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ULTRASOUND DIAGNOSIS APPARATUS

BACKGROUND

[0001] 1. Technical Field

[0002] The present invention relates to an ultrasound
diagnosis apparatus, and more particularly to ultrasonic
diagnosis technology for a fetal heart.

[0003] 2. Related Art

[0004] Ultrasonic diagnosis of a fetus in it’s mother womb
has become commonplace in medical practice. One of the
purposes of such diagnoses is to diagnose or treat congenital
heart diseases at an early stage. If a serious heart disease can
be diagnosed prior to delivery, it is often possible to suc-
cessfully treat the disease using medicine, surgery, or the
like immediately after childbirth. In ultrasonic diagnosis of
a fetal heart, the shape or size of the heart is displayed on a
tomographic image, or the state of blood flow in the heart is
displayed on a two-dimensional color Doppler image (or a
color flow mapping image). Also, according to the pulse
Doppler method, Doppler information obtained from a
sample gate (or a sample volume) which is set within the
heart is subjected to frequency analysis, so that Doppler
waves formed by the frequency analysis are displayed.
Alternatively, it is also possible to use three-dimensional
ultrasonic diagnosis technology to perform three-dimen-
sional image forming or three-dimensional measurement
with regard to the fetal heart.

[0005] JP 3045642 B describes processing of a two-
dimensional ultrasonic image, and particularly describes
processing for extracting the outline of the left ventricle in
the heart to form an image such as a multi-ring. JP 2004-
159997 A describes processing of a three-dimensional ultra-
sonic image, and particularly describes processing for
extracting a heart chamber portion within the heart. JP
2000-197633 A discloses measurement and analysis of a
cardiac valve signal of a fetus. Although this publication, JP
2000-197633 A, describes a method which uses an ultra-
sonic Doppler method, the publication does not describe
technology of processing an image which represents a
change in the shape of the heart such as a tomographic image
and a three-dimensional image to thereby obtain information
indicative of the motion of the heart. JP 11-221210 A
describes technology of displaying a temporal change of the
areas of a plurality of regions defined in the left ventricle in
a plurality of graphs. JP 8-103442 A describes image pro-
cessing technology for extracting the left ventricle as a
closed region. None of the above-noted publications
describes the technology of obtaining information which is
an alternative to electrocardiographic information from the
temporal change in the shape of the heart.

[0006] Gererally, in ultrasonic diagnosis of the heart, an
electrocardiograph is used to measure an electrocardio-
graphic signal in real time, and the electrocardiographic
signal is then used as information representing the period of
motion of the heart or as a synchronization signal for
measurement. However, it is not possible to bring a plurality
of electrodes into direct contact with a fetus for obtaining an
electrocardiographic signal. In this regard, ultrasonic diag-
nosis of a fetus in the womb suffers from a specific problem
which would not arise in the normal ultrasonic diagnosis of
the heart. As such, with regard to fetuses, it is difficult to
obtain information concerning heartbeats (cardiac informa-
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tion) in the ultrasonic diagnosis of the heart, which makes it
difficult to recognize the state of the heart or measure the
heart functions.

[0007] Here, as the cardiac cycle of the fetal heart is much
shorter than that of the adult heart, it is necessary to increase
the frame rate (or the volume rate) when displaying the fetal
heart in an ultrasonic image. However, if data transmission
and reception based on the ultrasonic Doppler method
described in JP 2000-197633 A indicated above is performed
in addition to data transmission and reception for measuring
or displaying the fetal heart as an ultrasonic image, the frame
rate (or the volume rate) is inevitably reduced.

SUMMARY

[0008] In accordance with one aspect, the present inven-
tion advantageously provides an ultrasound diagnosis appa-
ratus suitable for diagnosis or measurement of the fetal
heart.

[0009] In accordance with another aspect, the present
invention advantageously provides an ultrasound diagnosis
apparatus which can obtain information concerning heart-
beats (cardiac information) in real time while performing
ultrasonic diagnosis of the fetal heart.

[0010] In accordance with still another aspect, the present
invention advantageously provides an ultrasound diagnosis
apparatus which can obtain information representing the
periodical motion of the heart based on echo data which is
used for representing fetal heart in an image.

[0011] The present invention relates to an ultrasound diag-
nosis apparatus which includes a transmitter/receiver section
for transmitting and receiving ultrasound with respect to a
fetal heart; a motion information measurement section for
measuring motion information representing a temporal
change in a shape of the heart caused by a periodical motion
of the fetal heart, based on data obtained by transmission and
reception of the ultrasound; and a time measurement section
for measuring a specific time in the periodical motion of the
fetal heart based on the motion information.

[0012] With the above structure, ultrasound is transmitted
to and received from a fetus in the mother womb. Conse-
quently, echo data for representing the fetal heart in a
two-dimensional image or a three-dimensional image is
captured. In general, based on the echo data thus captured,
an image is formed in predetermined time units (in units of
frames or volumes). Processing with respect to the echo data
is performed at a stage prior to or after the image formation,
so that motion information representing a temporal change
in the shape of the heart is obtained. In this case, for each
frame data (or each tomographic image), an area of a portion
of interest in the heart is calculated, to thereby measure the
motion information indicating the changes of the area. It is
also possible to process three-dimensional data to measure
the temporal change in the volume as the motion informa-
tion. Because the motion information is information indi-
cating the change of the shape along the time axis, the
periodical change in the motion information substantially
corresponds to the periodical change of an electrical signal
supplied to the heart (i.e. an electrocardiographic signal). As
such, by analyzing the motion information, information
equivalent to the information represented by an electrocar-
diographic signal can be obtained. According to the present
invention, a specific time is determined from the motion
information. Here, the specific time refers to a specific phase
or a specific period in a cardiac cycle, such as end-diastole,
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end-systole, and so on. A synchronization signal indicative
of the period of an R wave contained in an electrocardio-
graphic signal can also be generated from the motion
information.

[0013] As described above, according to the present
invention, even in a situation where a fetal electrocardio-
graphic signal cannot be observed directly, information
equivalent to an electrocardiographic signal can be obtained
by performing analysis of the ultrasonic data, especially
analysis of the tissue motion, so that the information thus
obtained can be displayed or the information can be used to
compute further information. Conventionally, various mea-
surements using an electrocardiographic signal from a fetus
cannot be performed because an electrocardiographic signal
cannot be obtained from a fetus. The above structure of the
present invention makes it possible to perform such mea-
surements ever with regard to the fetal heart. In conjunction
with the above structure, the time information may be
obtained in real time while an ultrasonic image is being
displayed, or the time information may be obtained by using
echo data stored in a memory.

[0014] Preferably, the motion information is information
representing a change in an area or a change in a volume
concerning a portion of interest in the fetal heart. While the
portion of interest is desirably a heart chamber in the fetal
heart, it may be a cardiac muscle portion. The heart chamber
may be a left ventricle, for example, and the temporal
change in the area (area value) or the volume (volume value)
concerning an entire heart chamber or a portion of the heart
chamber may be observed.

[0015] Preferably, the motion information measurement
section includes an extraction section for extracting, for each
frame, a region corresponding to a portion of interest in the
fetal heart based on echo data which is used for forming a
tomographic image, the echo data having been obtained by
transmission and reception of the ultrasound; an area cal-
culation section for calculating an area concerning the
region corresponding to the portion of interest for each
frame; and a graph generation section for generating, as the
motion information, a graph representing a temporal change
in the area which is calculated for each frame.

[0016] Preferably, the time measurement section performs
waveform analysis of the graph generated as the motion
information to specify at least one of a maximum value and
a minimum value as a peak for each heartbeat.

[0017] Preferably, the time measurement section includes
a smoothing section for performing smoothing processing
with respect to the graph serving as the motion information;
and a peak specification section for specifying the peak for
each heartbeat in a graph to which the smoothing processing
has been performed. With this structure, because the peak
can be specified after smoothing the waveform by the
smoothing processing, the likelihood of the time measure-
ment being effected by noise can be reduced, so that the
accuracy of measurement can be increased. While the timing
at which the maximum value occurs generally corresponds
to the actual end-diastole (or end-systole), they may not
correspond, depending on the portion measured. In such a
case, correction with regard to time can be performed so as
to establish a correspondence between the maximum value
and the diastolic or systolic peak. However, when the
cardiac cycle is simply being observed, such inconsistency
of timing creates not disadvantage or problem.
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[0018] Preferably, the peak specification section is an
end-diastole specification section, and when a plurality of
local maximum values are present on the graph, the end-
diastole specification section specifies the maximum value
among the plurality of local maximum values by using a
determination window which is smaller than a standard
cardiac period concerning a fetal heart. In order to increase
the accuracy of time measurement, it is necessary to prevent
misidentification of the maximal value and the minimum
value. In this regard, it is preferable that the reference for
detecting the maximum and minimum values is determined
based on the standard cardiac cycle concerning the fetal
heart. The determination window on the time axis is set as
a time period which is shorter than the standard cardiac
period, and this determination window is used to determine
the range within which the maximum value in each heartbeat
is searched. In this case, a plurality of time conditions may
be used, or a determination condition of the maximum value
or the like may be provided in the direction of the amplitude
axis.

[0019] Preferably, the ultrasound diagnosis apparatus fur-
ther includes a cardiac information calculation section for
calculating cardiac information concerning the fetal heart
based on the specific time which is measured. The cardiac
information may include, for example, the heart rate per
minute, the cardiac cycle (a time period of a single heart-
beat), a degree of variation in these values (distribution), and
so on. Preferably, the ultrasound diagnosis apparatus further
includes an evaluation value calculation section for calcu-
lating an evaluation value for evaluating a function concern-
ing the fetal heart based on the specific time which is
measured. In general, the evaluation value may be a value
obtained as a result of heart function measurement using an
electrocardiographic signal or a cardiac synchronization
signal. Preferably, the evaluation value is defined by a size
of the left ventricle or a portion of the left ventricle at
end-diastole and end-systole. A typical evaluation value may
be an ejection fraction (EF).

[0020] Preferably, the ultrasound diagnosis apparatus fur-
ther includes a display processing unit for displaying a graph
which directly or indirectly represents the motion informa-
tion and a mark indicative of the specific time on the graph.
With this structure, correctness of the measurement con-
cerning the specific time can be confirmed on the screen.
[0021] A method according to the present invention
includes calculating an area of the left ventricle or a portion
of the left ventricle in units of predetermined time based on
echo data obtained by transmitting and receiving ultrasound
with respect to a fetal heart and generating a graph repre-
senting a temporal change concerning the area of the left
ventricle or a portion of the left ventricle; specifying a time
phase of at least one of end-diastole and end-systole by
performing waveform analysis with respect to the graph; and
calculating at least one of a heart rate, a cardiac cycle, and
a heart function evaluation value concerning the fetal heart,
by using the time phase of at least one of end-diastole and
end-systole which is specified. In the method, the echo data
is processed to obtain time information corresponding to
electrocardiographic information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] A preferred embodiment of the present invention
will be described in detail based on the following figures,
wherein:
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[0023] FIG. 1 is a block diagram showing an ultrasound
diagnosis apparatus according to one embodiment of the
present invention;

[0024] FIG. 2 is a view showing a region of interest which
is set on a tomographic image;

[0025] FIG. 3 is a graph showing a state prior to averaging
processing;

[0026] FIG. 4 is a graph showing a state after averaging
processing;

[0027] FIG. 5 is a view for explaining a method of
specifying the maximal value among a plurality of local
maximal values;

[0028] FIG. 6 is a view, which is similar to FIG. 5, for
explaining a method of specifying the maximal value among
a plurality of local maximal values;

[0029] FIG. 7 is a view showing an example method for
specifying the maximal value and the minimum value for
each heartbeat;

[0030] FIG. 8 is a flowchart showing an example opera-
tion of a time and heart function measurement section which
is shown 1n FIG. 1,

[0031] FIG. 9 is a conceptual view for explaining infor-
mation obtained by the time and heart function measurement
section;

[0032] FIG. 10 is a view showing an example image
displayed on the display section;

[0033] FIG. 11 is a view showing another example image
displayed on the display section;

[0034] FIG. 12 is a view showing another example wave-
form image;

[0035] FIG. 13 is a view for explaining a region of interest
which is segmented into a plurality of partial regions; and
[0036] FIG. 14 is a view for explaining a time difference
between two graphs.

DETAILED DESCRIPTION

[0037] A preferred embodiment of the present invention
will be described in detail with reference to the accompa-
nying drawings.

[0038] FIG. 1 shows an ultrasound diagnosis apparatus
according to one embodiment of the present invention.
Specifically, FIG. 1 is a block diagram showing an overall
structure of an ultrasound diagnosis apparatus. The ultra-
sound diagnosis apparatus according to the present embodi-
ment performs ultrasonic diagnosis concerning the heart in
a living body, particularly concerning the heart of a fetus (a
fetal heart), although the apparatus of the present embodi-
ment can obviously also be used for ultrasonic diagnosis of
a heart in a living body other than a fetus.

[0039] A probe 10 is a transmitter/receiver which trans-
mits ultrasound pulse and receives reflected ultrasound to
thereby form an ultrasound beam B. The probe 10 includes
an array transducer formed of a plurality of transducer
elements. The ultrasound beam B which is formed by the
array transducer is electronically scanned. As electronic
scanning methods, electronic sector scanning, electronic
linear scanning, and so on are known. While in this embodi-
ment, a 1D (one-dimensional) array transducer is provided
in the probe 10, a 2D array transducer may be provided.
[0040] When the ultrasound beam B is electronically
scanned, a scan plane S is formed as shown in FIG. 1. In
FIG. 1, the electronic scanning direction is indicated as the
6 direction. The scan plane S is a two-dimensional data
acquisition region, and a tomographic image concerning the
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fetal heart is formed based on echo data on the scan plane,
as will be described below. The scan plane S is formed
repeatedly, so that a tomographic image is displayed on the
display screen as a motion image. Under such conditions it
is possible, according to the present embodiment, to obtain
a synchronization signal (a pseudo electrocardiographic
signal) equivalent to an electrocardiographic signal. In addi-
tion, such a synchronization signal can be obtained in real
time, as will be described in detail below.

[0041] Here, the probe 10 is brought into contact with the
abdomen of the fetus’ mother. Alternatively, the probe 10
may be inserted into the mother’s vagina. Other types of
probe may also be used.

[0042] A transmitter/receiver section 12 functions as a
transmitting beam former and a receiving beam former. The
transmitter/receiver section 12 supplies a plurality of trans-
mission signals to the array transducer where a transmitting
beam is formed. Reflection waves from within the living
body are received by the array transducer, which then
transmits a plurality of reception signals to the transmitter/
receiver section 12. The transmitter/receiver section 12
applies phase-alignment and summation processing to the
plurality of reception signals, thereby electronically forming
a receiving beam. The reception signal having been sub-
jected to the phase-alignment and summation processing is
output to a conversion section 14 via a signal processing
section which is not shown.

[0043] In the present embodiment, the conversion section
14 is provided with a coordinate converting function, an
interpolation processing function, and so on, and is formed
by a digital scan converter (DSC). Through the processing of
the conversion section 14, a tomographic image is formed
based on the echo data on the scan plane S. The image data
of the tomographic image is to be stored in a data memory
15. In the present embodiment, area calculation, time mea-
surement, and so on is performed with respect to the image
data having been subjected to coordinate conversion, as will
be described below. However, area calculation, time mea-
surement, and so on can also be applied to the image data
prior to coordinate conversion. More specifically, the frame
data which are subjects of calculation and measurement may
be a group of beam data prior to coordinate conversion or
image data after coordinate conversion, both of which
corresponds to frame data. It is also possible to apply
volume calculation or the like to volume data, rather than the
frame data. The image data of each frame which is output
from the data memory 15 is supplied to a synthesizing
section 18 and is also supplied to an area change measure-
ment section 16.

[0044] The synthesizing section 18 has a function of
synthesizing, in frame units, the tomographic image and an
image of a heart chamber which is formed by the area
change measurement section 16 and generating a synthe-
sized image. This synthesizing section 18 is provided, as
required.

[0045] A display processing section 20 forms display
screen data including the synthesized image described
above, a graph image, and nuneral information as a result of
calculation, and outputs the data to a display section 24. The
content of the display screen can be appropriately deter-
mined in accordance with a user request. A control section
26 performs operation control of each structure shown in
FIG. 1, and an operation panel 28 is connected to the control
section 26. The control panel 28 includes a keyboard, a
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trackball, and the like, and can be used by a user for setting
a region of interest (ROI), inputting measurement conditions
and operation mode, and so on.

[0046] The area change measurement section 16 will be
described. The image data outpur from the conversion
section 14 has been sent to a binarization processing section
30. The binarization processing section 30 is a module
which executes, on the frame basis, binarization processing
or two-point discrimination with respect to the image data.
For example, the binarization processing section 30 executes
processing for allocating a pixel value “1” to the heart
chamber portion in the heart and allocating a pixel value “0”
10 other portions. In such a case, the threshold value required
for the binarization processing can be variably set by a user
through control of the control section 26. Further, it is
possible to designate, as a region of interest, a subject of the
binarization processing or a region to which extraction
processing is to be applied, which will be described below,
so that the binarization processing or the extraction process-
ing is applied only within the region of interest. In this case,
more than one region of interest can be designated. It is also
possible to apply area calculation processing to a plurality of
partial regions in parallel.

[0047] A noise removing section 32 executes noise remov-
ing processing with respect to the binary image formed by
the binarization processing section 30. An extraction section
34 then executes processing for extracting the heart chamber
in the binary image which has been subjected to noise
removal. For example, the extraction section 34 can extract,
as a closed region, the left ventricle included in the region
of interest by repeatedly executing image processing includ-
ing image expansion and image contraction. Here, it should
be obvious that any heart chamber other than the left
ventricle, i.e., the right ventricle, the right atrium, and the
left atrium can also be extracted. With this extraction pro-
cessing, the left ventricle, for example, is extracted as a
specific portion of interest, and an image of the heart
chamber representing the portion of interest is generated.
The image data of the heart chamber image is supplied to the
synthesizing section 18 and is also supplied to an area
calculation section 36.

[0048] The area calculation section 36 calculates an area
(an area value) concerning the heart chamber thus extracted.
This area calculation is performed on a frame basis. Spe-
cifically, in a state where a series of heart chamber images
are input in time sequence, the area of the heart chamber
image in each frame is calculated. Consequently, a series of
area data (area values) is generated in time sequence.

[0049] A graph generation section 38 generates a graph
(an area graph or an area change graph) representing the
series of area data obtained as described above on the time
axis. This graph corresponds to image data which represents
a temporal change in the area as a waveform. This image
data is supplied to the display processing section 20 and is
also output to a time and heart function measurement section
22. The above-described graph represents a temporal change
of the shape of a specific region in the fetal heart. The graph
can be considered to represent cardiac information of the
fetus because the fetal heart periodically moves in accor-
dance with an electrocardiograph signal. As such, while
directly measuring an electrocardiographic signal from fetal
heart is normally impossible or problematic, with the present
invention a graph, that is motion information, can be
obtained, so that temporal information concerning the fetal
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heart can be obtained by analyzing the waveform of the
motion information, and, more particularly, a specific time
can be determined. For this reason, the time and heart
function measurement section 22 which will be described
below is provided.

[0050] Inthe time and heart function measurement section
22, the image data which represents the above-descried
graph is input to a smoothing section 40. The smoothing
section 40 performs smoothing processing, that is, averaging
processing, with regard to the image data. With this pro-
cessing, noises that are present on the graph can be reduced,
so that detection of the maximum value and detection of the
minimum value which will be described below can be
performed with high precision.

[0051] A detection section 42 applies a method which will
be described in detail below to the graph which has been
subjected to averaging, to thereby specify, as peaks, the
maximum value and the minimum value of the waveform
for each heartbeat. Here, when the heart chamber being
subjected to area calculation is the left ventricle, it is
determined that the maximum value corresponds to the time
of the end-diastole and the minimum value corresponds to
the time of end-systole. As such, the detection of the
maximum value and the minimum value as described above
enables detection of information indicative of a specific
time, such as R wave which is obtained from an electrocar-
diographic signal. Here, while the period of the waveform of
an actual electrocardiographic signal should be identical
with the period of the waveform represented by the above-
described graph, if times do not correspond to each other
between these graphs, such a time difference may be elimi-
nated by correction, or measurement and calculation may be
performed in consideration of the time difference.

[0052] A calculation section 44 specifies the end-diastole
and the end-systole from the times indicated by the maxi-
mum value and minimum value that are detected, and
outputs the timing information indicative of the specified
information to the display processing section 20. Further, the
calculation section 44 specifies the time of the end-diastole
for each heartbeat to thereby calculate the heart rate per
minute, and outputs the heart rate to the display processing
section 20. The calculation section 44 uses the similar
method to further calculate the cardiac cycle and outputs the
information to the display processing section 20. Here, it is
also possible to sequentially observe the time of the end-
systole to thereby calculate the cardiac information rather
than sequentially observing the time of the end-diastole to
calculate the cardiac information. Alternatively, two calcu-
lation results obtained by these two types of information can
be compared and adjusted to thereby obtain the cardiac
information with higher precision.

[0053] In the present embodiment, the calculation section
44 has a function of calculating the ejection fraction (EF) as
an evaluation value for the heart functions. Conventionally,
calculation of the ejection fraction through ultrasonic diag-
nosis of a fetal heart has been problematic because an
electrocardiographic signal cannot be obtained. According
to the present embodiment, however, the ejection fraction
can be calculated in a simple manner by using the specified
time phases and the results of area calculation described
above. Here, the ejection fraction (EF) can be obtained from
the operation “(area at the end-diastole (end-diastolic area)—
area at the end-systole (end-systolic area))/area at the end-
diastole (end-diastolic area)”, for example. The volume can
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be used in place of the area. Further, as will be described
below, it is also possible, when a plurality of partial regions
are set within the heart chamber, to calculate the ejection
fraction or the equivalent information for each partial region.
The numeral value information indicative of the ejection
fraction obtained by the calculation section 44 is output to
the display processing section 20.

[0054] FIG. 2 illustrates tomographic image data 100.
More specifically, the illustrated tomographic image data
100 is binary data obtained after binarization processing.
The region of interest (ROI) is set, by a user or automati-
cally, so as to enclose the left ventricle 104 of a fetal heart,
and the region indicated by the ROT is to be subjected to the
extraction processing. As a valve is present within the heart
and the valve moves periodically, there are cases where a
closed region cannot be extracted. In order to deal with such
cases, the ROl is set and the extraction operation is executed
within the range of ROI, so that a problem that the extraction
operation is dispersed can be prevented. Accordingly, when
the closed region can reliably be extracted, it is not neces-
sary to set the ROL In FIG. 2, numeral 102 indicates
endocardium, and the portion located internally with respect
to the endocardium serving as a boundary is the fetal left
ventricle 104 and the portion located externally with respect
to the endocardium is cardiac muscle or other sites. In the
drawing, other heart chamber such as the left atrium are not
shown because these heart chambers are removed from the
extraction subjects by setting the ROL

[0055] As showninFIG. 2, a center point O of the fetal left
ventricle 104 is set, and a plurality of lines 106 extending
radially from the center point 104 are also set, as required.
Consequently, a plurality of regions (partial regions) r1 to r6
segmented by the plurality of lines 106 are defined, and area
calculation can be performed for each partial region r1 to r6.
For example, it is possible to generate the above-described
graph concerning a region with a greater change in the area,
or to form a plurality of graphs and then specify the time
phase in heartbeat while comprehensively considering the
graphical information.

[0056] With reference to FIGS. 3 and 4, the operation of
the smoothing section 40 shown in FIG. 1 will be described.
FIG. 3 shows a graph 110 which is generated by the graph
generation section 38 shown in FIG. 1. In the graph 110, the
horizontal axis is a time axis and the vertical axis indicates
an area (an area value). In some cases, the graph 110
contains noise or ripple components as illustrated, and there
is therefore a possibility that specification of times (time
phases) cannot be performed precisely if the maximum and
minimum values are detected with this state. Accordingly,
the smoothing section 40 performs the averaging processing
as shown in FIG. 4 prior to detection of the maximum and
minimum values. More specifically, numeral 112 represents
a graph after the averaging processing. When the waveform
is observed after this averaging processing, three periods
clearly appear along the time axis. Here, numeral 114
indicates the upper peak, that is, the maximum value, and
numeral 116 indicates the lower peak, that is, the minimum
value. The maximum value and the minimum value are
specified for each heartbeat.

[0057] Here, there is a possibility, even with the averaging
processing described above, of a plurality of local maximum
values and a plurality of local minimum values appearing
within each heartbeat. Therefore, according to the present
embodiment, a time window for searching the local maxi-
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mum and the local minimum on the time axis, that is, a time
condition, is adopted. Such a time condition is determined
using the heart rate of a standard fetus. Here, the heart rate
of an average fetus is 110 per minute to 160 per minute. In
general, a heart rate over 180 beats per minute is diagnosed
as tachycardia, and a heart rate under 100 beats per minute
is diagnosed as bradycardia. With conversion of the heart
rate into the cardiac cycle, a standard cycle of a single
heartbeat of a fetus is determined to be 400 to 500 msec.
Therefore, a cycle under 330 msec is determined to be
tachycardia and a cycle over 600 msec is determined to be
bradycardia. As such, a normal cardiac cycle of a fetus can
be considered to be 330 msec or more, for example. Spe-
cifically, by using, as a determination criteria, the time range
shorter than this cycle which serves as one reference, the
maximum value and the minimum value for each heartbeat
can be precisely determined. While, in the method of the
present embodiment which will be described below, the
cycle of 300 msec is adopted as an example, it is desirable
that the numeral be variably set depending on the situation.
Further, when a plurality of time conditions are simulta-
neously applied, the determination of the maxinum and
minimum values can be accomplished with an even higher
precision.

[0058] FIGS. 5 and 6 illustrate a basic principle of the
maximum value specification method, only as one example.
When a plurality of local maximum values are present
within a single heartbeat as shown in FIGS. 5 and 6, it is
necessary to specify the maximum value among, these local
maximum values. Accordingly, in the present embodiment,
a time condition o is defined, and a time-period t between
the local maximum detected immediately before the present
time and the local maximum currently detected is compared
with a. If the condition t =« is satisfied, processing in which
the temporary maximum value specified heretofore (a can-
didate maximum value) is updated is executed, while oth-
erwise no such update processing is executed. When search-
ing the maximum value, a can be set to 100 msec or 200
msec. For example, as shown in FIG. 5, when two local
maximum values P1 and P2 are present on the graph 120 and
P1 is first detected and then P2 is detected within a time
range which satisfies the time condition t=q, the values of
P1 and P2 are compared. If P2 is greater than P1, P2 is
determined to be the maximum value (candidate). In this
case, if another local maximum is present after P2, it is
possible to set a new time condition using P2 as a reference,
and, in a state where the time condition is satisfied, to
perform comparison once again. At this time, the time
condition using P1 as a reference may be maintained. In the
example shown in FIG. 6 in which two local maximum
values P3 and P4 are present on the graph 122, while P4
satisfies a time condition which is defined using P3 as a
reference, P4 is smaller than P3. Accordingly, P3 is main-
tained as the maximum value (candidate).

[0059] FIG. 7 shows an example processing performed by
the detection section 42 shown in FIG. 1. A local maximum
value P1 is first detected on a graph 124, and a determination
width o is first set using P1 as a reference. Then, as a local
maximum value P2 which is detected the next is within the
range o, the values of P1 and P2 are compared. In this
example, because P2 is greater than P1, P2 is designated as
a candidate of the maximum value. Then, the time width o.
is set once again, with P2 being used as a time reference (see
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Ain FIG. 7). Here, the local maximum P1 which is detected
first may be set as a fixed time reference.

[0060] After the maximum value candidate P2 is detected,
a local maximum is searched for along the time axis direc-
tion along the graph 124. In the present embodiment, the
search for a minimum value is executed in parallel with the
search for the maximum value, and the smallest value of the
values which have been referred at any point are always
stored. In the example shown in FIG. 7, when no new
candidate for the maximum value appears within the range
of a with reference to the timing of P2, the local maximum
P2 which was previously detected is confirmed to be the
maximum value at the termination of the period o (see B in
FIG. 7). At the same time, the local minimum value having
the smallest value among the values detected until then is
determined to be the minimum value. In the example shown
m FIG. 7, the local minimum indicated as P3 constitutes the
minimum value, and its value is specified as the minimum
value (see C in FIG. 7). Here, for measurement of the heart
rate and the cardiac cycle with regard to the fetal heart, it is
sufficient to specify at least one of the minimum value and
the maximum value, while, in the operation example which
will be described below, only the time at which the maxi-
mum value appears is sequentially specified. More specifi-
cally, in that example, monitoring of the time at which the
minimum value indicated by P3 appears is not performed.
Nevertheless, if the time phase concerning the minimum
value is additionally specified, more precise measurement
can be achieved.

[0061] In the present embodiment, at a time point where
the time period o. elapses from a start point which is the local
maximum P2 serving as the maximum value, the heart rate,
the cardiac cycle, and the ejection fraction (EF) are calcu-
lated. Simultaneously, the maximum value, the minimum
value, and the maximum value time (i.e. the end-diastole
time) which have been detected until that time are tempo-
rarily cleared, and further search is resumed. More specifi-
cally, in the next heartbeat, a local maximum P4 which is the
maximum value is specified. When a local maximum PS5 is
detected thereafter, the local maximum P35, whose value is
smaller than P4, is disregarded.

[0062] It should be noted that the determination method
shown in FIG. 7 is only an example, and various modifica-
tions can be considered. For example, as described above, it
is possible to fixt the local maximum P1 which is detected
first as a start timing for setting the time period o.. Further,
the time condition which is used for searching the maximum
value and the time condition which is used for searching the
minimum value may be set individually. It is also possible
to define a comparatively short time range ol using the
timing of P2 as a reference, and, when the time period a1
terminates, to determine the maximum value P2 in the
current heartbeat and also specify the minimum value in the
previous heartbeat that appears prior to the maximum value
P2 (see D in FIG. 7). When this is done, however, for
calculation of the ejection fraction (EF), in each heartbeat,
the maximum value and the minimum value appearing after
the maximum value are used. Alternatively, with the timing
of the maximum value in the previous heartbeat being used
as a reference, the range for searching the maximum value
in the following heartbeat may be determined. In such a
case, the ranges 02 and a3 are determined, and the search
for the maximum value may be performed within the time
width W3 which is defined between these values. In addi-
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tion, while in the above description the determination con-
dition for the time information is illustrated, it may be
desirable to additionally set the determination condition
concerning the area, for example. For example, the width
W1 can be set for determining whether or not the value
detected as the maximum value is appropriate. Similarly, the
width W2 can be set for determining whether or not the
value detected as the minimum value is appropriate. In this
regard, a condition may also be set for determining whether
or not the ejection fraction which is finally calculated falls
within an appropriate range.

[0063] Regardless of the configuration employed, it is
always desirable that waveform analysis be performed in
such a manner that the maximum value and the minimum
value in each heartbeat can be precisely specified on the
graph. It is further desirable that the maximum value and the
minimum value for each heartbeat which are thus specified
are used to calculate the evaluation value for heart function.
Here, it is advantageous that erroneous determination in
specifying the maximum value and the minimum value can
be prevented by defining the determination conditions for
the maximum value and the minimum value based on
average or standard cardiac cycle and peak values for a fetal
heart.

[0064] The flowchart in FIG. 8 illustrates an example
operation of the time and heart function measurement sec-
tion 22 shown in FIG. 1. The flowchart shown in FIG. 8
illustrates an example method for executing the waveform
processing shown in FIG. 7. In step S101, initialization with
respect to buffers is performed. In the present embodiment,
three buffers, that is, a maximum value buffer, a minimum
value buffer, and a maximum value time buffer, are pro-
vided. With initialization of the maximum value buffer and
the maximum value time buffer, 0 is written as a content of
the respective buffers. With initialization of the minimum
value buffer, a maximum buffer value is provided. It is a
matter of course that various methods may be used for the
initialization.

[0065] In step S102, when reading the waveform data of
the graph generated by the area change measurement section
16 shown in FIG. 1, it is determined whether or not a next
set of data is present and, if next data does not exist, this
processing is terminated. If the next data is present, on the
other hand, the process in step S103 is executed. In step
$103, an amount of the waveform data corresponding to one
point is read. Then, in step S104, the averaging processing
with respect to the waveform data thus read is performed.
This averaging processing is moving average processing, for
example, in which filtering is performed along the time axis
direction so that smoothing with respect to the waveform
can be achieved. This processing corresponds to the function
of the smoothing section 40 shown in FIG. 1.

[0066] The processes in step S105 and the subsequent
steps indicate an example operation of the detection section
42 and the calculation section 44. In step S105, processing
for updating the minimum value is executed. More specifi-
cally, the value which is currently being referred to and the
value stored in the minimum value buffer are compared with
each other, and, if the former is smaller, processing for
writing this value in the minimum buffer is performed. With
this processing, the smallest value is always stored in the
minimum value buffer after initialization.

[0067] In step S106, whether or not a time condition is
satisfied is determined. More specifically, whether or not the
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current time is within a period a from the time of appearance
of the local maximum which is first detected. When the
previous local maximum is not detected, this condition is
always determined to be satisfied. In step S107, whether or
not the value which is currently being referred to is a local
maximum. For example, it is possible to detect a local
maximum by obtaining a differential value of the waveform.
It the value is not a local maximum value, the above-
described processes in step S102 and the following steps are
repeated.

[0068] When, on the other hand, it is determined in step
S107 that the value which is currently being referred to is a
local maximum, the local maximum value which was pre-
viously detected and the local maximum value which is
currently detected are compared. If the former is greater than
the latter, the process proceeds to step S102, whereas if the
latter is greater than the former, the process proceeds to step
$109.

[0069] Instep S109, it is assumed that the local maximum
value as a candidate of the maximum value is detected, the
content of the maximum value buffer is updated. Specifi-
cally, the value of the local maximum newly detected is
stored in the maximum value buffer. Further, the content of
the minimum value buffer is initialized. Specifically, a
largest buffer value is stored in the minimum value buffer,
thereby clearing the value which is previously stored. In
addition, the content of the maximum value time buffer is
updated. Here, the maximum value time buffer, which is a
buffer storing the time information in the present embodi-
ment, may be configured to function as a timer. In such a
case, in step S109, the maximum value time buffer is
initialized, and more specifically, the count value is cleared.
Thereafter, the processes in step S102 and the subsequent
steps are executed.

[0070] On the other hand, when it is determined, in step
S106, that the time condition is not satisfied, that is, when it
is determined that the current time point is beyond the range
of a from the time of appearance of the local maximum
previously detected, in step S110, the values stored in the
maximum value buffer and the minimum value buffer at that
time point are confirmed, and then the contents are verified.
More specifically, whether or not the two values respectively
stored in the two buffers are within an optimal range is
determined, and if they are within the optimal range, these
values are to be used in the calculation in the following step
S111. If any error is found in these values, error processing
is performed. Here, it is also possible to additionally deter-
mine whether or not the heart rate, the cardiac cycle, and the
ejection fraction are within an optimal range, so that gen-
eration of an error can be automatically recognized.

[0071] Instep S111, the heart rate and the cardiac cycle are
calculated as cardiac information from the time intervals of
a plurality of maximum values which have been detected
until the present time. In this case, it is also possible to
calculate such information from the time intervals of a
plurality of minimum values which have been detected until
the present time. Further. the end-diastolic area serving as
the maximum value and the end-systolic area serving as the
minimum value are used to calculate the ejection fraction. In
step S112, the content of all buffers is initialized, and the
above-described processing is repeated in a similar manner
with regard to the next heartbeat. The flowchart shown in
FIG. 8 is only an example, and a variety of algorithms can
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be adopted as long as the maximum value and the minimum
value can be appropriately determined for each heartbeat.
[0072] FIG. 9 conceptually shows the content of process-
ing performed by the time and heart function measurement
section 22 shown in FIG. 1. As described above, the cardiac
cycle 130 and the heart rate 132 are specified as cardiac
information from the graph 112 which represents a change
of area, and such information is displayed. Furthermore, on
the basis of the graph 112, the end-diastole time 134 and the
end-systole time 136 are specified, and displayed as
required. Simultaneously, based on the end-diastolic area
(the maximum value) 138 and the end-systolic area (the
minimum value) 140 specified at the respective times, the
ejection fraction serving as an evaluation value is calculated
as indicated by numeral 142, and the calculation result is
displayed. Here, each of the cardiac cycle 130, the heart rate
132, the end-diastole time 134, and the end-systole time 136
can be considered as a pseudo-electrocardiographic signal
144, that is, as an alternative to an electrocardiographic
signal.

[0073] FIG. 10 shows an example display content which is
displayed on the display section. Within a display screen
150, a tomographic image 152 is displayed. The tomo-
graphic image 152 represents a cross section of the left
ventricle 154, and a region of interest 156 is set so as to
enclose the left ventricle 154. A change in the area related to
the left ventricle is represented by a waveform image 158.
Specifically, the waveform image 158 includes a graph 159
in which a marker 160 indicative of the maximum value and
a marker 162 indicative of the minimum value are displayed
for each heartbeat. The markers are displayed using different
shapes or different colors to enable the user to identify
marker information and easily recognize the end-diastole
time and the end-systole time for each heartbeat. Further, by
monitoring such information, it is possible to confirm
whether automatic calculation is being performed in an
optimal manner.

[0074] The calculation result is displayed on the display
screen 150 as numeral information 164. In the present
embodiment, the area which continually changes is dis-
played using numerical values, and the ejection fraction
(EF) which is calculated for each heartbeat is also displayed
by numetical values. Naturally, a graph indicating a change
of the ejection fraction can also be displayed in addition to
the graph 159 indicating the change in the area.

[0075] FIG. 11 shows another display example, in which
a tomographic image 152A, a waveform image 158, and
numeral display 164A are displayed on the display screen
150. In the tomographic image 152A, regions of interest
156A and 156B are set concerning the left ventricle 154A
and the right ventricle 154B, respectively, and the area
change is observed for each heart chamber. Accordingly, two
graphs 159A and 159B are shown in the waveform image
158, representing the area change of the left ventricle and the
area change of the right ventricle, respectively. On the
respective graphs 159A and 159B, markers 160A and 160B
indicative of the maximum values and markers 162A and
162B indicative of the minimum values are shown. In the
example shown in FIG. 11, the times on the graph 159B
representing the area change of the right ventricle are
specified with reference to the graph 159A representing the
area change of the left ventricle, so that the times indicated
by the markers correspond to each other between the two
graphs.
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[0076] Naturally, in place of the above structure, a struc-
ture may be adopted in which the maximum value and the
minimum value are detected independently on each graph
159C, 159D in the waveform image 158, and the corre-
sponding markers are displayed, as shown in FIG. 12.
[0077] FIG. 13 shows another example of setting of a
region of interest. Specifically, in the tomographic image
152, an ROl is set so as to enclose the left ventricle, and the
internal portion of the ROI is segmented into a plurality of
regions rl to r6. An area change in each region may be
represented in a graph. Further, as shown in FIG. 14, the
time difference between the graph 159C representing an area
change of the left ventricle and the graph 159D representing
an area change of the right ventricle, for example, may be
displayed. In such a case, the time difference Atl between
the maximum values specified in the respective graphs and
the time difference At2 between the minimum values speci-
fied in the respective graphs may be measured indepen-
dently. It is well known that in the heart various sites moves
at different timings, and a difference in the timings may be
indicative of a degree of damage or illness. Accordingly,
with quantification of the difference in timings as described
above, it is possible to provide a user with information
which is useful for diagnosis of disorders or diseases.
[0078] As described above, with the ultrasound diagnosis
apparatus in accordance with the present embodiment, it is
possible to generate information equivalent to an electro-
cardiographic signal, which cannot be conventionally
observed, on the basis of a tomographic image for each
frame, and further to evaluate the heart functions while
obtaining such information in real time. Thus, various mea-
surements concerning the fetal heart which cannot be per-
formed in the conventional ultrasonic diagnosis can now be
achieved. As such; the present invention advantageously
provides an ultrasound diagnosis apparatus which is useful
for confirming healthfulness and diagnosing a disease con-
cerning the heart of a fetus.

[0079] While the preferred embodiment of the present
invention has been described using specific terms, such
description is for illustrative purposes only, and it is to be
understood that changes and variations may be made with-
out departing from the spirit or scope of the appended
claims.

What is claimed is:
1. An ultrasound diagnosis apparatus, comprising:
a transmitter/receiver section for transmitting and receiv-
ing ultrasound with respect to a fetal heart;
a motion information measurement section for measuring
motion information representing a temporal change of
a shape of the heart caused by periodical motion of the
fetal heart, based on data obtained by transmission and
reception of the ultrasound; and
a time measurement section for measuring a specific time
in the periodical motion of the fetal heart based on the
motion information.
2. The ultrasound diagnosis apparatus according to claim
1, wherein
the motion information is information representing a
change in an area or a change in a volume concerning
a portion of interest in the fetal heart.
3. The ultrasound diagnosis apparatus according to claim
1, wherein
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the motion information measurement section includes:

an extraction section for extracting, for each frame, a
region corresponding to a portion of interest in the fetal
heart based on echo data which is used for forming a
tomographic image, the echo data having been obtained
by transmission and reception of the ultrasound,

an area calculation section for calculating an area con-
cerning the region corresponding to the portion of
interest for each frame; and

a graph generation section for generating, as the motion
information, a graph representing a temporal change in
the area which is calculated for each frame.

4. The ultrasound diagnosis apparatus according to claim

1, wherein

the time measurement section performs waveform analy-
sis of the graph generated as the motion information to
specify at least one of a maximum value and a mini-
mum value as a peak for each heartbeat.

5. The ultrasound diagnosis apparatus according to claim

4, wherein

the time measurement section includes:

a smoothing section for performing smoothing processing
with respect to the graph serving as the motion infor-
mation; and

a peak specification section for specifying the peak for
each heartbeat in a graph to which the smoothing
processing has been performed.

6. The ultrasound diagnosis apparatus according to claim

5, wherein

the peak specification section is an end-diastole specifi-
cation section, and

when a plurality of local maximum values are present on
the graph, the end-diastole specification section speci-
fies the maximum value among the plurality of local
maximum values by using a determination window
which is smaller than a standard cardiac period con-
cerning the fetal heart.

7. The ultrasound diagnosis apparatus according to claim

1, further comprising:

a cardiac information calculation section for calculating
cardiac information concerning the fetal heart based on
the specific time which is measured.

8. The ultrasound diagnosis apparatus according to claim

1, further comprising:

an evaluation value calculation section for calculating an
evaluation value for evaluating a function concerning
the fetal heart based on the specific time which is
measured.

9. The ultrasound diagnosis apparatus according to claim

8, wherein

the evaluation value is defined by a size of the left
ventricle or a portion of the left ventricle at end-diastole
and end-systole.

10. The ultrasound diagnosis apparatus according to claim

1, further comprising:

a display processing unit for displaying a graph which
directly or indirectly represents the motion information
and a mark indicative of the specific time on the graph.

11. A method of processing echo data in an ultrasound

diagnosis apparatus, comprising:

calculating the area of the left ventricle or a portion of the
left ventricle in units of predetermined time based on
echo data obtained by transmitting and receiving ultra-
sound with respect to a fetal heart and generating a
graph representing a temporal change concerning the
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area of the left ventricle or a portion of the left
ventricle;

specifying a time phase of at least one of end-diastole and
end-systole by performing waveform analysis with
respect to the graph; and

calculating at least one of a heart rate, a cardiac cycle, and
a heart function evaluation value concerning the fetal
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heart, by using the time phase of at least one of a
specified end-diastole and end-systole,

wherein the echo data is processed to obtain time infor-
mation corresponding to electrocardiographic informa-
tion.
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