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ULTRASONIC DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic device, and more particularly to a technique of
automatically setting a measurement position for Doppler
measurement.

BACKGROUND

[0002] Ultrasonic diagnostic devices transmit and receive
ultrasound waves to and from an examinee, and, based on a
received signal thus obtained, form an ultrasound image.
The ultrasonic diagnostic devices have a Doppler measure-
ment function for detecting the moving direction and the
moving speed of a target subject using a Doppler effect. The
Doppler measurement function is used for measuring a
blood flow velocity, for example.

[0003] Several Doppler measurement methods are known,
including, for example, a method called color Doppler, for
performing Doppler measurement in a wide range to obtain
a color Doppler image that indicates distribution of the
velocity of blood flow within the range, a method called
continuous wave Doppler, for performing Doppler measure-
ment using continuous waves over a wide range on an
ultrasound beam, and a method called pulsed Doppler for
performing Doppler measurement using pulse waves in a
local area on an ultrasound beam. Any of these methods
requires appropriate setting of a measurement range or
measurement position. A user moves area frames, lines, and
cursors on the screen with a track ball or the like provided
on an operation panel to thereby specify the measurement
range or the measurement position.

[0004] For measuring the left ventricular inflow blood
velocity of the heart, for example, the user sets the mea-
surement position (cursor) for pulsed Doppler on a blood
flow portion near the mitral valve. For measuring the right
ventricle inflow blood velocity, the measurement position is
set on a blood flow portion near the tricuspid valve for
performing the Doppler measurement. For measuring the
left ventricular outflow blood velocity, the measurement
position is set on a blood flow portion near the main artery
for performing the Doppler measurement. To measure the
blood flow velocity accurately at each position, it is impot-
tant to set the Doppler measurement position accurately.
Skilled specification operations are therefore required for
users, who must perform such a complicated operation each
time the Doppler measurement is performed. To address this
deficiency, a technique for automatically setting the mea-
surement position for the Doppler measurement is desired.

[0005] Patent Document 1 suggests a method for automat-
ing an operation of specifying the direction and depth of a
Doppler mode to increase the accuracy in setting a cursor
(Doppler measurement position). The apparatus described in
Patent Document 1 detects a position where the velocity of
blood flow is the maximum in the distribution data of the
velocity of blood flow indicated by color Doppler and sets
a measurement position of the continuous wave Doppler and
pulsed Doppler at this detected position. The apparatus also
extracts a point where the velocity of the blood flow is the
maximum from color image data of a plurality of frames
obtained within one heartbeat period, and sets this point as
a Doppler measurement position.
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[0006] Patent Document 1: JP2002-306485 A
SUMMARY
Technical Problem
[0007] In the invention described in Patent Document 1,

the measurement position for the Doppler measurement is
set based only on the blood flow velocity. However, because
the blood flow velocity usually changes drastically, and also
because of the aliasing effects, there is a possibility that the
accuracy in the Doppler measurement position is question-
able. Alternatively, when the position where the blood flow
is the maximum is located at a position other than the
Doppler measurement position which is desired by the user,
the measurement position is be set at an undesirable posi-
tion. As such, there is also a possibility that the Doppler
measurement position is not always set to a position desired
by the user.

[0008] The present invention is aimed at providing an
ultrasonic diagnostic device that automatically sets a Dop-
pler measurement position with high accuracy.

Solution to Problem

[0009] In accordance with an aspect of the invention, an
ultrasonic diagnostic device includes a tomographic image
forming unit configured to form, based on a received signal
obtained by transmitting and receiving an ultrasound wave
to and from a beam scanning area including a target tissue
in which blood flows, a tomographic image of the target
tissue, a tomographic image analysis unit configured to
analyze the tomographic image to extract a reference portion
in the target tissue, a position specification unit configured to
specify a Doppler measurement position within the target
tissue based on the reference portion, and a Doppler wave-
form forming unit configured to form a Doppler waveform
showing a movement of blood flow in the Doppler mea-
surement position, based on a received signal obtained by
transmitting and receiving an ultrasound wave to the Dop-
pler measurement position. Preferably, the target tissue is a
heart, and the reference portion is an annulus portion of the
heart or a contour of a heart cavity.

[0010] The above structure allows extraction, from a
tomographic image formed based on a received signal
obtained by transmission and reception of ultrasound waves,
of a reference portion as a specific tissue image or a specific
tissue position in a target tissue included in the tomographic
image. The reference portion is extracted in order to specify
a Doppler measurement position. The reference portion may
be extracted in accordance with the purpose, subject, and the
like of the Doppler measurement. Once the reference portion
is extracted, the Doppler measurement position is specified
within the target tissue based on the reference portion. The
reference portion and the Doppler measurement position
may be different positions, and, based on a relation expres-
sion indicating a positional relationship between the refer-
ence portion and the Doppler measurement position, the
Doppler measurement position may be specified from the
reference portion. With the Doppler measurement (continu-
ous wave Doppler measurement, pulsed Doppler measure-
ment) performed in the specified Doppler measurement
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position, a Doppler waveform indicating the motion of
blood flow in the Doppler measurement position is genet-
ated.

[0011] As the Doppler measurement is aimed at measuring
blood flow, the Doppler measurement position is set to a
position where blood flows, that is, a position in a tomo-
graphic image where a shape cannot be represented. It is
therefore difficult to set the Doppler measurement position
directly based on the characteristics concerning the shape of
blood flow. There is a predetermined positional relationship
between an annulus position (reference portion) which is a
base portion of the mitral valve in the heart and a Doppler
measurement position which is suitable for measuring the
left ventricular inflow blood, for example. Use of such a
relationship to specify the Doppler measurement position
based on the annulus position which can be easily extracted
in a stable manner enables stable setting of the Doppler
measurement position with high accuracy.

[0012] Preferably, the ultrasonic diagnostic device further
includes a blood flow information generation unit configured
to generate blood flow information indicating a spatial
distribution of velocity of blood flow within the target tissue,
based on the received signal, and the position specification
unit specifies the Doppler measurement position based on
the reference portion and the blood flow information. Pref-
erably, the tomographic image analysis unit defines an
analysis range based on the reference portion, and the
position specification unit specifies the Doppler measure-
ment position based on a portion in a spatial distribution of
the velocity of the blood flow corresponding to a distribution
of the velocity within the analysis range. Preferably, the
position specification unit specifies the Doppler measure-
ment position based on a position within the analysis range
where the velocity of blood flow is the maximum.

[0013] Specification of the Doppler measurement position
in consideration of not only the reference portion based on
the tomographic image of a tissue but also the distribution of
the velocity of blood flow within the target tissue allows
more accurate setting of the Doppler measurement position
to a more appropriate position. In the case of measurement
of the left ventricular inflow blood in the heart, for example,
a position where the velocity of the blood flow is the
maximum is determined as an appropriate Doppler measure-
ment position. In many cases, an appropriate Doppler mea-
surement position is determined in accordance with the
velocity of blood flow as described above. Accordingly,
specification of the Doppler measurement position in con-
sideration of not only the reference portion but also distri-
bution of the velocity of blood flow allows an increase in the
accuracy of the Doppler measurement position.

[0014] Preferably, the position specification unit specifies
the Doppler measurement position based on the reference
portion and the blood flow information in a specific time
selected in a pulsation cycle of the target tissue. Further,
preferably, the specific time is a time phase in which blood
flow in a specific direction is expressed in the Doppler
measurement position.

[0015] The above structure allows specification of the
Doppler measurement position in an appropriate time phase
during the pulsation cycle of the target tissue. The distribu-
tion of velocity of blood flow in the target tissue may vary
depending on the time phase in the pulsation cycle of the
target tissue. In the heart, for example, the distribution of the
velocity of blood flow within the heart varies significantly
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between the systole phase and the diastolic phase. Accord-
ingly, in order to measure the left ventricular inflow blood,
for example, it is desirable to perform the measurement in a
time phase in which the velocity of the left ventricular inflow
blood is the maximum. In such a case, it is desirable that the
Doppler measurement position is specified to a position
where the velocity of the blood flow is the maximum in that
time phase. Thus, specification of the Doppler measurement
position taking the time phase into consideration enables
setting of the Doppler measurement position more accu-
rately.

[0016] Preferably, the position specification unit specifies
a plurality of Doppler measurement positions. Further, pref-
erably, the position specification unit specifies a plurality of
Doppler measurement positions in accordance with flow
directions of the blood flow. Further, preferably, the ultra-
sonic diagnostic device further includes a measurement
position selection unit configured to select from among the
plurality of Doppler measurement positions a specific Dop-
pler measurement position concerning which a Doppler
waveform is to be displayed, and the Doppler waveform
forming unit forms a Doppler waveform based on a received
signal obtained by transmission and reception of an ultra-
sound wave to and from the specific Doppler measurement
position which is selected.

Advantageous Effects of Invention

[0017] According to the present invention, a Doppler
measurement position can be set automatically with high
accuracy.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a diagram schematically illustrating a
structure of an ultrasonic diagnostic device according to an
embodiment of the invention.

[0019] FIG. 2 is a diagram illustrating an example Doppler
measurement position specified based on a reference por-
tion.

[0020] FIG. 3 is a diagram illustrating an example Doppler
measurement position specified based on distribution of the
blood flow velocity.

[0021] FIG. 4 is a diagram illustrating an example Doppler
measurement position specified based on a reference portion
and distribution of the blood flow velocity.

[0022] FIG. 5 is a diagram illustrating a plurality of
example Doppler measurement positions specified based on
a reference portion.

[0023] FIG. 6 is a diagram illustrating switching from a
pulsed Doppler mode to a continuous wave Doppler mode in
a retrograde flow position.

[0024] FIG. 7 is a diagram illustrating an example mea-
surement range of color Doppler specified based on a
reference portion.

[0025] FIG. 8 is a diagram illustrating an example mea-
surement position of tissue Doppler specified based on a
reference portion.

[0026] FIG. 9 is a flow chart illustrating a flow of opera-
tions performed by the ultrasonic diagnostic device accord-
ing to an embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

[0027] Embodiments of an ultrasonic diagnostic device
according to the present invention will be described here-
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inafter. It should be noted that the present invention is not
limited to the following embodiments. FIG. 1 is a diagram
schematically illustrating a structure of an ultrasonic diag-
nostic device according to an embodiment.

[0028] A probe 10 is an ultrasound probe which transmits
and receives ultrasound waves to and from a target tissue.
The target tissue is an organism tissue in which blood flows
and, in the present embodiment, is a heart. A blood vessel or
other circulatory organ tissues may be the target tissue. The
probe 10 includes an array transducer formed of a plurality
of transducer elements, and the array transducer forms an
ultrasound beam B. Also, a scanning plane S is formed by
electronic scanning of the ultrasound beam B. Methods for
the electronic scanning include, for example, an electronic
sector scanning method and an electronic linear scanning
method. The probe 10 may include a 2D array transducer to
allow capturing of three-dimensional data. As will be
described below, based on a received signal obtained by
scanning an ultrasound beam by the probe 10, a tomographic
image of a target tissue and a color Doppler image showing
a distribution of blood flow within the target tissue are
captured. Further, with Doppler observation in a specific
orientation (and depth), a Doppler waveform showing a
change in the velocity spectrum of the blood flow with time,
for example, is formed.

[0029] A transmitter/receiver unit 12 transmits a plurality
of transmitting signals, which oscillate a plurality of trans-
ducer elements of the probe 10, to the probe 10, thereby
causing the probe 10 to generate ultrasound waves. The
transmitter/receiver unit 12 also performs phase alignment
and summation processing with respect to a plurality of
received signals obtained from the plurality of transducer
elements of the probe 10, thereby forming a received beam,
that is, a received signal (beam data) having undergone the
phase alignment and summation processing. As such, the
transmitter/receiver unit 12 has functions of a transmitting
beam former and a received beam former.

[0030] An image forming unit 14 forms various images
based on the received signal supplied from the transmitter/
receiver unit 12. The image forming unit 14 includes a
tomographic image forming unit 16 and a color Doppler
image forming unit 18.

[0031] The tomographic image forming unit 16, based on
image capturing setting set by a user, such as a scanning
range of the ultrasound beam and gain setting, for example,
forms a tomographic image which is an ultrasound image,
from the received signal supplied from the transmitter/
receiver unit 12. In the present embodiment, the tomo-
graphic image is a B mode image representing a cross
section of the target tissue as an image. The tomographic
image may be a two-dimensional image or a three-dimen-
sional image. The tomographic image is stored in a storage
unit 36 and is also displayed on a display unit 32 by a display
control unit 30.

[0032] The color Doppler image forming unit 18, based on
the received signal obtained by Doppler measurement per-
formed in an area set by the user, calculates distribution of
the velocity of blood flow within the target issue. The color
Doppler image forming unit 18 further performs conversion
of the velocity to a luminance value, coloring, and the like,
based on the calculated velocity distribution. Consequently,
a color Doppler image having colors representing the blood
flow being superposed is formed. The display control unit
30, which will be descried below, has an image synthesis
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function, thereby synthesizing the color Doppler image on
the tomographic image formed by the tomographic image
forming unit 16. Thus, a color flow mapping (CFM) image
is formed.

[0033] The color Doppler image is colored with different
hues and lightness in accordance with the direction and
velocity of the blood flow. For example, the blood flow
toward the probe 10 direction (antegrade flow) is colored
with red, whereas the flow in the opposite direction (retro-
grade flow) is colored with blue. Dispersion (fluctuations in
the flow velocity) is expressed in red or blue added with
green. The flow velocity is expressed with variations of
lightness and hue in accordance with the flow velocity, in
such a manner that the higher the flow velocity, the higher
the lightness of the color at that position. The color Doppler
image is continuously updated in response to the received
signal supplied from the transmitter/receiver unit 12. The
color Doppler image is stored in the storage unit 36 and is
displayed on the display unit 32 by the display control unit
30.

[0034] A tomographic image analysis unit 20 analyzes the
tomographic image formed by the tomographic image form-
ing unit 16 using an image processing technique, and
extracts a reference portion in the target tissue. The reference
portion refers to a portion in the tomographic image which
exhibits a predetermined feature and is also referenced for
specifying a Doppler measurement position by a Doppler
measurement position specification unit 22, which will be
described below. The reference portion is a contour of the
heart cavity, an annulus position, and the like, when the
target tissue is a heart, for example. The contour of the heart
cavity is extracted by applying pattern matching and
dynamic contour model in a tomographic image. Further, as
the annulus position, that is, a predetermined area at the base
of a valve (the mitral valve, tricuspid valve, and the like)
within the heart has a high luminance in a tomographic
image, a position with a luminance of a predetermined value
or greater detected by luminance detection is specified as the
annulus position. Active Appearance Modelling or a learn-
ing method can also be used for extracting the reference
portion.

[0035] The reference portion to be extracted by the tomo-
graphic image analysis unit 20 is determined in accordance
with the cross section type and the measurement item set by
the user. The cross section type is “apical 4-chamber view”,
for example, which is information indicating the target tissue
included in a tomographic image and the cross section
thereof. The measurement item is “left ventricular inflow”,
for example, which is information indicating the target of the
Doppler measurement. When the cross section type is an
“apical 4-chamber view” and the measurement item is “left
ventricular inflow blood”, the tomographic image analysis
unit 20 determines that the Doppler measurement position
should be specified between valves in the mitral valve, and
extracts, as the reference portion, the annulus position of the
mitral valve adjacent to the mitral valve.

[0036] A Doppler measurement position specification unit
22, based on the reference portion extracted by the tomo-
graphic image analysis unit 20, specifies a Doppler mea-
surement position. For the specification, a relational expres-
sion which defines a positional relationship between a
reference portion and a Doppler measurement position, for
example, is used. In order to derive the relation expression,
a regression analysis, which is a method for specifying the
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positional relationship between a reference portion and a
Doppler measurement position from past data, can be used.
For example, data indicating correlation between the coor-
dinates indicating the Doppler measurement positions which
were set in the past and the coordinates of the reference
portions when these Doppler measurement positions are set
are accumulated, and an expression indicating the relation-
ship between the reference portion and the Doppler mea-
surement position is derived from the data thus accumulated.

[0037] When specifying the Doppler measurement posi-
tion based on the contour of the target tissue, a pattern
matching method is used. Pattern data indicating correlation
between a plurality of contour shape patterns of the target
tissue and information of appropriate Doppler measurement
positions for the respective patterns are prestored in the
storage unit 36. Then, a contour shape pattern which is
similar to the contour shape of the target tissue extracted by
the tomographic image analysis unit 20 is specified from
among the plurality of contour shape patterns, and the
position correlated with this specified pattern is specified as
the Doppler measurement position. It is desirable that a
plurality of pattern data items are provided for each type of
cross section.

[0038] As the target tissue (particularly the heart, for
example) is pulsating, the positional relationship between
the reference portion and the appropriate Doppler measure-
ment position may vary depending on the time phase of the
pulsation cycle. It is therefore preferable that the relation
expression and the pattern data described above are provided
for each time phase (in the case of the heart, early diastole,
mid-diastole, end diastole, early systole, mid-systole, end
systole, for example), and the relation expression and the
pattern data in accordance with the time phase at the time of
measurement are used. The time phase at the time of
measurement may be set automatically in accordance with
the measurement item, for example. A control unit 26
controls the Doppler measurement position specification
unit 22, based on an organism signal measured by an
organism measurement device 24 which will be described
below, to specify the Doppler measurement position taking
the time phase of the target tissue into consideration.

[0039] The Doppler measurement position specification
unit 22 may specify the Doppler measurement position by
using a color Doppler image formed by the color Doppler
image forming unit 18. Here, the Doppler measurement
position specification unit 22 references the distribution of
velocity of blood flow within the target tissue in the color
Doppler image. For measurement by continuous wave Dop-
pler and pulsed Doppler, it is desirable to specify the
Doppler measurement position at a position where the blood
flow is stable. The position where the blood flow is stable
refers to a position where a variation in the flow velocity is
small in the distribution of the blood flow velocity and
simultaneously dispersion of the velocity of the blood flow
is small. In such a case, the Doppler measurement position
is specified at a position in a color Doppler image where the
inclination of hue is small and also an amount of green
components is small in the hue, for example. Further, in
order to detect a retrograde flow, it is desirable that the
Doppler measurement position is specified at a position
where the velocity of blood flow indicates the retrograde
flow and simultaneously the velocity is the maximum. In this
case, the Doppler measurement position is specified at a
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position in a color Doppler image where the hue is blue and
the lightness thereof is the maximum.

[0040] The distribution of velocity of blood flow also
varies depending on the time phase in the pulsation cycle of
a target tissue. The velocity of blood flow varies in accor-
dance with the time phase between valves of the mitral
valve, for example. When the measurement item is “left
ventricular inflow blood”, it is desirable that measurement is
performed in a time phase and a position where the velocity
of blood flow between valves in the mitral valve is the
maximum. The Doppler measurement position specification
unit 22 specifies the Doppler measurement position at a
position where the velocity of blood flow is the maximum in
a time phase when the velocity of blood flow between valves
of the mitral valve is the maximum. The time phase when the
velocity of blood flow between valves of the mitral valve is
the maximum may be specified based on color Doppler
images obtained in a plurality of time phases, or a prede-
termined time phase may be associated with each measure-
ment item. As described above, when the Doppler measure-
ment position is specified based on the blood flow
distribution information, it is similarly preferable to specify
the Doppler measurement position taking the time phase into
consideration.

[0041] The Doppler measurement position specification
unit 22 may specify the Doppler measurement position
based on both the reference portion extracted by the tomo-
graphic image analysis unit 20 and the distribution of blood
flow velocity. For example, a midpoint between a position
specified based on the reference portion and a position
specified based on the distribution of blood flow velocity
may be specified as the Doppler measurement position.
Alternatively, when the position specified based on the
reference portion and the position specified based on the
distribution of blood flow velocity are different positions, the
Doppler measurement position may be specified taking the
reference portion and the color Doppler information equally
into consideration, such as by further specifying a Doppler
measurement position based on the reference portion and the
color Doppler image in another time phase.

[0042] Further, the Doppler measurement position may be
specified using the reference portion and the distribution of
blood flow velocity in steps. For example, the analysis range
having a certain size is defined based on form information,
and then the distribution of the blood flow velocity is
analyzed, so that the Doppler measurement position may be
specified from within the analysis range which is defined. A
position in the analysis range where the blood flow velocity
is the highest, for example, is specified as the Doppler
measurement position.

[0043] The Doppler measurement position specification
unit 22 can specify a plurality of Doppler measurement
positions. For example, the annulus position of the mitral
valve and the annulus position of the tricuspid valve are
extracted as the reference portions, and based on these
positions, the Doppler measurement positions are specified
at two positions, that is, a position between valves of the
mitral valve and a position between valves of the tricuspid
valve. Alternatively, the Doppler measurement positions
may be specified at positions where the retrograde blood
flow and the antegrade blood flow are the maximum, based
on the distribution of blood flow velocity.

[0044] The Doppler measurement position specification
unit 22 may specify the range in which the Doppler mea-
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surement for forming a color Doppler image is performed
based on the reference portion. For example, a range having
a predetermined margin from the edge portion of the contour
of the heart cavity is identified, and this range is determined
as the range for the Doppler measurement.

[0045] The Doppler measurement position specification
unit 22 may specify a tissue Doppler measurement position.
The tissue Doppler measures the velocity of a predetermined
portion of the target tissue. When measurement of tissue
Doppler concerning the annulus portion within the heart is
desired, for example, the Doppler measurement position
specification unit 22 analyzes a tomographic image to
extract an annulus position, and determines the annulus
position as a measurement position of the tissue Doppler.
[0046] The organism signal measurement unit 24 receives
an organism signal of the target tissue and generates organ-
ism signal data. The organism signal data include electro-
cardiographic waveforms, phonocardiography waveforms,
and the like. The organism signal data are used to control the
operation timing of the Doppler measurement position
specification unit 22, as described above. The organism
signal data are transmitted to the display control unit 30 and
displayed on the display unit 32 and also stored in the
storage unit 36.

[0047] A control unit 26 is a CPU, for example, and
controls the whole system and also controls the operation
timing of the color Doppler image forming unit 18 and the
Doppler measurement position specification unit 22, using
the organism signal data from the organism signal measure-
ment unit 24. The control unit 26 also operates to perform
control based on an instruction input through an input unit
34 by the user.

[0048] A Doppler waveform forming unit 28, based on a
received signal obtained by Doppler measurement such as
continuous wave Doppler measurement or pulsed Doppler
measurement performed at a Doppler measurement position
specified by the Doppler measurement position specification
unit 22, generates Doppler waveforms which are the results
of the waveform measurement. The Doppler waveforms,
which are continuously updated, are stored in the storage
unit 36 and displayed on the display unit 32 by the display
control unit 30.

[0049] The display control unit 30 processes signals out-
put from the image forming unit 14, the organism signal
measurement unit 24, and the Doppler waveform forming
unit 28 and outputs processed data to the display unit 32.
[0050] The display unit 32 is a monitor, such as CRT and
LCD, and displays a tomographic image and a color Doppler
image formed by the image forming unit 14, organism signal
waveforms measured by the organism signal measurement
unit 24, and Doppler waveforms formed by the Doppler
waveform forming unit 28.

[0051] The input unit 34 is an interface which performs
various operations of the device, and is an input device such
as a keyboard, a track ball, a switch, or a dial. Further, voice
input may be allowed. The input unit 34 is used for setting
the type of cross section and the measurement item with
respect to which the Doppler measurement is performed.
[0052] The storage unit 36 stores therein a tomographic
image and a color Doppler image obtained by the image
forming unit 14, a Doppler measurement position specified
by the Doppler measurement position specification unit 22,
organism signal waveforms measured by the organism sig-
nal measurement unit 24, and Doppler waveforms formed
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by the Doppler waveform forming unit 28. The storage unit
36 also stores therein programs, calculation operation sys-
tems, and estimation operation systems for actuating various
functions of the ultrasonic diagnostic device. The storage
unit 36 is a storage medium, such as a semiconductor
memory, an optical disk, and a magnetic disk, or may be an
external storage medium connected via the network.
[0053] The ultrasonic diagnostic device according to the
present embodiment is configured as described above.
Among the elements illustrated in FIG. 1, the transmitter/
receiver unit 12, the image forming unit 14, the tomographic
image analysis unit 20, the Doppler measurement position
specification unit 22, the control unit 26, the Doppler
waveform forming unit 28, and the display control unit 30
can be implemented using hardware such as an electronic
circuit and a processor, and a device such as a memory may
be used for the implementation as required. Further, the
functions corresponding to the elements described above
may be implemented by cooperation of hardware such as a
CPU, a processor, and a memory, and software (program)
which regulates the operation of the CPU and the processor.
Example Doppler measurement positions specified by the
ultrasonic diagnostic device according to the present
embodiment will be described hereinafter.

[0054] FIG. 2 is a diagram illustrating an example Doppler
measurement position specified based on the reference por-
tion. FIG. 2 will be described with reference to FIG. 1. FIG.
2 shows a screen displayed on the display unit 32, and
includes a B-mode image 50 formed by the tomographic
image forming unit 16 on the left side, a Doppler waveform
66 formed by the Doppler waveform forming unit 28 and an
electrocardiographic waveform 68 measured by the organ-
ism signal measurement unit 24 on the right side.

[0055] The B-mode image 50 is a tomographic image of
the heart 52, which is a target tissue, and illustrates cross
sections of the left ventricle, the left atrium, the right
ventricle, and the right atrium of the heart. The heart 52
includes the tricuspid valve 54 located between the right
ventricle and the right atrium and the mitral valve 56 located
between the left ventricle and the left atrium, and these
valves are also shown in the B-mode image 50.

[0056] The annulus position 60 is a portion located at the
root of the mitral valve 56, and is a position which is
specified by executing luminance detection with respect to
the B-mode image 50 by the tomographic image analysis
unit 20. FIG. 2 illustrates an example in which the mea-
surement item is set to “left ventricular inflow blood” and
the Doppler measurement position 64a is specified based on
the annulus position 60 by the Doppler measurement posi-
tion specification unit 22. The annulus position 60 serving as
areference for specifying the Doppler measurement position
64a is displayed in an emphasized manner to allow a user to
recognize the portion with reference to which the Doppler
measurement position 64a is specified. The annulus position
60 may or may not be emphasized. Further, the Doppler
measurement position 64a may be specified based on the
contour of the heart cavity 62 or on both the annulus position
60 and the heart cavity contour 62.

[0057] Itis difficult to directly set a position whose shape
cannot be represented on the B-mode image 50, such as a
Doppler measurement position of blood flow, automatically.
Therefore, in the present embodiment, a position to be
subjected to the Doppler measurement is specified from the
reference portion within the heart. Setting the Doppler
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measurement position to a position with reference to the
heart cavity, for example, enables setting of the Doppler
measurement position with high accuracy in a stable man-
ner. Further, when the Doppler measurement in a valve
portion is desired, it is possible to set the Doppler measure-
ment position based on a position which is close to a desired
Doppler measurement position and which is also an annulus
position with a relatively small variation in position fluc-
tuation.

[0058] A cursor indicating the Doppler measurement posi-
tion is displayed on the Doppler measurement position 644,
so that the user can identify the Doppler measurement
position which is specified. A cursor indicates a sample gate
corresponding to a gate for sampling the received signals in
a pulsed Doppler mode. In continuous wave Doppler mode,
a cursor indicates a sample volume which is a cross point
between the transmitting beam and the received beam. In
FIG. 2, the cursor which is shown is a cursor in the pulsed
Doppler mode.

[0059] The Doppler waveform 66 is a waveform indicat-
ing a result of the Doppler measurement in the Doppler
measurement position 64a indicated by the cursor. In the
Doppler wave form, the horizontal axis indicates time, and
the vertical axis indicates a velocity of blood flow. The
electrocardiographic waveform 68 is a waveform which
electrically indicates the movements of the heart 52, and is
generated based on an organism signal obtained by the
organism signal measurement unit 24. In the electrocardio-
graphic waveform 68, the horizontal axis indicates time and
the vertical axis indicates a voltage. The electrocardio-
graphic waveform 68 enables the user to understand the
relationship between the Doppler waveform 66 and the time
phase in the pulsation cycle of the heart 52.

[0060] A cross section type box 70 indicates a type of the
cross section of the B-mode image 50. The cross section type
may be input by the user through the input unit 34. Alter-
natively, the cross section type may be automatically deter-
mined by performing image processing of the B-mode
image by the tomographic image analysis unit 20. The cross
section type of the B-mode image 50 illustrated in FIG. 2 is
an “apical 4-chamber view”. A measurement item box 72
indicates a subject of the Doppler measurement. The mea-
surement item is input by the user through the input unit 34.
Based on the measurement item, which portion is to be
extracted by the tomographic image analysis unit 20 as a
reference portion, or to which position the Doppler mea-
surement position is to be specified with reference to the
reference portion, is determined.

[0061] FIG. 3 illustrates an example Doppler measure-
ment position specified based on the distribution of the
blood flow velocity. FIG. 3 illustrates a CFM image 80
which shows the distribution of blood flow velocity 82. In
the flow velocity distribution 82, the antegrade flow is
colored with red and the retrograde flow 1s colored with
blue, and the flow velocity is represented by lightness. In the
left ventricle diastolic phase (left ventricular inflow phase)
illustrated in FIG. 3, the flow velocity distribution 82 is
represented on the inner cavity side of the left ventricle. As
the flow velocity distribution 82 is represented in a jet
pattern from the leaflet toward the inner cavity side of the
left ventricle, it is desirable that the Doppler measurement is
performed in a portion within the jet pattern where the flow
velocity is stable. Therefore, a position in the data of the flow
velocity distribution 82 where the flow velocity is high (the
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lightness is high in the flow velocity distribution 82, for
example) and the dispersion of the flow velocity is small (the
amount of the green component of hue is low in the flow
velocity distribution 82, for example) is detected. This
detected position is determined as a detailed estimated
Doppler measurement position.

[0062] FIG. 4 illustrates an example Doppler measure-
ment position specified based on the reference portion and
the velocity distribution of blood flow. An analysis range 84
is first defined based on the annulus position 60 or the heart
cavity contour 62. The analysis range 84 is a range of
positions that can be an appropriate Doppler measurement
position. The measurement item may be taken into consid-
eration in defining the analysis range 84. While in FIG. 4 the
analysis range 84 is of a rectangular shape, the analysis
range 84 may be a circular shape or an elliptical shape, for
example, or may be discrete ranges. Subsequently, based on
the velocity distribution 82 of blood flow, the Doppler
measurement position 64¢ is specified from within the
analysis range 84 that is defined. For example, a position
within the analysis range 84 where the blood flow velocity
is the maximum is specified as the Doppler measurement
position 64c.

[0063] Use of both the reference portion and the blood
flow velocity distribution for specifying the Doppler mea-
surement position as in the example illustrated in FIG. 4 can
increase the accuracy of the specification. In a case where
the Doppler measurement position is specified based only on
the reference portion, for example, as statistical methods
including regression analysis, pattern matching, and so on,
are used to specify the Doppler measurement position, there
is a possibility that a slight difference will exist between the
Doppler measurement position which is specified and the
correct Doppler measurement position (e.g. a position where
the blood flow velocity is the maximum). When the Doppler
measurement position is specified based only on the blood
flow velocity distribution, on the other hand, in a case where
a position where the blood flow velocity is the maximum
(between valves of the tricuspid valve, for example) is
present on the flow velocity distribution 82 in addition to a
position desired by the user (between valves of the mitral
valve, for example), the Doppler measurement position may
be specified between valves of the tricuspid valve in spite of
the user’s intention. However, defining the analysis range 84
based on the reference portion and the measurement item
can prevent specification of the Doppler measurement posi-
tion which is not desired by the user, and consideration of
the blood flow velocity distribution within the analysis range
84 enables specification of the Doppler measurement posi-
tion to an appropriate position for each measurement.

[0064] FIG. 5illustrates an example in which a plurality of
Doppler measurement positions are specified based on the
reference portion. It is possible to specify a plurality of
Doppler measurement positions. When the measurement
item is set to “antegrade flow and retrograde flow of the
mitral valve”, for example, a Doppler measurement position
64a corresponding to the antegrade flow of the mitral valve
is first specified based on the annulus position 60 or the heart
cavity contour 62 as in the example illustrated in FIG. 2.
Then, based on the annulus position 60 or the heart cavity
contour 62, a Doppler measurement position 644 is specified
at a position where the retrograde flow of the mitral valve the
mitral regurgitation occurs. Of course, the Doppler measure-
ment positions 64a and 64d are specified using different
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relational expressions or patterns. The Doppler measure-
ment positions 64a and 644 may be specified based on the
distribution of blood flow velocity as illustrated in FIG. 3, or
specified based on both the reference portion and the dis-
tribution of velocity of blood flow as illustrated in FIG. 4.
Further, a plurality of Doppler measurement positions may
be specified for different valves, such as the left ventricular
inflow blood (the mitral valve) and the right ventricular
inflow blood (the tricuspid valve), rather than the antegrade
and retrograde flows for a single valve.

[0065] The antegrade flow Doppler waveform 90 is a
waveform indicating the results of the Doppler measurement
at the Doppler measurement position 64a, and the retrograde
flow Doppler waveform 92 is a waveform indicating the
results of the Doppler measurement at the Doppler measure-
ment position 64d. The two waveforms can be displayed
simultaneously. Further, the user can click a check box 100
to make the antegrade flow Doppler waveform 90 or the
retrograde flow Doppler waveform 92 disappear. It is pref-
erable that, at this time, the cursor indicating the Doppler
measurement position corresponding to the Doppler wave-
form which is not displayed is shown in a dashed line or in
a different color. Also, the measurement period may be
limited to the systole phase in the cardiac pulsation cycle
based on the organism signal. There may be no retrograde
flow for some examinees, in which case, information show-
ing “no retrograde flow”, in place of the retrograde flow
Doppler waveform 92, may be displayed on the screen.

[0066] Simultaneous display of a plurality of cursors indi-
cating a plurality of Doppler measurement positions enables
the user to simultaneously identify the plurality of Doppler
measurement positions which are specified. It is also pos-
sible to change the display of Doppler waveforms corre-
sponding to a plurality of Doppler measurement positions
with a simple operation. Further, display of the Doppler
waveform of the antegrade flow and the Doppler waveform
of the retrograde flow along with the electrocardiographic
waveforms in the same time phase enables the user to easily
understand the correlation of the antegrade flow Doppler
waveform 90 and the retrograde flow Doppler waveform 92
with the electrocardiographic waveform 68.

[0067] FIG. 6 illustrates a state in which the Doppler
measurement in a retrograde flow position is changed from
the pulsed Doppler mode to the continuous wave Doppler
mode. As it is generally likely that the blood flow velocity
will be high in a retrograde flow position, in a retrograde
flow position, measurement is performed preferably in the
continuous wave Doppler mode which is suitable for mea-
surement of flow at high velocities. In the example in FIG.
6, when the measurement item is “the mitral regurgitation”,
for example, and the Doppler measurement position 100 for
measuring the retrograde flow is specified, the mode of the
Doppler measurement in this Doppler measurement position
is automatically changed from the pulsed Doppler mode to
the continuous wave Doppler mode. Further, a retrograde
continuous wave Doppler waveform 112 measured by the
continuous wave Doppler mode is then displayed. It is
preferable that the shape of the cursor in the continuous
wave Doppler mode is different from that of the cursor in the
pulsed Doppler mode. In the example illustrated in FIG. 6,
the cursor indicating the Doppler measurement position 110
in the continuous wave Doppler mode is of a circular shape.
Also, in consideration of the velocity of the blood flow, only
when the velocity of the blood flow in a retrograde flow
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position is equal to a predetermined value or greater, the
Doppler mode may be changed to the continuous wave
Doppler mode. Automatic change of the Doppler mode in a
retrograde flow position to the continuous wave Doppler
enables selection of an appropriate Doppler mode while
eliminating time and labor for the user’ s operation.
[0068] FIG. 7 is a diagram illustrating an example color
Doppler measurement range specified based on the reference
portion. In the example illustrated in FIG. 7, the cross
section type is “apical 4-chamber view” and the measure-
ment item is “left ventricular inflow blood”, with a color
Doppler measurement range 120 being defined so as to
enclose the whole left ventricle. As the color Doppler
measures the blood flow in a predetermined range, the color
Doppler measurement range 120 is defined based on the
heart cavity contour 62 which is a contour of the left
ventricle. Specifically, a range with a predetermined margin
from the edge of the heart cavity contour 62 is set as the
color Doppler measurement range 120. Alternatively, a
sector portion including the left and right annulus positions
60 may be set as the color Doppler measurement range 120.
Automatic specification of the color Doppler measurement
range enables setting of an appropriate color Doppler mea-
surement range and also can eliminate the user’s labor.
[0069] FIG. 8 is a diagram illustrating an example mea-
surement position of tissue Doppler specified based on the
reference portion. In the example of FIG. 8, the measure-
ment item is set to “left ventricular inflow blood and the
mitral valve annulus velocity”. While in this example the
Doppler measurement position 64a for the left ventricular
inflow blood is specified in a manner similar to that in the
example illustrated in FIG. 2, in the example illustrated in
FIG. 8, a Doppler measurement position 130 in the tissue
Doppler mode for measuring the mitral valve annulus veloc-
ity is automatically specified. The Doppler measurement
position 130 is specified based on the reference portion. For
example, similar to the example of FIG. 2 and the like, an
annulus position is extracted from the tomographic image,
and the extracted annulus position is specified as the Dop-
pler measurement position 130. As illustrated in FIG. 8, the
Doppler waveform 66 of the left ventricular inflow blood,
the tissue Doppler waveform 132 which is a result of the
Doppler measurement at the Doppler measurement position
130, and the electrocardiographic waveform 68, are dis-
played in parallel. Automatic specification of the tissue
Doppler measurement position enables specification of the
tissue Doppler measurement position to an appropriate posi-
tion and also can eliminates the user’s labor.

[0070] The flow of processing of the ultrasonic diagnostic
device according to the present embodiment will be
described below. FIG. 9 is a flowchart showing a flow of the
operation of the ultrasonic diagnostic device according to
the present embodiment. The flowchart in FIG. 9 will be
described with reference to FIG. 1.

[0071] In step S10, the tomographic image forming unit
16 forms a B-mode image which is a tomographic image,
based on a signal from the transmitter/receiver unit 12.
[0072] In step S12, the tomographic image analysis unit
20 determines a cross section type of the B-mode image
formed in step S10, using an image recognition technique.
As the image recognition technique, known techniques such
as a pattern matching method, a subspace method, a Bag of
Features method, for example, can be used. The cross
section types include, in the case of the heart, an apical
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2-chamber view, an apical 3-chamber view, an apical
4-chamber view, a parasternal long-axis cross section, a
parasternal short-axis cross section, and the like.

[0073] In step S14, the Doppler measurement position
specification unit 22 obtains a measurement item set by the
user. The measurement item may be, for example, the left
ventricular inflow, the mitral regurgitation, and the like.

[0074] In step S16, based on the measurement item
obtained in step S14, the time phase which is the most
suitable for measuring the measurement target indicated by
that measurement item is specified. When the measurement
item is “the mitral valve regurgitation”, the time phase is
specified to the systole phase.

[0075] In step S18, the tomographic image analysis unit
20, based on the measurement item obtained in step S14,
extracts a reference portion for specifying the Doppler
measurement position from the B-mode image at the time
phase specified in step S16.

[0076] Instep S20, the control unit 26 determines whether
or not the color Doppler mode is active.

[0077] If it is determined in step S20 that the color
Doppler mode is not active, the Doppler measurement
position specification unit 22 specifies, in step S22, a Dop-
pler measurement position based on the reference portion
extracted in step S18.

[0078] If it is determined in step S20 that the color
Doppler mode is active, the Doppler measurement position
specification unit 22 defines, in step S24, an analysis range
of a candidate Doppler measurement position based on the
reference portion extracted in step S18.

[0079] In step S26, the Doppler measurement position
specification unit 22 specifies, as the Doppler measurement
position, a position within the analysis range defined in step
S24 where the velocity of blood flow is the highest based on
the distribution of the blood flow velocity.

[0080] Upon specification of the Doppler measurement
position in step S22 or S26, the Doppler waveform forming
unit 28 automatically starts the Doppler measurement in step
S28. Prior to the start of the Doppler measurement, the
B-mode image is frozen on the display unit 32.

[0081] Instep S30, the Doppler waveform forming unit 28
performs the Doppler measurement and generates a Doppler
waveform in a Doppler measurement position specified in
step S22 or S26.

[0082] In step S32, the display control unit 30 causes the
display unit 32 to display the Doppler waveform generated
in step S30. In addition to the Doppler waveform, a B-mode
image or a color Doppler image, and a cursor indicating the
Doppler measurement position shown on these images are
displayed, and also an electrocardiographic waveform mea-
sured by the organism signal measurement device 24 is
displayed in parallel to the Doppler waveform.

[0083] As described above, according to the present
embodiment, specification of the Doppler measurement
position based on a reference portion in a target tissue
specified on the tomographic image enables automatic set-
ting of the Doppler measurement position with high accu-
racy. Further, specification of the Doppler measurement
position in further consideration of the distribution of blood
flow velocity increases the accuracy of the Doppler mea-
surement position.
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REFERENCE SIGN LIST

[0084] 10 probe, 12 transmitter/receiver unit, 14 image
forming unit, 16 tomographic image forming unit, 18 color
Doppler image forming unit, 20 tomographic image analysis
unit, 22 Doppler measurement position specification unit, 24
organism signal measurement device, 26 control unit, 28
Doppler waveform forming unit, 30 display control unit, 32
display unit, 34 input unit, 36 storage unit, 50 B-mode
image, 52 heart, 54 tricuspid valve, 56 the mitral valve, 60
annulus position, 62 heart cavity contour, 64a to 64d Dop-
pler measurement position, 66 Doppler waveform, 68 elec-
trocardiographic waveform, 80 CFM image, 82 flow veloc-
ity distribution, 84 analysis range, 90 antegrade flow
Doppler waveform, 92 retrograde flow Doppler waveform,
100 check box, 110 Doppler measurement position in wave-
form Doppler mode, 112 retrograde flow Doppler waveform,
120 color Doppler measurement range, 130 Doppler mea-
surement position in tissue Doppler mode, 132 tissue Dop-
pler waveform.

1. An ultrasonic diagnostic device, comprising:

a tomographic image forming unit configured to form,
based on a received signal obtained by transmitting and
receiving an ultrasound wave to and from a beam
scanning area including a target tissue in which blood
flows, a tomographic image of the target tissue;

a tomographic image analysis unit configured to analyze
the tomographic image to extract a reference portion in
the target tissue;

a position specification unit configured to specify a Dop-
pler measurement position used for measuring motion
of a blood flow in a position within the target tissue
which is different from the reference portion, based on
the reference portion; and

a Doppler waveform forming unit configured to form a
Doppler waveform showing a movement of blood flow
in the Doppler measurement position, based on a
received signal obtained by transmitting and receiving
an ultrasound wave to the Doppler measurement posi-
tion.

2. The ultrasonic diagnostic device according to claim 1,

farther comprising:

a blood flow information generation unit configured to
generate blood flow information indicating a spatial
distribution of velocity of a blood flow within the target
tissue, based on the received signal,

wherein the position specification unit specifies the Dop-
pler measurement position based on the reference por-
tion and the blood flow information.

3. The ultrasonic diagnostic device according to claim 2,

wherein

the tomographic image analysis unit defines an analysis
range based on the reference portion, and

the position specification unit specifies the Doppler mea-
surement position based on a portion in a spatial
distribution of the velocity of the blood flow corre-
sponding to a distribution of the velocity within the
analysis range.

4. The ultrasonic diagnostic device according to claim 3,
wherein the position specification unit specifies the Doppler
measurement position based on a position within the analy-
sis range where the velocity of blood flow is the maximum.

5. The ultrasonic diagnostic device according to claim 2,
wherein
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the position specification unit specifies the Doppler mea-
surement position based on the reference portion and
the blood flow information in a specific time selected in
a pulsation cycle of the target tissue.
6. The ultrasonic diagnostic device according to claim 5,
wherein
the specific time is a time phase in which a blood flow in
a specific direction is expressed in the Doppler mea-
surement position.
7. The ultrasonic diagnostic device according to claim 1,
wherein
the target tissue is a heart, and
the reference portion is an annulus portion of the heart.
8. The ultrasonic diagnostic device according to claim 1,
wherein
the target tissue is a heart, and
the reference portion is a contour of a heart cavity.
9. The ultrasonic diagnostic device according to claim 1,
wherein
the position specification unit specifies a plurality of
Doppler measurement positions within the target tissue
based on the reference portion.
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10. The ultrasonic diagnostic device according to claim 2,
wherein

the position specification unit specifies a plurality Doppler
measurement positions within the target tissue in accor-
dance with a plurality of flow directions of blood flow
based on the reference portion.

11. The ultrasonic diagnostic device according to claim 9,
farther comprising:

a measurement position selection unit configured to select
from among the plurality of Doppler measurement
positions a specific Doppler measurement position con-
cerning which a Doppler waveform is to be displayed.

12. The ultrasonic diagnostic device according to claim
10, further comprising:

a measurement position selection unit configured to select
from among the plurality of Doppler measurement
positions a specific Doppler measurement position con-
cerning which a Doppler waveform is to be displayed.

L S T T



patsnap

TRAFROE) BEIHNEE
NF(AE)S NFF (NS B 2017-01-19
(n5) US20170014105A1 (EN))
HiES US15/121129 Bi5 A 2014-11-05
FRIRE(EFR)AGE) RNtk B LHERT
BE(EFIR)AGE) HITACHI , LTD.
LFERF(ERMD)AGE) HITACHI, LTD.
[$R] & B8 A CHONO TOMOAKI
KA CHONO, TOMOAKI
IPCH#%E A61B8/08 A61B8/00 A61B8/06
CPCH#E A61B8/488 AG1B8/06 A61B8/4483 A61B8/461 A61B8/5207 A61B8/0883 A61B8/14 A61B8/463 A61B8
/469 A61B8/5246
5 2014033296 2014-02-24 JP
SNEBEEE Espacenet USPTO
m— g (.L§) 12 DOPPLER DISPLAY
iR E R AR T B T E R @ B ARA R %% M B FR A LB R R T RECENER ONT [ SAVEO [~ COMTROL —spistar
REBNERESTERBFRALANEREG. MERG D2 TR ARG —
WEBERDTERONZERSG , FEMERARLNSERS, BT8R 16 18
MBS ERS |, SEYNBABEEL TS EINBLE, 25D | [
BRRREAEAEENSEONBUBLNTSHDNE RS o
EHEE. FRNHEREG , BREENZSZENEME K KR K . TG
NZEHRFEHEREERET L, HEESZTHNEMER , AL s S T
SELERZZHEEZ,
DOPPLER MEASUREMENT

22/|POSITION SPECIFICATION UNIT)

ORGANISM SIGNAL CONTROL INPUT STORAGE
244 e UNIT UNIT UNIT

4 4 4
26 34 36



https://share-analytics.zhihuiya.com/view/456b9842-1357-4621-adbb-5f3a78ca2a1f
https://worldwide.espacenet.com/patent/search/family/053877882/publication/US2017014105A1?q=US2017014105A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170014105%22.PGNR.&OS=DN/20170014105&RS=DN/20170014105

