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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a photoacous-
tic image generation apparatus according to the pream-
ble of claim 1, that is, an apparatus of emitting light toward
a subject and imaging the subject based on acoustic
waves generated from a part of the subject that has re-
ceived the light.

2. Description of the Related Art

[0002] As conventionally disclosed in, for example,
JP2005-21380A and JP2011-217767A, a photoacoustic
imaging apparatus for imaging the inside of a living body
using the photoacoustic effect has been known. In this
photoacoustic imaging apparatus, pulsed light, such as
pulsed laser light, is emitted to the living body. Inside the
living body to which the pulsed light has been emitted,
the volume of the living tissue that has absorbed the en-
ergy of the pulsed light increases due to heat, and acous-
tic waves are generated. Therefore, it is possible to detect
the acoustic waves using detection means, such as an
ultrasound probe, and visualize the inside of the living
body based on the electrical signal (photoacoustic signal)
obtained by the detection.
[0003] Since the photoacoustic imaging apparatus
forms an image based only on the acoustic waves emitted
from a specific light absorber, the photoacoustic imaging
apparatus is suitable for imaging a specific tissue in the
living body, for example, a blood vessel.
[0004] On the other hand, as disclosed in, for example,
JP2005-342128A and JP2006-055407A, an insertion op-
eration for collecting tissues or injecting drugs using an
insertion needle inserted into the living body has been
known. When performing the insertion operation, it is re-
quired to be able to grasp the position of the insertion
needle, especially, the distal end position by imaging it
during the operation so that organs, tissues, and the like
inside the living body are not damaged by the distal end
of the insertion needle.
[0005] As a method of responding to the request, as
conventionally disclosed in JP2005-342128A and
JP2006-055407A, there has been known a method of
displaying a part of a living body including an insertion
needle on an ultrasound image so that the position of the
insertion needle can be checked on the image. In such
a method, however, there is a problem that, in a case
where the insertion needle deviates from the scanning
plane (scanning cross section) on which the insertion
needle is being observed, it is difficult to check the inser-
tion needle.
US 2012/253180 A1 discloses a photoacoustic image
generation apparatus to the preamble of claim 1, this
apparatus having also the difficulty, that the user cannot

exactly check the insertion needle.
[0006] Therefore, JP2005-342128A proposes a meth-
od of generating an ultrasound image for a plurality of
scanning cross sections and regarding a scanning cross
section having the highest reflection brightness as a
cross section through which the distal end of the insertion
needle passes. JP2006-055407A proposes a method of
determining the deviation of the insertion needle from the
scanning cross section based on the difference between
the amount of movement of the distal end of the insertion
needle and the amount of movement of the insertion nee-
dle between the frames of an ultrasound image.
JP2013-027513A discloses a method of displaying an
insertion needle on a photoacoustic image so that the
position of the insertion needle can be checked on the
photoacoustic image.

SUMMARY OF THE INVENTION

[0007] However, in the generation of an ultrasound im-
age, the reflection direction of the reflected ultrasound
wave reflected at the distal end of the insertion needle
changes according to the angle between the insertion
needle and the ultrasound wave emitted to the insertion
needle. For this reason, in the method disclosed in
JP2005-342128A, depending on the angle at which ul-
trasound waves are reflected, everything having a high
brightness is not necessarily a scanning cross section.
Accordingly, the distal end position of the insertion needle
may be erroneously detected.
[0008] In the method disclosed in JP2006-055407A, in
a case where ultrasound waves do not hit the insertion
needle vertically, the detection signal of the reflected ul-
trasound waves is weak. Accordingly, there is a problem
that it is difficult to accurately calculate the amount of
movement of the distal end of the insertion needle or the
amount of movement of the insertion needle itself.
[0009] In the method disclosed in JP2013-027513A,
since light emitted toward the insertion needle in the sub-
ject diffuses in the subject, the light emitted toward the
insertion needle in the subject is emitted to the insertion
needle or the like over a relatively wide range. Therefore,
even if the distal end of the insertion needle is present
at a position deviating from the scanning cross section,
a photoacoustic image is drawn so that the distal end is
present on the scanning cross section. As a result, the
distal end position of the insertion needle may be erro-
neously detected.
[0010] The present invention has been made in view
of the aforementioned situation, and it is an object of the
present invention to provide a photoacoustic image gen-
eration apparatus capable of accurately indicating
whether or not the distal end of an interventional instru-
ment, such as an insertion needle inserted into a subject,
is present on the observation scanning plane generated
as an image.
[0011] A photoacoustic image generation apparatus
according to the present invention is a photoacoustic im-
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age generation apparatus for generating a photoacoustic
image of a subject including an interventional instrument
for each scanning plane. The photoacoustic image gen-
eration apparatus comprises: means for generating a re-
flected acoustic wave image of the subject for each scan-
ning plane; means for detecting a change in a photoa-
coustic image on an observation scanning plane, which
is generated as an image, from a plurality of photoacous-
tic images regarding the observation scanning plane;
means for detecting a change in a reflected acoustic
wave image on the observation scanning plane from a
plurality of reflected acoustic wave images regarding the
observation scanning plane; determination means for de-
termining whether or not a distal end of the interventional
instrument is present on the observation scanning plane
based on the change in the photoacoustic image and the
change in the reflected acoustic wave image; and notifi-
cation means for sending notification of a result of the
determination.
[0012] It is preferable that, in a case where there are
both the change in the photoacoustic image and the
change in the reflected acoustic wave image, the deter-
mination means determines that the distal end of the in-
terventional instrument is present on the observation
scanning plane.
[0013] Alternatively, in a case where both the change
in the photoacoustic image and the change in the reflect-
ed acoustic wave image are equal to or greater than a
reference value set in advance, the determination means
may determine that the distal end of the interventional
instrument is present on the observation scanning plane.
[0014] It is preferable that the photoacoustic image
generation apparatus of the present invention has means
for changing the reference value described above.
[0015] In addition, it is preferable that the reference
value described above is set for each of the change in
the photoacoustic image and the change in the reflected
acoustic wave image.
[0016] In the photoacoustic image generation appara-
tus of the present invention, it is preferable that means
for detecting a change in the photoacoustic image de-
tects a change in a photoacoustic image from two pho-
toacoustic images that are most recent in generation or-
der in a case where a frame rate for generation of a pho-
toacoustic image is different from a frame rate for gen-
eration of a reflected acoustic wave image and that
means for detecting a change in the reflected acoustic
wave image detects a change in a photoacoustic image
from two reflected acoustic wave images that are most
recent in generation order in a case where the frame rate
for generation of a photoacoustic image is different from
the frame rate for generation of a reflected acoustic wave
image.
With the apparatus according to the invention, it is pos-
sible to implement a photoacoustic image generation
method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 is a block diagram showing the schematic con-
figuration of a photoacoustic imaging apparatus ac-
cording to a first embodiment of the present inven-
tion.
Fig. 2 is a flowchart showing a process for indicating
the position of an insertion needle, which is per-
formed by the apparatus shown in Fig. 1.
Fig. 3 is a schematic diagram showing an example
of the relationship between an insertion needle and
an observation scanning plane.
Fig. 4 is a schematic diagram showing another ex-
ample of the relationship between the insertion nee-
dle and the observation scanning plane.
Fig. 5 is a schematic diagram showing a display ex-
ample of the insertion needle in a photoacoustic im-
age and an ultrasound image.
Fig. 6 is a schematic diagram showing a display ex-
ample of the insertion needle in an ultrasound image.
Fig. 7 is a schematic diagram showing a display ex-
ample of the insertion needle in a photoacoustic im-
age.
Fig. 8 is a block diagram showing the schematic con-
figuration of a photoacoustic imaging apparatus ac-
cording to a second embodiment of the present in-
vention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0018] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the dia-
grams. Fig. 1 is a block diagram showing the basic con-
figuration of a photoacoustic image generation apparatus
10 according to a first embodiment of the present inven-
tion. The photoacoustic image generation apparatus 10
can generate both a photoacoustic image and an ultra-
sound image, and includes an ultrasound probe (probe)
11, an ultrasound unit 12, a laser unit 13, and image
display means 14.
[0019] As the laser unit 13, for example, a laser unit
that emits laser light having a center wavelength of 756
nm is applied. From the laser unit 13, pulsed laser light
(hereinafter, simply referred to as laser light) is emitted
toward a subject. Although the path of the laser light is
schematically shown in Fig. 1, it is desirable that the laser
light is guided to the probe 11 using guiding means, such
as a plurality of optical fibers, and is emitted toward the
subject from a portion of the probe 11.
[0020] The probe 11 performs output (transmission) of
ultrasound waves to the subject and detection (reception)
of reflected ultrasound waves that are reflected back from
the subject. Therefore, the probe 11 has a plurality of
ultrasound transducers arranged in a one-dimensional
manner, for example. The probe 11 detects photoacous-
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tic waves, which are generated when an observation part
in the subject absorbs the laser light from the laser unit
13, with the plurality of ultrasound transducers. The probe
11 detects the photoacoustic waves and outputs a pho-
toacoustic wave detection signal, and detects the reflect-
ed ultrasound waves (reflected acoustic waves) and out-
puts an ultrasound detection signal.
[0021] In a case where the guiding means described
above is coupled to the probe 11, an end portion of the
guiding means, that is, distal end portions of a plurality
of optical fibers or the like are arranged along the ar-
rangement direction of the plurality of ultrasound trans-
ducers. From the distal end portions, laser light is emitted
toward the subject. Hereinafter, the case where the guid-
ing means is coupled to the probe 11 as described above
will be described as an example.
[0022] When generating a photoacoustic image or an
ultrasound image (reflected acoustic wave image) of the
subject, the probe 11 is moved in a direction approxi-
mately perpendicular to the one-dimensional direction in
which a plurality of ultrasound transducers are arranged.
Accordingly, the subject is scanned in a two-dimensional
manner with the laser light and the ultrasound waves.
This scan may be performed by an examiner who man-
ually moves the probe 11, or a more precise two-dimen-
sional scan may be realized using a scanning mecha-
nism.
[0023] Instead of the ultrasound waves described
above, acoustic waves having audible frequencies may
be used to generate an image based on the reflected
acoustic waves.
[0024] The ultrasound unit 12 has a receiving circuit
21, AD conversion means 22, a receiving memory 23,
data separation means 24, photoacoustic image gener-
ation means 25, ultrasound image generation means 26.
The output of the photoacoustic image generation means
25 is input to the image display means 14, which is formed
by using, for example, a CRT or a liquid crystal display
device, through image combining means 52 to be de-
scribed later. In addition, the ultrasound unit 12 has a
transmission control circuit 30, control means 31 for con-
trolling the operation of each section in the ultrasound
unit 12, image change detection means 50, and deter-
mination means 51.
[0025] The receiving circuit 21 receives the photoa-
coustic wave detection signal and the ultrasound detec-
tion signal output from the probe 11. The AD conversion
means 22 is sampling means, and samples the photoa-
coustic wave detection signal and the ultrasound detec-
tion signal received by the receiving circuit 21 and con-
verts the photoacoustic wave detection signal and the
ultrasound detection signal into photoacoustic data and
ultrasound data that are digital signals. This sampling is
performed at predetermined sampling periods in syn-
chronization with an AD clock signal. The receiving circuit
21 may be configured to include the AD conversion
means 22.
[0026] The laser unit 13 is configured to include a

Ti:Sapphire laser, an optical parametric oscillation (OPO)
laser based on the second harmonic excitation of a YAG
laser, a Q-switch pulsed laser formed of an alexandrite
laser, or the like. A laser oscillation trigger signal instruct-
ing the emission of light is input to the laser unit 13 from
the control means 31. When the laser oscillation trigger
signal is received, the laser unit 13 emits pulsed laser
light having a wavelength of 756 nm. In addition, the laser
unit 13 may be formed of other semiconductor lasers, for
example.
[0027] The control means 31 inputs an ultrasound trig-
ger signal instructing the transmission of ultrasound
waves to the transmission control circuit 30. When the
ultrasound trigger signal is received, the transmission
control circuit 30 makes the probe 11 transmit ultrasound
waves. The control means 31 outputs the laser oscillation
trigger signal first, and then outputs the ultrasound trigger
signal. Emission of laser light toward the subject in re-
sponse to the output of the laser oscillation trigger signal
and detection of photoacoustic waves are performed,
and then transmission of ultrasound waves to the subject
in response to the output of the ultrasound trigger signal
and detection of reflected ultrasound waves are per-
formed.
[0028] The control means 31 further outputs a sam-
pling trigger signal instructing the start of sampling to the
AD conversion means 22. The sampling trigger signal is
output after the laser oscillation trigger signal is output
and before the ultrasound trigger signal is output, more
preferably, at a timing at which laser light is actually emit-
ted toward the subject. Therefore, the sampling trigger
signal is output in synchronization with a timing at which
the control means 31 outputs the laser oscillation trigger
signal, for example In response to the reception of the
sampling trigger signal, the AD conversion means 22
starts the sampling of the photoacoustic wave detection
signal that is received by the receiving circuit 21 after
being output from the probe 11.
[0029] The control means 31 outputs the ultrasound
trigger signal at a timing, at which the detection of pho-
toacoustic waves is ended, after outputting the laser os-
cillation trigger signal. At this time, the AD conversion
means 22 continues the sampling without interrupting
the sampling of a photoacoustic wave detection signal.
In other words, the control means 31 outputs an ultra-
sound trigger signal in a state in which the AD conversion
means 22 continues to sample the photoacoustic wave
detection signal. In response to the ultrasound trigger
signal, the probe 11 transmits ultrasound waves. Then,
the detection target of the probe 11 is changed to reflect-
ed ultrasound waves from the photoacoustic waves. The
AD conversion means 22 continuously samples the pho-
toacoustic wave detection signal and the ultrasound de-
tection signal by continuously sampling the detected ul-
trasound detection signal. The ultrasound trigger signal
may be output after the AD conversion means 22 stops
sampling the photoacoustic wave detection signal.
[0030] The AD conversion means 22 stores the pho-
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toacoustic data and the ultrasound data obtained by sam-
pling in the common receiving memory 23. The sampling
data stored in the receiving memory 23 is photoacoustic
data up to a certain point in time, and is ultrasound data
after the certain point in time. The data separation means
24 separates the photoacoustic data and the ultrasound
data, which are stored in the receiving memory 23, from
each other.
[0031] Hereinafter, generation and display of a pho-
toacoustic image will be described. The ultrasound data
and the photoacoustic data read from the receiving mem-
ory 23 are input to the data separation means 24 shown
in Fig. 1. The data separation means 24 inputs only the
photoacoustic data to the photoacoustic image genera-
tion means 25 at the subsequent stage when generating
a photoacoustic image. The photoacoustic image gen-
eration means 25 generates a photoacoustic image rel-
evant to a scanning plane (scanning cross section),
which is scanned with laser light, based on the photoa-
coustic data, and inputs data indicating the photoacoustic
image to the image display means 14 through the image
combining means 52 to be described later. As a result,
the photoacoustic image relevant to the scanning plane
is displayed on the image display means 14. Here, the
photoacoustic image is generated by processing includ-
ing, for example, image reconstruction such as phase
matching addition, detection, and logarithmic conver-
sion.
[0032] The data separation means 24 inputs only the
ultrasound data to the ultrasound image generation
means 26 at the subsequent stage when generating an
ultrasound image. The ultrasound image generation
means 26 generates an ultrasound image relevant to the
scanning plane, which is scanned with ultrasound waves,
based on the ultrasound data. The ultrasound image is
also generated by processing including, for example, im-
age reconstruction such as phase matching addition, de-
tection, and logarithmic conversion.
[0033] In the present embodiment, the photoacoustic
image is generated to display the tissue, for example,
blood vessels of the subject. However, the photoacoustic
image may also be used so that the operator can check
the position of an insertion needle 15 that is inserted into
the subject, in particular, the distal end position of the
insertion needle 15 by displaying the insertion needle 15.
Then, in a case where it is determined that the distal end
of the insertion needle 15 deviates from the scanning
plane, a display showing a result of the determination is
combined with the photoacoustic image by the image
combining means 52, and the composite image is dis-
played on the image display means 14. On the other
hand, in a case where it is determined that the distal end
of the insertion needle 15 is present on the scanning
plane, the above image combination is not performed,
and data indicating the photoacoustic image is input to
the image display means 14 through the image combin-
ing means 52. The above determination and display of
a determination result will be described in detail later.

[0034] In addition, it is also possible to scan the subject
in a two-dimensional manner with laser light by moving
the probe 11 as described above and to generate and
display a photoacoustic image, which shows a desired
part of the subject, for example, blood vessels of the sub-
ject in a three-dimensional manner, based on image data
regarding a plurality of cross sections obtained by the
scanning.
[0035] Next, a process of determining whether or not
the distal end of the insertion needle 15 is present on the
scanning plane will be described with reference to Figs.
2 to 7. Fig. 2 shows the flow of a process controlled by,
for example, the control means 31 shown in Fig. 1 in
order to perform this determination. Figs. 3 and 4 sche-
matically show the relationship between a scanning
plane (scanning cross section) Ps and the insertion nee-
dle 15. The scanning plane Ps is a surface that is obtained
by generating an image and is provided for observation.
Hereinafter, the scanning plane Ps is referred to as the
observation scanning plane Ps.
[0036] Ultrasound waves emitted from a plurality of ul-
trasound transducers arranged in the one-dimensional
manner in the probe 11 are emitted to the subject with a
certain width after being narrowed down by an acoustic
lens or the like. In addition, detection of reflected ultra-
sound waves is also performed by an ultrasound trans-
ducer having a certain width. Therefore, one observation
scanning plane Ps indicates information on a cross sec-
tion having a certain width Ds (slice width). Accordingly,
in a case where the insertion needle 15 is present within
the width Ds, a photoacoustic image or an ultrasound
image is drawn so that the insertion needle 15 is present
on the observation scanning plane Ps.
[0037] In the example shown in Fig. 3, as the imaging
range of the insertion needle 15, the entire portion includ-
ing a distal end 15a falls within the observation scanning
plane Ps. When performing an insertion operation, such
as tissue collection or drug injection using the insertion
needle 15, the insertion needle 15 is pushed in the lower
left direction in Fig. 3, that is, in a direction to advance
the distal end 15a forward. In such a case, as in the ex-
ample shown in Fig. 4, a distal end portion including the
distal end 15a of the insertion needle 15 may deviate
from the observation scanning plane Ps.
[0038] Figs. 5 to 7 explain how the insertion needle 15
is shown in a photoacoustic image and an ultrasound
image when the relationship between the insertion nee-
dle 15 and the observation scanning plane Ps is in a state
shown in Fig. 3 or 4. In the case of the state shown in
Fig. 3, as shown in Fig. 5, both the photoacoustic image
and the ultrasound image are drawn so that a portion
including the distal end 15a of the insertion needle 15 is
present on the observation scanning plane Ps. In Fig. 5,
a position to which the insertion needle 15 deviates from
the observation scanning plane Ps as will be described
later is shown by Q.
[0039] In the case of the state shown in Fig. 4, in the
ultrasound image, the insertion needle 15 is drawn so
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that only the portion of the range included in the obser-
vation scanning plane Ps is drawn, as shown in Fig. 6.
In contrast, in the photoacoustic image, as shown in Fig.
7, the insertion needle 15 may be drawn including a distal
end portion (the distal end 15a and a portion in the vicinity
thereof) present at a position deviating from the obser-
vation scanning plane Ps. That is, in the generation of a
photoacoustic image, since the laser light emitted toward
the subject expands due to diffusion or the like, the emis-
sion range becomes wider than that of the ultrasound
wave when generating the ultrasound image. Then, the
laser light is also emitted to the distal end portion of the
insertion needle 15 present at the position deviating from
the observation scanning plane Ps. Accordingly, photoa-
coustic waves generated from the distal end portion are
detected by the probe 11. As a result, a photoacoustic
image in which the distal end portion of the insertion nee-
dle 15 is present on the observation scanning plane Ps
is generated. When laser light is received, stronger pho-
toacoustic waves are generated from the distal end por-
tion of the insertion needle 15 normally formed of metal,
compared with the tissue or the like of the subject. For
this reason, the distal end portion is particularly easy to
be imaged.
[0040] Alternatively, as another example of strength-
ening photoacoustic waves from the distal end portion of
the insertion needle 15, it is also possible to generate
photoacoustic waves by introducing light into the inser-
tion needle using an optical fiber or the like and emitting
the light directly to the distal end portion, the tissue of the
distal end portion, or a light absorption member of the
distal end portion to be described later. As still another
example, a member for generating sound waves can be
attached to the distal end portion of the insertion needle
15, so that sound waves can be generated from the distal
end portion without using light.
[0041] If the operator of the insertion operation grasps
the distal end portion of the insertion needle 15 by ob-
serving such a photoacoustic image, organs, tissues, and
the like including blood vessels at the tip of the insertion
needle 15 are not recognized. Accordingly, it may be de-
termined that there is no problem even if the insertion
needle 15 is further pushed. In addition, at a portion close
to the distal end 15a of the insertion needle 15, it is de-
sirable that a light absorption member for promoting the
generation of acoustic waves by increasing the absorp-
tion efficiency of laser light is disposed by means of em-
bedding, coating, or the like. As such a light absorption
member, for example, black fluororesin can be men-
tioned.
[0042] In the present embodiment, such a situation can
be prevented by performing the process whose flow is
shown in Fig. 2. Hereinafter, the process shown in Fig.
2 will be described. This process starts in step PI. Then,
in steps P2, P3, P4, and P5, generation of a photoacous-
tic image, generation of an ultrasound image, generation
of a photoacoustic image, and generation of an ultra-
sound image are performed, respectively, for one com-

mon observation scanning plane Ps. Data indicating a
plurality of photoacoustic images and a plurality of ultra-
sound images obtained in this manner is temporarily
stored in, for example, storage means provided in the
control means 31 shown in Fig. 1.
[0043] Each of the generation of a photoacoustic im-
age and the generation of an ultrasound image may be
performed multiple times, and the number of times or the
order of generation of each image is not limited those
described above. For example, a process of performing
the generation of a photoacoustic image three times in
succession and then performing the generation of an ul-
trasound image once may be repeated multiple times.
[0044] Then, in step P6, the image change detection
means 50 detects a change in the photoacoustic image
and a change in the ultrasound image on the observation
scanning plane Ps based on the data read from the stor-
age means. The detection of the image change is made
by calculating a change between two photoacoustic im-
ages that are most recent in generation order, or similarly,
between two ultrasound images that are most recent in
generation order. Even in a case where the frame rates
for generating both images are different, such as the case
of performing the generation of a photoacoustic image
three times in succession and then performing the gen-
eration of an ultrasound image once as described above,
it is desirable to calculate a change between two photoa-
coustic images that are most recent in generation order,
or similarly, between two ultrasound images that are most
recent in generation order.
[0045] Specifically, the calculation of an image change
can be performed using commonly known methods, such
as finding the correlation of images between frames us-
ing block matching, template matching, or the like. In ad-
dition, the amount of change in an image due to pulsation
before the insertion of the insertion needle 15 may be
calculated in advance so that the change in an image
due to the insertion of the insertion needle 15 and the
change in an image due to the pulsation of the subject
can be distinguished, and the amount of change in an
image due to pulsation may be subtracted from the
amount of change in an image after the insertion of the
insertion needle 15. Alternatively, if it is known that the
change in an image due to pulsation occurs from the
movement of the subject in a certain fixed direction, the
amount of change in the image may be calculated in con-
sideration of the movement in the direction, thereby
avoiding the influence of pulsation on the change in the
image.
[0046] Then, in step P7, based on the change in the
photoacoustic image and the change in the ultrasound
image calculated as described above, the determination
means 51 determines whether or not the distal end 15a
of the insertion needle 15 is present on the observation
scanning plane Ps. In a case where changes have been
detected in both the photoacoustic image and the ultra-
sound image, it is determined that the distal end 15a of
the insertion needle 15 is present on the observation
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scanning plane Ps. Otherwise, it is determined that the
distal end 15a of the insertion needle 15 is not present
on the observation scanning plane Ps.
[0047] That is, in a case where the relationship be-
tween the insertion needle 15 and the observation scan-
ning plane Ps is a state shown in Fig. 3, both the ultra-
sound image and the photoacoustic image are drawn as
shown in Fig. 5 as described above. Therefore, if the
insertion needle 15 is moved by being pushed toward
the distal end 15a, changes occur in both the ultrasound
image and the photoacoustic image. In contrast, in a case
where the relationship between the insertion needle 15
and the observation scanning plane Ps is a state shown
in Fig. 4, the photoacoustic image is drawn as shown in
Fig. 7 as described above, a change occurs in the pho-
toacoustic image according to the movement of the in-
sertion needle 15 including the distal end 15a. However,
in the ultrasound image in which the distal end portion is
not displayed as shown in Fig. 6, even if the insertion
needle 15 moves, only the drawn portion is changed.
Accordingly, there is no change in the image.
[0048] Considering the influence of the movement of
the tissue due to pulsation, if the amount of change in
the image is a change within a predetermined value due
to pulsation, this may be assumed that there is no change
in the image. In addition, in a case where the amount of
change in the image due to pulsation is subtracted from
the amount of change in the image after the insertion of
the insertion needle 15, it can be determined that the
amount of change in the image after the subtraction total
is due only to the movement of the insertion needle 15.
Here, the predetermined value may be the same value
for the photoacoustic image and the ultrasound image,
or may be different for the photoacoustic image and the
ultrasound image.
[0049] Then, in step P8, the result of the determination
is displayed. Information indicating the determination re-
sult is input to the image combining means 52, a display
based on the information is combined with the photoa-
coustic image, and the composite image is displayed on
the image display means 14. The series of processes
described above are ended in the next step P9. The
above display in the present embodiment shows whether
or not the distal end 15a of the insertion needle 15 is
present on the observation scanning plane Ps, for exam-
ple. However, only when the distal end 15a of the inser-
tion needle 15 deviates from the observation scanning
plane Ps, a display showing the situation may be output.
As described above, in the present embodiment, notifi-
cation means is formed by the image combining means
52 and the image display means 14.
[0050] A warning sound may be emitted at the same
time as when outputting a display showing that the distal
end 15a of the insertion needle 15 deviates from the ob-
servation scanning plane Ps, or only the warning sound
may be emitted without outputting the display.
[0051] Next, a second embodiment of the present in-
vention will be described with reference to Fig. 8. Fig. 8

is a block diagram showing the basic configuration of a
photoacoustic image generation apparatus 100 accord-
ing to the second embodiment of the present invention.
In Fig. 8, the same elements as in Fig. 1 described pre-
viously are denoted by the same reference numerals,
and the explanation thereof will be omitted unless par-
ticularly required. The photoacoustic image generation
apparatus 100 is basically different from the photoacous-
tic image generation apparatus 10 shown in Fig. 1 in that
the configuration of determination means 151 is different
from the determination means 51 and reference value
setting means 53 is added.
[0052] The reference value setting means 53 sets an
assumed reference value for the amount of change in an
image, and information indicating the reference value is
input to the determination means 151. The determination
means 151 compares each of the change in the photoa-
coustic image and the change in the ultrasound image
on the observation scanning plane Ps, which have been
calculated by the image change detection means 50, with
the reference value, and determines that the distal end
15a of the insertion needle 15 is present on the obser-
vation scanning plane Ps in a case where the changes
in both the images are equal to or greater than the ref-
erence value. Otherwise, it is determined that the distal
end 15a of the insertion needle 15 is not present on the
observation scanning plane Ps. Then, the notification of
the determination result using display or warning sound
is the same as in the first embodiment.
[0053] The reference value may be the same value for
the photoacoustic image and the ultrasound image, or
may be different for the photoacoustic image and the
ultrasound image. It is desirable to set the reference value
so as to be changeable.
[0054] While the embodiment in a case where an in-
terventional instrument is the insertion needle 15 has
been described, the present invention can be similarly
applied to a case where an interventional instrument in-
serted into the subject is not an insertion needle. Also in
this case, the same effect as the effect described above
is obtained. An interventional instrument other than the
insertion needle may be, for example, a catheter inserted
into a blood vessel, or may be a guide wire of a catheter
inserted into a blood vessel. In addition, an interventional
instrument may be a needle for radiofrequency cautery
in which an electrode used in radiofrequency cautery is
housed, or may be an optical fiber for laser treatment.
[0055] In addition, not only can the generated ultra-
sound image be used to determine whether or not the
distal end 15a of the insertion needle 15 is present on
the observation scanning plane Ps, but also the gener-
ated ultrasound image can be displayed on the image
display means 14 solely or in combination with the pho-
toacoustic image in order to show the observation scan-
ning plane Ps of the subject.
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Claims

1. A photoacoustic image generation apparatus (10,
100) for generating a photoacoustic image of a sub-
ject including an interventional instrumentinsert (15)
for each scanning plane (Ps), the apparatus com-
prising:

means (26) for generating a reflected acoustic
wave image of the subject for each scanning
plane (Ps);
means (50) for detecting a change in a photoa-
coustic image on an observation scanning plane
(Ps), which is generated as an image, from a
plurality of photoacoustic images regarding the
observation scanning plane (Ps); and
means (50) for detecting a change in a reflected
acoustic wave image on the observation scan-
ning plane (Ps) from a plurality of reflected
acoustic wave images regarding the observa-
tion scanning plane (Ps);
characterized by
determination means (51) for determining
whether or not a distal end (15a) of the interven-
tional instrumentinsert (15) is present on the ob-
servation scanning plane (Ps) based on the
change in the photoacoustic image and the
change in the reflected acoustic wave image;
and
notification means (14, 52) for sending notifica-
tion of a result of the determination.

2. The photoacoustic image generation apparatus (10,
100) according to claim 1,
wherein, in a case where there are both the change
in the photoacoustic image and the change in the
reflected acoustic wave image, the determination
means (51) determines that the distal end (15a) of
the interventional instrumentinsert (15) is present on
the observation scanning plane (Ps).

3. The photoacoustic image generation apparatus (10,
100) according to claim 1,
wherein, in a case where both the change in the pho-
toacoustic image and the change in the reflected
acoustic wave image are equal to or greater than a
reference value set in advance, the determination
means (51) determines that the distal end (15a) of
the interventional instrumentinsert (15) is present on
the observation scanning plane (Ps).

4. The photoacoustic image generation apparatus (10,
100) according to claim 3, further comprising:
means for changing the reference value.

5. The photoacoustic image generation apparatus (10,
100) according to claim 3 or 4,
wherein the reference value is set for each of the

change in the photoacoustic image and the change
in the reflected acoustic wave image.

6. The photoacoustic image generation apparatus (10,
100) according to any one of claims 1 to 5,

wherein the means (50) for detecting a change
in the photoacoustic image detects a change in
a photoacoustic image from two photoacoustic
images that are most recent in generation order
in a case where a frame rate for generation of a
photoacoustic image is different from a frame
rate for generation of a reflected acoustic wave
image, and
the means (50) for detecting a change in the
reflected acoustic wave image detects a change
in a reflected acoustic wave image from two re-
flected acoustic wave images that are most re-
cent in generation order in a case where the
frame rate for generation of a photoacoustic im-
age is different from the frame rate for genera-
tion of a reflected acoustic wave image.

Patentansprüche

1. Fotoakustische Bilderzeugungsvorrichtung (10,
100) zum Erzeugen eines fotoakustischen Bilds ei-
nes Subjekts, enthaltend einen interventionistischen
Instrumenteneinsatz (15) für jede Abtastebene (Ps),
umfassend:

eine Einrichtung (26) zum Erzeugen eines Bilds
des Subjekts aus einer reflektierten akustischen
Welle für jede Abtastebene (Ps);
eine Einrichtung (50) zum Nachweisen einer Än-
derung in einem fotoakustischen Bild in einer
Betrachtungs-Abtastebene (Ps), das als ein Bild
erzeugt wird aus einer Mehrzahl fotoakustischer
Bilder bezüglich der Betrachtungs-Abtastebene
(Ps); und
eine Einrichtung (50) zum Nachweisen einer Än-
derung in einem Bild aus einer reflektierten
akustischen Welle in der Betrachtungs-Abtast-
ebene (Ps) aus einer Mehrzahl von Bildern aus
einer reflektierten akustischen Welle bezüglich
der Betrachtungs-Abtastebene (Ps);
gekennzeichnet durch
eine Bestimmungseinrichtung (150) zum Be-
stimmen, ob ein distales Ende (15a) des inter-
ventionistischen Instrumenteneinsatzes (15) in
der Betrachtungs-Abtastebene (Ps) vorhanden
ist oder nicht, auf der Basis der Änderung in dem
fotoakustischen Bild und der Änderung in dem
Bild aus der reflektierten akustischen Welle; und
eine Meldeeinrichtung (14, 52) zum Senden ei-
ner Ergebnismeldung bezüglich der Bestim-
mung.
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2. Vorrichtung (10, 100) nach Anspruch 1,
bei der für den Fall, dass es sowohl die Änderung in
dem fotoakustischen Bilds als auch die Änderung im
Bild aus der reflektierten akustischen Welle gibt, die
Bestimmungseinrichtung (51) feststellt, dass das
distale Ende (15a) des interventionistischen Instru-
menteneinsatzes (15) in der Betrachtungs-Abtaste-
bene (Ps) vorhanden ist.

3. Vorrichtung (10, 100) nach Anspruch 1,
bei der für den Fall, dass sowohl die Änderung in
dem fotoakustischen Bild als auch die Änderung in
dem Bild aus der reflektierten akustischen Welle
gleich oder größer ist als ein vorab eingestellter Re-
ferenzwert, die Bestimmungseinrichtung (51) fest-
stellt, dass das distale Ende (15a) des interventio-
nistischen Instrumenteneinsatzes (15) in der Be-
trachtungs-Abtastebene (Ps) vorhanden ist.

4. Vorrichtung (10, 100) nach Anspruch 3, weiterhin
umfassend:
eine Einrichtung zum Ändern des Referenzwerts.

5. Vorrichtung (10, 100) nach Anspruch 3 oder 4,
bei der der Referenzwert für sowohl die Änderung
des fotoakustischen Bilds als auch die Änderung in
dem Bild aus der reflektierten akustischen Welle ein-
gestellt ist.

6. Vorrichtung (10, 100) nach einem der Ansprüche 1
bis 5,

bei der die Einrichtung (50) zum Nachweisen
einer Änderung in dem fotoakustischen Bild eine
Änderung in einem fotoakustischen Bild aus
zwei akustischen Bildern nachweist, die in der
Erzeugungsreihenfolge für den Fall die jüngsten
sind, dass eine Einzelbildrate zum Erzeugen ei-
nes fotoakustischen Bilds verschieden ist von
einer Einzelbildrate zum Erzeugen eines Bilds
aus einer reflektierten akustischen Welle, und
die Einrichtung (50) zum Nachweisen einer Än-
derung in dem Bild aus der reflektierten akusti-
schen Welle eine Änderung in einem Bild aus
einer akustischen Welle nachweist aus zwei Bil-
dern reflektierter akustischer Wellen, die in der
Erzeugungsreihenfolge dann die jüngsten sind,
wenn die Einzelbildrate zum Erzeugen eines fo-
toakustischen Bilds verschieden ist von der Ein-
zelbildrate zum Erzeugen eines Bilds aus einer
reflektierten akustischen Welle.

Revendications

1. Appareil de génération d’image photoacoustique
(10, 100) destiné à générer une image photoacous-
tique d’un sujet incluant un moyen d’introduction

d’instrument d’intervention (15) pour chaque plan de
balayage (Ps), l’appareil comprenant :

un moyen (26) pour générer une image d’onde
acoustique réfléchie du sujet pour chaque plan
de balayage (Ps) ;
un moyen (50) pour détecter un changement
dans une image photoacoustique sur un plan de
balayage d’observation (Ps), lequel est généré
sous la forme d’une image, à partir d’une plura-
lité d’images photoacoustiques concernant le
plan de balayage d’observation (Ps), et
un moyen (50) pour détecter un changement
dans une image d’onde acoustique réfléchie sur
le plan de balayage d’observation (Ps) à partir
d’une pluralité d’images d’onde acoustique ré-
fléchie concernant le plan de balayage d’obser-
vation (Ps),
caractérisé par
un moyen de détermination (51) pour détermi-
ner si oui ou non une extrémité distale (15a) du
moyen d’introduction d’instrument d’interven-
tion (15) est présente sur le plan de balayage
d’observation (Ps) sur la base du changement
dans l’image photoacoustique et du change-
ment dans l’image d’onde acoustique réfléchie,
et
un moyen de notification (14, 52) pour envoyer
une notification d’un résultat de la détermina-
tion.

2. Appareil de génération d’image photoacoustique
(10, 100) selon la revendication 1,
dans lequel dans un cas où il y a à la fois le chan-
gement dans l’image photoacoustique et le change-
ment dans l’image d’onde acoustique réfléchie, le
moyen de détermination (51) détermine que l’extré-
mité distale (15a) du moyen d’introduction d’instru-
ment d’intervention (15) est présente sur le plan de
balayage d’observation (Ps).

3. Appareil de génération d’image photoacoustique
(10, 100) selon la revendication 1,
dans lequel dans un cas où à la fois le changement
dans l’image photoacoustique et le changement
dans l’image d’onde acoustique réfléchie sont supé-
rieurs ou égaux à une valeur de référence fixée à
l’avance, le moyen de détermination (51) détermine
que l’extrémité distale (15a) du moyen d’introduction
d’instrument d’intervention (15) est présente sur le
plan de balayage d’observation (Ps).

4. Appareil de génération d’image photoacoustique
(10, 100) selon la revendication 3, comprenant en
outre :
un moyen pour changer la valeur de référence.

5. Appareil de génération d’image photoacoustique
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(10, 100) selon la revendication 3 ou 4,
dans lequel la valeur de référence est fixée pour cha-
que changement parmi le changement dans l’image
photoacoustique et le changement dans l’image
d’onde acoustique réfléchie.

6. Appareil de génération d’image photoacoustique
(10, 100) selon l’une quelconque des revendications
1 à 5,
dans lequel le moyen (50) pour détecter un change-
ment dans l’image photoacoustique détecte un
changement dans une image photoacoustique à
partir de deux images photoacoustiques les plus ré-
centes dans l’ordre de génération dans un cas où
une fréquence d’images pour la génération d’une
image photoacoustique est différente d’une fréquen-
ce d’images pour la génération d’une image d’onde
acoustique réfléchie, et
le moyen (50) pour détecter un changement dans
l’image d’onde acoustique réfléchie détecte un chan-
gement dans une image d’onde acoustique réfléchie
à partir de deux images d’onde acoustique réfléchie
les plus récentes dans l’ordre de génération dans un
cas où une fréquence d’images pour la génération
d’une image photoacoustique est différente d’une
fréquence d’images pour la génération d’une image
d’onde acoustique réfléchie.
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