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ULTRASOUND DIAGNOSIS APPARATUS
AND IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-36354, filed on Feb. 26, 2016; and Japanese Patent
Application No. 2017-032564, filed on Feb. 23, 2017, the
entire contents of all of which are incorporated herein by
reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and an image processing
method.

BACKGROUND

[0003] Conventionally, various types of techniques have
been proposed by which a heart surgery treatment is aided
by taking an image of the inside of the body of the examined
subject (hereinafter, “patient”). For example, among various
treatments of mitral valve closing insufficiency is a treat-
ment by which the volume of regurgitation is reduced by
inserting a catheter to the mitral valve of the heart through
a blood vessel in a thigh (a femoral vein) and holding the
mitral valve with a clip-shaped tool. For such a treatment,
for example, a technique has been proposed by which the
position of the tool (the catheter) inserted toward the mitral
valve is accurately displayed by using an X-ray fluoroscopic
image and a Transesophageal Echocardiography (TEE)
image taken during the surgical operation. Further, for
example, another technique has also been proposed by
which an image for guiding an advancing course of the
catheter is displayed by aligning the position of a Computed
Tomography (CT) image taken prior to the surgical opera-
tion with the position of an image taken during the surgical
operation.

[0004] Further, techniques have been proposed by which
the field of vision is varied so as to follow movements of a
puncture needle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a diagram illustrating an ultrasound
diagnosis apparatus according to a first embodiment;
[0006] FIG. 2 is a drawing for explaining an example of
information stored in a storage according to the first embodi-
ment;

[0007] FIG. 3 is a drawing for explaining a process
performed by an estimating function according to the first
embodiment;

[0008] FIG. 4 is a drawing illustrating an example of a
display image generated by a generating function according
to the first embodiment;

[0009] FIG. 5 is a flowchart illustrating a processing
procedure performed by the ultrasound diagnosis apparatus
according to the first embodiment;

[0010] FIG. 6 is a drawing illustrating an example of a
display image generated by a generating function according
to a first modification example of the first embodiment;
[0011] FIG. 7 is a drawing illustrating an example of a
display image generated by a generating function according
to a third modification example of the first embodiment;

Aug. 31,2017

[0012] FIG. 8is a block diagram illustrating an example of
an ultrasound diagnosis apparatus according to a second
embodiment;

[0013] FIG. 9 is a drawing illustrating an example of a
display image displayed by a display controlling function
according to the second embodiment;

[0014] FIG. 10 is a block diagram illustrating an example
of an ultrasound diagnosis apparatus according to a modi-
fication example of the second embodiment;

[0015] FIG. 11 is a block diagram illustrating an example
of an ultrasound diagnosis apparatus according to a modi-
fication example of a third embodiment; and

[0016] FIG. 12 is a block diagram illustrating an example
of an ultrasound diagnosis apparatus according to a fourth
embodiment.

DETAILED DESCRIPTION

[0017] An ultrasound diagnosis apparatus according to an
embodiment includes processing circuitry. The processing
circuitry is configured to obtain three-dimensional medical
image data, taken by using an ultrasound probe, of a region
including a heart valve of a patient and a catheter inserted
into a heart chamber of the patient. The processing circuitry
is configured to determine an advancing direction of a tip
end part of the catheter by obtaining information on a
position and a posture of the tip end part included in the
three-dimensional medical image data, by using at least one
selected from shape information indicating the shape of the
tip end part and reflection characteristic information indi-
cating ultrasound reflection characteristics of the tip end
part. The processing circuitry is configured to generate a
display image from the three-dimensional medical image
data in accordance with the position and the advancing
direction of the tip end part. The processing circuitry is
configured to cause the display image to be displayed.
[0018] Exemplary embodiments of an ultrasound diagno-
sis apparatus and an image processing method will be
explained below, with reference to the accompanying draw-
ings.

First Embodiment

[0019] FIG. 1 is a diagram illustrating an example of an
ultrasound diagnosis apparatus 1 according to a first embodi-
ment. As illustrated in FIG. 1, the ultrasound diagnosis
apparatus 1 according to the first embodiment includes an
ultrasound probe 101, an input device 102, a display 103,
and an apparatus main body 100. The ultrasound probe 101,
the input device 102, and the display 103 are connected so
as to be able to communicate with the apparatus main body
100. The examined subject (hereinafter, “patient™) P is not
included in the configuration of the ultrasound diagnosis
apparatus 1.

[0020] The ultrasound probe 101 is configured to transmit
and receive an ultrasound wave. For example, the ultrasound
probe 101 includes a plurality of piezoelectric transducer
elements (not illustrated). The plurality of piezoelectric
transducer elements are configured to generate an ultrasound
wave o1 the basis of a drive signal supplied thereto from
transmitting and receiving circuitry 110 included in the
apparatus main body 100 (explained later). Further, the
plurality of piezoelectric transducer elements included in the
ultrasound probe 101 are configured to receive reflected
waves from the patient P and convert the received reflected
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waves into electrical signals. Further, the ultrasound probe
101 includes matching layers (not illustrated) provided for
the piezoelectric transducer elements, as well as a backing
member (not illustrated) or the like that prevents ultrasound
waves from propagating rearward from the piezoelectric
transducer elements. In this situation, the ultrasound probe
101 is detachably connected to the apparatus main body 100.
[0021] When an ultrasound wave is transmitted from the
ultrasound probe 101 to the patient P, the transmitted ultra-
sound wave is repeatedly reflected on a surface of discon-
tinuity of acoustic impedances at a tissue in the body of the
patient P. The reflected wave is received as a reflected-wave
signal by each of the plurality of piezoelectric transducer
elements included in the ultrasound probe 101. The ampli-
tude of the received reflected-wave signal is dependent on
the difference between the acoustic impedances on the
surface of discontinuity on which the ultrasound wave is
reflected. When a transmitted ultrasound pulse is reflected
on the surface of a moving blood flow, a cardiac wall, or the
like, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity com-
ponent of the moving members with respect to the ultra-
sound wave transmission direction.

[0022] For example, the ultrasound probe 101 according
to the first embodiment may be a Transesophageal Echocar-
diography (TEE) probe. The ultrasound probe 101 serving as
a TEE probe is inserted into the body of the patient P through
the mouth of the patient P and is arranged to abut against an
upper digestive tract such as the esophagus, the stomach, or
the like. Further, by mechanically causing the plurality of
piezoelectric transducer elements to rotate, the ultrasound
probe 101 is configured to image an arbitrary cross-sectional
plane or to acquire three-dimensional ultrasound image data
(volume data). Alternatively, the ultrasound probe 101 may
be a two-dimensional array ultrasound probe in which a
plurality of ultrasound transducer elements are arranged in a
matrix formation so as to be able to perform a three-
dimensional ultrasound scan on the patient P. The two-
dimensional array ultrasound probe is capable of three-
dimensionally scan the patient P electronically, by
transmitting and receiving ultrasound waves in an electroni-
cally-converged manner. In this situation, three-dimensional
ultrasound image data is an example of three-dimensional
medical image data.

[0023] The input device 102 corresponds to one or more
devices such as a mouse, a keyboard, a button, a panel
switch, a touch command screen, a foot switch, a trackball,
and/or a joystick. The input device 102 is configured to
receive various types of setting requests from an operator of
the ultrasound diagnosis apparatus 1 and to transmit the
received various types of setting requests to the apparatus
main body 100.

[0024] The display 103 is configured to display a Graphi-
cal User Interface (GUI) used by the operator of the ultra-
sound diagnosis apparatus 1 to input the various types of
setting requests through the input device 102 and to display
ultrasound image data generated by the apparatus main body
100 or the like.

[0025] The apparatus main body 100 is configured to
generate the ultrasound image data on the basis of the
reflected-wave signals received by the ultrasound probe 101.
The ultrasound image data generated by the apparatus main
body 100 may be two-dimensional ultrasound image data
generated on the basis of two-dimensional reflected-wave
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signals or may be three-dimensional ultrasound image data
generated on the basis of three-dimensional reflected-wave
signals.

[0026] As illustrated in FIG. 1, the apparatus main body
100 includes the transmitting and receiving circuitry 110,
signal processing circuitry 120, image processing circuitry
130, an image memory 140, a storage 150, and processing
circuitry 160. The transmitting and receiving circuitry 110,
the signal processing circuitry 120, the image processing
circuitry 130, the image memory 140, the storage 150, and
the processing circuitry 160 are connected to one another so
as to be able to communicate with one another.

[0027] The transmitting and receiving circuitry 110 is
configured to control ultrasound transmissions and recep-
tions performed by the ultrasound probe 101, on the basis of
an instruction from the processing circuitry 160 (explained
later). The transmitting and receiving circuitry 110 includes
a pulse generator (not illustrated), a transmission delay
circuit (not illustrated), a pulser (not illustrated), and the like
and is configured to supply the drive signal to the ultrasound
probe 101. The pulse generator is configured to repeatedly
generate a rate pulse used for forming a transmission ultra-
sound wave, at a predetermined repetition frequency called
a Pulse Repetition Frequency (PRF). Further, the transmis-
sion delay circuit is configured to apply a delay period that
is required to converge the ultrasound wave generated by the
ultrasound probe 101 into the form of a beam and to
determine transmission directionality and that corresponds
to each of the piezoelectric transducer elements, to each of
the rate pulses generated by the pulse generator. Further, the
pulser is configured to apply the drive signal (a drive pulse)
to the ultrasound probe 101 with timing based on the rate
pulses. In other words, by varying the delay periods applied
to the rate pulses, the transmission delay circuit is able to
arbitrarily adjust the transmission directions of the ultra-
sound waves transmitted from the surfaces of the piezoelec-
tric transducer elements.

[0028] In this situation, the transmitting and receiving
circuitry 110 is able to instantly change the transmission
frequency, the transmission drive voltage, and the like, for
the purpose of executing a predetermined scanning sequence
on the basis of an instruction from the processing circuitry
160 (explained later). In particular, the configuration to
change the transmission drive voltage is realized by using a
linear-amplifier-type transmission circuit (not illustrated) of
which the value can be instantly switched or by using a
mechanism configured to electrically switch between a
plurality of power source units (not illustrated).

[0029] Further, for example, the transmitting and receiv-
ing circuitry 110 includes an amplifying circuit (not illus-
trated) an analog/digital (A/D) converter (not illustrated), an
adder (not illustrated), and a phase detecting circuit (not
illustrated) and is configured to generate the reflected-wave
data by performing various types of processing processes on
the reflected-wave signals received by the ultrasound probe
101. The amplifying circuit is configured to perform a gain
correcting process by amplifying the reflected-wave signal
for each of the channels. The A/D converter is configured to
apply an A/D conversion to the gain-corrected reflected-
wave signals and to apply a delay period required to deter-
mine reception directionality, to the digital data. The adder
is configured to perform an adding process on the reflected-
wave signals processed by the A/D converter. As a result of
the adding process performed by the adder, reflected com-
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ponents from the direction corresponding to the reception
directionality of the reflected-wave signals are emphasized.
The phase detecting circuit is configured to convert an
output signal from the adder into an In-phase signal (which
may be referred to as an “I signal”) and a Quadrature-phase
signal (which may be referred to as a “Q signal”) in a
baseband. Further, the phase detecting circuit forwards the 1
signal and the Q signal (the 1Q signals) to the signal
processing circuitry 120 at a following stage. The data prior
to the process performed by the phase detecting circuit may
be referred to as an RF signal. In the following explanation,
“the 1Q signals and the RF signal” generated on the basis of
the reflected waves of the ultrasound waves will collectively
referred to as “reflected-wave data”.

[0030] The signal processing circuitry 120 is configured to
perform various types of signal processing processes on the
reflected-wave data generated from the reflected-wave sig-
nals by the transmitting and receiving circuitry 110. The
signal processing circuitry 120 generates data (B-mode data)
in which signal intensities at multiple points are expressed
by degrees of brightness, by performing a logarithmic
amplification, an envelope detection process, a logarithmic
compression, and/or the like on the reflected-wave data (the
1Q signals) read from a buffer.

[0031] Further, the signal processing circuitry 120 is con-
figured to generate data (Doppler data) obtained by extract-
ing motion information based on a Doppler effect exerted on
mobile members within a scanned range, by performing a
frequency analysis on the reflected-wave data. More spe-
cifically, as the motion information of the mobile members,
the signal processing circuitry 120 generates the Doppler
data obtained by estimating an average velocity value, an
average dispersion value, an average power value, and the
like at each of multiple sampling points. In this situation,
examples of the mobile members include a blood flow,
tissues such as the cardiac wall, and a contrast agent. As the
motion information of a blood flow (blood flow informa-
tion), the signal processing circuitry 120 according to the
present embodiment generates Doppler data obtained by
estimating, at each of the multiple sampling points, an
average velocity value of the blood flow, an average dispet-
sion value of the blood flow, an average power value of the
blood flow, and/or the like.

[0032] The image processing circuitry 130 is configured to
generate the ultrasound image data from the various types of
data generated by the signal processing circuitry 120. The
image processing circuitry 130 generates two-dimensional
B-mode image data expressing intensities of the reflected
waves by using brightness levels, from two-dimensional
B-mode data generated by the signal processing circuitry
120. Further, the image processing circuitry 130 generates
two-dimensional Doppler image data expressing the blood
flow information in a picture, from the two-dimensional
Doppler data generated by the signal processing circuitry
120. The two-dimensional Doppler image data is velocity
image data, dispersion image data, power image data, or
image data combining any of these. As the Doppler image
data, the image processing circuitry 130 generates color
Doppler image data in which the blood flow information is
displayed in color and/or generates Doppler image data in
which one piece of blood flow information is displayed by
using a gray scale. The image processing circuitry 130 is an
example of an image generating unit.
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[0033] 1In this situation, generally speaking, the image
processing circuitry 130 converts (by performing a scan
convert process) a scanning line signal sequence from an
ultrasound scan into a scanning line signal sequence in a
video format used by, for example, television and generates
the ultrasound image data. More specifically, the image
processing circuitry 130 generates the ultrasound image data
by performing a coordinate transformation process compli-
ant with the ultrasound scanning mode used by the ultra-
sound probe 101. Further, besides the scan convert process,
the image processing circuitry 130 may perform various
types of image processing processes. For example, the
image processing circuitry 130 may perform an image
processing process (a smoothing process) to re-generate an
average-brightness-value image or an image processing pro-
cess (an edge enhancement process) that employs a differ-
ential filter within the image, by using a plurality of image
frames that are available after the scan convert process.
Further, the image processing circuitry 130 combines text
information of various parameters, scale graduations, body
marks, and the like with the ultrasound image data.

[0034] In other words, the B-mode data and the Doppler
data are each ultrasound image data before the scan covert
process, whereas the data generated by the image processing
circuitry 130 is the ultrasound image data after the scan
covert process. The B-mode data and the Doppler data may
each be referred to as “raw data”. The image processing
circuitry 130 generates two-dimensional ultrasound image
data from the two-dimensional ultrasound image data before
the scan convert process.

[0035] Further, the image processing circuitry 130 gener-
ates three-dimensional B-mode image data by performing a
coordinate transformation process on three-dimensional
B-mode data generated by the signal processing circuitry
120. Further, the image processing circuitry 130 generates
three-dimensional Doppler image data by performing a
coordinate transformation process on three-dimensional
Doppler data generated by the signal processing circuitry
120.

[0036] Further, the image processing circuitry 130 per-
forms rendering processes on the volume data, for the
purpose of generating various types of two-dimensional
image data used for displaying the volume data on the
display 103. Examples of the rendering processes performed
by the image processing circuitry 130 include a process to
generate Multi Planar Reconstruction (MPR) image data
from the volume data by implementing an MPR method.
Another example of the rendering processes performed by
the image processing circuitry 130 is a Volume Rendering
(VR) process to generate two-dimensional image data
reflecting three-dimensional information.

[0037] The image memory 140 is a memory configured to
store therein the ultrasound image data generated by the
image processing circuitry 130. Further, the image memory
140 is also capable of storing therein data generated by the
signal processing circuitry 120. After a diagnosis process,
for example, the operator is able to invoke the B-mode data
and the Doppler data stored in the image memory 140. The
invoked data serves as ultrasound image data after being
routed through the image processing circuitry 130. Also, the
image memory 140 is also capable of storing therein the
reflected-wave data output by the transmitting and receiving
circuitry 110.
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[0038] The storage 150 is configured to store therein
control computer programs to realize the ultrasound trans-
missions and receptions, image processing, and display
processing, as well as various types of data such as diagnosis
information (e.g., patients’ IDs, medical doctors’ observa-
tions), diagnosis protocols, and various types of body marks.
Further, the storage 150 may be used, as necessary, for
storing therein any of the image data stored in the image
memory 140. Further, it is possible to transmit the data
stored in the storage 150 to an external apparatus via an
interface (not illustrated). Furthermore, the storage 150 is
also capable of storing therein data transmitted thereto from
an external apparatus via an interface (not illustrated).
[0039] The processing circuitry 160 is configured to con-
trol the overall processes performed by the ultrasound
diagnosis apparatus 1. More specifically, on the basis of the
various types of setting requests input by the operator via the
input device 102 and the various types of control computer
programs and the various types of data read from the storage
150, the processing circuitry 160 controls processes per-
formed by the transmitting and receiving circuitry 110, the
signal processing circuitry 120, and the image processing
circuitry 130.

[0040] Further, the processing circuitry 160 exercises con-
trol so that the ultrasound image data stored in the image
memory 140 and the storage 150 is displayed by the display
103 as a display-purpose ultrasound image. For example, the
processing circuitry 160 causes the display 103 to display
the color Doppler image data generated by the image
processing circuitry 130 as a display-purpose color Doppler
image. Further, for example, the processing circuitry 160
causes the display 103 to display the B-mode data generated
by the image processing circuitry 130 as a display-purpose
B-mode image.

[0041] The processing circuitry 160 executes an obtaining
function 161, an estimating function 162, a determining
function 163, a generating function 164, and a display
controlling function 165. Processing functions executed by
the obtaining function 161, the estimating function 162, the
determining function 163, the generating function 164, and
the display controlling function 165 are, for example,
recorded in the storage 150 in the form of computer-
executable programs. The processing circuitry 160 is a
processor configured to realize the functions corresponding
to the programs by reading and executing the programs from
the storage 150. The processing circuitry 160 that has read
the programs from the storage 150 has the functions illus-
trated within the processing circuitry 160 in FIG. 1. The
processes executed by the obtaining function 161, the esti-
mating function 162, the determining function 163, the
generating function 164, and the display controlling function
165 will be explained later.

[0042] Further, in the first embodiment, an example is
explained in which the single processing circuit (i.e., the
processing circuitry 160) realizes the processing functions
described above; however, it is also acceptable to structure
a processing circuit by combining together a plurality of
independent processors, so that the processors realize the
functions by executing the programs.

[0043] The term “processor” used in the above explana-
tions denotes, for example, a Central Processing Unit
(CPU), a Graphics Processing Unit (GPU), or a circuit such
as an Application Specific Integrated Circuit (ASIC) or a
programmable logic device (e.g., a Simple Programmable
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Logic Device [SPLD], a Complex Programmable Logic
Device [CPLD], or a Field Programmable Gate Array
[FPGAL). The processor realizes the functions by reading
and executing the programs stored in the storage. It is also
acceptable to directly incorporate the programs into the
circuit of the processor, instead of storing the programs in
the storage 150. In that situation, the processor realizes the
functions by reading and executing the programs incorpo-
rated in the circuit thereof. Further, as for the processors
according to the first embodiment, each of the processors
does not necessarily have to be structured as a single circuit;
it is also acceptable to structure a single processor by
combining a plurality of independent circuits together so as
to realize the functions thereof. Further, it is also acceptable
to integrate two or more of the constituent elements illus-
trated in the drawings into a single processor so as to realize
the functions thereof.

[0044] In the following sections, an example will be
explained in which the ultrasound diagnosis apparatus 1
according to the first embodiment is used in a catheter
treatment for mitral valve closing insufficiency. More spe-
cifically, the example will be explained in which the ultra-
sound diagnosis apparatus 1 is used for a treatment to reduce
the volume of regurgitation by holding the mitral valve
partitioning between the left atrium and the left ventricle of
the heart while using a clip-like tool inserted by a catheter.
However, possible embodiments are not limited to this
example. For instance, the ultrasound diagnosis apparatus 1
is also applicable to a treatment of any other arbitrary heart
valve such as the aortic valve partitioning between the left
ventricle and the aorta, the tricuspid valve partitioning
between the right atrium and the right ventricle, or the
pulmonary valve partitioning between the right ventricle and
the pulmonary artery.

[0045] The storage 150 is configured to store therein
information about the catheter. For example, the storage 150
stores therein shape information indicating the shape of the
tip end of the catheter and reflection characteristic informa-
tion indicating ultrasound reflection characteristics of the tip
end of the catheter. In other words, the storage 150 stores
therein factor information indicating factors related to how
the catheter is rendered in the volume data represented by
the ultrasound image data. In this situation, the storage 150
is an example of a storage unit. Further, the catheter is an
example of a tool.

[0046] FIG. 2 is a drawing for explaining an example of
the information stored in the storage 150. For example, the
storage 150 stores therein information about a tip end part 10
of the catheter. In this situation, the tip end part 10 of the
catheter includes, for example, a clip part 11 and a tubular
part 12. The clip part 11 is a part used for holding the mitral
valve. More specifically, the clip part 11 improves closing
insufficiency of the mitral valve by drawing together the two
valve elements structuring the mitral valve. Further, the
tubular part 12 is a part operated by an operator (a medical
practitioner) of the catheter for the purpose of inserting the
clip part 11 attached to the tip end part 10 up to the mitral
valve. To hold the mitral valve, the clip part 11 is separated
from the tubular part 12 and is placed (left) in the body of
the patient P.

[0047] For example, the storage 150 stores therein the
shape information and the reflection characteristic informa-
tion of the tip end part 10 of the catheter. The shape
information is information indicating the shape of the tip end
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part 10 of the catheter. For example, the shape information
is information about three-dimensional shapes of the clip
part 11 and the tubular part 12 included in the tip end part
10 of the catheter and includes feature amounts related to a
degree of oblongness, a degree of spheroidicity, and the like.
Further, the reflection characteristic information is informa-
tion indicating the ultrasound reflection characteristics of the
tip end part 10 of the catheter. For example, the reflection
characteristic information includes an intensity of a
reflected-wave signal observed when a transmission ultra-
sound wave from the ultrasound probe 101 is reflected by the
clip part 11 and an intensity of a reflected-wave signal
observed when a transmission ultrasound wave is reflected
by the tubular part 12. The intensities of the reflected-wave
signals vary depending on the compositions (the materials)
of the clip part 11 and the tubular part 12.

[0048] The explanations presented above are merely
examples. For instance, the storage 150 does not necessarily
have to store therein both the shape information and the
reflection characteristics. The storage 150 may store therein
only one of the two types of information. Further, although
FIG. 2 illustrates the example in which the present disclo-
sure is applied to the catheter treatment using the clip,
possible embodiments are not limited to this example. For
instance, the present disclosure is also applicable to a
catheter treatment using an artificial valve. In that situation,
the storage 150 stores therein, for example, shape informa-
tion and reflection characteristic information of a catheter
having the artificial valve attached to the tip end thereof. In
other words, the tip end part of the catheter includes either
the clip part or the artificial valve to be placed with the mitral
valve.

[0049] Further, the first embodiment is applicable not only
to the clip and the artificial valve, but also to a situation
where another tool is used, such as an artificial annulus or
artificial chordae tendineae. For example, when closing
insufficiency has occurred due to an enlargement of the
annulus, the artificial annulus is a tool embedded around the
annulus so as to cause the enlarged annulus to contract.
Further, for example, when closing insufficiency has
occurred due to stretching or a rupture of the chordae
tendineae, the artificial chordae tendineae is a tool used for
connecting together a valve cusp and a papillary muscle (or
a part near an apex part of the heart).

[0050] The obtaining function 161 is configured to obtain
three-dimensional medical image data in which a heart valve
of the patient P and a tool inserted into the body of the
patient P are imaged by using the ultrasound probe 101. For
example, the obtaining function 161 obtains, from the image
memory 140, volume data corresponding to the time at
which the mitral valve and the tip end part 10 of the catheter
are imaged. In this situation, the obtaining function 161 is an
example of an obtaining unit. In other words, the obtaining
function 161 obtains the three-dimensional medical image
data, taken by using the ultrasound probe, of a region
including the heart valve of the patient and the catheter
inserted into a heart chamber of the patient.

[0051] For example, during a catheter treatment of mitral
valve closing insufficiency, the operator inserts a TEE probe
into the body of the patient P through the mouth of the
patient P and performs a three-dimensional scan on a region
including the mitral valve. Reflected-wave data acquired
during the three-dimensional scan is generated into volume
data by the image processing circuitry 130 and is stored into
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the image memory 140. The obtaining function 161 obtains
the volume data stored in the image memory 140.

[0052] The above description of the obtaining function
161 is merely an example. For instance, the obtaining
function 161 may obtain volume data in which another heart
valve is imaged. Alternatively, the obtaining function 161
may obtain volume data in which, for example, a heart valve
is imaged by using an arbitrary ultrasound probe other than
the TEE probe. Further, the obtaining function 161 may
obtain volume data generated as a moving image in units of
frames or may obtain a piece of volume data generated as a
still image.

[0053] The estimating function 162 is configured to esti-
mate a position and a posture of the tool included in the
three-dimensional medical image data, by using the shape
information and the reflection characteristic information.
For example, by using the shape information and the reflec-
tion characteristic information stored in the storage 150, the
estimating function 162 estimates a position and a posture of
the catheter included in the volume data. In this situation, the
estimating function 162 is an example of an estimating unit.
In the following explanations, the position and the posture
may collectively be referred to as the “position/posture”.
[0054] For example, the estimating function 162 estimates
the position and the posture of the tool (the catheter)
included in the volume data, by using a coordinate system of
the volume data obtained by the obtaining function 161. In
this situation, the position of the tool is expressed by, for
example, “three-dimensional coordinates of the tip end of
the tool” in the coordinate system of the volume data.
Further, the posture of the tool is expressed by, for example,
“a direction vector indicating the longitudinal direction of
the tool”.

[0055] FIG. 3 is a drawing for explaining a process
performed by the estimating function 162 according to the
first embodiment. FIG. 3 illustrates a binarized image 20
obtained by binarizing the volume data in which the catheter
is imaged.

[0056] As illustrated in FIG. 3, the estimating function 162
estimates the position and the posture of the catheter by
performing an image processing process. For example, by
using the reflection characteristic information of the catheter
stored in the storage 150, the estimating function 162
binarizes the volume data. In this situation, within an image
generated from the ultrasound image data, the catheter
inserted in the vicinity of the heart is rendered with bright-
ness levels that are relatively higher than the brightness
levels of the heart region. In other words, on the basis of the
intensities of the reflected-wave signals reflected by the tip
end part 10 of the catheter, the estimating function 162 sets
a threshold value for the brightness levels with which it is
possible to distinguish the heart region and a catheter region
from each other. After that, the estimating function 162
binarizes the volume data by using the set threshold value
and generates the binarized image 20 illustrated in FIG. 3.
The coordinate system of the binarized image 20 is either the
same as or kept in correspondence with the coordinate
system of the volume data.

[0057] Subsequently. by using the shape information of
the catheter stored in the storage 150, the estimating function
162 estimates the position and the posture of the catheter
from the binarized image 20. More specifically, the estimat-
ing function 162 calculates feature amounts related to the
degree of oblongness and the degree of spheroidicity, with
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respect to a high brightness region included in the binarized
image 20. After that, the estimating function 162 extracts a
region of the clip part 11 and a region of the tubular part 12
from the binarized image 20, by comparing the calculated
feature amounts with the shape information of the clip part
11 and the shape information of the tubular part 12. Subse-
quently, for example, the estimating function 162 calculates
three-dimensional coordinates of a gravity point 21 of the
region of the clip part 11 and estimates the calculated
three-dimensional coordinates as the position of the catheter.
Further, for example, the estimating function 162 calculates
a long-axis direction of the region of the clip part 11 and the
region of the tubular part 12 and estimates a vector corre-
sponding to the calculated long-axis direction as the posture
of the catheter.

[0058] In the manner described above, the estimating
function 162 estimates the position and the posture of the
catheter. In other words, the estimating function 162 esti-
mates the position and the posture of the catheter, by using
the factor information indicating how the catheter is ren-
dered in the ultrasound image data.

[0059] The above description of the estimating function
162 is merely an example. For instance, the position of the
tool may be expressed by three-dimensional coordinates of
the tip end of the clip part 11. Further, the posture of the tool
may be expressed by a direction vector of the region of the
clip part 11. Further, for example, the estimating function
162 does not necessarily have to use both the shape infor-
mation and the reflection characteristics. For example, the
estimating function 162 may estimate the position and the
posture of the catheter from the volume data, by using only
the shape information of the catheter. In other words, the
estimating function 162 may estimate the position and the
posture of the catheter by using at least one selected from the
shape information and the reflection characteristic informa-
tion.

[0060] Alternatively, for example, the estimating function
162 may estimate the position and the posture of the catheter
by using mutually-different characteristics (compositions) in
two locations positioned apart from each other in the long-
axis direction. For example, the estimating function 162
extracts the regions of the clip part 11 and the tubular part
12 from the binarized image 20, by using the shape infor-
mation of the clip part 11 and the tubular part 12. After that,
the estimating function 162 calculates a gravity point with
respect to each of the extracted regions of the clip part 11 and
the tubular part 12. Subsequently, the estimating function
162 may estimate a direction vector extending from the
gravity point of the tubular part 12 to the gravity point of the
clip part 11, as the posture of the catheter. Alternatively, for
example, the estimating function 162 may estimate the
position and the posture of the catheter by using mutually-
different characteristics in two locations positioned apart
from each other in the short-axis direction of the catheter
(the direction orthogonal to the long-axis direction of the
catheter). For example, by arranging compositions (materi-
als) having distinctive reflection characteristics to be in
positions that are asymmetrical with each other in the
short-axis direction of the tubular part 12, it is possible to
estimate the position and the posture while taking into
consideration the direction along the outer circumference
(the circumferential direction) of the tubular part 12.
[0061] On the basis of the position and the posture of the
tool, the determining function 163 is configured to deter-

Aug. 31,2017

mine an advancing direction of the tool. For example, on the
basis of the position and the posture of the catheter, the
determining function 163 determines an advancing direction
of the catheter. For example, while using the position of the
catheter as the origin, the determining function 163 deter-
mines the direction of a vector corresponding to the posture
of the catheter as the advancing direction of the catheter. For
example, the vector corresponding to the posture of the
catheter is a direction vector indicating the longitudinal
direction of the catheter. In this situation, the determining
function 163 is example of a determining unit. In other
words, by using at least one selected from the shape infor-
mation indicating the shape of the tip end part of the catheter
and the reflection characteristic information indicating the
ultrasound reflection characteristics of the tip end part, the
determining function 163 determines the advancing direc-
tion of the tip end part by obtaining information on the
position and the posture of the tip end part included in the
three-dimensional medical image data.

[0062] In the example illustrated in FIG. 3, the determin-
ing function 163 determines the three-dimensional coordi-
nates of the gravity point 21 of the clip part 11 as the origin.
After that, the determining function 163 determines the
direction of the vector corresponding to the posture of the
catheter and being originated from the determined origin, as
the advancing direction of the catheter.

[0063] The above description of the determining function
163 is merely an example. For instance, the determining
function 163 may calculate the gravity point of the regions
of the clip part 11 and the tubular part 12 as the position of
the catheter. After that, the determining function 163 may
determine the advancing direction of the catheter by using
the calculated gravity point of the regions of the clip part 11
and the tubular part 12 as the origin. Alternatively, for
example, by using the gravity point of the tubular part 12 as
the origin, the determining function 163 may calculate a
direction vector extending from the origin to the gravity
point of the clip part 11 as the posture of the catheter. After
that, the determining function 163 may determine the cal-
culated direction vector as the advancing direction. In this
situation, because the catheter as a whole advances while
meandering inside the body of the patient, it is desirable to
calculate the advancing direction on the basis of the posi-
tion/posture of a tip end region of the catheter.

[0064] The generating function 164 is configured to gen-
erate a display image from the three-dimensional medical
image data, in accordance with the position and the advanc-
ing direction of the tool. For example, the generating func-
tion 164 generates, as the display image, a Volume Render-
ing (VR) image that uses a position based on the position of
the tool as a point of view and uses the advancing direction
of the tool as a line of sight. In this situation, the generating
function 164 is an example of a generating unit. In other
words, the generating function 164 generates the display
image from the three-dimensional medical image data, on
the basis of the position and the advancing direction of the
tip end part. Further, the display image is an image express-
ing the three-dimensional medical image data in a three-
dimensional manner.

[0065] FIG. 4 is a drawing illustrating an example of the
display image generated by the generating function 164
according to the first embodiment. FIG. 4 illustrates a VR
image 30 that uses the position of the tip end part 10 of the
catheter as the point of view and uses the advancing direc-
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tion of the catheter as the line of sight. In this situation,
because the tip end part 10 of the catheter inserted in a blood
vessel of the patient P is used as the point of view, the VR
image 30 is rendered as if the vascular lumen and the heart
valve were viewed from the inside of the blood vessel.

[0066] As illustrated in FIG. 4, the generating function
164 generates the VR image 30, for example, by performing
a VR process on the volume data obtained by the obtaining
function 161. In this situation, the generating function 164
sets the point of view and the line of sight of the VR process
on the basis of the position and the advancing direction of
the catheter. For example, the generating function 164 sets
the gravity point 21 of the clip part 11 estimated by the
estimating function 162 as the position of the tip end part 10
of the catheter, as the point of view of the VR process.
Further, the generating function 164 sets the direction vector
determined by the determining function 163 as the advanc-
ing direction of the catheter, as the line of sight of the VR
process. Further, by using the point of view and the line of
sight of the VR process that were set, the generating function
164 generates the VR image 30 serving as the display image,
by performing the VR process on the volume data.

[0067] In this situation, because the VR image 30 is an
image that uses the position of the tip end part 10 of the
catheter as the point of view and uses the advancing direc-
tion of the catheter as the line of sight, the VR image 30 is
an image that appears as if the viewer was looking into the
vascular lumen positioned in the advancing direction from
the tip end part 10 of the catheter. When the mitral valve is
positioned in the advancing direction, the mitral valve is
rendered in the VR image 30 as illustrated in a region 31 in
FIG. 4. When the mitral valve is positioned outside of the
advancing direction of the catheter, the position of the mitral
valve may also be rendered in an outside position or may not
be rendered at all.

[0068] As explained above, on the basis of the position
and the advancing direction of the catheter, the generating
function 164 generates the display image from the volume
data. The above description of the generating function 164
is merely an example. For instance, the generating function
164 does not necessarily have to set the position of the
catheter itself as the point of view of the VR process. For
example, the generating function 164 may set an arbitrary
position based on the position of the catheter as the point of
view of the VR process. For example, the generating func-
tion 164 may set a position away from the tip end of the
catheter by a predetermined distance in the advancing direc-
tion as the point of view of the VR process. With this
arrangement, when a position diagonally behind the advanc-
ing direction of the catheter is used as the point of view, the
catheter itself is rendered in the VR image. It is therefore
possible to easily understand the positional relationship
between the tip end part of the catheter and the structure of
the heart positioned in the advancing direction. Further, for
example, when the position of the catheter itself is used as
the point of view, the VR image moves around vigorously
when the catheter is being moved vigorously. In that situa-
tion, there is a possibility that visibility of the VR image may
be degraded significantly. In contrast, when the position of
the catheter itself is not used as the point of view, it is
possible to provide a stable VR image even when the
catheter is being moved vigorously. In these situations, the
display image generated by the generating function 164 does
not necessarily have to be the VR image and may be, for
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example, a surface rendering image regarding a surface
position of the bio tissue such as mitral valves detected in a
binarized image.

[0069] In other words, the display image is one selected
from between a volume rendering image and a surface
rendering image. Further, in those situations, the display
image is the one selected from between the volume render-
ing image and the surface rendering image generated by
using a point of view based on the position of the tip end part
and a line of sight based on the advancing direction of the
tip end part.

[0070] The display controlling function 165 is configured
to cause the display image to be displayed. For example, the
display controlling function 165 causes the display 103 to
display the VR image 30 generated by the generating
function 164. In this situation, the display controlling func-
tion 165 is an example of a display controlling unit. In recent
years, a method for exerting a higher stereoscopic effect is
known by which a VR image is displayed with a shadow
behind a structure observed when a light source that is set is
applied to the structure. In the first embodiment, by setting
a light source in such a manner that a shadow of the catheter
is rendered over an image of a valve or a cardiac muscle, it
is expected that additional information is provided for the
understanding of the positional relationship. It is therefore
possible to use a VR image that implements such a publicly-
known method at the same time.

[0071] The above description of the display controlling
fanction 165 is merely an example. For instance, together
with the VR image 30, the display controlling function 165
may simultaneously display a cross-sectional view taken on
an arbitrary cross-sectional plane in the volume data or an
X-ray fluoroscopic image taken during a surgical operation.
Other examples of possible display modes will be explained
later in the description of the other embodiments and modi-
fication examples.

[0072] FIG. 5 is a flowchart illustrating a processing
procedure performed by the ultrasound diagnosis apparatus
1. For example, the processing procedure illustrated in FIG.
5 is started when an instruction to start an image taking
process is received from the operator.

[0073] At step S101, it is judged whether an image taking
process is started. For example, the input device 102
receives an instruction to start an image taking process from
the operator and transmits the received instruction to the
processing circuitry 160 included in the apparatus main
body 100. When having received the instruction transmitted
thereto by the input device 102, the processing circuitry 160
determines that an image taking process is started (step
S101: Yes), and the processes at step S102 and thereafter are
started. On the contrary, when no image taking process has
been started (step S101: No), the processes at step S102 and
thereafter are not started, and the processing functions of the
processing circuitry 160 are in a standby state.

[0074] When the judgment result at step S101 is in the
affirmative, the obtaining function 161 obtains the three-
dimensional medical image data (the volume data) at step
S102. For example, the obtaining function 161 obtains the
volume data in which the mitral valve and the tip end part
10 of the catheter are imaged, from the image memory 140.
[0075] At step S103, the estimating function 162 estimates
the position and the posture of the catheter. For example, by
using the shape information and the reflection characteristic
information of the catheter stored in the storage 150, the
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estimating function 162 estimates the position and the
posture of the catheter included in the volume data. More
specifically, the estimating function 162 generates the bina-
rized image 20 by binarizing the volume data while using the
reflection characteristic information of the catheter. After
that, the estimating function 162 extracts a region of the
catheter from the binarized image 20 by calculating feature
amounts related to the degree of oblongness, the degree of
spheroidicity, and the like, with respect to a high brightness
region included in the binarized image 20 and comparing the
feature amounts with the shape information of the catheter.
After that, on the basis of three-dimensional coordinates of
the extracted catheter region, the estimating function 162
estimates the position and the posture of the catheter.
[0076] At step S104, the determining function 163 deter-
mines an advancing direction of the catheter. For example,
on the basis of the position and the posture of the catheter
estimated by the estimating function 162, the determining
function 163 determines the advancing direction of the
posture of the catheter. More specifically, while using the
position of the catheter as the origin, the determining func-
tion 163 determines the direction of a vector corresponding
to the posture of the catheter, as the advancing direction of
the catheter.

[0077] At step S105, the generating function 164 gener-
ates a display image on the basis of the position and the
advancing direction of the catheter. For example, the gen-
erating function 164 generates the VR image 30 serving as
the display image by performing a VR process on the
volume data, the VR process using the position of the
catheter as a point of view and using the advancing direction
of the catheter as a line of sight.

[0078] At step S106, the display controlling function 165
causes the display image to be displayed. For example, the
display controlling function 165 causes the display 103 to
display the VR image 30 generated by the generating
function 164.

[0079] As explained above, from the volume data, the
ultrasound diagnosis apparatus 1 generates and displays the
VR image 30 that uses the position of the catheter as the
point of view and uses the advancing direction of the
catheter. Although FIG. § illustrates the processing proce-
dure for displaying the VR image 30 represented by a still
image, the processing procedure is also applicable to a
situation where the VR image 30 is displayed as a moving
image. When the VR image 30 is displayed as a moving
image, the processing circuitry 160 repeatedly performs the
processes at steps S102 through S106, until an instruction to
end the image taking process is received.

[0080] As explained above, in the ultrasound diagnosis
apparatus 1, the obtaining function 161 obtains the volume
data in which the mitral valve (the heart valve) and the tool
(the catheter) are imaged. Further, the estimating function
162 estimates the position and the posture of the tool
included in the volume data by using the shape information
and the reflection characteristic information of the tool.
Further, the determining function 163 determines the
advancing direction of the posture of the tool, on the basis
of the position and the posture of the tool. After that, the
generating function 164 generates the display image on the
basis of the position and the advancing direction of the tool.
Subsequently, the display controlling function 165 causes
the display image to be displayed. With these arrangements,
the ultrasound diagnosis apparatus 1 according to the first
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embodiment is able to generate the display image that makes
it possible to view the position and the advancing direction
of the tool with respect to the heart valve.

[0081] In other words, the ultrasound diagnosis apparatus
1 according to the first embodiment generates the VR image
30 by performing the VR process that uses the position of
the tip end part 10 of the catheter as the point of view and
uses the advancing direction of the catheter as the line of
sight. As a result, the ultrasound diagnosis apparatus 1 is
able to display the VR image 30 that appears as if the viewer
was looking into the vascular lumen positioned in the
advancing direction from the tip end part 10 of the catheter.
In an example, the ultrasound diagnosis apparatus 1 is able
to display an image that appears as if the viewer was going
through the vascular lumen toward the mitral valve, by
expressing in images in a real-time manner how the operator
moves the catheter toward the mitral valve. Further, in
accordance with operations of the operator to advance and
retract the catheter, the point of view and the line of sight
used for rending the vascular lumen change. Accordingly,
the operator is able to intuitively understand the movements
of the catheter in the vascular lumen. Consequently, when
moving the catheter toward the mitral valve, the operator is
able to operate the catheter with a feeling as if he/she was
putting a thread through the eye of a sewing needle. As a
result, it becomes easy for the operator to arrange the clip
part 11 attached to the tip end part 10 of the catheter to be
placed with (to be held onto) the mitral valve. It is therefore
possible to improve the level of precision of the treatment
while shortening the period of time required by the catheter
treatment.

[0082] Further, for example, the ultrasound diagnosis
apparatus 1 according to the first embodiment is configured
to estimate the position/posture of the tool rendered in the
image, by using the factor information (the shape informa-
tion and the reflection characteristic information) indicating
the factors related to how the tool is rendered in the
ultrasound image data. Accordingly, for example, even when
the tool itself has a characteristic of meandering in the body
of the patient like the catheter does, the ultrasound diagnosis
apparatus 1 is able to accurately estimate the position/
posture of the tool. More specifically, the ultrasound diag-
nosis apparatus 1 estimates the position/posture of the tool,
by using the mutually-different characteristics in the two
locations positioned apart from each other in the long-axis
direction of the tool such as the clip part 11 and the tubular
part 12 included in the tip end part 10. Consequently, the
ultrasound diagnosis apparatus 1 is able to accurately deter-
mine the advancing direction of the tool that serves as the
line of sight of the VR process.

First Modification Example of First Embodiment

[0083] In the first embodiment, the example is explained
in which the ultrasound diagnosis apparatus 1 displays the
VR image 30 as the display image; however, possible
embodiments are not limited to this example. For instance,
the ultrasound diagnosis apparatus 1 may generate a cross-
sectional image (an MPR image).

[0084] The generating function 164 generates a cross-
sectional image taken along the advancing direction of the
tool as a display image. For example, the generating func-
tion 164 generates cross-sectional images taken on two
cross-sectional planes that are orthogonal to each other and
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extend along the advancing direction of the catheter deter-
mined by the determining function 163.

[0085] FIG. 6 is a drawing illustrating an example of the
display image generated by the generating function 164
according to a first modification example of the first embodi-
ment. FIG. 6 illustrates a cross-sectional image 40 in a
predetermined direction extending along the advancing
direction of the catheter and a cross-sectional image 41
being orthogonal to the cross-sectional image 40 and extend-
ing along the advancing direction.

[0086] As illustrated in FIG. 6, the generating function
164 generates the cross-sectional image 40 and the cross-
sectional image 41. In this situation, because the cross-
sectional image 40 and the cross-sectional image 41 both
extend along the advancing direction of the catheter, a
catheter 42 is rendered in each of the images.

[0087] Further, the display controlling function 165 causes
the display 103 to display the cross-sectional image 40 and
the cross-sectional image 41 generated by the generating
function 164, as display images. In that situation, the display
controlling function 165 may cause the display 103 to
display the VR image 30, the cross-sectional image 40, and
the cross-sectional image 41 simultaneously or to display the
cross-sectional image 40 and the cross-sectional image 41
without displaying the VR image 30.

[0088] In the manner described above, the ultrasound
diagnosis apparatus 1 generates and displays the cross-
sectional images taken along the advancing direction of the
tool. With this arrangement, because the cross-sectional
images render the tool, the ultrasound diagnosis apparatus 1
is able to display the positional relationship between the tool
and a structure such as the heart valve in an easy-to-
understand manner.

[0089] The above descriptions of the generating function
164 and the display controlling function 165 are merely
examples. For instance, the generating function 164 does not
necessarily have to generate the two cross-sectional images
that are orthogonal to each other and extend along the
advancing direction of the catheter. More specifically, the
cross-sectional image 40 and the cross-sectional image 41
generated by the generating function 164 do not necessarily
have to be taken on orthogonal cross-sectional planes, but
may be taken on cross-sectional planes that intersect each
other at an arbitrary angle. Further, the cross-sectional
images generated by the generating function 164 do not
necessarily have to be taken on two cross-sectional planes,
but may be taken on any arbitrary number of cross-sectional
planes. Furthermore, the generating function 164 does not
necessarily have to be cross-sectional images taken along
the advancing direction of the tool, but may be, for example,
an apical four-chamber (A4C) image, an apical two-chamber
(A2C) image, or the like.

Second Modification Example of First Embodiment

[0090] Further, for example, the ultrasound diagnosis
apparatus 1 may display an X-ray image taken during a
catheter treatment, together with the display image.

[0091] For example, during catheter treatments, there are
many situations where a fluoroscopy process is performed
on the patient P by using an X-ray diagnosis apparatus, in
addition to a process of acquiring ultrasound image data
using a TEE probe. In those situations, in the ultrasound
diagnosis apparatus 1, the display controlling function 165
causes an X-ray image to be displayed simultaneously with
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the display image, the X-ray image being generated on the
basis of X-rays that have passed through the patient P. More
specifically, the display controlling function 165 obtains a
fluoroscopic image (the X-ray image) taken by the X-ray
diagnosis apparatus and causes the display 103 to simulta-
neously display the obtained fluoroscopic image together
with the VR image 30 and/or the cross-sectional images 40
and 41.

[0092] In the manner described above, the ultrasound
diagnosis apparatus 1 displays the X-ray image together
with the display image. In many situations, medical doctors
who perform catheter treatments are used to viewing X-ray
images, it is expected that the efficiency of the medical
doctors in interpreting the images can be improved.

Third Modification Example of First Embodiment

[0093] Further, in the first embodiment, the example is
explained in which the ultrasound diagnosis apparatus 1
generates the VR image 30 from a first-person point of view;
however, possible embodiments are not limited to this
example. The ultrasound diagnosis apparatus 1 may be
provided with a configuration capable of generating a VR
image from a third-person point of view or a configuration
capable of switching between a VR image from a first-
person point of view and a VR image from a third-person
point of view. In this situation, the “first-person point of
view” denotes a view from the position of the tool and,
generally speaking, the tool itself is not rendered in the view.
In contrast, the “third-person point of view” denotes a view
from a position other than the position of the tool, and the
tool itself is also rendered in the view. The third-person point
of view is realized by using a position behind the tool as a
point of view.

[0094] The generating function 164 generates a VR image
by performing a VR process while using a position behind
the tip end of the tool as a point of view. For example, the
generating function 164 performs the VR process by using
a position behind the tip end part 10 of the catheter at a
predetermined distance as the point of view of the VR
process.

[0095] FIG. 7 is a drawing illustrating an example of a
display image generated by the generating function 164
according to a third modification example of the first
embodiment. FIG. 7 illustrates a VR image 50 that uses the
advancing direction of the catheter as a line of sight and uses
a position behind the tip end part 10 of the catheter at a
predetermined distance as a point of view.

[0096] As illustrated in FIG. 7, the generating function
164 generates the VR image 50 by performing the VR
process that uses the advancing direction of the catheter as
the line of sight and uses the position behind the tip end part
10 of the catheter at the predetermined distance as the point
of view. As a result, the generating function 164 generates,
for example, the VR image 50 rending an image 51 of the tip
end of the catheter.

[0097] Further, in accordance with an instruction from the
operator, the generating function 164 switches between
generating a VR image from a first-person point of view and
generating a VR image from a third-person point of view. In
other words, in accordance with instructions from the opera-
tor, the generating function 164 generates one selected from
between: the VR image that uses the tip end of the tool as
the point of view; and the VR image that uses the position
behind the tip end of the tool as the point of view.
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[0098] In the manner described above, the ultrasound
diagnosis apparatus 1 may be provided with the configura-
tion capable of generating the VR image from the third-
person point of view and the configuration capable of
switching between the VR image from the first-person point
of view and the VR image from the third-person point of
view. With this arrangement, for example, the operator is
able to have a VR image displayed by selecting a point of
view which he/she considers to provide an easy-to-see
image.

Second Embodiment

[0099] For example, the ultrasound diagnosis apparatus 1
is further capable of displaying an image for guiding a tool
to a position and a posture in and with which the tool should
be installed.

[0100] FIG. 8isa block diagram illustrating an example of
the ultrasound diagnosis apparatus 1 according to a second
embodiment. The ultrasound diagnosis apparatus 1 accord-
ing to the second embodiment has a similar configuration to
that of the ultrasound diagnosis apparatus 1 illustrated in
FIG. 1 and is different in that the processing circuitry 160
further includes a valve position posture estimating function
166. Thus, as for the second embodiment, the explanation
will focus on some of the features that are different from
those in the first embodiment. The features having the same
functions as those explained in the first embodiment will be
referred to by using the same reference characters as those
in FIG. 1, and the explanations thereof will be omitted.
[0101] The valve position posture estimating function 166
is configured to estimate a position and a posture in and with
which a tool should be installed, with respect to the position
and the posture of a heart valve. The position and the posture
in and with which the tool should be installed with respect
to the position and the posture of the heart valve may be
referred to as the “position/posture of the valve”.

[0102] First, the estimating function 162 estimates the
position and the posture of the heart valve of the patient P
in the three-dimensional medical image data. For example,
the estimating function 162 extracts feature points included
in the volume data, by using a supervised machine learning
algorithm. In this situation, the supervised machine learning
algorithm has been constructed by using a plurality of
supervision images in which a plurality of feature points
included in the heart valve are properly positioned. Further,
by comparing a model indicating a three-dimensional posi-
tional relationship among the plurality of feature points
included in the heart valve with the extracted feature points,
the estimating function 162 estimates the position and the
posture of the heart valve.

[0103] After that, with respect to the position and the
posture of the heart valve, the valve position posture esti-
mating function 166 estimates a position and a posture (a
position/posture of the valve) in and with which the tool
should be installed. For example, the valve position posture
estimating function 166 estimates the position/posture of the
valve, by using a model of a three-dimensional positional
relationship corresponding to when the tool is properly
installed with respect to the heart valve. More specifically,
the valve position posture estimating function 166 estimates
the position and the posture in and with which the tool
should be installed, by fitting the model of the three-
dimensional positional relationship corresponding to when
the tool is properly installed with respect to the heart valve,
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to the position and the posture of the heart valve estimated
by the estimating function 162.

[0104] After that, the display controlling function 165
causes an image to be displayed simultaneously with the
display image, the image indicating a direction in which the
position and the posture of the tool estimated by the esti-
mating function 162 move toward and away from the
position and the posture of the tool to be installed estimated
by the valve position posture estimating function 166. FIG.
9 is a drawing illustrating an example of the display image
displayed by the display controlling function 165 according
to the second embodiment. FIG. 9 illustrates an arrow image
60 indicating a direction that brings the current position/
posture of the catheter closer to the position/posture in and
with which the catheter should be installed.

[0105] Asillustrated in FIG. 9, by using three-dimensional
coordinates of the current position/posture of the catheter
and three-dimensional coordinates of the position/posture in
and with which the tool should be installed, the display
controlling function 165 determines the direction that brings
the current position/posture of the catheter closer to the
position/posture in and with which the catheter should be
installed. After that, the display controlling function 165
generates the arrow image 60 indicating the determined
direction and displays the generated arrow image 60
together with the current VR image 30.

[0106] As explained above, the ultrasound diagnosis appa-
ratus 1 is capable of displaying the image indicating the
direction that brings the tool closer to the position/posture in
and with which the tool (the catheter) should be installed.
Accordingly, the operator is able to intuitively understand,
for example, the direction in which the catheter should be
positioned. The descriptions of the first embodiment and the
modification examples thereof are also applicable to the
second embodiment.

A Modification Example of Second Embodiment

[0107] Further, for example, the ultrasound diagnosis
apparatus 1 may display a direction in which the tool has
actually moved (a moving direction), together with the
display image.

[0108] FIG. 10 is a block diagram illustrating an example
of the ultrasound diagnosis apparatus 1 according to a
modification example of the second embodiment. The ultra-
sound diagnosis apparatus 1 according to the modification
example of the second embodiment has a similar configu-
ration to that of the ultrasound diagnosis apparatus 1 illus-
trated in FIG. 1 and is different in that the processing
circuitry 160 further includes a moving direction determin-
ing function 167. Thus, as for the modification example of
the second embodiment, the explanation will focus on some
of the features that are different from those in the first
embodiment. The features having the same functions as
those explained in the first embodiment will be referred to by
using the same reference characters as those in FIG. 1, and
the explanations thereof will be omitted.

[0109] The moving direction determining function 167 is
configured to determine a moving direction of the tool on the
basis of positions of the tool at mutually-different times.
Further, the display controlling function 165 causes an
image indicating the moving direction of the tool determined
by the moving direction determining function 167 to be
displayed simultaneously with the display image.
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[0110] For example, the moving direction determining
function 167 determines the moving direction of the tool in
a coordinate system of the volume data, by using the
position of the tool in each of pieces of volume data in a
time-series. More specifically, on the basis of the three-
dimensional coordinates of the tip end part 10 of the catheter
in the volume data of the current frame and the three-
dimensional coordinates of the tip end part 10 of the catheter
in the volume data of the immediately preceding frame, the
moving direction determining function 167 determines the
moving direction of the tip end part 10 of the catheter as
derived from the immediately preceding frame. Further, the
display controlling function 165 causes the image indicating
the moving direction of the tool determined by the moving
direction determining function 167 to be displayed simul-
taneously with the display image. In this situation, because
the image indicating the moving direction is, for example,
the same as or similar to the arrow image 60 illustrated in
FIG. 9, the illustration thereof is omitted from the drawings.
[0111] As explained above, the ultrasound diagnosis appa-
ratus 1 displays the direction in which the tool has actually
moved, together with the display image. Accordingly, for
example, the operator is able to intuitively understand how
the catheter has actually moved within the display image, as
a result of him/her moving the catheter.

[0112] The above description is merely an example. For
instance, the display controlling function 165 may display
the image (the arrow image 60 in FIG. 9) indicating the
direction that brings the catheter closer to the position/
posture in and with which the catheter should be installed,
together with the image indicating the actual moving direc-
tion of the catheter. With this arrangement, the operator is
able to quickly understand whether the direction in which
the tool should be positioned coincides with the actual
moving direction of the tool.

Third Embodiment

[0113] For example, the ultrasound diagnosis apparatus 1
is further capable of displaying, on the basis of a result of a
pre-surgical-operation simulation, a locus of a movement up
to the time when the tool is positioned in the position and the
posture in and with which the tool should be installed.
[0114] The ultrasound diagnosis apparatus 1 according to
the third embodiment has a similar configuration to that of
the ultrasound diagnosis apparatus 1 illustrated in FIG. 1 and
1s different for the contents of the processes performed by
the processing circuitry 160. Thus, as for the third embodi-
ment, the explanation will focus on some of the features that
are different from those in the first embodiment. The illus-
tration of the features having the same functions as those
explained in the first embodiment will be omitted from the
drawings.

[0115] From a result of a pre-surgical-operation simula-
tion performed on the patient P, the obtaining function 161
obtains a locus of the movement up to the time when the tool
is installed with a heart valve of the patient P. In this
situation, the pre-surgical-operation simulation is a simula-
tion performed prior to a catheter treatment and may be
performed, for example, by using a Computed Tomography
(CT) image taken in advance. As a result of the pre-surgical-
operation simulation, for example, a locus of the movement
up to the time when the catheter is installed with the mitral
valve of the patient P is output. From the result of the
pre-surgical-operation simulation, the obtaining function
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161 obtains the locus of the movement up to the time when
the catheter is installed with the mitral valve of the patient
P. In this situation, the locus of the movement is information
expressed with a coordinate system of the CT image used in
the pre-surgical-operation simulation.

[0116] By aligning the position of the locus of the move-
ment with the position of the three-dimensional medical
image data, the display controlling function 165 causes an
image for guiding the advancing course of the tool to be
displayed. For example, by aligning the position of the CT
image used in the pre-surgical-operation simulation with the
position of the volume data taken by the TEE probe, the
display controlling function 165 transforms the coordinate
system of the locus of the movement into the coordinate
system of the volume data. Further, the display controlling
function 165 generates an image for guiding the advancing
course of the tool, by using the locus of the movement
resulting from the coordinate transformation. In one
example, as the image for guiding the advancing course of
the tool, the display controlling function 165 displays an
image of a line (or an image of a broken line) indicating the
locus of the movement so as to be superimposed over the VR
image 30 illustrated in FIG. 4. In another example, as the
image for guiding the advancing course of the tool, the
display controlling function 165 displays an image of a line
indicating the locus of the movement so as to be superim-
posed over the cross-sectional images 40 and 41 illustrated
in FIG. 6.

[0117] In the manner described above, the ultrasound
diagnosis apparatus 1 displays the image for guiding the
advancing course of the tool. With this arrangement, the
operator is able to view the locus of the movement up to the
time when the tool is positioned in the position and the
posture in and with which the tool should be installed.

A Modification Example of Third Embodiment

[0118] For example, the ultrasound diagnosis apparatus 1
is further capable of making a judgment and providing
information about an extent appropriate for the placement of
the tool in the body of the patient P (hereinafter, simply “the
placement of the tool”).

[0119] FIG. 11 is a block diagram illustrating an example
of the ultrasound diagnosis apparatus 1 according to a
modification example of the third embodiment. The ultra-
sound diagnosis apparatus 1 according to the modification
example of the third embodiment has a similar configuration
to that of the ultrasound diagnosis apparatus 1 illustrated in
FIG. 1 and is different in that the processing circuitry 160
further includes a judging function 168 and an informing
function 169. Thus, as for the modification example of the
third embodiment, the explanation will focus on some of the
features that are different from those in the first embodiment.
The features having the same functions as those explained in
the first embodiment will be referred to by using the same
reference characters as those in FIG. 1, and the explanations
thereof will be omitted.

[0120] The judging function 168 is configured to judge a
degree of appropriateness of the placing position of the tip
end part on the basis of a model of movements of a heart
valve obtained from a pre-surgical-operation simulation on
the patient. In this situation, during the pre-surgical-opera-
tion simulation, for example, a locus of the movements of
the heart valve may be calculated in advance as a motion
model. The motion model of the heart valve is a model of the
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movements of the heart valve of the patient P, the heart valve
moving due to heartbeats. For example, the motion model
may include patterns of various states caused by the move-
ments of the heart, such as a state in which the heart valve
is closed and a state in which the heart valve open.

[0121] For example, the judging function 168 compares
the volume data taken by the TEE probe with the motion
model of the heart valve, by performing a pattern recogni-
tion process. After that, the judging function 168 calculates
a likelihood value (a level of similarity) with respect to a
pattern corresponding to the state in which the heart valve is
closed (hereinafter, “heart valve closed state”).

[0122] The informing function 169 is configured to pro-
vide information about a result of the judgment made by the
judging function 168. For example, on the basis of the
likelihood value with respect to the pattern corresponding to
the heart valve closed state calculated by the judging func-
tion 168, the informing function 169 provides information
about the extent appropriate for the placement of the tool.
For example, the informing function 169 causes the display
103 to display the calculated likelihood value as the extent
appropriate for the placement of the tool. Alternatively, for
example, the informing function 169 may cause the display
103 to display a score (an evaluation) corresponding to the
magnitude of the calculated likelihood value. In another
example, the informing function 169 may issue a predeter-
mined sound when the likelihood value exceeds a threshold
value.

[0123] As explained above, the ultrasound diagnosis appa-
ratus 1 is capable of making the judgment and providing the
information about the extent appropriate for the placement
of the tool (the catheter). With this arrangement, for
example, the operator is able to grasp the timing appropriate
for the placement of the tool.

Fourth Embodiment

[0124] For example, the ultrasound diagnosis apparatus 1
is further capable of displaying an operation direction of a
tool by using a coordinate system that is easy to understand
for the operator.

[0125] FIG. 12 is a block diagram illustrating an example
of the ultrasound diagnosis apparatus 1 according to a fourth
embodiment. The ultrasound diagnosis apparatus 1 accord-
ing to the fourth embodiment has a similar configuration to
that of the ultrasound diagnosis apparatus 1 illustrated in
FIG. 1 and is different in that the processing circuitry 160
further includes a detecting function 170. Thus, as for the
fourth embodiment, the explanation will focus on some of
the features that are different from those in the first embodi-
ment. The features having the same functions as those
explained in the first embodiment will be referred to by
using the same reference characters as those in FIG. 1, and
the explanations thereof will be omitted.

[0126] The detecting function 170 is configured to detect
a position within a three-dimensional space of the three-
dimensional medical image data. For example, in the fourth
embodiment, an acceleration sensor such as a gyro sensor is
attached to the ultrasound probe 101 serving as the TEE
probe. Before being inserted into the body of the patient P,
the acceleration sensor attached to the ultrasound probe 101
registers therein three-dimensional coordinates in a three-
dimensional space (e.g., a global coordinate system). For
example, the acceleration sensor registers therein the three-
dimensional coordinates of the position thereof correspond-
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ing to immediately before being inserted into the esophagus
of the patient P, i.e., the position of the mouth of the patient
P. After that, when the ultrasound probe 101 is inserted into
the esophagus of the patient P, the acceleration sensor
detects changes in the position caused by the insertion. For
example, the detecting function 170 detects three-dimen-
sional coordinates of the current position of the ultrasound
probe 101, on the basis of the three-dimensional coordinates
registered before the ultrasound probe 101 is inserted into
the body of the patient P and the changes in the position
detected by the acceleration sensor.

[0127] Further, for example, when the ultrasound probe
101 is rendered in an X-ray image taken of the patient P, the
detecting function 170 detects the three-dimensional coor-
dinates of the position of the ultrasound probe 101 within the
three-dimensional space, on the basis of the X-ray image.
More specifically, the detecting function 170 detects the
three-dimensional coordinates of the position of the ultra-
sound probe 101, on the basis of the position of the ultra-
sound probe 101 in the X-ray image and the positions of the
X-ray generator and the X-ray detector used for the imaging
of the X-ray image within the three-dimensional space.
[0128] In the manner described above, the detecting func-
tion 170 detects the three-dimensional coordinates of the
position of the ultrasound probe 101 within the three-
dimensional space by using the information from at least one
selected from between the acceleration sensor and the X-ray
image.

[0129] Further, the display controlling function 165 causes
an operation direction of the tool in the coordinate system of
the patient P to be displayed, on the basis of the position
within the three-dimensional space detected by the detecting
function 170 and the position of the patient P with respect to
the three-dimensional space. In this situation, the position of
the patient P with respect to the three-dimensional space is
obtained from the position of the couch on which the patient
P is lying, or the like.

[0130] As a result, the display controlling function 165
causes the operation direction of the catheter to be displayed
in the coordinate system of the patient P. For example, the
display controlling function 165 is able to display the
operation direction of the catheter with an expression that
uses a site of the body of the patient P as a reference, such
as the head side, the leg side, the abdomen side, the back
side, the left arm side, or the right arm side of the patient.

First Modification Example of Fourth Embodiment

[0131] Further, for example, the ultrasound diagnosis
apparatus 1 according to the fourth embodiment may display
the operation direction of the tool in a coordinate system of
the operator.

[0132] For example, the display controlling function 165
causes the operation direction of the tool in the coordinate
system of the operator to be displayed, on the basis of the
position within the three-dimensional space detected by the
detecting function 170 and the position of the operator with
respect to the three-dimensional space. In this situation, the
position of the operator with respect to the three-dimen-
sional space is obtained by imaging the interior of the room
(the interior of the operation room) where the operator is
present by using a camera.

[0133] With this arrangement, the display controlling
function 165 causes the operation direction of the catheter to
be displayed in the coordinate system of the operator. For
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example, the display controlling function 165 is able to
display the operation direction of the catheter with an
expression such as an upward direction, a downward direc-
tion, a right direction, a left direction, or the like as viewed
from the operator.

Second Modification Example of Fourth
Embodiment

[0134] Further, for example, the ultrasound diagnosis
apparatus 1 according to the fourth embodiment may display
the operation direction of the tool in a coordinate system of
an X-ray image.

[0135] For example, the display controlling function 165
causes the operation direction of the tool in the coordinate
system of the X-ray image to be displayed, on the basis of
the position within the three-dimensional space detected by
the detecting function 170 and the position of the X-ray
image with respect to the three-dimensional space. In this
situation, the position of the X-ray image with respect to the
three-dimensional space is obtained on the basis of the
positions of the X-ray generator and the X-ray detector used
for the imaging of the X-ray image within the three-dimen-
sional space.

[0136] With this arrangement, the display controlling
function 165 causes the operation direction of the catheter to
be displayed in the coordinate system of the X-ray image.
For example, the display controlling function 165 is able to
display the operation direction of the catheter with an
expression such as an upward direction, a downward direc-
tion, a right direction, a left direction, or the like, in the
X-ray image.

Other Embodiments

[0137] The present disclosure may be carried out in vari-
ous different forms other than the embodiments described
above.

[0138] Display after the Placement of the Tool

[0139] For example, in the embodiments above, the dis-
play process is explained up to the time when the clip part
11 of the catheter is placed with the mitral valve; however,
it is also possible to control the display process performed
after the placement.

[0140] For example, when the tool has been placed, the
display controlling function 165 may cause a cross-sectional
image including the tool to be displayed. For example, the
display controlling function 165 detects that the tool has
been placed. More specifically, the display controlling func-
tion 165 detects that the clip part 11 has been placed when
the clip part 11 and the tubular part 12 of the catheter has
become distant from each other in the binarized image 20
described above. After that, when detecting that the clip part
11 has been placed, the display controlling function 165
generates and displays the cross-sectional images 40 and 41
taken along the advancing direction of the catheter observed
immediately before the placement.

[0141] As explained above, the ultrasound diagnosis appa-
ratus 1 is capable of displaying the cross-sectional images
including the tool, even after the tool has been placed.
[0142] The constituent elements of the apparatuses illus-
trated in the drawings are based on functional concepts.
Thus, it is not necessary to physically configure the con-
stituent elements as indicated in the drawings. In other
words, the specific modes of distribution and integration of
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the apparatuses are not limited to those illustrated in the
drawings. It is acceptable to functionally or physically
distribute or integrate all or a part of the apparatuses in any
arbitrary units, depending on various loads and the status of
use. Further, all or an arbitrary part of the processing
functions performed by the apparatuses may be realized by
a CPU and a computer program analyzed and executed by
the CPU or may be realized as hardware using wired logic.

[0143] With regard to the processes explained in the
embodiments and modification examples described above, it
is acceptable to manually perform all or a part of the
processes described as being performed automatically. Con-
versely, by using a method that is publicly known, it is also
acceptable to automatically perform all or a part of the
processes described as being performed manually. Further,
unless noted otherwise, it is acceptable to arbitrarily modify
any of the processing procedures, the controlling proce-
dures, specific names, various information including various
types of data and parameters that are presented in the above
text and the drawings.

[0144] It is possible to realize any of the ultrasound
imaging methods explained in the embodiments and the
modification examples above, by causing a computer such
as a personal computer or a workstation to execute an
ultrasound imaging computer program (hereinafter, “ultra-
sound imaging program”) prepared in advance. It is possible
to distribute the ultrasound imaging method via a network
such as the Internet. Further, the ultrasound imaging method
may be implemented as being recorded on a computer-
readable recording medium such as a hard disk, a flexible
disk (FD), a Compact Disk Read-Only Memory (CD-ROM),
a Magneto-Optical (MO) disk, a Digital Versatile Disk
(DVD), or the like and being read from the recording
medium by a computer.

[0145] According to at least one aspect of the embodi-
ments described above, it is possible to generate the display
image in which it is possible to view the position and the
advancing direction of the tool with respect to the heart
valve.

[0146] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising process-
ing circuitry configured to:
obtain three-dimensional medical image data, taken by
using an ultrasound probe, of a region including a heart
valve of a patient and a catheter inserted into a heart
chamber of the patient;

determine an advancing direction of a tip end part of the
catheter by obtaining information on a position and a
posture of the tip end part included in the three-
dimensional medical image data, by using at least one
selected from shape information indicating a shape of
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the tip end part and reflection characteristic information
indicating ultrasound reflection characteristics of the
tip end part;

generate a display image from the three-dimensional
medical image data in accordance with the position and
the advancing direction of the tip end part; and

cause the display image to be displayed.

2. The ultrasound diagnosis apparatus according to claim
1, wherein the tip end part includes one selected from
between a clip part and an artificial valve to be placed with
a mitral valve.

3. The ultrasound diagnosis apparatus according to claim
1, wherein the display image is an image expressing the
three-dimensional medical image data in a three-dimen-
sional manner.

4. The ultrasound diagnosis apparatus according to claim
3, wherein the display image is one selected from between
a volume rendering image and a surface rendering image.

5. The ultrasound diagnosis apparatus according to claim
4, wherein the display image is the one selected from
between the volume rendering image and the surface ren-
dering image generated by using a point of view based on
the position of the tip end part and a line of sight based on
the advancing direction of the tip end part.

6. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry generates a cross-sec-
tional image taken along the advancing direction of the tip
end part as the display image.

7. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is further configured to
estimate a position and a posture in and with which the
catheter should be installed with respect to a position and a
posture of the heart valve.

8. The ultrasound diagnosis apparatus according to claim
7, wherein the processing circuitry causes an image to be
displayed simultaneously with the display image, the image
indicating a direction in which the position and the posture
of the catheter move toward and away from the estimated
position and posture of the catheter to be installed.

9. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is further configured to:

determine a moving direction of the catheter on a basis of
positions of the catheter at mutually-different times;
and

cause an image indicating the determined moving direc-
tion of the catheter to be displayed simultaneously with
the display image.
10. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry causes an X-ray image
generated on a basis of X-rays that have passed through the
patient, to be displayed simultaneously with the display
image.
11. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry obtains a locus of a
movement up to a time when the catheter is installed with
the heart valve of the patient, from a result of a pre-surgical-
operation simulation performed on the patient, and

the processing circuitry causes an image for guiding an
advancing course of the catheter to be displayed, by
aligning a position of the locus of the movement with
a position of the three-dimensional medical image data.
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12. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is further configured to:

judge a degree of appropriateness of the placing position
of the tip end part on a basis of a model of movements
of the heart valve obtained by performing a pre-
surgical-operation simulation on the patient; and

provide information about a result of the judgment.

13. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is further configured to:

detect a position within a three-dimensional space of the
three-dimensional medical image data; and

cause an operation direction of the catheter in a coordinate
system of the patient to be displayed, on a basis of the
detected position within the three-dimensional space
and a position of the patient with respect to the three-
dimensional space.

14. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is further configured to:

detect a position within a three-dimensional space of the
three-dimensional medical image data; and

cause an operation direction of the catheter in a coordinate
system of an operator to be displayed, on a basis of the
detected position within the three-dimensional space
and a position of the operator with respect to the
three-dimensional space.

15. The ultrasound diagnosis apparatus according to claim
10, wherein the processing circuitry is further configured to:

detect a position within a three-dimensional space of the
three-dimensional medical image data; and

cause an operation direction of the catheter in a coordinate
system of the X-ray image to be displayed, on a basis
of the detected position within the three-dimensional
space and a position of the X-ray image with respect to
the three-dimensional space.

16. The ultrasound diagnosis apparatus according to claim
1, wherein, in accordance with an instruction from an
operator, the processing circuitry generates one selected
from between: a volume rendering image that uses the tip
end part as a point of view; and a volume rendering image
that uses a position behind the tip end part as a point of view.

17. The ultrasound diagnosis apparatus according to claim
1, wherein the three-dimensional medical image data is data
taken by a transesophageal echocardiography probe that is
the ultrasound probe.

18. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry causes a cross-sectional
image including the tip end part to be displayed when the tip
end part has been placed.

19. An image processing method comprising:

obtaining three-dimensional medical image data, taken by
using an ultrasound probe, of a region including a heart
valve of a patient and a catheter inserted into a heart
chamber of the patient;

determining an advancing direction of a tip end part of the
catheter by obtaining information on a position and a
posture of the tip end part included in the three-
dimensional medical image data, by using at least one
selected from shape information indicating a shape of
the tip end part and reflection characteristic information
indicating ultrasound reflection characteristics of the
tip end part;
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generating a display image from the three-dimensional
medical image data in accordance with the position and
the advancing direction of the tip end part; and
causing the display image to be displayed.

N I I
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