Field of the Invention

[0001] The present invention relates to an ultrasonic
diagnostic apparatus, in particular to a technique for
tracking the movement of biological tissue on the basis
of an ultrasonic image of biological tissue of an object to
be examined, which calculates and displays a specific
physical quantity correlated with the movement or prop-
erty of biological tissue based on the tracking results.

Description of Related Art

[0002] Anultrasonic diagnostic apparatus transmits ul-
trasonic waves to the inside of an object via an ultrasonic
probe and receives the reflected echo signals of ultra-
sonicwaves in conformity to the structure of the biological
tissue from the inside of the object, so as to construct an
ultrasonicimage (for example, an ultrasonic tomographic
image such as a B-mode image) and displays the image
for the use of diagnosis.

[0003] In recent years, a technique has been used for
diagnosis which tracks the movement of biological tissue
on the basis of an ultrasonic image, and calculates a
specific physical quantity correlated with the movement
or property of the biological tissue (hereinafter referred
to merely as physical quantity) on the basis of the tracking
result. Forexample, when atargetfor diagnosis is cardiac
muscle, a technique is known which calculates and dis-
plays a specific physical quantity such as the moving
velocity of cardiac muscle or the strain (distortion) which
is the property of cardiac muscle tissue on the basis of
the tracking result, for diagnosis of a heart disease such
as ischemic heart disease.

[0004] As for the method of tracking biological tissue
in ultrasonic diagnostics, techniques such as tissue Dop-
pler and speckle tracking have been proposed. Speckle
tracking in particular, is capable of tracking the positions
where biological tissue has been moved and quantifying
the distortion of a region in a living body which is related
to the biological tissue without depending on the direction
of ultrasonic beams, and is applied, for example to track
the movement of the cardiac muscle of an object.
[0005] As for the method of tracking the movement of
cardiac muscle, as disclosed in Patent Document 1, a
technique is known which executes a tracking process
by extracting a plurality of traceable points from an ultra-
sonic image, and calculates a specific physical quantity
on the basis of the movement information on the tracked
points. Also, as disclosed in Non-patent Document 1, a
technique is known which measures cardiac muscle of
the left ventricle by segmenting it into 17 regions and
makes a diagnosis of a disease based on the respective
measurement values.
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Prior Art Documents
Patent Document

[0006]
4060615

Patent Document 1: Japanese Patent No.

Non-patent Document

[0007] Non-patent Document 1: Robert M. Lang, et al.,
Recommendations for Chamber Quantification, Journal
of American Society of Echocardiography, Vo. 18, No. 12
[0008] However, the conventional techniques dis-
closed in the above-mentioned Patent Document 1 and
Non-patent Document 1 do not consider the measure-
ment of expansion and contraction of cardiac muscle.
Effective reflection of expansion and contraction of car-
diac muscle facilitates the measurement values of car-
diac muscle to be a target for comparison to make ap-
propriate diagnosis.

[0009] In the method of tracking the movement of car-
diac muscle, it is common to set a region of interest in
the cardiac muscle on an ultrasonic image and track the
cardiac muscle in a plurality of measurement points
(tracking points) in the region of interest. In this regard,
the conventional techniques do not consider the setting
a plurality of measurement points along the expansion/
contraction direction of cardiac muscle (for example, the
direction along the endocardium and the epicardium of
cardiac muscle).

[0010] Therefore, forexample, in the case that the var-
iation of distance between the adjacent measurement
points caused by expansion/contraction of cardiac mus-
cle, the expansion and contraction of the cardiac muscle
may not be accurately reflected to the respective meas-
urement points. Also, since the distance from the respec-
tive measurement points to the endocardium or the epi-
cardium of the cardiac muscle is not constant, even when
the variation of the distance caused by expansion and
contraction of the cardiac muscle is measured, the re-
spective measurement values may not be suitable refer-
ence for comparison to make a proper diagnosis.
[0011] Given this factor, the objective of the present
invention is to provide the ultrasonic diagnostic apparatus
and the measurement-point tracking method capable of
measuring expansion and contraction of the cardiac mus-
cle, which facilitates accurate reflection of expansion and
contraction of cardiac muscle to the respective measure-
ment points for making a proper diagnosis.

Brief Summary of the Invention

[0012] In order to achieve the above-described objec-
tive, in the present invention, a measurement position
setting unit sets a region of interest in the cardiac muscle
on an ultrasonic image which is displayed on a display
unit, and a tracking calculation unit tracks a plurality of
measurement points by a plurality of first segmenting
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lines along the epicardium and the endocardium of the
cardiac muscle in a plurality of measurement points of
theregion ofinterestand a plurality of second segmenting
lines that are orthogonal to the plurality of first segmenting
lines.

[0013] In concrete terms, the ultrasonic diagnostic ap-
paratus of the present invention comprises:

an ultrasonic probe configured to transmit/receive
ultrasonic waves to/from an object;

an ultrasonic signal generating unit configured to
generate ultrasonic signals on the basis of the re-
flected echo signals, that are received by the ultra-
sonic probe, of the cross section of the tissue includ-
ing the cardiac muscle of the heart of the object;
an ultrasonic image generating unit configured to
generate an ultrasonic image on the basis of the ul-
trasonic signals;

adisplay unit configured to display the ultrasonic im-
age;

a measurement position setting unit configured to
set a region of interest in the cardiac muscle on an
ultrasonic image which is displayed on the display
unit;

a tracking calculation unit configured to track the
movement of cardiac muscle in a plurality of meas-
urement points of the region of interest; and

a physical quantity calculating unit configured to cal-
culate a specific physical quantity based on the track-
ing result,

wherein:

the calculated specific physical quantity is dis-
played on the display unit; and

the tracing calculation unit tracks the plurality of
measurement points by a plurality of segment-
ing lines along the epicardium and the endocar-
dium of the cardiac muscle and a plurality of sec-
ond segmenting lines that are orthogonal to the
plurality of first segmenting lines.

[0014] Also, the measurement-point tracking method
of an ultrasonic diagnostic apparatus related to the
present invention:

transmits/receives ultrasonic waves to/from an ob-
ject via an ultrasonic probe;

generates ultrasonic signals by an ultrasonic signal
generating unit on the basis of the reflected echo
signals, received by the ultrasonic probe, of the cross
section of the tissue including the cardiac muscle of
the heart of the object;

generates an ultrasonic image by an ultrasonic im-
age generating unit on the basis of the ultrasonic
signals;

displays the ultrasonic image by a display unit;
sets a region of interest by a measurement position
setting unit in the cardiac muscle on an ultrasonic
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image which is displayed on the display unit;
tracks the movement of cardiac muscle by a tracking
calculation unit in a plurality of measurement points
in the region of interest;

calculates a specific physical quantity a physical
quantity calculating unit on the basis of the tracking
result; and

displays the calculated specific physical quantity on
the display unit,

including a step of tracking the plurality of measure-
ment points by the tracking calculation unit, using a
plurality of first segmenting lines along the epicar-
dium and the endocardium of the cardiac muscle and
a plurality of second segmenting lines that are or-
thogonal to the plurality of first segmenting lines.

Effect of the Invention

[0015] In accordance with the present invention, it is
possible to measure expansion and contraction of cardi-
ac muscle which facilitates accurate reflection of expan-
sion and contraction of cardiac muscle to the respective
measurement values for making a proper diagnosis.

Brief Description of the Drawings
[0016]

Fig. 1 is a block diagram showing the general con-
figuration of the ultrasonic diagnostic apparatus in
the present embodiment.

Fig. 2 is a flowchart showing the processing flow of
the ultrasonic diagnostic apparatus in the present
embodiment.

Fig. 3 is an example of a display screen in the ultra-
sonic diagnostic apparatus.

Fig. 4 is an example of a display screen showing
measurement results.

Fig. 5 is another example of a display screen in the
ultrasonic diagnostic apparatus.

Fig. 6 is an enlarged view of a region of interest.
Fig. 7 is an example of the measurement method in
a 3-dimensional ultrasonic image.

Detailed Description of the Invention

[0017] An embodiment of the ultrasonic diagnostic ap-
paratus to which the present invention is applied will be
described below. In the following description, the same
function parts are represented by the same reference
numerals, and the duplicative description thereof is omit-
ted.

(Configuration of Ultrasonic Diagnostic Apparatus)
[0018] Fig. 1 is a block diagram showing the general

configuration of the ultrasonic diagnostic apparatus in
the present embodiment. As shown in Fig. 1, an ultra-
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sonic diagnostic apparatus 100 of the present embodi-
ment comprises an ultrasonic probe 3 configured to
transmit/receive ultrasonic waves to/from an object 1, an
ultrasonic signal generating unit 5 configured to generate
ultrasonic signals on the basis of the reflected echo sig-
nals measured by the ultrasonic probe 3, an ultrasonic
image generating unit 7 configured to generate an ultra-
sonic image on the basis of ultrasonic signals, a storage
unit 9 configured to store the generated ultrasonic image
or various programs for controlling the ultrasonic diag-
nosticapparatus, aninputunit 11 to be the inputinterface,
a display unit 13 to be the output interface, a control unit
15 configured to control the respective units of the ultra-
sonic diagnostic apparatus, a measurement position set-
ting unit 17 configured to set a region of interest in bio-
logical tissue of a diagnostic target region on the ultra-
sonic image which is displayed on the display unit 13, a
tracking calculation unit 19 configured to track the move-
ment of biological tissue in a diagnostic target region in
a plurality of measurement points of a region of interest,
a physical quantity calculating unit 21 configured to cal-
culate a specific physical quantity on the basis of the
tracking result, and a system bus 23 configured to con-
nect the respective units.

[0019] The ultrasonic probe 3 transmits/receive ultra-
sonic waves to/from the object 1, provided with a scan-
ning method such as a linear type, convex type or sector
type. These types of ultrasonic probe can be provided
with configuration and function in which transducers are
arrayed one-dimensionally to acquire 2-dimensional sig-
nals, transducers are arrayed 2-dimesionally to acquire
3-dimensional signals, or transducers are arrayed one-
dimensionally to acquire 3-dimensional signals by me-
chanically executing special scanning.

[0020] The ultrasonic signal generating unit5 transmits
and receives ultrasonic waves that are converted into
electric signals between the unit and the ultrasonic probe
3. It receives the information on the power or timing of
transmission and reception from the control unit 15, so
that the transmission and reception are controlled to ac-
quire desired ultrasonic waves. The ultrasonic signal
generating unit 5 also executes signal processing via a
phasing and adding unit or an amplifier circuit on the sig-
nals received from the ultrasonic signal transmission/re-
ception unit in conformity to the imaging setting, and ac-
quires the shaped ultrasonic signals. These signals are
stored in the storage unit 9 to be used for the subsequent
measurement.

[0021] The ultrasonic image generating unit 7 gener-
ates an image of biological tissue of the object 1. The
ultrasonic signals passed through the ultrasonic signal
generating unit are input, and an ultrasonic image based
on the imaging setting of the apparatus is generated.
These signals are stored in the storage unit 9 for using
the subsequent measurement.

[0022] The storage unit 9 stores the programs for op-
erating various systems which configure the ultrasonic
diagnostic apparatus 100 and data such as signal data,
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image data and measurementdata, and reading and writ-
ing are executed in response to the processing.

[0023] The input unit 11 is the interface for executing
various operations of the diagnostic apparatus. It is an
input device such as a keyboard, trackball, switch or dial,
and is used for performing operation to obtain images,
specifying a region of interest of biological tissue, or ex-
ecuting various measurement settings.

[0024] The display unit 13 displays a region of interest,
measurement values, and an ultrasonic image on a
screen, or outputs the measurement values as a meas-
urement report. The control unit 15 controls the entire
system. For example, a device such as a CPU is used
as the control unit.

[0025] The measurement position setting unit 17 sets
aregion of interest on an ultrasonic image. For example,
it segments the region of interest into a meshed pattern,
and executes the process to set the intersecting points
of segmenting lines as the measurement points. The
measurement position setting unit 17 will be described
later in detail. On the ultrasonic screen, the ultrasonic
image which is read out from the storage unit 9 is dis-
played. Since the images are stored in time-series order,
the frame of a desired time phase can be selected and
displayed using an input device. If an image is obtained
by synchronizing with biological signals (for example, an
electrocardiogram), it may also be configured, for exam-
ple so that an image of the R-wave phase of an electro-
cardiogram can be automatically selected.

[0026] The tracking calculation unit 19 performs calcu-
lation for tracking the movement of biological tissue using
the ultrasonic signal near the position of the measure-
ment point or the amplitude information of the image, and
calculates the displacement thereof. The information on
the ultrasonic signal and the image which is stored in the
storage unit 9 is read in and used for the calculation. The
starting frame and the ending frame of the tracking cal-
culation may be set by a user using an input device, or
if an image is obtained by synchronizing with a biological
signal (for example, an electrocardiogram), the frame
group may be automatically limited, for example in the
range from an R-wave to the next R-wave of an electro-
cardiogram.

[0027] The physical calculation unit 21 calculates the
physical quantity such as velocity, strain, area and vol-
ume as time-series information on the basis of the dis-
placement, in accordance with the measurement items
appointed by an examiner using the input device. The
calculated physical quantity is displayed by the display
unit 13 on an ultrasonic image by pseudocolor display or
numeric values, or output as a measurement report file.
The processing flow and characteristic configuration of
the ultrasonic diagnostic apparatus in the present em-
bodiment will be described in detail for each embodiment.

Embodiment 1

[0028] The first embodiment is an example, by citing
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a cardiac short axis view, of spatial, temporal and con-
secutive measurement of the inside of cardiac muscle
and calculation of a measurement value thereof for each
local portion. Here, the measurement target will be de-
scribed as a 2-dimensional ultrasonic signal and a 2-di-
mensional ultrasonic image.

[0029] Fig.2is aflowchart showing the processing flow
of the ultrasonic diagnostic apparatus in the present em-
bodiment. As shown in Fig. 2, the examiner first images
and displays an ultrasonic image of biological tissue (car-
diac muscle) (S101). The ultrasonic transmitting/receiv-
ing surface of the ultrasonic probe 3 is applied to an object
1, and a region including the measurement target is im-
aged. In order to execute tracking, images are obtained
for a certain period of time. If biological signals (for ex-
ample, electrocardiogram) are input, the image may also
be obtained by synchronizing with the input signals. For
example, one heartbeat from an R-wave to the next R-
wave of the electrocardiogram may be automatically ob-
tained, or the starting frame and the ending frame may
be specified with respect to the frame group in a certain
interval after the image is obtained. While the specified
frame group is stored in the storage unit 9, when the
tracking calculation is to be executed using ultrasonic
signals, the ultrasonic signals are also stored in the stor-
age unit 9 in the same manner as the ultrasonic images
to be read out for the calculation.

[0030] Fig. 3 is an example of a display screen of the
ultrasonic diagnostic apparatus. On adisplay screen 201
of the ultrasonic diagnostic apparatus, an ultrasonic im-
age 203 is displayed on the left side of the screen, and
the cardiac short axis view is displayed here. More spe-
cifically, on the ultrasonic image 203, a short axis view
is displayed including a heart chamber 205 of a heart of
an object and a cardiac muscle 207 of a doughnut shape
surrounding the heart chamber 205. Further, an endo-
cardium 209 exists on the border between the cardiac
muscle 207 and the heart chamber 205 along the circum-
ferential direction, and an epicardium 211 exists on the
border between the cardiac muscle 207 and the other
tissue on the outer circumferential side of the cardiac
muscle 207 along the circumferential direction.

[0031] Next, the examiner sets a region of interest by
the measurement position setting unit 17 (S102). The
setting is executed using aninput device on the ultrasonic
image displayed in S101. Fig. 3 shows an example of a
screen for setting a region of interest. A short axis view
is depicted on the screen, and zonal regions of interest
213 and 215 are set on the image thereof. As for the
setting method, an existing automatic setting method
based on the region segmentation method may be used,
or the contour of cardiac muscle may be manually traced.
While zonations to surround a cardiac muscle are used
here, the setting method of the present invention is not
limited thereto. The examiner may also set a region of
interest in a desired target portion itself, for example a
tumor or a part of the inside of cardiac muscle, without
surrounding the region by the border of cardiac muscle.

10

15

20

25

30

35

40

45

50

55

Also, the number of regions of interest may be set as one
or plural numbers. For example, in the doughnut-shaped
cardiac muscle in the cardiac short axis view, a plurality
of partial regions in cardiac muscle can be separated and
set as regions of interest. In this manner, a specific phys-
ical quantity of cardiac muscle can be compared and ob-
served in plural regions of interest. In the example of Fig.
3, afirstregion of interest 213 which is close to the trans-
mission/reception surface of the ultrasonic probe 3 and
a second region of interest 215 which is on the far side
are set as separate regions of interest, with the heart
chamber 205 interposed therebetween.

[0032] Fig. 5is another example of a display screen of
the ultrasonic diagnostic apparatus. As shown in Fig. 5,
by setting a doughnut-shaped region of interest 217
which surrounds the doughnut-shaped entire cardiac
muscle, and the set region of interest may be divided into
six segments based on the 17-segment method which is
recommended by ASE (American Society of Echocardi-
ography).

[0033] Next, the examiner sets the method of mesh
division by the measurement position setting unit 17
(S103). The mesh division method can be adapted to
different measurement items of target tissue. Since car-
diac muscle is the target in this case, as shown in Fig. 3,
the directions for segmenting the regions into meshed
pattern are set in the circumferential direction and the
radial direction. That is, the objective of segmentation is
to measure the expansion and contraction in the circum-
ferential direction and the radial direction of the cardiac
muscle. In other words, the regions of interest are seg-
mented into meshed pattern by a plurality of first seg-
menting lines 221 along the epicardium 211 and the en-
docardium 209 of the cardiac muscle and a plurality of
second segmenting lines 223 that are orthogonal to the
plurality of first segmenting lines 221, and a plurality of
intersecting points of the first segmenting lines 221 and
the second segmenting lines 223 are set as measure-
ment points respectively. The density of the mesh, i.e.
the number of the first segmenting lines 221 and the sec-
ond segmenting lines 223 with respect to a certain region
can be arbitrarily adjusted.

[0034] As the number of mesh segmentation increas-
es, measurement can be performed in more detail and
smoother luminance variation can be depicted in pseu-
docolor display. The measurement may also be executed
on the basis of the distance between the inner membrane
side and the outer membrane side as the conventional
method without performing any segmentation. The set-
ting of the number of segmentation may be freely select-
ed by the examiner using an input device. The set values
are displayed on a mesh setting display 225.

[0035] Here,sevenfirstsegmenting lines 221 are used
for segmenting the cardiac muscle in the radial direction,
and six second segmenting lines 223 are used for seg-
menting the cardiac muscle in the circumferential direc-
tion. These segmenting lines cross each other, and the
intersecting points are set as measurement points 227.
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Fig. 6 is an enlarged view of a region of interest. The
lower right part of Fig. 6 is a view showing a segment
which is abstracted from a region of interest. The meas-
urement points 227 are set on the contact points of the
segments, i.e. on the intersecting points of the meshed
pattern. Therefore, 7 X 6=42 of measurement points are
set in this case.

[0036] Next, the examiner sets a region-of-interest
segmenting lines 231 by the measurement position set-
ting unit 17 (S104). The region-of-interest segmenting
lines 231 are to be set when the inside of a region of
interest is desired to be further segmented into groups
(aregion of interest is divided into two groups in this ex-
ample). While the region-of-interest segmenting line 231
is set at approximately intermediate position between the
endocardium and the epicardium since it is expected that
the property of cardiac muscle is different in the endo-
cardium and the epicardium as shown in Figs. 3 ~ 6, it
should be configured as freely settable in conformity to
the target of measurement. For example, the region-of-
interest segmenting line 231 can be set to surround a
tumor.

[0037] Also, while the case that one of the plurality of
first segmenting lines 221 that are set in a region of in-
terest is set as the region-of-interest segmenting line 231
is exemplified in the present embodiment, the present
invention is not limited thereto. For example, one of the
plurality of second segmenting lines 223 can be setas a
region-of-interest segmenting line. Also, a line other than
the first segmenting lines 221 or the second segmenting
lines 223 can also be set as a region-of-interest segment-
ing line.

[0038] Next, the ultrasonic diagnostic apparatus meas-
ures the movement of a measurement-point group by the
tracking calculation unit 19 (S105). The tracking calcu-
lation unit tracks a plurality of measurement points using
the first segmenting lines 221 and the second segment-
ing lines 223. That is, the tracking calculation unit tracks
the plurality of measurement points that are set on the
basis of the first segmenting lines 221 and the second
segmenting lines 223. For example, the intersecting
points of the first segmenting lines 221 and the second
segmenting lines 223 may be respectively set as meas-
urement points as described above, or a predetermined
position within the respective lattices formed by the first
segmenting lines 221 and the second segmenting lines
223 may also be set as measurement points. As for the
tracking method, a commonly-known method can be
used such as the correlation method or optical flow meth-
od. The target signal is the ultrasonic signal or ultrasonic
image stored in the storage unit 9.

[0039] Since the measurement points are set in high
density, the method for improving the resolution may also
be used.

[0040] For example, the tracking calculation can be
adopted by presumptively improving the resolution of a
target image. Also, the tracking calculation can be adopt-
ed while recursively changing the block size for a block
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matching. The method of adopting the tracking calcula-
tion in which the correlation method and the optical flow
method are combined can also be used. The time phase
for the measurement is the frame group of an ultrasonic
image acquired and set in S101. As the tracking result,
the data of positional coordinates in the respective meas-
urement points of each frame is obtained.

[0041] Next, the ultrasonic diagnostic apparatus exe-
cutes calculation of physical quantity by the physical
quantity calculating unit 21 (S106). As shown in the lower
right part of Fig. 6, with respect to the group of measure-
ment points 227, the physical quantity is calculated based
on the distance between two adjacent points. For exam-
ple, the distance between the two points and the rate of
change (strain) from the initial distance are calculated.
The radial strain is calculated in the radial direction, and
the circumferential strain is calculated in the circumfer-
ential direction. Also, the area strain may be calculated
on the basis of the change of area which is framed in by
the four points. In this manner, the physical quantity of
the respective small regions in the meshed pattern is
calculated. Further, the average value of these physical
quantities in the entire meshed pattern is calculated as
the measurement value of the region of interest. Also,
the average value is calculated in the epicardium and the
endocardium that are divided by the region-of-interest
segmenting line 231, and set as the measurement values
respectively.

[0042] Next, the examiner or the apparatus selects a
result display region (S107) . The selection criterion is
the accuracy of tracking. Here, the evaluation value is
calculated for self-evaluation of the tracking accuracy.
Generally, the tracking accuracy tends to be lowered as
the resolution is increased. Especially ultrasonic images
have tendency to be under adverse condition with re-
spect to the tracking calculation due to existence of arti-
facts or low resolution. Therefore, the tracking cannot
always be calculated accurately depending on the con-
dition. As for the evaluation value, the method based on
the error-vector detection is used.

[0043] For example, since there are many measure-
ment points, the quantity of error-vectors is digitalized
using the method of determining that the displacement
of a vector at a certain measurement point is different (in
error) compared to the surrounding displacement vec-
tors.

Since the evaluation value in the respective measure-
ment points can be obtained, the values may also be
calculated either in the entire region of interest or by di-
viding the region of interest using the region-of-interest
segmenting line into the endocardium side and the epi-
cardium side. The examiner selects a result display area
while checking the magnitude of evaluation value so that
the region of interest with low measurement accuracy
will not be displayed. Also, the apparatus may automat-
ically make a selection on the basis of the previously set
threshold value.

[0044] Next, the apparatus displays the measurement
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result by the display unit 13 (S108). Fig. 4 is an example
ofadisplay screen showing the measurementresult. The
physical quantity is converted into the luminance value
for pseudocolor display. These luminance values are su-
perimposed over the meshed pattern of the region of in-
terest and interpolated for smooth luminance variation,
so as to color the entire region of interest. In Fig. 4, the
coloring is performed in all of the regions of interest 213
and 215. The self-evaluation value of the tracking is dis-
played on the chart of a tracking self-evaluation result
235.

[0045] The examiner checks the magnitude of these
numeric values and determines whether to adopt the
measurement result. A graph is displayed on the right
side of Fig. 4. The graph is displayed for each local region
in the region of interest, for example as a strain value
241 of the entire region of interest, a strain value 243 of
the endocardiam-side region and a strain value 245 of
the epicardium-side region. A biosignal 247 is also dis-
played. A time phase bar 249 is further provided to the
time phase of the currently displayed image for movie
display. In the case that six regions of interest are set as
shown in Fig. 5, each region of interest is pseudocolor-
displayed and the number of graphs 250 to be displayed
will be the same as the number of regions of interest.
Here, the graphs of the first region of interest 213 are
denoted by solid lines, and the graphs of the second re-
gion of interest 215 are denoted by dotted lines. It may
also be operated, when the tracking self-evaluation result
235 is observed on a certain region of interest and de-
termined that the measurement result thereof is not to
be adopted, not to color-display only that region of inter-
est.

[0046] Next, the examiner fine-adjusts the region-of-
interest segmenting line 231 by the measurement posi-
tion setting unit 17 (S109). The examiner adjusts the po-
sition of the region-of-interest segmenting line while ob-
serving the result of movement tracking. The measure-
ment resultin the local regions changes when the region-
of-interest segmenting line is adjusted, thus the adjust-
mentis made so that this change is reflected on the graph
and the measurement result of a desired position can be
obtained while observing the graph.

[0047] As described above, in accordance with the
present embodiment, it is possible to set a region of in-
terest in conformity with the property of biological tissue,
and the movement of the inside of biological tissue can
be tracked by setting measurement points in a meshed
pattern. By segmenting a region of interest by the region-
of-interest segmenting line 231 and setting the segment-
ed regions as local regions or pseudocoloring the meas-
urement values, the difference of the local property in the
inside of biological tissue can be easily discriminated.
Also, measurement accuracy can be improved by seg-
menting the region of interest into plural regions such as
a first region and a second region so as to set them at
measurement positions in conformity to the effected area
of an object or set them at the places where sufficient
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image quality can be provided. Also, by segmenting the
region of interest and setting only necessary portions for
measurement, calculation amount can be reduced com-
pared to tracking the entire cardiac muscle, thereby im-
proving the examination efficiency.

[0048] More specifically, in the cardiac short axis view,
when a region of interest is set on the cardiac regions of
adoughnut-shaped cardiac muscle other than the region
which is close to the transmitting/receiving surface of the
ultrasonic probe and the region which is away from the
surface, with the heart chamber interposed therebe-
tween (for example, cardiac muscle regions 251 in Fig.
4), the image quality of an ultrasonic image will not be
sufficient due to influence of noise, etc., which could lead
to the lowering of accuracy in the movement tracking.
Therefore, even when the physical quantity is calculated
in these cardiac muscle regions, the calculated quantity
may lack credibility. If the region of interest is set as a
doughnut-shaped pattern despite the above-described
tendency, the measurement will be executed even in the
regions which lack credibility, thus is not preferable in
view of calculation efficiency. In view of this, by segment-
ing the doughnut-shaped cardiac muscle in a cardiac
short axis view and setting a region which is close to the
transmitting/receiving surface of an ultrasonic probe and
a region which is away from the surface with the heart
chamber interposed therebetween as shown in Fig. 3, it
is possible to improve the efficiency in calculation proc-
ess and to enable contrast observation between the re-
gion which is close to the transmitting/receiving surface
of the ultrasonic probe and the region which is away from
the surface, with the heart chamber interposed therebe-
tween.

[0049] Also, measurement points are appropriately set
in the present embodiment, in conformity to the property
or expansion and contraction of the cardiac muscle. That
is, multiple measurement points are set along the main
expanding and contracting directions (the circumferential
direction and the irradiating direction (radial direction))
of the cardiac muscle. In accordance with the present
embodiment, since measurement points are set along
the expanding and contraction direction of the cardiac
muscle as described above, in the case, for example that
the variation of distance is measured between the adja-
cent measurement points on a first segmenting line 221
or between the adjacent measurement points on a sec-
ond segmenting line 223, the measurement values are
useful for making an accurate diagnosis since the prop-
erty of the respective regions in the cardiac muscle is
appropriately reflected to the measurement values. Also,
the all of the distances from the endocardium 209 and
the epicardium 211 become constant in relation to the
respectively set plural measurement points on the plu-
rality of first segmenting lines 221. Therefore, for exam-
ple, in the case that the variation of distance is measured
from the respective measurement points on a certain first
segmenting line 221 to the endocardium 209 or the epi-
cardium 211, the property of the respective regions in
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the cardiac muscle can be appropriately compared by
comparing the respective measurement values, thus the
measurement results are useful for making an accurate
diagnosis. In this manner, in accordance with the present
embodiment, it is possible to measure expansion and
contraction of cardiac muscle to be reflected to the meas-
urement values of physical quantity, which enables ac-
curate comparison of measurement values for making a
proper diagnosis.

Embodiment 2

[0050] The second embodiment is the method, citing
an example of a cardiac short axis view, which spatially,
temporally and consecutively measures the inside of car-
diac muscle and calculates the measurement value for
each local region of the cardiac muscle. The present em-
bodiment is different from the first embodiment in that
the measurement target is a 3-dimensional signal and a
3-dimensional image. Therefore, the difference from the
first embodiment will be mainly described in this embod-
iment, by omitting the duplicative description as the first
embodiment such as the apparatus configuration and the
processing procedure.

[0051] First, a 3-dimensional ultrasonic image is dis-
played on the basis of the ultrasonic signals of the bio-
logical tissue in plural cross sections of an object (S101),
and the setting of a region of interest is carried out (S102).
Here, the region of interest may be manually set on a 3-
dimensional ultrasonic image using an input device, or
may automatically set using a conventional automatic
region segmentation method. In this manner, the setting
of a 3-dimensional region of interest is executed. Fig. 7
is a view showing an example of the measurement meth-
od in a 3-dimensional ultrasonic image, and the left part
of Fig. 7 shows the extracted view of an endocardium
contour 301 and an epicardium contour 303 of the entire
left ventricle. The right part of Fig. 7 is the extracted view
of a certain 3-dimensional region of interest 305 which
is set on a 3-dimensional ultrasonic image. As shown in
the diagram, the cardiac muscle has, for example a
10mm thick campanulate shape.

[0052] In the setting of a meshed pattern (S103), the
segmentation is performed in the three directions of the
radial direction, short-axis direction and the long-axis di-
rection. That is, the objective of this segmentation meth-
od is to perform measurement in the respective radial,
circumferential and longitudinal directions. In other
words, in a certain cross section which is orthogonal to
the longitudinal direction, the region of interest is seg-
mented into a meshed pattern by a plurality of first seg-
menting lines 221 along the epicardiam 211 and the en-
docardium 209 of the cardiac muscle and a plurality of
second segmenting lines 223 that are orthogonal to the
plurality of first segmenting lines 221. Further, by elon-
gating the first segmenting lines 221 and the second seg-
menting lines 223 along the epicardiam and the endo-
cardium in the longitudinal direction and cutting the cross
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section that are orthogonal to the longitudinal direction
at predetermined intervals in the direction thereof, the
region of interest is segmented into a meshed pattern.
The intersecting points of these segmenting lines are set
as measurement points 227.

[0053] Also, by setting of a region-of-interest segment-
ing line 231 (S104), the 3-dimensional region of interest
is segmented into local regions. For example, as shown
in the right part of Fig. 7, the region-of-interest segment-
ing line 231 is set for dividing the region of interest into
the endocardium side and the epicardium side. Here, af-
ter the region-of-interest segmenting line 231 is set, the
3-dimensional region of interest is segmented into a 3-
dimensional region on the endocardiac side and a 3-di-
mensional region on the epicardiac side by the plane of
which the region-of-interest segmenting line 231 is elon-
gated along the endocardiam and the epicardium in the
longitudinal direction.

[0054] Next, the apparatus executesthe measurement
of movementwith respectto the respective measurement
points 227 in the 3-dimensional signal and the 3-dimen-
sional ultrasonic image (S105), and calculates the phys-
ical quantity (S106). The physical quantity is the distance
in the respective radial, circumferential and longitudinal
directions, the strain based on the distance variation, the
area of a certain cross section in a 3-dimensional region
of interest, the volume of a 3-dimensional region of inter-
est, and so on. The examiner or the apparatus selects a
result display region on the basis of the self-evaluation
of movement tracking (S107). In the display of measure-
ment result (S108), the measurement values are con-
verted into luminance values, and the surface of the re-
gion of interest is colored. Then the examiner adjusts the
position of the region-of-interest segmenting line while
viewing the graph which indicates the result of movement
tracking (S109).

[0055] As described above, in accordance with the
present embodiment, since measurement values are ap-
propriately set in conformity to the 3-dimensional prop-
erty or extraction and contraction of cardiac muscle, it is
possible to measure expansion and contraction of cardi-
ac muscle which facilitates accurate reflection of expan-
sion and contraction of cardiac muscle to the respective
measurement values for making a proper diagnosis, as
in the first embodiment. Also, the setting of a region of
interest can be coincided with the property of biological
tissue in a 3-dimensional space, which enables the track-
ing of movement inside of the biological tissue. Addition
of the depth dimension in measurement also enables si-
multaneous measurement in three directions, which im-
proves measurement accuracy compared to the 2-di-
mensional analysis.

[0056] Moreover, by separating a region of interest by
a region-of-interest segmenting line and setting it as a
local region or pseudocoloring the measurement values,
the difference of local properties in the biological tissue
can be easily discriminated.

[0057] The ultrasonic diagnostic apparatus of the
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presentembodiment comprises in its basic configuration:

an ultrasonic probe configured to transmit/receive
ultrasonic waves to/from an object;

an ultrasonic signal generating unit configured to
generate an ultrasonic signal on the basis of the re-
flected echo signal, which is received by the ultra-
sonic probe, in the cross section of the tissue includ-
ing the cardiac muscle of the heart of the object;
an ultrasonic image constructing unit configured to
construct an ultrasonic image on the basis of ultra-
sonic signals;

adisplay unit configured to display the ultrasonic im-
age;

a measurement position setting unit configured to
set a region of interest in the cardiac muscle on the
ultrasonic image displayed on the display unit;

a tracking calculation unit configured to track the
movement of cardiac muscle in a plurality of meas-
urement points in a region of interest; and

a physical quantity calculating unit configured to cal-
culate a specific physical quantity on the basis of the
tracking result,

and displays the calculated physical quantity on the
display unit. As for a specific physical quantity, at
least one of the myocardial velocity in plural meas-
urement points of a region of interest, the strain of
the cardiac muscle in a plurality of measurement
pointsin aregion of interest, the area of cardiac mus-
cle which is framed by a region of interest and, in the
case that a 3-dimensional ultrasonic image is gen-
erated, the volume of cardiac muscle which is sur-
rounded by a 3-dimensional region of interest can
be cited.

[0058] In order to solve the previously described prob-
lem, the tracking calculation unitis characterized in track-
ing the plurality of measurement points by a plurality of
first segmenting line along the epicardium and the endo-
cardium of the cardiac muscle and the second segment-
ing lines that are orthogonal to the first segmenting lines.
For example, it may be configured so that plural meas-
urement points are set on the basis of plural first seg-
menting lines and plural second segmenting lines, so that
the set plural measurement points are tracked for meas-
urement. More specifically, the region of interest is seg-
mented into a meshed pattern by plural first segmenting
lines and plural second segmenting lines, for setting the
intersecting points of the first segmenting lines and the
second segmenting lines as plural measurement points.
[0059] In order to improve accuracy in diagnosis of a
specific physical quantity of cardiac muscle, proper set-
ting of measurement points in conformity to the property
or the expanding/contracting direction of the cardiac
muscle is necessary. In this regard, the present invention
sets plural measurement points along the main expand-
ing and contracting direction of the cardiac muscle (for
example, if an ultrasonic image shows the cardiac short
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axis view of an object including the heart chamber and
the cardiac muscle surrounding the heart chamber form-
ing a doughnut shape, the circumferential direction and
the irradiating direction (radial direction) of the cardiac
muscle). In this manner, since measurement points are
set along the expanding and contracting direction of the
cardiac muscle, in the case, that the distance variation
between the adjacent measurement points on a first seg-
menting line or the adjacent measurement points on a
second segmenting line and the like is measured, the
property of the respective regions of the cardiac muscle
is adequately reflected to the respective measurement
points, which makes the measurement values useful for
making an accurate diagnosis. Also, all of the distances
from the endocardium or the epicardium to the plurality
of measurement points that are respectively set on a plu-
rality of first segmenting lines become constant. There-
fore, in the case, for example that the distance variation
from the respective measurement points on a certain first
segmenting line to the endocardium or the epicardium is
measured, the property of the respective regions in the
cardiac muscle can be appropriately compared by com-
paring the measurement values, which is useful for mak-
ing an accurate diagnosis.

[0060] Also, in the case an ultrasonic image to be dis-
played on the display unit is a cardiac short axis view,
the measurement position setting unit can set a region
of interest in a doughnut shape in conformity to the prop-
erty of the doughnut-shaped cardiac muscle in the short
axis view of the heart. On the other hand, the measure-
ment position setting unit can set a plurality of regions of
interest by separating them to a plurality of partial regions
in the doughnut-shaped cardiac muscle of the cardiac
short axis view. It is preferable to set plural regions of
interest in this manner for comparing and studying spe-
cific physical quantities in the respective regions of inter-
est. In this manner, this method of dividing a region of
interestinto plural separated regions is preferable for per-
forming contrast observation of the specific physical
quantities in the respective regions of interest. The meas-
urement position setting unit is also capable of segment-
ing the doughnut-shaped cardiac muscle in the short axis
view of the heartinto the cardiac muscle on the side which
is close to the transmitting/receiving surface of an ultra-
sonic probe and the cardiac muscle on the far side with
the heart chamber interposed therebetween as separate
regions of interests.

[0061] Inthe cardiac short axis view, the image quality
of an ultrasonic image is not sufficient due to influence
of noise, etc. in cardiac regions of a doughnut-shaped
cardiac muscle other than the region which is close to
the transmitting/receiving surface of the ultrasonic probe
and the region which is away from the surface with a
heart chamber interposed therebetween, which can low-
er the accuracy of the movement tracking. Therefore,
even when the physical quantity is calculated in these
cardiac muscle regions, the calculated values may lack
credibility. If the region of interest is set as a doughnut-
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shaped pattern despite of the above-described tendency,
the measurement will be executed even in the regions
which lack credibility, which is not preferable in view of
calculation efficiency. In view of this, by separating the
doughnut-shaped cardiac muscle in a cardiac short axis
view and setting a region which is close to the transmit-
ting/receiving surface of an ultrasonic probe and a region
which is away from the surface with the heart chamber
interposed therebetween, it is possible to improve the
efficiency in calculation process and to enable contrast
observation of the region which is close to the transmit-
ting/receiving surface of the ultrasonic probe and the re-
gion which is away from the surface with the heart cham-
ber interposed therebetween.

[0062] Also, the measurement position setting unit is
capable of setting one of the plurality of first segmenting
lines or the plurality of second segmenting lines that are
setin aregion of interest as a region-of-interest segment-
ing line for dividing the region of interest into two regions,
or setting a region-of-interest segmenting line, on an ul-
trasonic image, which is separate from the plurality of
first segmenting lines or the plurality of second segment-
ing lines. In this manner, it is possible to easily divide a
region of interest which is once set, which facilitates the
convenience in evaluating the measurement values of
endocardiac side and the epicardiac side of the cardiac
muscle separately or evaluating the normal region and
the abnormal region separately.

Description of Reference Numerals

[0063]

1 object

3: ultrasonic probe

5: ultrasonic signal generating unit
7: ultrasonic image generating unit
11: input unit

13: display unit

15: control unit

17: measurement position setting unit
19: tracking calculation unit

21: physical quantity calculating unit

100: ultrasonic diagnostic apparatus
203: ultrasonic image

205:  heart chamber

207:  cardiac muscle

209:  endocardium

211:  epicardium

213:  first region of interest

215:  second region of interest

221:  first segmenting line

223: second segmenting line

227: measurement point

231:  region-of-interest segmenting line
305:  3-dimensional region of interest
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Claims
1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to transmit/re-
ceive ultrasonic waves to/from an object to be
examined;

an ultrasonic signal generating unit configured
to generate an ultrasonic signal on the basis of
the reflected echo signal, which is received by
the ultrasonic probe, in the cross section of the
tissue including the cardiac muscle of the heart
of the object;

an ultrasonic image generating unit configured
to generate an ultrasonic image on the basis of
the ultrasonic signal;

adisplay unit configured to display the ultrasonic
image;

a measurement position setting unit configured
to set a region of interest in the cardiac muscle
on the ultrasonic image displayed on the display
unit;

a tracking calculation unit configured to track the
movement of cardiac muscle in a plurality of
measurement points in the region of interest;
and

a physical quantity calculating unit configured to
calculate a specific physical quantity on the ba-
sis of the tracking result,

wherein:

the calculated physical quantity is displayed
on the display unit; and

the tracking calculation unit tracks the plu-
rality of measurement points by a plurality
of first segmenting lines along the epicar-
dium and the endocardium of the cardiac
muscle and a plurality of second segment-
ing lines that are orthogonal to the plurality
of first segmenting lines.

2. The ultrasonic diagnostic apparatus according to
claim 1, wherein:

the region of interest is segmented by the plu-
rality of first segmenting lines along the epicar-
dium and the endocardium of the cardiac muscle
and the plurality of second segmenting lines that
are orthogonal to the plurality of first segmenting
lines; and

the intersecting points of the first segmenting
lines and the second segmenting lines are set
as the plurality of measurement points.

3. The ultrasonic diagnostic apparatus according to
claim 1, wherein the measurement position setting
unit, in the case that the ultrasonic image to be dis-
played on the display unitis a cardiac short axis view
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of the object including the heart chamber and the
cardiac muscle surrounding the heart chamber, is
configured capable of setting the region of interest
in conformity to the property of the cardiac muscle
in the cardiac short axis view.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the measurement position setting
unit, in the case that the ultrasonic image to be dis-
played on the display unit is a cardiac short axis view
of the object including the heart chamber and the
cardiac muscle surrounding the heart chamber, is
configured capable of setting a region of interest by
segmenting the cardiac muscle in the cardiac short
axis view into plural partial regions.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the measurement position setting
unit, in the case that the ultrasonic image to be dis-
played on the display unit is a cardiac short axis view
of the object including the heart chamber and the
cardiac muscle surrounding the heart chamber, is
configured capable of setting the region of interest
by separating the cardiac muscle in the cardiac short
axis view into the cardiac muscle whichis on the side
close to the transmitting/receiving surface of the ul-
trasonic probe and the cardiac muscle which is on
the side away from the transmitting/receiving sur-
face, with the heart chamber interposed therebe-
tween.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the measurement position setting
unit is configured capable of setting one of the plu-
rality of first segmenting lines or one of the plurality
of second segmenting lines that are set in the region
of interest as a region-of-interest segmenting line for
dividing the region of interest into two regions, or
setting the region-of-interest segmenting line on an
ultrasonic image separately from the plurality of first
segmenting lines or the plurality of second segment-
ing lines.

The ultrasonic diagnostic apparatus according to
claim 1, wherein:

the ultrasonic probe has configuration in which
a plurality of transducers that transmit/receive
ultrasonic waves to/from the object are two-di-
mensionally arrayed or the plurality of transduc-
ers are one-dimensionally arrayed for mechan-
ically executing spatial scanning so as to meas-
ure thereflected echo signals in plural cross sec-
tions of the tissue including the cardiac muscle
of the heart of the object;

the display unit displays the 3-dimensional ul-
trasonic image generated on the basis of the
ultrasonic signals in the plural cross sections;
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and
the measurement position setting unit sets a 3-
dimesioinal region of interest on the 3-dimen-
sional ultrasonic image displayed on the display
unit.

The ultrasonic diagnostic apparatus according to
claim 1, wherein the specific physical quantity is at
least one of the myocardial velocity in a plurality of
measurement points in the region of interest, the
strain of the cardiac muscle in the plurality of meas-
urement points in the region of interest, the area of
the cardiac muscle which is framed by the region of
interest, and the volume of the cardiac muscle which
is framed by the 3-dimensional region of interest.

A measurement point tracking method of the ultra-
sonic diagnostic apparatus which:

transmits/receives ultrasonic waves to/from an
object to be examined by an ultrasonic probe;
generates an ultrasonic signal by an ultrasonic
signal generating unit on the basis of the reflect-
ed echo signal, which is received by the ultra-
sonic probe, in the cross section of the tissue
including the cardiac muscle of the heart of the
object;

generates an ultrasonic image by an ultrasonic
image generating unit on the basis of the ultra-
sonic signal;

displays the ultrasonic image by a display unit;
sets a region of interest by a measurement po-
sition setting unit in the cardiac muscle on the
ultrasonic image which is displayed on the dis-
play unit;

tracks the movement of cardiac muscle in a plu-
rality of measurement points in the region of in-
terest by a tracking calculation unit;

calculates a specific physical quantity by a phys-
ical quantity calculating unit on the basis of the
tracking result; and

displays the calculated physical quantity on the
display unit,

including a step of tracking the plurality of meas-
urement points by the tracking calculation unit
using a plurality of first segmenting lines along
the epicardium and the endocardium of the car-
diac muscle and a plurality of second segment-
ing lines that are orthogonal to the plurality of
first segmenting lines.

10. The measurement point tracking method of the ul-

trasonic diagnostic apparatus according to claim 9,
wherein:

the region of interest is segmented by the plu-
rality of first segmenting lines along the epicar-
dium and the endocardium of the cardiac muscle
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and the plurality of second segmenting lines that
are orthogonal to the plurality of first segmenting
lines; and

the intersecting points of the first segmenting
lines and the second segmenting lines are set
as the plurality of measurement points.

The measurement point tracking method of the ul-
trasonic diagnostic apparatus according to claim 9,
wherein the measurement position setting unit, in
the case that the ultrasonic image to be displayed
on the display unit is a cardiac short axis view of the
object including the heart chamber and the cardiac
muscle surrounding the heart chamber, is configured
capable of setting the region of interest in conformity
to the property of the cardiac muscle in the cardiac
short axis view.

The measurement point tracking method of the ul-
trasonic diagnostic apparatus according to claim 9,
wherein the region of interest, in the case that the
ultrasonic image to be displayed on the display unit
is a cardiac short axis view of the object including
the heart chamber and the cardiac muscle surround-
ing the heart chamber, can be set by the measure-
ment position setting unit by being segmented into
plural partial regions in the cardiac muscle in the car-
diac short axis view.

The measurement point tracking method of the ul-
trasonic diagnostic apparatus according to claim 9,
wherein the region of interest in the cardiac muscle
in the cardiac short axis view, in the case that the
ultrasonic image to be displayed on the display unit
is a cardiac short axis view of the object including
the heart chamber and the cardiac muscle surround-
ing the heart chamber, can be set by the measure-
ment position setting unit by being segmented into
the cardiac muscle which is on the side close to the
transmitting/receiving surface of the ultrasonic probe
and the cardiac muscle which is on the side away
from the transmitting/receiving surface, with the
heart chamber interposed therebetween.

The measurement point tracking method of the ul-
trasonic diagnostic apparatus according to claim 9,
wherein one of the plurality of first segmenting lines
or the plurality of second segmenting lines that are
set in the region of interest for dividing the region of
interest into two regions can be set as a region-of-
interest segmenting line, or a region-of-interest seg-
menting line can be set on an ultrasonic image sep-
arately from the plurality of first segmenting lines or
the plurality of second segmenting lines.

The measurement point tracking method of the ul-
trasonic diagnostic apparatus according to claim 9,
wherein:
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the ultrasonic probe has configuration in which
a plurality of transducers that transmit/receive
ultrasonic waves to/from the object are two-di-
mensionally arrayed or the plurality of transduc-
ers are one-dimensionally arrayed for mechan-
ically executing spatial scanning so as to meas-
ure the reflected echo signalsin plural cross sec-
tions of the tissue including the cardiac muscle
of the heart of the object;

the 3-dimensional ultrasonic image generated
on the basis of the ultrasonic signal in the plural
cross sections is displayed on the display unit;
and

a 3-dimesioinal region of interest is set by the
measurement position setting unit on the 3-di-
mensional ultrasonic image displayed on the
display unit.
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