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ULTRASONIC DIAGNOSTIC APPARATUS
AND CONTROL PROGRAM THEREOF

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to an
ultrasonic diagnostic apparatus that displays an image in a
display mode corresponding to an angle between the beam
direction of a received ultrasonic beam and a predetermined
insertion path of a biopsy needle to be inserted into a subject,
and a control program thereof.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus can display an
ultrasonic image of a subject in real time. An ultrasonic image
obtained in real time allows confirmation of the position of a
biopsy needle inserted into the subject.

[0003] Forexample, Patent Document 1 describes an ultra-
sonic diagnostic apparatus designed to easily distinguish a
biopsy needle inserted into a subject from a body tissue. In
this ultrasonic diagnostic apparatus, an ultrasonic beam is
deflected substantially perpendicularly to the insertion path
of the biopsy needle.

[0004] Patent Document 1: JP-A No. 2004-208859
SUMMARY OF INVENTION
[0005] The ultrasonic diagnostic apparatus described in

Patent Document 1 displays a composite image of an ultra-
sonic image obtained based on an ultrasonic beam deflected
substantially perpendicularly to an insertion path and an
ultrasonic image obtained based on an ordinary ultrasonic
beam. In the composite image, a part containing the ultra-
sonic image obtained based on the deflected ultrasonic beam
clearly displays a biopsy needle, whereas the biopsy needle is
less clearly displayed in a part only containing the ultrasonic
image obtained by the ordinary ultrasonic beam, thatis, a part
not containing the ultrasonic image obtained based on the
deflected ultrasonic beam as compared with the part contain-
ing the ultrasonic image obtained based on the deflected
ultrasonic beam. Thus, it is difficult to recognize whether or
not the biopsy needle has reached the part only containing the
ultrasonic image obtained by the ordinary ultrasonic beam.

[0006] Thus, the biopsy needle in an ultrasonic image is
viewed in various ways according to an angle between the
beam direction of an ultrasonic beam and the biopsy needle.
If an ultrasonic image contains a part clearly displaying the
biopsy needle and a part unclearly displaying the biopsy
needle, an operator may recognize that the biopsy needle in
the unclear part has only reached the clear part. This leads to
the need to identify the angle of an ultrasonic beam with
respect to the biopsy needle.

[0007] If an ultrasonic beam is formed only in one direc-
tion, it is required to select a beam direction of clearly dis-
playing the biopsy needle in an ultrasonic image before the
biopsy needle is inserted.

[0008] Anembodiment of the present invention provides an
ultrasonic diagnostic apparatus characterized by including a
received beam forming unit that forms received ultrasonic
beams based on the echo signals of ultrasonic waves trans-
mitted into a subject; and a display control unit that displays,
in an ultrasonic image formed based on the received ultra-
sonic beams, an image in a display mode corresponding to an
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angle between the beam direction of the received ultrasonic
beam and the predetermined biopsy path of a biopsy needle to
be inserted into the subject.

[0009] According to the embodiment of the present inven-
tion, an image is displayed, in the ultrasonic image, in a
display mode corresponding to an angle between the beam
direction of the received ultrasonic beam and the predeter-
mined biopsy path of the biopsy needle to be inserted into the
subject. Thus, the angle of the received ultrasonic beam can
be easily recognized with respect to the predetermined biopsy
path of the biopsy needle with reference to the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 11is a block diagram schematically illustrating
a configuration example of an embodiment of an ultrasonic
diagnostic apparatus according to the present invention.
[0011] FIG. 2 is a diagram illustrating a display unit that
displays a B-mode image and a biopsy guide line.

[0012] FIG. 3 is an explanatory drawing of an angle
between a predetermined biopsy path and a transmitted/re-
ceived ultrasonic beam.

[0013] FIG. 4 is an enlarged view of the biopsy guide line.
[0014] FIG. 5isanenlarged view of another example of the
biopsy guide line.

[0015] FIG. 6 is an enlarged view of still another example
of the biopsy guide line.

[0016] FIG. 7isadiagram illustrating the beam direction of
transmitted/received ultrasonic beams according to a second
embodiment.

[0017] FIG. 8isa diagram illustrating the beam direction of
other transmitted/received ultrasonic beams according to the
second embodiment.

[0018] FIG.9isadiagram illustrating the beam direction of
other transmitted/received ultrasonic beams according to the
second embodiment.

[0019] FIG. 10 is a diagram of a display unit that displays a
composite image.

[0020] FIG. 11 is a diagram of a display unit according to a
first modification of the second embodiment.

[0021] FIG. 12 is a diagram of a display unit according to a
second modification of the second embodiment.

[0022] FIG. 13 is a diagram of a display unit according to a
third modification of the second embodiment.

[0023] FIG. 14 is a diagram of a display unit that displays a
B-mode image according to a third embodiment.

[0024] FIG. 15 is a diagram of a display unit that displays
another B-mode image according to the third embodiment.
[0025] FIG. 16 is a diagram of a display unit that displays
still another B-mode image according to the third embodi-
ment.

[0026] FIG. 17 is a diagram of a display unit that displays a
B-mode image according to a modification of the third
embodiment.

[0027] FIG. 18 is a diagram of a display unit that displays
still another B-mode image according to the third embodi-
ment.

[0028] FIG. 19 is a diagram of a display unit that displays
still another B-mode image according to the third embodi-
ment.

DETAILED DESCRIPTION

[0029] Embodiments of the present invention will be
described below.
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First Embodiment

[0030] Referring to FIGS. 110 6, a first embodiment will be
first described below. An ultrasonic diagnostic apparatus 1 in
FIG. 1 includes an ultrasonic probe 2, a transmit/receive
beamformer 3, an echo data processing unit 4, a display
control unit 5, a display unit 6, an operation unit 7, a control
unit 8, and a storage 9.

[0031] The ultrasonic probe 2 includes a plurality of ultra-
sonic transducers disposed in an array. The ultrasonic trans-
ducer transmits an ultrasonic wave to a subject and receives
the echo signal of the ultrasonic wave. In the present embodi-
ment, the ultrasonic probe 2 is a convex ultrasonic probe 2.
The ultrasonic probe 2 may be a sector ultrasonic probe.
[0032] A biopsy guide attachment 10 is detachably
attached near an ultrasonic irradiation surface 2a of the ultra-
sonic probe 2. A biopsy needle 11 is attached to the biopsy
guide attachment 10 so as to move forward and backward.
The biopsy needle 11 is inserted into a guide hole (not shown)
provided on the biopsy guide attachment 10, so that the
biopsy needle 11 is attached to the biopsy guide attachment
10. A plurality of guide holes may be provided. The biopsy
needle 11 may be inserted into the guide holes at different
angles with respect to the subject.

[0033] The biopsy needle 11 attached to the biopsy guide
attachment 10 is located on one end of the ultrasonic probe 2
in the azimuth direction (x axis direction in FIG. 1); mean-
while, the biopsy guide attachment 10 is mounted on the
ultrasonic probe 2.

[0034] The biopsy needle 11 attached to the ultrasonic
probe 2 via the biopsy guide attachment 10 can move forward
and backward along the transmit/receive surface (scanning
surface) of ultrasonic waves.

[0035] The transmit/receive beamformer 3 forms a trans-
mitted/received ultrasonic beam (beam forming function).
The transmitted/received ultrasonic beam is a concept includ-
ing a transmitted ultrasonic beam and a received ultrasonic
beam.

[0036] The transmit/receive beamformer 3 feeds a signal
for transmitting a transmitted ultrasonic beam of a predeter-
mined transmission parameter from the ultrasonic probe 2, to
the ultrasonic probe 2 based on a control signal from the
control unit 8.

[0037] The transmit/receive beamformer 3 performs signal
processing such as A/D conversion and delayed addition and
signal processing for amplification with a predetermined gain
on an echo signal received by the ultrasonic probe 2, forming
areceived ultrasonic beam. The transmit/receive beamformer
3 is an exemplary embodiment of a received beam forming
unit according to the present invention. The beam forming
function is an exemplary embodiment of a received beam
forming function according to the present invention.

[0038] The transmit/receive beamformer 3 outputs echo
data to the echo data processing unit 4 after the signal pro-
cessing.

[0039] The echo data processing unit 4 performs process-
ing for creating ultrasonic images on the echo data outputted
from the transmit/receive beamformer 3. For example, the
echo data processing unit 4 generates B-mode data by per-
forming B-mode processing including logarithmic compres-
sion and envelope demodulation.

[0040] Thedisplay controlunit5 performs a display control
function. Specifically, the display control unit 5 creates
B-mode image data by performing scan conversion on the
B-mode data with a scan converter. The display control unit 5
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displays a B-mode image on the display unit 6 based on the
B-mode image data. The B-mode image is an exemplary
embodiment of an ultrasonic image according to the present
invention.

[0041] As shown in FIG. 2, the display control unit 5 dis-
plays a biopsy guide line GL, which indicates a predeter-
mined insertion path of the biopsy needle 11, in a B-mode
image BI displayed on the display unit 6. The biopsy guide
line GL indicates an insertion path when the biopsy needle 11
is inserted into a subject by means of the biopsy guide attach-
ment 10.

[0042] Thestorage 9 stores the position of the biopsy guide
line GL in the B-mode image BI according to the type of
biopsy guide attachment 10 and the position of a guide hole
for inserting the biopsy needle 11 on the biopsy guide attach-
ment 10.

[0043] The biopsy guide line GL is displayed in a display
mode corresponding to an angle between the biopsy guide
line GL and a transmitted/received ultrasonic beam, which
will be specifically described later. The display control unit 5
is an exemplary embodiment of a display control unit accord-
ing to the present invention. The biopsy guide line GL is an
exemplary embodiment of an image having a display mode
corresponding to an angle between the beam direction of a
received ultrasonic beam and the predetermined insertion
path of the biopsy needle to be inserted into a subject.
[0044] The display unit 6 is, for example, an LCD (Liquid
Crystal Display) or a CRT (Cathode Ray Tube). The opera-
tion unit 7 includes a keyboard and a pointing device (not
shown) that allow an operator to input instructions and infor-
mation.

[0045] The control unit 8 is a CPU (CentRal Processing
Unit) that reads a control program stored in the storage 9 and
performs the functions of the units of the ultrasonic diagnos-
tic apparatus 1, for example, the beam forming function and
the display control function.

[0046] The storage 9 is, for example, an HDD (Hard Disk
Drive) or a semiconductor memory.

[0047] The operations of the ultrasonic diagnostic appara-
tus 1 according to the present embodiment will be described
below. The operator transmits and receives ultrasonic waves
through the ultrasonic probe 2 to display the B-mode image
BI on the display unit 6. The operator enters an input through
the operation unit 7 to select the type of biopsy guide attach-
ment 10 and a guide hole for inserting the biopsy needle 11.
This entry specifies the biopsy guide line GL and causes the
display control unit 5 to display the biopsy guide line GL on
the B-mode image BI.

[0048] Referring to FIG. 3, an angle between the predeter-
mined biopsy path indicated by the biopsy guide line GL and
a transmitted/received ultrasonic beam will be described
below. In FIG. 3, reference character gl denotes the predeter-
mined biopsy path and reference character BM denotes trans-
mitted/received ultrasonic beams. The ultrasonic probe 2
sequentially transmits and receives ultrasonic waves accord-
ing to sound rays, sequentially forming the transmitted/re-
ceived ultrasonic beams BM. The transmitted/received ultra-
sonic beams BM and the predetermined biopsy path gl form
different angles 6 (the sign is omitted). The angles are defined
as 0=90°.

[0049] FIG. 3 illustrates only some of the transmitted/re-
ceived ultrasonic beams BM.

[0050] The biopsy guide line GL is displayed in a display
mode corresponding to the angle 6. The display control unit 5
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determines the angle 6 based on the position of the received
ultrasonic beam BM in the B-mode image BI and the position
of the predetermined biopsy path of the biopsy needle 11.
[0051] Inthepresent embodiment, the biopsy guide line GL
is indicated by a broken line. As illustrated in the enlarged
view of FIG. 4, the biopsy guide line GL increases in width
with the angle 0. The biopsy guide line GL includes a first
portion P1, a second portion P2, a third portion P3, a fourth
portion P4, and a fifth portion P5. The first portion P1 has the
largest width, whereas the second portion P2 and the third
portion P3 equally have the second largest width. Moreover,
the fourth portion P4 has the third largest width while and the
fifth portion P5 has the smallest width.

[0052] The angle 6 is about 90° on the first portion P1.
Specifically, the angle 0 on the first portion P1 is expressed as
90-0.=0<90. For example, a is set such that the angle 6 allows
an operator to clearly recognize the biopsy needle 11 in the
B-mode image BI (for example, a<0.5°). The angle 6 on the
second portion P2 and the third portion P3 is expressed as
90-P=6<90-a(a<p). The angle B on the fourth portion P4 is
expressed as 90-y=6<90-f (f<y). The angle 6 on the fifth
portion P5 is expressed as 90-0<6<90-y (y<0).

[0053] If the angle 6 is about 90°, the biopsy needle 11 is
clearly displayed in the B-mode image BI. As the angle 0
decreases from 90°, the biopsy needle 11 becomes more
unclear in the B-mode image BI. Referring to the width of the
biopsy guide line GL, the angle of the transmitted/received
ultrasonic beam BM can be easily identified relative to the
predetermined biopsy path gl of the biopsy needle 11. A fine
pattern on the biopsy guide line GL allows an operator to
observe the B-mode image BI in consideration of the
unclearly displayed biopsy needle 11 in the B-mode image
BI. The biopsy needle 11 can be observed in consideration of
how the biopsy needle 11 is displayed according to the angle
0, allowing the operator to easily confirm whether the biopsy
needle 11 has reached a point or not.

[0054] In the first embodiment, the display modes of the
biopsy guide line GL are not limited to those of FIG. 4 as long
as the biopsy guide line GL partially varies in display mode
according to the angle 8. For example, as shown in FIG. 5, the
biopsy guide line GL. may be represented as a solid line and
kinds of broken lines. In FIG. 5, the first portion P1 is
expressed as a solid line, whereas the second portion P2, the
third portion P3, the fourth portion P4, and the fifth portion P5
are expressed as different types of broken lines that depend
upon the angle 0.

[0055] As shown in FIG. 6, the first portion and other por-
tions (the second portion P2 to the fifth portion P5) of the
biopsy guide line GI. may be displayed in different display
modes. In FIG. 6, the first portion P1 is different in width from
the second portion P2 to the fifth portion P5. Since the first
portion P1 and other portions of the biopsy guide line GL are
displayed in different display modes, a portion where the
angle 8 is about 90° can be distinguished from other portions.
Thus, an operator can observe the B-mode image BI in con-
sideration of a part containing the unclearly displayed biopsy
needle 11 in the B-mode image BI.

[0056] In the explanation, the biopsy guide line GL is dis-
played in different display modes in the four ranges of
90-0=0<90,  90-f=6<90-c,  90-y=0<90-p, and
90-0<0<90-y. The angle 0 in different display modes is not
limited to these ranges. For example, the biopsy guide line GL,
may be displayed in different display modes for the respective
degrees of the angle 6.
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Second Embodiment

[0057] A second embodiment will be described below.
Only different matters from the first embodiment will be
discussed below.

[0058] An ultrasonic diagnostic apparatus 1 of the present
embodiment is identical in configuration to that of the first
embodiment. The ultrasonic probe 2 of the present embodi-
ment is a linear ultrasonic probe.

[0059] In the present embodiment, transmitted/received
ultrasonic beams in multiple directions are formed and then a
composite ultrasonic image is obtained based on the trans-
mitted/received ultrasonic beams. In the present embodi-
ment, as shown in FIGS. 7 to 9, transmitted/received ultra-
sonic beams BM1 to BM3 are formed in three directions.
Specifically, the transmitted/received ultrasonic beams BM1
in FIG. 7 are perpendicular to an irradiation surface 2a of the
ultrasonic probe 2. The transmitted/received ultrasonic
beams BM2 in FIG. 8 and the transmitted/received ultrasonic
beams BM3 in FIG. 9 are tilted by an equal angle in different
directions with respect to the transmitted/received ultrasonic
beams BM1. An angle 0 between the transmitted/received
ultrasonic beams BM2 and the predetermined biopsy path gl
of the biopsy needle 11 is about 90°, whereas an angle 0
between the transmitted/received ultrasonic beams BM1 and
BMS3 and the predetermined biopsy path gl is smaller than
90°.

[0060] For example, the ultrasonic probe 2 transmits and
receives ultrasonic waves for forming the transmitted/re-
ceived ultrasonic beams BM1 and then transmits and receives
ultrasonic waves for forming the transmitted/received ultra-
sonic beams BM2. After that, the ultrasonic probe 2 transmits
and receives ultrasonic waves for forming the transmitted/
received ultrasonic beams BM3. The display control unit 5
adds up a B-mode image BI1 based on the transmitted/re-
ceived ultrasonic beams BM1, a B-mode image BI2 based on
the transmitted/received ultrasonic beams BM2, and a
B-mode image BI3 based on the transmitted/received ultra-
sonic beams BM3 to obtain a composite image Bladd that is
displayed on the display unit 6 as shown in FIG. 10. In FIG.
10, the edges of the B-mode images BI1 to BI3 are illustrated
for the sake of explanation but are not displayed in the actual
composite image Bladd.

[0061] As shown in FIG. 10, the display control unit 5
displays a biopsy guide line GL in the composite image Bladd
displayed on the display unit 6. Also in the present embodi-
ment, an operator’s input through the operation unit 7 dis-
plays the biopsy guide line GL.

[0062] Also in the present embodiment, the biopsy guide
line GL is displayed in a display mode corresponding to an
angle 6 between a transmitted/received ultrasonic beam BM
and the predetermined biopsy path gl (biopsy guide line GL).
In the present embodiment, the biopsy guide line GL is
expressed as different broken lines in an area Ra containing
the formed transmitted/received ultrasonic beams BM2 and
an area Rb other than the area Ra.

[0063] The area Ra containing the transmitted/received
ultrasonic beams BM2 includes a composite area ofa part of
the B-mode image BI2 and a part of the B-mode image BI1
and an area only including the B-mode image BI2 (parallelo-
gram area). In the area Ra, the angle 0 between the transmit-
ted/received ultrasonic beam BM2 and the biopsy guide line
GL is about 90°, which clearly displays the biopsy needle 11
in the composite image Bladd.
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[0064] The area Rb other than the area containing the
formed transmitted/received ultrasonic beams BM2, that is,
an area only containing the transmitted/received ultrasonic
beams BMI1, an area containing the transmitted/received
ultrasonic beams BM1 and BM3, and an area containing the
ultrasonic beams BM3 are an area only containing the
B-mode image BI1, a composite area of the B-mode image
BI1 and the B-mode image B13, and an area containing only
the B-mode image BI3 (triangular area).

[0065] For a part containing the transmitted/received ultra-
sonic beams BM, for example, a larger angle is used as the
angle 0. In the area Ra including a part containing the trans-
mitted/received ultrasonic beams BM1, for example, an angle
between the transmitted/received ultrasonic beam BM2 and
the predetermined biopsy path gl is larger than an angle
between the transmitted/received ultrasonic beam BM1 and
the predetermined biopsy path gl. Thus, the display mode of
the biopsy guide line GL in the area Ra is determined by the
angle 6 that is an angle between the transmitted/received
ultrasonic beam BM2 and the predetermined biopsy path gl.

[0066] According to the present embodiment, the biopsy
guide line GL in the area with the angle 0 of about 90° is
displayed in a different display mode from the other area.
Thus, as in the first embodiment, a B-mode image BI can be
observed in consideration of a part where the biopsy needle
11 is unclearly displayed in the B-mode image BI.

[0067] Modifications of the second embodiment will be
described below. A first modification will be first discussed
below. In the first modification, as shown in FIG. 11, the
display control unit 5 displays an edge OL, which defines the
area Ra containing the received ultrasonic beams BM2, on the
display unit 6. The edge OL is an exemplary embodiment of
an area defining image that indicates the area of received
ultrasonic beams formed in the same direction.

[0068] Also in the first modification, the area containing the
transmitted/received ultrasonic beams BM perpendicular to
the predetermined biopsy path gl of the biopsy needle 11 in
the B-mode image BI can be distinguished from the other area
by the edge OL. This allows an operator to observe the
B-mode image BI in consideration of a part where the biopsy
needle 11 is clearly displayed and a part where the biopsy
needle 11 is unclearly displayed.

[0069] In the first modification, the edge OL may be dis-
played on the area Rb instead of the area Ra. The edge OL on
the area Rb is not particularly illustrated. The edge OL dis-
played on the area Rb allows an operator to distinguish an
area containing the transmitted/received ultrasonic beams
BM perpendicular to the predetermined biopsy path gl of the
biopsy needle 11 from the other area.

[0070] A second modification will be described below. In
this modification, as shown in FI1G. 12, the biopsy guide line
GL in the area Ra containing the transmitted/received ultra-
sonic beams BM2 is displayed in a different display mode
from the other area Rb. In the area Rb, the biopsy guide line
GL in an area Rbl is displayed in a different display mode
from an area Rb2. In FIG. 12, the biopsy guide line GL is
indicated by different kinds of broken lines in the area Ra, the
area Rb1, and the area Rb2.

[0071] The area Rb1 in the area Rb contains the transmit-
ted/received ultrasonic beams BM1. The area Rb1 includes an
area containing only the B-mode image BI1 and a composite
area of the B-mode image BI1 and the B-mode image BI3.
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The area Rb2 in the area Rb only contains the transmitted/
received ultrasonic beams BM3. The area Rb2 only includes
the B-mode image BI3.

[0072] In this modification, the biopsy guide line GL is
indicated by three kinds of broken lines and partially varies in
display mode according to the angle 6. This allows an opera-
tor to observe the biopsy needle 11 in consideration of how
the biopsy needle 11 is displayed according to the angle 6.
[0073] A third modification will be described below. In this
modification, as shown in FIG. 13, an edge OLa on the area
Ra, an edge OLb1 on the area Rb1, and an edge OLb2 on the
area Rb2 are displayed. The edges OLa, OLb1, and OLb2 are
displayed in different display modes. The edge OLa is indi-
cated by a solidline in FIG. 13. The edges OLb1 and OLb2 are
different kinds of broken lines.

[0074] Theedges ofthe B-mode image BI1 and the B-mode
image BI3 are shown in the other drawings for the sake of
explanation but are not shown in FIG. 13.

[0075] In this modification, the edges OLa, OLbl, and
OLb2 are displayed in different display modes according to
the angle 0, allowing an operator to observe the biopsy needle
11 in consideration of how the biopsy needle 11 is displayed
according to the angle 6.

Third Embodiment

[0076] A third embodiment will be described below. Only
different matters from the first and second embodiments will
be discussed below.

[0077] Also in the present embodiment, as in the second
embodiment, ultrasonic waves are transmitted and received
by a linear ultrasonic probe to form the transmitted/received
ultrasonic beams BM1 to BM3. Unlike in the second embodi-
ment, a composite image Bladd of the B-mode images BI1 to
BI3 is not created. In the present embodiment, transmission
and reception are switched among ultrasonic waves for form-
ing the transmitted/received ultrasonic beams BM1, ultra-
sonic waves for forming the transmitted/received ultrasonic
beams BM2, and ultrasonic waves for forming the transmit-
ted/received ultrasonic beams BM3. Thus, a B-mode image
Blis displayed based on one ofthe transmitted/received ultra-
sonic beams BM1 to BM3. The transmitted/received ultra-
sonic beams BM1 to BM3 are switched based on an opera-
tor’s input on the operation unit 7.

[0078] As shown in FIGS. 14 to 16, a biopsy guide line GL
is displayed in a display mode corresponding to the angle 8 in
the B-mode images BI1 to BI3. In the present embodiment,
the biopsy guide line GL is indicated by different kinds of
broken lines according to the angle 6.

[0079] According to the present embodiment, an operator
switches the beam directions of the transmitted/received
ultrasonic beams BM to display one of the B-mode images
BI1 to BI3 before inserting a biopsy needle 11. The biopsy
guide line GL. is displayed in a display mode corresponding to
the angle 6 in the B-mode images BI1 to BI3, allowing the
operator to easily recognize a beam direction of most clearly
displaying the biopsy needle 11. Thus, before the insertion of
the biopsy needle 11, the operator can easily select the beam
direction of most clearly displaying the biopsy needle 11.
[0080] In the present embodiment, the beam direction of
the transmitted/received ultrasonic beam BM2 allows the
biopsy needle 11 to be most clearly displayed. Thus, the
operator selects the beam direction of the transmitted/re-
ceived ultrasonic beam BM2 to display the B-mode image
BI2, and then inserts the biopsy needle 11.
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[0081] A modification of the third embodiment will be
described below. In this modification, as shown in FIGS. 17 to
19, the B-mode images BI1 to BI3 have edges OL1, OL2, and
OL3 that are displayed in display modes according to the
angle 6. In this modification, the edges OL1, OL.2, and OL3
are different kinds of broken lines.

[0082] The present invention was described with reference
to the foregoing embodiments. As a matter of course, the
present invention can be changed within the scope of the
present invention. For example, the display modes of the
biopsy guide line GL are not limited to those of the foregoing
embodiments and may vary in color according to the angle 6.
The edge OL may also vary in color according to the angle 6.
[0083] The images of the area Ra and the areas Rb, Rbl,
and Rb2 are not limited to the edges OL, OLa, OLb1, and
OLb2. For example, the area Ra and the areas Rb, Rb1, and
Rb2 may be colored. In this case, the areas vary in color
according to the angle 6. If the areas are colored, the areas are
made transparent to the B-mode image BI on the background.
[0084] Forexample, if the focus of a transmitted ultrasonic
beam is not formed, the angle 6 is formed between the beam
direction ofa received ultrasonic beam and the predetermined
biopsy path gl.

What is claimed is:

1. An ultrasonic diagnostic apparatus, comprising:

a received beam forming unit that forms received ultra-
sonic beams based on echo signals of ultrasonic waves
transmitted into a subject; and

a display control unit that displays, in an ultrasonic image
formed based on the received ultrasonic beams, an
image in a display mode corresponding to an angle
between a beam direction of the received ultrasonic
beam and a predetermined biopsy path of a biopsy
needle to be inserted into the subject.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the image is a biopsy guide line indicating the
predetermined biopsy path of the biopsy needle, the biopsy
guide line being displayed in different display modes accord-
ing to the angle.

3. The ultrasonic diagnostic apparatus according to claim

2, wherein the biopsy guide line partially varies in display
mode according to the angle.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein the image is an area defining image that indicates
an area of the received ultrasonic beams formed in an identi-
cal direction, the area defining image being displayed in
different display modes according to the angle.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein a part of the ultrasonic image where the beam
direction of the received ultrasonic beam is substantially pet-
pendicular to the predetermined biopsy path of the biopsy
needle is distinct from the other part of the ultrasonic image.

6. The ultrasonic diagnostic apparatus according to claim

1, wherein the image is the biopsy guide line indicating the
predetermined biopsy path of the biopsy needle, the biopsy
guide line is displayed in a display mode in the part where the
beam direction of the received ultrasonic beam is substan-
tially perpendicular to the predetermined biopsy path of the
biopsy needle, and the biopsy guide line is displayed in a
different display mode in the other part.

7. The ultrasonic diagnostic apparatus according to claim

1, wherein the image is an area defining image that indicates
an area of the received ultrasonic beams formed in an identi-
cal direction, and a part of the ultrasonic image where the
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beam direction of the received ultrasonic beam is substan-
tially perpendicular to the predetermined biopsy path of the
biopsy needle is distinct from the other part of the ultrasonic
image.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein the angle between the beam direction of the
received ultrasonic beam and the predetermined biopsy path
is specified based on a position of the received ultrasonic
beam and a position of the predetermined biopsy path in the
ultrasonic image.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the received beam forming unit forms a plurality of
received ultrasonic beams in different beam directions, the
received ultrasonic beams including a received ultrasonic
beam substantially perpendicular to the predetermined
biopsy path.

10. A method of controlling an ultrasonic diagnostic appa-
ratus, the method comprising:

forming received ultrasonic beams based on echo signals
of ultrasonic waves transmitted into a subject; and

displaying, in an ultrasonic image formed based on the
received ultrasonic beams, an image in a display mode
corresponding to an angle between a beam direction of
the received ultrasonic beam and a predetermined
biopsy path of a biopsy needle to be inserted into the
subject.

11. The ultrasonic diagnostic apparatus according to claim
2, wherein a part of the ultrasonic image where the beam
direction of the received ultrasonic beam is substantially per-
pendicular to the predetermined biopsy path of the biopsy
needle is distinct from the other part of the ultrasonic image.

12. The ultrasonic diagnostic apparatus according to claim
11, wherein the angle between the beam direction of the
received ultrasonic beam and the predetermined biopsy path
is specified based on a position of the received ultrasonic
beam and a position of the predetermined biopsy path in the
ultrasonic image.

13. The ultrasonic diagnostic apparatus according to claim
12, wherein the received beam forming unit forms a plurality
of received ultrasonic beams in different beam directions, the
received ultrasonic beams including a received ultrasonic
beam substantially perpendicular to the predetermined
biopsy path.

14. The uvltrasonic diagnostic apparatus according to claim
2, wherein the image is the biopsy guide line indicating the
predetermined biopsy path of the biopsy needle, the biopsy
guide line is displayed in a display mode in the part where the
beam direction of the received ultrasonic beam is substan-
tially perpendicular to the predetermined biopsy path of the
biopsy needle, and the biopsy guide line is displayed in a
different display mode in the other part.

15. The ultrasonic diagnostic apparatus according to claim
2, wherein the image is an area defining image that indicates
an area of the received ultrasonic beams formed in an identi-
cal direction, and a part of the ultrasonic image where the
beam direction of the received ultrasonic beam is substan-
tially perpendicular to the predetermined biopsy path of the
biopsy needle is distinct from the other part of the ultrasonic
image.

16. The ultrasonic diagnostic apparatus according to claim
2, wherein the angle between the beam direction of the
received ultrasonic beam and the predetermined biopsy path
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is specified based on a position of the received ultrasonic
beam and a position of the predetermined biopsy path in the
ultrasonic image.

17. The ultrasonic diagnostic apparatus according to claim
2, wherein the received beam forming unit forms a plurality of
received ultrasonic beams in different beam directions, the
received ultrasonic beams including a received ultrasonic
beam substantially perpendicular to the predetermined
biopsy path.

18. The ultrasonic diagnostic apparatus according to claim
7, wherein the angle between the beam direction of the
received ultrasonic beam and the predetermined biopsy path
is specified based on a position of the received ultrasonic
beam and a position of the predetermined biopsy path in the
ultrasonic image.

19. The ultrasonic diagnostic apparatus according to claim
18, wherein the received beam forming unit forms a plurality
of received ultrasonic beams in different beam directions, the
received ultrasonic beams including a received ultrasonic
beam substantially perpendicular to the predetermined
biopsy path.

20. The ultrasonic diagnostic apparatus according to claim
4, wherein a part of the ultrasonic image where the beam
direction of the received ultrasonic beam is substantially per-
pendicular to the predetermined biopsy path of the biopsy
needle is distinct from the other part of the ultrasonic image.
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