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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF CONTROLLING
ULTRASOUND DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
PCT Application No. PCT/IP2013/078740. filed Oct. 23,
2013 and based upon and claiming the benefit of priority from
Japanese Patent Application No. 2012-234086, filed Oct. 23,
2012 the entire contents of all of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate to an ultra-
sound diagnostic apparatus for improving the visibility of a
needle without degrading the quality of a biological image in
puncturing under ultrasound guidance, in particular, and a
method of controlling the ultrasound diagnostic apparatus.

BACKGROUND

[0003] Ultrasound diagnosis enables to display in real time
how the heart beats or the fetus moves, by simply bringing an
ultrasound probe into contact with the body surface.

[0004] This technique is highly safe, and hence allows
repeated examination. Furthermore, this system is smaller in
size than other diagnostic apparatuses such as X-ray, CT, and
MRI apparatuses and can be moved to the bedside to be easily
and conveniently used for examination. In addition, ultra-
sound diagnosis is free from the influences of exposure using
X-rays and the like, and hence can be used in obstetric treat-
ment, treatment at home, and the like.

[0005] In addition, an ultrasound diagnostic apparatus is
used not only for image diagnosis but also for an RFA (Radio
Frequency Ablation) as a local treatment method for hepato-
cellular cancers, a biopsy which examines hepatocellular tis-
sues, and the like. In such a treatment or examination, in order
to accurately make a puncture in a region of interest by using
a puncture needle, an ultrasound diagnostic apparatus is used
to monitor the region of interest and the puncture needle in
real time.

[0006] When, however, using a conventional ultrasound
diagnostic apparatus for monitoring in a paracentesis, the
following inconveniences occur.

[0007] First of all, when performing a paracentesis while
monitoring a general ultrasound image provided by the con-
ventional ultrasound diagnostic apparatus, the operator
sometimes faces difficulty in seeing the needle due to the
influence of the position of a lesion or the insertion angle of
the needle. Under the current situation, the solution of such a
problem largely depends on doctor’s experience and knowl-
edge. For example, the doctor indirectly grasps the position or
the like of the needle while seeing the movement of the tissue
when moving the needle.

[0008] Inaddition, as shownin, for example, FIG. 14, there
is available a technique of performing ultrasound image
monitoring in a paracentesis by generating an image C of a
needle extracted by subtracting an image A obtained by
oblique scanning (scanning with a beam angle being adjusted
to make an ultrasound beam vertically strike the needle) from
an image B obtained by general ultrasound scanning (without
performing oblique scanning), and using the image obtained
by adding the image A to the image C (see patent literature 1).
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In the use of this technique, however, when executing the
above oblique scanning, grating lobes may occur depending
on the beam shape and the like. This may lead to the genera-
tion of artifacts in an image. In addition, assume that oblique
scanning is performed such that an ultrasound beam verti-
cally strikes the needle. In this case as well, even a slight shift
of the position of the needle from a scan slice may fail to
preferably visualize the needle.

[0009] Inconsideration ofthe above situation, itis an object
to provide an ultrasound diagnostic apparatus which can
monitor a living body tissue and a puncture needle with a
favorable high-quality image when performing a paracente-
sis, and a method of controlling the ultrasound diagnostic
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram showing the arrangement
of an ultrasound diagnostic apparatus 1 according to an
embodiment.

[0011] FIG. 2 is a flowchart showing a procedure for pro-
cessing (paracentesis support processing) based on a paracen-
tesis support function.

[0012] FIG. 3 isa view conceptually showing processing in
steps S2 to S7 in FIG. 2.

[0013] FIG. 4 is a view showing an example of a beam
width in the lens direction when using a one-dimensional
array probe.

[0014] FIG. 5 is a view showing an example of a beam
width in the lens direction when using a two-dimensional
array probe.

[0015] FIG. 6isa view for explaining processing in step S3
according to the second modification.

[0016] FIG. 71isa view for explaining processing in step S4
according to the second modification.

[0017] FIG. 8isa view for explaining processing in step S3
according to the third modification.

[0018] FIG. 9isa view for explaining processing in step S4
according to the fourth modification.

[0019] FIG. 10 is a view for explaining the effects of an
ultrasound diagnostic apparatus according to this embodi-
ment.

[0020] FIG. 11 is aview conceptually showing paracentesis
support processing according to the second embodiment.
[0021] FIG. 12 is aview conceptually showing paracentesis
support processing according to the first modification of the
second embodiment.

[0022] FIG. 13 is aview conceptually showing paracentesis
support processing according to the second modification of
the second embodiment.

[0023] FIG. 14 is a view for explaining processing in a
conventional ultrasound diagnostic apparatus.

DETAILED DESCRIPTION

[0024] Anultrasonic diagnostic apparatus disclosed by this
embodiment is used to observe a position and puncture direc-
tion of a puncture needle in an object in a paracentesis, and
comprises; data acquisition unit configured to acquire a plu-
rality of first ultrasound data by executing a first ultrasound
scan under a first transmission/reception setting concerning
an inside of the object, acquire a plurality of second ultra-
sound data by executing a second ultrasound scan under a
second transmission/reception setting concerning the inside
of the object, and acquire a plurality of third ultrasound data
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by executing a third ultrasound scan under a third transmis-
sion/reception setting concerning the inside of the object; and
image generation unit configured to generate a tissue image
displaying a living body tissue by using the first ultrasound
data, generate a puncture image displaying the puncture
needle based on image processing using the second ultra-
sound data and the third ultrasound data, and generate a
composite image visualizing the living body tissue and the
puncture needle by using the tissue image and the puncture
image; and a display configured to display the composite
image.

[0025] Embodiments will be described below with refer-
ence to the accompanying drawings. Note that the same ref-
erence numetals in the following description denote constitu-
ent elements having almost the same functions and
arrangements, and a repetitive description will be made only
when required.

[0026] FIG.1is ablock diagram showing the arrangement
of an ultrasound diagnostic apparatus 1 according to an
embodiment. As shown in FIG. 1, the ultrasound diagnostic
apparatus 1 includes an ultrasound probe 12, an input device
13, a monitor 14, ultrasound transmission unit 21, ultrasound
reception unit 22, B-mode processing unit 23, Doppler pro-
cessing unit 24, a RAW data memory 25, volume data gen-
eration unit 26, an image processing unit 28, a display pro-
cessing unit 30, a control processor (CPU) 31, a paracentesis
support image generation unit 32, a storage unit (memory) 33,
and an interface 35. The function of each constituent element
will be described below.

[0027] The ultrasound probe 12 is a device (probe) which
transmits ultrasound waves to an object, and receives
reflected waves from the object based on the transmitted
ultrasound waves. The ultrasound probe 12 has, on its distal
end, an array of a plurality of piezoelectric transducers, a
matching layer, a backing member, and the like. The piezo-
electric transducers transmit ultrasound waves in a desired
direction in a scan region based on driving signals from the
ultrasound transmission unit 21, and convert reflected waves
from the object into electrical signals. The matching layer is
an intermediate layer which is provided for the piezoelectric
transducers to make ultrasound energy efficiently propagate.
The backing member prevents ultrasound waves from propa-
gating backward from the piezoelectric transducers. When
the ultrasound probe 12 transmits an ultrasound wave to an
object P, the transmitted ultrasound wave is sequentially
reflected by a discontinuity surface of acoustic impedance of
internal body tissue, and is received as an echo signal by the
ultrasound probe 12. The amplitude of this echo signal
depends on an acoustic impedance difference on the discon-
tinuity surface by which the echo signal is reflected. The echo
produced when a transmitted ultrasound pulse is reflected by
amoving blood flow is subjected to a frequency shift depend-
ing on the velocity component of the moving body in the
ultrasound transmission/reception direction by the Doppler
effect. Note that this embodiment will exemplify a case in
which one-dimensional ultrasound probe having ultrasound
transducers arrayed in a predetermined direction is used as
the ultrasound probe 12.

[0028] The input device 13 is connected to an apparatus
main body 11 and includes various types of switches, buttons,
atrackball, a mouse, and a keyboard which are used to input,
to the apparatus main body 11, various types of instructions,
conditions, an instruction to set a region of interest (ROI),
various types of image quality condition setting instructions,
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and the like from an operator. The input device 13 also
includes a dedicated switch for inputting a diagnostic region,
a dedicated knob for controlling a color data range used for
visualization, and a dedicated knob for controlling the degree
of transparency (opacity) of voxels, used in a near-lumen
blood flow extraction function (to be described later).

[0029] Themonitor 14 displays morphological information
and blood flow information in theliving body as images based
on video signals from the display processing unit 30. The
ultrasound transmission unit 21 includes a trigger generation
circuit, delay circuit, and pulser circuit (none of which are
shown). The trigger generation circuit repeatedly generates
trigger pulses for the formation of transmission ultrasound
waves at a predetermined rate frequency fr Hz (period: 1/fr
sec). The delay circuit gives each trigger pulse a delay time
necessary to focus an ultrasound wave into a beam and deter-
mine transmission directivity for each channel. The pulser
circuit applies a driving pulse to the probe 12 at the timing
based on this trigger pulse.

[0030] The ultrasound reception unit 22 includes an ampli-
fier circuit, A/D converter, delay circuit, and adder (none of
which are shown). The amplifier circuit amplifies an echo
signal received via the probe 12 for each channel. The A/D
converter converts each amplified analog echo signal into a
digital echo signal. The delay circuit gives the digitally con-
verted echo signals delay times necessary to determine recep-
tion directivities and perform reception dynamic focusing.
The adder then performs addition processing for the signals.
With this addition, a reflection component from a direction
corresponding to the reception directivity of the echo signal is
enhanced to form a composite beam for ultrasound transmis-
sion/reception in accordance with reception directivity and
transmission directivity.

[0031] The B-mode processing unit 23 receives an echo
signal from the reception unit 22, and performs logarithmic
amplification, envelope detection processing, and the like for
the signal to generate data whose signal intensity is expressed
by a luminance level.

[0032] The Doppler processing unit 24 extracts a blood
flow signal from the echo signal received from the ultrasound
reception unit 22, and generates blood flow data. In general,
the Doppler processing unit 24 extracts a blood flow by CFM
(Color Flow Mapping). In this case, the Doppler processing
unit 24 analyzes the blood flow signal to obtain blood flow
information such as mean velocities, variances, and powers as
blood flow data at multiple points.

[0033] The raw data memory 25 generates B-mode raw
data as B-mode data on three-dimensional ultrasound scan-
ning lines by using a plurality of B-mode data received from
the B-mode processing unit 23. The raw data memory 25 also
generates blood flow raw data as blood flow data on three-
dimensional ultrasound scanning lines by using a plurality of
blood flow data received from the Doppler processing unit 24.
Note that for the purpose of reducing noise or smooth con-
catenation of images, a three-dimensional filter may be
inserted after the raw data memory 25 to perform spatial
smoothing.

[0034] The volume data generation unit 26 generates
B-mode volume data or blood flow volume data from the
B-mode RAW data received from the RAW data memory 25
by executing RAW/voxel conversion.

[0035] The image processing unit 28 performs predeter-
mined image processing such as volume rendering, MPR
(Multi Planar Reconstruction), and MIP (Maximum Intensity
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Projection) for the volume data received from the volume data
generation unit 26. Note that for the purpose of reducing noise
or smooth concatenation of images, a two-dimensional filter
may be inserted after the image processing unit 28 to perform
spatial smoothing.

[0036] The display processing unit 30 executes various
types of processing associated with a dynamic range, lumi-
nance (brightness), contrast, y curve correction, RGB conver-
sion, and the like for various types of image data generated/
processed by the image processing unit 28.

[0037] The control processor 31 has the function of an
information processing apparatus (computer) and controls
the operation of the main body of this ultrasound diagnostic
apparatus. The control processor 31 reads out a dedicated
program for implementing the paracentesis support function
(to be described later) from the storage unit 33, and expands
the program in its own memory, and executes computation,
control, and the like associated with each type of processing.
[0038] The paracentesis support image generation unit 32
generates an image for supporting a paracentesis based on the
paracentesis support function (to be described later).

[0039] The storage unit 33 stores a dedicated program for
implementing the paracentesis support function (to be
described later), diagnosis information (patient ID, findings
by doctors, and the like), a diagnostic protocol, transmission/
reception conditions, a program for implementing a speckle
removal function, a body mark generation program, and a
conversion table in which a color data range used for visual-
ization is set for each diagnostic region in advance, and other
data groups. The storage unit 33 is also used to store images
in the image memory (not shown), as needed. It is possible to
transfer data in the storage unit 33 to an external peripheral
device via the interface 35.

[0040] The interface 35 is an interface associated with the
input device 13, a network, and a new external storage device
(not shown). The interface 32 can transfer, via a network, data
such as ultrasound images, analysis results, and the like
obtained by this apparatus to another apparatus.

(Paracentesis Support Function)

[0041] The paracentesis support function of the ultrasound
diagnostic apparatus 1 will be described next. This function
generates and presents a paracentesis support image, with a
living body tissue and a puncture needle being always favor-
ably visualized, while setting a region to be scanned with
ultrasound waves so as to prevent the region from coming off
the puncture needle, when the operator performs a paracen-
tesis while monitoring the living body tissue and the puncture
needle by using the ultrasound diagnostic apparatus.

[0042] FIG. 2 is a flowchart showing a procedure for pro-
cessing (paracentesis support processing) based on this para-
centesis support function. The contents of processing
executed in each step in the flowchart will be described.

[Input of Patient Information and the Like and Selection of
Paracentesis Support Mode: Step S1]

[0043] The operator inputs patient information, examina-
tion information, and the like and selects the paracentesis
support mode of executing the paracentesis support function
via the operation unit 33 (step S1). A storage device 29 auto-
matically stores the input and selected various types of infor-
mation. In addition, the CPU 31 activates a program for
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executing the paracentesis support function in response to the
selecting operation for the paracentesis support mode.

[Acquisition of High-Resolution Biological Image A: Step
S2]

[0044] The apparatus then executes an imaging method of
favorably drawing a living body tissue, e.g., tissue harmonic
imaging, and executes ultrasound transmission/reception
under transmission/reception settings, thereby acquiring the
high-resolution biological image A with the living body tis-
sue being visualized with a high resolution (step S2). Note
that the high-resolution biological image A is not limited to an
image captured by tissue harmonic imaging and may be an
image captured by using a reception signal containing a fun-
damental component in a frequency band. The apparatus may
further generate the high-resolution biological image A by
executing at least one of addition processing, subtraction
processing, maximum value projection processing, minimum
value projection processing, and averaging processing using
ultrasound data over a plurality of frames (a plurality of
volumes). Likewise, the ultrasound image over a plurality of
frames (a plurality of volumes) may be an image captured by
tissue harmonic imaging or an image captured with a funda-
mental wave component falling in a frequency band.

[0045] In addition, as a capturing technique of tissue har-
monic imaging, a pulse subtraction method (a technique of
obtaining reception data in a harmonic band by adding a
plurality of pulses which differ in polarity and phase) may be
used. In this case, the number of pulses to be added is not
specifically limited, and an arbitrary number of pulses may be
used.

[0046] Furthermore, the apparatus may generate the high-
resolution biological image A by acquiring ultrasound data
over a plurality of frames (a plurality of volumes) by execut-
ing a pulse subtraction method, and executing addition pro-
cessing and subtraction processing using the data.

[Acquisition of Puncture Needle Enhanced Image B: Step S3]

[0047] The apparatus then acquires the puncture needle
enhanced image B by executing oblique scanning with trans-
mission/reception directions being substantially perpendicu-
lar to the longitudinal direction of a needle, while suppressing
grating lobes as much as possible at the time of transmission
and the time of reception by, for example, using a transmis-
sion waveform with a relatively low frequency and using the
fundamental wave component, of reception signals, which
corresponds to the frequency of the transmission waveform
for visualization (step S3).

[0048] Note that transmission/reception settings are not
limited to the above contents. For example, the apparatus can
control transmission/reception conditions by using at least
one of the element pitch of the ultrasound transducers of the
ultrasound probe 12 to be used, the transmission/reception
frequency characteristics of the ultrasound transducers, an
oblique angle, and the like. It is theoretically known, in par-
ticular, that it is possible to prevent the appearance of grating
lobes by satisfying the following inequality:

[0049] 27 &x

where d, A, and 0, are respectively an element pitch [mm], a
wavelength [mm], and the scanning angle (oblique angle or
azimuth angle) [rad.] of a main lobe. In step S3, the CPU 31
automatically or the operator sets the wavelength (or fre-
quency) of a transmission waveform, a reception center fre-
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quency, and a reception frequency band by the manual input
from the input device 13 s0 as to satisfy inequality 1. In some
case, however, there is no transmission/reception conditions
satisfying inequality (1). In such a case, it is preferable to
select conditions with reference to inequality (1) so as to
prevent grating lobes from appearing in an image as much as
possible.

[0050] Itis preferable to set an oblique angle so as to trans-
mit an ultrasound beam to the puncture needle at a vertical
angle or a nearly vertical angle. When using a puncture
adapter, it is possible to display a guideline for the puncture
needle on an ultrasound image by registering the angle of the
puncture needle with reference to the adapter in the ultra-
sound diagnostic apparatus. In such a case, the CPU 31 auto-
matically decides an oblique angle based on the registered
angle of the puncture needle. When detecting the position and
direction of the puncture needle by using a position sensor,
the CPU 31 automatically decides an oblique angle based on
the position or the like detected by the position sensor. Even
when not registering a puncture needle angle using a puncture
adapter or not using any position sensor, the CPU 31 may
automatically decide an oblique angle with reference to the
direction of the puncture needle by detecting the puncture
needle on an ultrasound image using, for example, a general
edge detection technique or line segment detection technique.
In addition, the CPU 31 may set and adjust an oblique angle
in accordance with a manual input from the input device 13
with reference to the direction of the puncture needle on an
ultrasound image.

[Acquisition of Living Body Tissue Image C: Step S4]

[0051] The apparatus then generates the living body tissue
image C by executing ultrasound transmission/reception
under substantially the same transmission/reception condi-
tions as those set at time of the acquisition of the puncture
needle enhanced image B (i.e., the transmission/reception
conditions set in step S3) except for a scanning angle upon
setting the scanning angle of a main lobe to 0° (step S4).
[0052] Note thatitis possible to change the execution order
of steps S3 and S4 as needed. In addition, an ultrasound
scanning region in step S3 need not be the same as that in step
S4. That is, an ultrasound scanning region may only be set in
step S3 to meet the purpose of visualizing the puncture needle
while enhancing it. On the other hand, an ultrasound scanning
region may only be set in step S4 so as to meet the purpose of
canceling the tissue included in the puncture needle enhanced
image B (for example, so as to include at least the tissue
region included in the puncture needle enhanced image B).

[Generation of Puncture Needle Extraction Image D by Using
Images B and C: Step S5]

[0053] The paracentesis support image generation unit 32
then generates the puncture needle extraction image D by
image processing using the puncture needle enhanced image
B and the living body tissue image C (step S5). For example,
the paracentesis support image generation unit 32 compares
the luminance values of the puncture needle enhanced image
B with the luminance values of the living body tissue image C
at the respective spatially corresponding positions. The para-
centesis support image generation unit 32 generates the punc-
ture needle extraction image D by assigning 0 for each posi-
tion when the luminance value of the living body tissue image
C is larger, and setting the luminance value of the puncture
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needle enhanced image B for each position when the lumi-
nance value of the puncture needle enhanced image B is
larger. This will assign the luminance value of the puncture
needle included in the puncture needle enhanced image B to
a position corresponding to the puncture needle on the punc-
ture needle extraction image D, and assigning a luminance
value of 0 to a region outside the puncture needle on the
puncture needle extraction image D. Therefore, the puncture
needle extraction image D becomes an image obtained by
extracting the puncture needle and favorably visualizing it.
[0054] Note that the method of generating the puncture
needle extraction image D is not limited to the above method
using the comparison between luminance values. For
example, the apparatus may generate the puncture needle
extraction image D by averaging or performing addition/
subtraction processing (addition processing and subtraction
processing) or the like for the luminance values of the punc-
ture needle enhanced image B and the luminance values of the
living body tissue image C for the respective spatially corre-
sponding positions, and assigning the obtained values as
luminance values at the respective positions.

[0055] In addition, the apparatus may adjust at least one of
the gain or dynamic range of at least one of the puncture
needle enhanced image B and the living body tissue image C
so as to, for example, enhance (or suppress) the puncture
needle or living body tissue, before the generation of the
puncture needle extraction image D. There is a large differ-
ence in acoustic impedance between a hard material such as a
puncture needle and a living body tissue. For this reason, a
reflection signal from the puncture needle becomes much
larger than a reflection signal from the living body tissue, and
the puncture needle is displayed with a high luminance as
compared with the surrounding living body tissue in the punc-
ture needle enhanced image B. It is therefore possible to set
the luminance of a position corresponding to a living body
tissue to 0 when generating the puncture needle extraction
image D by, for example, making the gain of the puncture
needle enhanced image B lower that that of the living body
tissue image C or making the tissue of the puncture needle
enhanced image B have almost the same brightness as that of
the tissue of the living body tissue image C. As a conse-
quence, the apparatus can effectively extract the puncture
needle corresponding to a high-luminance region when gen-
erating the puncture needle extraction image D.

[Generation/Display of Paracentesis Support Image E by
Using High-Resolution Biological Image A and Puncture
Needle Extraction Image D: Steps S6 and S7]

[0056] The paracentesis support image generation unit 32
then generates the paracentesis support image E by using the
puncture needle extraction image D favorably visualizing the
puncture needle and the high-resolution biological image A
visualizing the living body tissue with a high resolution (step
S6). More specifically, the paracentesis support image gen-
eration unit 32 compares the luminance values of the high-
resolution biological image A visualizing only the living
body with a high resolution with the luminance values of the
puncture needle extraction image D with the puncture needle
being extracted at the respective spatially corresponding posi-
tions, and assigns a large luminance value at each position,
thereby generating the paracentesis support image E. This
generates the paracentesis support image E which superim-
poses and displays the high-resolution needle image on the
high-resolution biological image A with favorable image
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quality. Alternatively, the apparatus may generate the para-
centesis supportimage E by executing at least one of addition
processing, subtraction processing, maximum value projec-
tion processing, minimum projection processing, and averag-
ing processing using the puncture needle extraction image D
and the high-resolution biological image A.

[0057] A method of generating the paracentesis support
image E is not limited to the above method using the com-
parison of luminance values. For example, the apparatus may
generate the paracentesis support image E by executing aver-
aging, addition/subtraction processing, or the like for the
luminance values of the puncture needle extraction image D
and the luminance values of the high-resolution biological
image A at the respective spatially corresponding positions,
and assigning the obtained values as luminance values at the
respective positions. In addition, the apparatus may adjust at
least one of the gain or dynamic range of at least one of the
puncture needle extraction image D and the high-resolution
biological image A before the generation of the paracentesis
support image E. For example, the puncture needle extraction
image D preferably displays only the high-luminance needle.
In practice, however, a more than a little living body tissue
image remains in the puncture needle extraction image D
generated in step S5. In such a case, it is possible to display a
region corresponding to the puncture needle with a high lumi-
nance by, for example, suppressing or eliminating a signal
from the tissue region by narrowing the dynamic range of the
puncture needle extraction image D, and increasing the gain.
Note that it is possible to perform such gain and dynamic
range adjustment automatically by generating a histogram
concerning the luminance values of the puncture needle
extraction image D and performing threshold processing
using the generated histogram or manually by a manual
operation with the input device 13.

[Repeated Generation/Display of Paracentesis Support
Image during Paracentesis: Step S8]

[0058] The apparatus sequentially and repeatedly executes
the above processing in steps S2 to S7 during a paracentesis.

[0059] FIG. 3 is a view conceptually showing the process-
ing in steps S2 to S7 in FIG. 2. As shown in FIG. 3, the
apparatus executes the processing corresponding to each of
steps S2 to S7 to sequentially update the paracentesis support
image E to the newest one and display it. The operator can
easily visually check the relative positional relationship
between the living body tissue and the puncture needle by
observing the paracentesis support image E displayed in real
time.

(First Modification)

[0060] The above embodiment has exemplified the case in
which the ultrasound probe 12 is a one-dimensional array
probe. However, the apparatus may use a one-and-half-di-
mensional array probe or two-dimensional array probe as the
ultrasound probe 12. This makes it possible to capture a
puncture needle enhanced image group Bn and the living
body tissue image C upon increasing the beam width (see
FIG. 5) in the lens direction (slice direction) when using the
two-dimensional array probe as compared with the beam
width (see FIG. 4) in the lens direction when using the one-
dimensional array probe. As a consequence, it is possible to
always favorably visualize the puncture needle even if the
position of the puncture needle slightly shifts from a position
immediately below the ultrasound probe 12.
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[0061] Note that considering the purpose of visualizing the
puncture needle, it seems that there is no need to increase the
beam width in the lens direction when capturing the living
body tissue image C. However, a large living body tissue
remains in the puncture needle extraction image D when it is
generated unless the spatial resolution of the living body
tissue region of the puncture needle enhanced image group
Bn is equal as much as possible to that of the living body
tissue image C. In consideration of the above, when the beam
width in the lens direction is increased when capturing the
puncture needle enhanced image group Bn, it is preferable to
also increase the beam width in the lens direction when cap-
turing the living body tissue image C (equalizing the beam
width with that when capturing the puncture needle enhanced
image group Bn).

(Second Modification)

[0062] When using a two-dimensional array probe as the
ultrasound probe 12, the apparatus may perform processing in
steps S3, S4, and S5 in the following manner. That is, as
shown in FIG. 6, in processing in step S3, the apparatus
acquires the puncture needle enhanced image group Bn by
obliquely scanning n slices parallel to the slice direction, and
executes averaging processing, addition/subtraction process-
ing, or the like for luminance values at the respective spatially
corresponding positions, thereby generating an image Ba. In
addition, in processing in step S4, as shown in FIG. 7, the
apparatus acquires a living body tissue image group Cn by
normal scanning of n slices parallel to the slice direction, and
executes averaging processing, addition/subtraction process-
ing, or the like for luminance values at the respective spatially
corresponding positions, thereby generating an image Ca.
The apparatus may generate the puncture needle extraction
image D by performing luminance value comparison pro-
cessing or thelike described above in step S5 using the images
Ba and Ca obtained in this manner.

[0063] In addition, it is possible to visually check how the
puncture needle has shifted from the position immediately
below the ultrasound probe 12, by adjusting weights in aver-
aging, addition processing, or the like in accordance with the
distance of each image from the position immediately below
the ultrasound probe 12, when generating the image Ba.
Assume that the puncture needle is apart from the position
immediately below the ultrasound probe 12 as the weights are
decreased with an increase in distance from the position
immediately below the ultrasound probe 12. In this case, the
apparatus displays the low-luminance (dark) puncture needle
in the paracentesis support image E. In contrast, if the punc-
ture needle exists at the position immediately below the ultra-
sound probe 12, the apparatus displays the high-luminance
(bright) puncture needle in the paracentesis support image E.
The operator can easily grasp the positional relationship
between the ultrasound probe 12 (and a scan region) and the
puncture needle with reference to the luminance of the punc-
ture needle displayed in the paracentesis support image E.

(Third Modification)

[0064] When using a four-dimensional probe (a probe
capable of scanning a three-dimensional region with time by
swinging a one-dimensional transducer array) as the ultra-
sound probe 12, the apparatus may perform the processing in
steps S3, S4, and S5 in the following manner as in the second
modification. That is, in the processing in step S3, as shown in
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FIG. 8, the apparatus acquires the puncture needle enhanced
image group B corresponding to n scan slices by obliquely
scanning scan slices along the slice direction while swinging
and moving (swinging) the probe, and generates the image Ba
by executing averaging, addition/subtraction processing, or
the like for luminance values at the respective spatially cor-
responding positions. In addition, in the processing in step S4,
as shown in FIG. 9, the apparatus acquires the living body
tissue image group Cn corresponding to n scan slices by
normally scanning scan slices along the slice direction while
swinging and moving (swinging) the probe, and generates the
image Ca by executing averaging, addition/subtraction pro-
cessing, or the like for luminance values at the respective
spatially corresponding positions. The apparatus may gener-
ate the puncture needle extraction image D by performing the
above luminance value comparison processing or the like in
step S5 by using the images Ba and Ca obtained in this
manner. Obviously, it is possible to perform the same weight-
ing processing as that in the second modification.

[0065] As shown in FIG. 10, when the operator performs a
paracentesis while monitoring a living body tissue and a
puncture needle, the above ultrasound diagnostic apparatus
acquires a puncture needle enhanced image by oblique scan-
ning using a scan region which is set so as not to come off the
puncture needle, and acquires a living body tissue image by
normal scanning, which differs in only transmission/recep-
tion direction from the puncture needle enhanced image,
thereby generating a puncture needle extraction image by
using the puncture needle enhanced image and the living
body tissue image. Since the puncture needle enhanced image
and the living body tissue image are acquired under substan-
tially the same transmission/reception conditions except for
the transmission/reception directions, it is possible to gener-
ate a puncture needle extraction image from which the living
body tissue is favorably removed by using the two images.
The apparatus generates and displays a paracentesis support
image including the living body tissue visualized with a high
resolution and the favorably extracted puncture needle by
using the puncture needle extraction image obtained in this
manner and the high-resolution biological image obtained by
tissue harmonic imaging and the like. The operator can
execute a paracentesis safely and reliably without depending
on his/her senses by observing a paracentesis support image
always favorably visualizing a puncture needle and a living
body tissue.

(Second Embodiment)

[0066] Anultrasound diagnostic apparatus according to the
second embodiment will be described next. An ultrasound
diagnostic apparatus 1 according to this embodiment acquires
a puncture needle enhanced image B (or a puncture needle
enhanced image group Bn; the puncture needle enhanced
image B will be exemplified) corresponding to each of a
plurality of oblique angles, and selects the puncture needle
enhanced image B corresponding to an optimal oblique angle
optimal for the visualization of the puncture needle based on
the angle of the puncture needle inserted into the object. The
apparatus generates a puncture needle extraction image D by
using the selected image.

[0067] Note that when paracentesis support processing
according to this embodiment is compared with paracentesis
support processing according to the first embodiment, pro-
cessing in steps S3 and S5 in FIG. 2 differs from that in the
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second embodiment. The second embodiment will be
described below mainly on steps S3 and S5.

[0068] FIG. 11 is aview conceptually showing paracentesis
support processing according to the second embodiment (the
step numbers in FIG. 11 correspond to those shown in FIG. 2).
As shown in FIG. 11, in step S3, the apparatus acquires the
puncture needle enhanced image B corresponding to each of
a plurality of oblique angles. It is possible to arbitrarily set a
plurality of oblique angles. Assume that this embodiment
uses three oblique angles, for example, a1=15°, a2=30°, and
a3=45°. Note that transmission/reception settings at the
respective oblique angles are the same as those in the first
embodiment.

[0069] In step S3 as well, a control processor 31 detects a
puncture angle f of the puncture needle relative to the object.
Itis possible to implement the detection of the puncture angle
[ of the puncture needle by performing line segment detec-
tion processing by, for example, using at least one of the
plurality of puncture needle enhanced images B. The appa-
ratus may also detect a puncture angle by using, for example,
adetector provided for a puncture needle adapter. In addition,
the control processor 31 selects the puncture needle enhanced
image B used for the generation of the puncture needle extrac-
tion image D from the plurality of puncture needle enhanced
images B corresponding to a plurality of oblique angles based
on the detected puncture angle f§ of the puncture needle.
[0070] Instep S5, a paracentesis support image generation
unit 32 generates the puncture needle extraction image D by
image processing using the selected puncture needle
enhanced image B and a living body tissue image C. The
specific contents of the image processing are the same as
those in the first embodiment.

[0071] Note that the apparatus sequentially and repeatedly
executes the processing in steps S2 to S7 (or the processing in
steps S3 to S7) along with the progression of the paracentesis.
Forthis reason, the control processor 31 preferably controls at
least either a plurality of oblique angles or the number of
oblique angles (the number of oblique directions) in accor-
dance with the angle of the puncture needle and its temporal
change detected in step S3. In this case, the apparatus decides
and controls transmission/reception conditions in accordance
with a plurality of decided oblique angles and the decided
number of oblique angles.

(First Modification)

[0072] In the above embodiment, for example, oblique
angles are set as follows: a1=15°, a2=30°, and c.3=45°. In
contrast to this, as shown in, for example, FIG. 12, the appa-
ratus executes scanning in step S3 with oblique angle a.0=0°.
The puncture needle enhanced image B obtained with oblique
angle c.0=0° is equivalent to the living body tissue image C
acquired in the first embodiment. Therefore, it is possible to
omit the acquisition processing for the living body tissue
image C in step S4 by executing acquisition processing for the
plurality of puncture needle enhanced images B including the
image with oblique angle cl0=0° in step S3.

(Second Modification)

[0073] Upon executing scanning with oblique angle .0=0°
in step S3 as in the first modification of this embodiment, for
example, as in FIG. 13, the apparatus may detect the puncture
angle of the puncture needle and select the puncture needle
enhanced image B used for the generation of the puncture
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needle extraction image D after performing image processing
for the puncture needle enhanced image B corresponding to
oblique angle 00=0° and the puncture needle enhanced
images B corresponding to other oblique angles.

[0074] In general, the puncture angle of a puncture needle
in an object differs for each surgical operation. The ultra-
sound diagnostic apparatus according to this embodiment
acquires the puncture needle enhanced image B correspond-
ing to each of a plurality of oblique angles, and selects the
puncture needle enhanced image B corresponding to an
oblique angle optimal for the visualization of the puncture
needle based on the puncture angle of the puncture needle in
the object. This apparatus can generate the puncture needle
extraction image D and the paracentesis support image E by
using the selected image. In a paracentesis, it is possible to
always favorably visualize the puncture needle. This can con-
tribute to an improvement in the safety and quality of a para-
centesis.

[0075] Note that in the second embodiment and its modifi-
cations, the apparatus selects the puncture needle enhanced
image B corresponding to an optimal oblique angle from a
plurality of oblique images. However, the apparatus may use,
for example, a maximum value projection image of a plurality
of oblique images as the puncture needle enhanced image B.
If the accuracy of puncture angle detection is low, since an
optical puncture needle enhanced image may not be selected,
it is possible to generate an image having an enhanced punc-
ture needle image by performing maximum value projection
without detection. The processing is not limited to a maxi-
mum value and projection and may be averaging, addition, or
the like.

[0076] 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 inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

[0077] (1) The paracentesis support function according to
each embodiment can be implemented by installing programs
for executing the processing in a computer such as a work-
station and expanding them in the memory. In this case, the
programs which can cause the computer to execute the cor-
responding techniques can be distributed by being stored in
storage media such as magnetic disks (floppy® disks, hard
disks, and the like), optical disks (CD-ROMs, DVDs, and the
like), and semiconductor memories.

[0078] (2) In each embodiment described above, the appa-
ratus has executed paracentesis support processing by using
luminance values after image reconstruction. In contrast to
this, the apparatus may execute paracentesis support process-
ing by using raw data before image reconstruction.

[0079] (3) Each embodiment described above has exempli-
fied the case in which the puncture needle is prominently
displayed in a paracentesis. However, it is also possible to
actively visualize surgical or treatment instruments (e.g., a
catheter, a bolt inserted into the object, and a foreign sub-
stance) other than the puncture needle by using the paracen-
tesis support function according to each embodiment. That is,
it is possible to visualize any target object which can amplify
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ultrasound reflection by executing scanning while actively
controlling an oblique angle to set oblique transmission/re-
ception direction, using the technique of this embodiment.
[0080] According to the present invention described above,
itis possible to implement an ultrasound diagnostic apparatus
which can monitor a living body tissue and a puncture needle
with a favorable high-quality image when performing a para-
centesis, and a method of controlling the ultrasound diagnos-
tic apparatus.

1. An ultrasound diagnostic apparatus which is used to
observe a position and puncture direction of a puncture needle
in an object in a paracentesis, comprising:

data acquisition unit configured to acquire a plurality of

first ultrasound data by executing a first ultrasound scan
under a first transmission/reception setting concerring
an inside of the object, acquire a plurality of second
ultrasound data by executing a second ultrasound scan
under a second transmission/reception setting concern-
ing the inside of the object, and acquire a plurality of
third ultrasound data by executing a third ultrasound
scan under a third transmission/reception setting con-
cerning the inside of the object;

image generation unit configured to generate a tissue

image displaying a living body tissue by using the first
ultrasound data, generate a puncture image displaying
the puncture needle based on image processing using the
second ultrasound data and the third ultrasound data, and
generate a composite image visualizing the living body
tissue and the puncture needle by using the tissue image
and the puncture image; and

a display configured to display the composite image.

2. The ultrasound diagnostic apparatus according to claim
1, wherein the image processing includes one of comparison
processing, addition processing, subtraction processing, and
averaging processing for pixel values.

3. The ultrasound diagnostic apparatus according to claim
1, wherein the data acquisition unit controls a transmission/
reception condition such that an oblique angle differs in the
second transmission/reception and the third transmission/re-
ception, and

the image generation unit generates the puncture image

based on a difference between the tissue image and the
puncture image.

4. The ultrasound diagnostic apparatus according to claim
1, wherein the first transmission/reception setting, the second
transmission/reception setting, and the third transmission/
reception setting include a transmission waveform, a trans-
mission technique, a transmission frequency, a transmission/
reception delay time, a reception center frequency, a
reception frequency band, a transmission/reception angle
relative to an electronic scanning direction, a transmission/
reception angle in a slice direction, and a beam thickness in
the slice direction.

5. The ultrasound diagnostic apparatus according to claim
1, wherein the image generation unit generates the puncture
image by using the plurality of second ultrasound data and the
plurality of third ultrasound data.

6. The ultrasound diagnostic apparatus according to claim
1, wherein the data acquisition unit executes the second ultra-
sound scan on a first region in the object, and

executes the third ultrasound scan on a second region dif-

ferent from the first region in the object.

7. The ultrasound diagnostic apparatus according to claim
1, wherein the image generation unit generates a first image
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by executing at least one of addition processing, subtraction
processing, maximum value projection processing, minimum
value projection processing, and averaging processing using
the plurality of first ultrasound data.

8. The ultrasound diagnostic apparatus according to claim
1, wherein the data acquisition unit acquires the plurality of
first ultrasound data by executing the first ultrasound scan
using a pulse subtraction method, and the image generation
unit generates the tissue image by executing addition process-
ing or subtraction processing using the plurality of first ultra-
sound data acquired by the pulse subtraction method.

9. The ultrasound diagnostic apparatus according to claim
1, wherein the data acquisition unit acquires the plurality of
second ultrasound data corresponding to the respective
oblique angles by executing the plurality of second transmis-
sions/receptions with different oblique angles, and

the image generation unit generates the puncture image by
the image processing using the plurality of'second ultra-
sound data corresponding to any one of the plurality of
oblique angles which is selected based on an angle of the
puncture needle and the third ultrasound data.

10. The ultrasound diagnostic apparatus according to claim
9, wherein the image processing includes one of comparison
processing, maximum value holding processing, addition
processing, subtraction processing, and averaging processing
for pixel values.

11. The ultrasound diagnostic apparatus according to claim
9, wherein the data acquisition unit acquires the plurality of
second ultrasound data corresponding to the respective
oblique angles by executing the plurality of second transmis-
sions/receptions including oblique angle=0°, and
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the image generation unit executes the image processing
for the second ultrasound data corresponding to the
oblique angle=0° as the third ultrasound data.

12. The ultrasound diagnostic apparatus according to claim
9, wherein the data acquisition unit controls at least either the
plurality of oblique angles or the number of the plurality of
oblique angles in accordance with the angle of the puncture
needle.

13. A method of controlling an ultrasound diagnostic appa-
ratus which is used to observe a position and puncture direc-
tion of a puncture needle in an object in a paracentesis, com-
prising:

acquiring a plurality of first ultrasound data by executing a

first ultrasound scan under a first transmission/reception
setting concerning an inside of the object;

acquiring a plurality of second ultrasound data by execut-

ing a second ultrasound scan under a second transmis-
sion/reception setting concerning the inside of the
object;
acquiring a plurality of third ultrasound data by executing
athird ultrasound scan under a third transmission/recep-
tion setting concerning the inside of the object;

generating a tissue image displaying a living body tissue by
using the first ultrasound data;

generating a puncture image displaying the puncture

needle using the second ultrasound data and the third
ultrasound data;

generating a composite image visualizing the living body

tissue and the puncture needle by using the tissue image
and the puncture image; and

displaying the composite image.

I S I
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