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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a photoacous-
tic image generating device that generates a photoa-
coustic image on the basis of photoacoustic waves gen-
erated due to the irradiation of light. Further, the present
invention relates to an insertion object which is used in
the photoacoustic image generating device and of which
at least a tip portion is inserted into a subject.

2. Description of the Related Art

[0002] An ultrasonic inspection method is known as
one kind of image inspecting method that can inspect the
internal state of a living body in a non-invasive manner.
An ultrasonic probe, which can transmit and receive ul-
trasonic waves, is used for ultrasonic inspection. When
ultrasonic waves are transmitted to a subject (living body)
from the ultrasonic probe, the ultrasonic waves travel in
the living body and are reflected by a tissue interface.
When a distance is calculated on the basis of a time until
the reflected ultrasonic waves return to the ultrasonic
probe after the reflected ultrasonic waves are received
by the ultrasonic probe, an image of the inner state of
the living body can be made.

[0003] Further, photoacoustic imaging, which makes
an image of the inside of a living body by using a pho-
toacoustic effect, is known. In general, the inside of the
living body is irradiated with pulsed laser light, such as
laser pulses, in photoacoustic imaging. In the living body,
biological tissue absorbs the energy of the pulsed laser
light and ultrasonic waves (photoacoustic waves) are
generated due to adiabatic expansion caused by the en-
ergy. Since the photoacoustic waves are detected by an
ultrasonic probe or the like and a photoacoustic image
is formed on the basis of detection signals, the inside of
the living body can be made visible on the basis of the
photoacoustic waves.

[0004] Here, a combination of biological information
imaging using photoacoustic waves and treatment using
a puncture needle is mentioned in JP2009-31262A. In
JP2009-31262A, a photoacoustic image is generated
and is observed to find an affected part, such as a tumor,
a portion that is suspected as an affected part, and the
like. In order to more closely inspect such a portion or in
order to perform injection or the like on an affected part,
cells are taken or injection is performed on an affected
part by using an injection needle, or a puncture needle
such as a cytodiagnosis needle. In JP2009-31262A, it is
possible to insert a needle to an affected part while ob-
serving the affected part, by using a photoacoustic im-
age.

[0005] Further insertion objects, photoacoustic image
generating devices and other medical instruments and
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systems of interest are known from US 2004/131299 A1,
upon which the preamble of claim 1 is based, as well as
US 2008/108867 A1 and WO 2012/169178.

SUMMARY OF THE INVENTION

[0006] In general, it is important to ascertain the posi-
tion of the tip portion of a puncture needle when inserting
the puncture needle. However, the irradiation of a subject
with light is generally performed from the surface of the
subject. For this reason, particularly, when the tip of the
puncture needle is inserted to a deep position (for exam-
ple, a position at a depth from the surface of the subject
of a distance of 3 cm), light applied on the surface of the
subject does not sufficiently reach the puncture needle
inserted to the deep position. Accordingly, it is difficult to
confirm the position of the tip of the puncture needle in
the photoacoustic image. Further, acoustic wave detec-
tion characteristics of the probe depend on an angle. Ac-
cordingly, as an angle of a puncture needle to be inserted
exceeds 50° and approaches a right angle, photoacous-
ticwaves are more obliquely incident on an acousticwave
detection surface of the probe. For this reason, there is
also a problem in that it is difficult to detect photoacoustic
waves generated from the puncture needle. In other
words, there is also a problem in that it is more difficult
to confirm the position of the puncture needle in the pho-
toacoustic image as an insertion angle approaches a
right angle. These problems are not limited to the punc-
ture needle, and may be generated when the position of
an insertion object to be inserted into a subject is to be
confirmed using a photoacoustic image.

[0007] The invention has been made in consideration
of the above-mentioned problems, and an object of the
invention is to provide a photoacoustic image generating
device that can confirm the position of an insertion object
in a photoacoustic image even when the insertion object
is inserted to a deep position from the surface of a subject
or even when the insertion object is inserted into the sub-
ject at an angle close to a right angle.

[0008] In order to achieve the object, the invention ac-
cording to claim 1 provides an insertion object of which
at least a tip portion is suitable for insertion into a subject.
The insertion object has alight guide member that guides
light emitted from a light source, a light emitting portion
that emits the light guided by the light guide member, and
a photoacoustic wave generating portion that generates
photoacoustic waves caused by the light emitted from
the light emitting portion. The insertion object has an
opening and an inner cavity therein. The light emitting
portion may be provided in the vicinity of the opening.
The photoacoustic wave generating portion of the inser-
tion object includes a light absorbent member that ab-
sorbs the light emitted from the light emitting portion and
generates photoacoustic waves. The light absorbent
member may contain, for example, an epoxy resin, a flu-
orine resin, silicone rubber, or a polyurethane resin, into
which a black pigment is mixed. Alternatively, the light
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absorbent member may include a film that is made of
metal or a metal oxide having light absorbency with re-
spect to the light emitted from the first light source. The
light absorbent member is provided on the inner wall of
the inner cavity and also functions as a fixing member
that fixes a tip portion of the light guide member to the
inner wall.

[0009] The light absorbent member may cover at least
a part of a light emitting surface of the light emitting por-
tion.

[0010] The insertion object may further have a hollow
tube that fixes the light guide member to an inner wall of
the inner cavity along the inner cavity.

[0011] The insertion object may be a needle that is
suitable for insertion into a subject.

[0012] The invention further provides a photoacoustic
image generating device including: a first light source;
an insertion object as described above; acoustic wave
detecting means for detecting the first photoacoustic
waves that are generated from the insertion object after
at least a part of the insertion object is inserted into the
subject; and photoacoustic image generating means for
generating a first photoacoustic image on the basis of
the first photoacoustic waves.

[0013] The needle may be a biopsy needle that is suit-
able for insertion into an inspection object of a living body
and is capable of taking tissue of a biopsy region of the
inspection object.

[0014] The needle may further comprise an optical
connector that detachably connects the light guide mem-
ber to an optical fiber guiding the light emitted from the
first light source.

[0015] In the invention, the light emitting portion may
be capable of emitting at least a part of the light, which
is guided by the light guide member, toward the inner
wall of the inner cavity.

[0016] The light guide member may be an optical fiber,
and an end face of the optical fiber, to which light travels
when seen from the first light source, may form the light
emitting portion.

[0017] The insertion object may be a catheter that is
inserted into a blood vessel, and may be a guide wire for
a catheter that is inserted into a blood vessel.

[0018] Further, the insertion object may be a radiofre-
quency cauterization needle that houses an electrode
used for radiofrequency cauterization therein. In this
case, the electrode may be capable of protruding from
an inner cavity of the radiofrequency cauterization nee-
dle, and the radiofrequency cauterization needle may fur-
ther have a light guide member for the electrode that
guides the light emitted from the first light source, a light
emitting portion for the electrode that is provided at a tip
portion of the electrode and emits the light guided by the
light guide member for the electrode, and a light absorb-
entmember for the electrode that generates photoacous-
tic waves due to the light emitted from the light emitting
portion for the electrode.

[0019] Anangle of the end face of the optical fiber form-
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ing the light emitting portion may be equal to or larger
than45° and smaller than 90° whenan angle inadirection
parallel to an extending direction of the optical fiber is 0°
and an angle in adirection perpendicular to the extending
direction of the optical fiber is 90°.

[0020] The optical fiber may be connected to the first
light source through an optical joint thatincludes a mech-
anism pressing and fixing the optical fiber.

[0021] In the invention, the first light source may be a
semiconductor laser light source. Further, the first light
source may be an optical amplification type laser light
source that uses a semiconductor laser light source as
a seed light source.

[0022] The acoustic wave detecting means may be fur-
ther capable of detecting reflected acoustic waves of
acoustic waves transmitted to the subject, and the pho-
toacoustic image generating device may further include
reflected acoustic wave-image generating means for
generating a reflected acoustic wave-image on the basis
of the reflected acoustic waves.

[0023] The photoacoustic image generating device of
the invention may further include image combining
means for combining the first photoacoustic image with
the reflected acoustic wave-image.

[0024] The photoacoustic image generating device
may further include a second light source, the acoustic
wave detecting means may be further capable of detect-
ing second photoacoustic waves that are generated in a
subject due to light emitted from the second light source
after the light emitted from the second light source is emit-
ted to the subject, and the photoacoustic image gener-
ating means may be further capable of generating a sec-
ond photoacousticimage on the basis of the second pho-
toacoustic waves.

[0025] The second light source may also function as
the first light source, and a part of the light emitted from
the second light source may be branched toward the sub-
ject and a part of the light emitted from the second light
source may be branched toward the insertion object.
[0026] In the photoacoustic image generating device
of the invention, it is possible to confirm the position of
an insertion object in a photoacoustic image even when
an insertion object is inserted to a deep position from the
surface of a subject or even when the insertion object is
inserted into the subject at an angle close to aright angle.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

Fig. 1 is a block diagram of a photoacoustic image
generating device according to an example.

Fig. 2 is a sectional view of a puncture needle.

Fig. 3 is a block diagram illustrating a configuration
example of a laser unit.

Fig. 4 is a block diagram illustrating another config-
uration example of the laser unit.

Figs. 5A to 5C are views illustrating photoacoustic
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images.

Fig. 6 is a flowchart illustrating an operation proce-
dure of the photoacoustic image generating device.
Fig. 7 is a sectional view of a puncture needle that
is used in a photoacoustic image generating device.
Fig. 8 is a sectional view of a puncture needle that
is used in a photoacoustic image generating device
according to the invention.

Fig. 9 is a sectional view of a puncture needle that
is used in a photoacoustic image generating device
according to another embodiment of the invention.
Fig. 10 is a block diagram of a photoacoustic image
generating device according to another embodiment
of the invention.

Fig. 11 is a graph illustrating the frequency charac-
teristics of photoacoustic waves.

Fig. 12 is a flowchart illustrating an operation proce-
dure of the photoacoustic image generating device
according to an embodiment.

Fig. 13 is a sectional view of a puncture needle.
Fig. 14A is a view illustrating the appearance of the
puncture needle, Fig. 14B is a view illustrating the
appearance of a puncture needle body, and Fig. 14C
is a view illustrating the appearance of an inner nee-
dle.

Fig. 15 is a view illustrating the connection between
the laser unit and the puncture needle.

Fig. 16 is a view illustrating the appearance of an
inner needle.

Fig. 17 is a sectional view of a tip portion of the inner
needle.

Fig. 18 is a sectional view of an inner needle.

Fig. 19 is a sectional view of a puncture needle.
Fig. 20 is a sectional view of a puncture needle.
Fig. 21 is a block diagram illustrating a portion of a
light source of a photoacoustic image generating de-
vice according to a modification of an embodiment.
Fig. 22A is a perspective view of a puncture needle
and Fig. 22B is a sectional view taken along line A-
A of Fig. 22A.

Fig. 23 is a sectional view of an example of a radi-
ofrequency cauterization needle.

Fig. 24 is a sectional view of another example of the
radiofrequency cauterization needle.

Fig. 25 is a sectional view of a catheter.

Fig. 26 is a sectional view of a guide wire.

Fig. 27 is a sectional view of an example of an optical
fiber for a laser treatment.

Fig. 28 is a sectional view of another example of the
optical fiber for a laser treatment.

Fig. 29 is a sectional view of a tip portion of a biopsy
needle.

Fig. 30 is a block diagram illustrating still another
configuration example of the laser unit.

Fig. 31 is a view illustrating the appearance of a pho-
toacoustic image generating device including the la-
ser unit.
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DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0028] Embodiments of the invention will be described
in detail below with reference to the drawings. Fig. 1 il-
lustrates a photoacoustic image generating device. The
photoacoustic image generating device (photoacoustic
image diagnostic device) 10 includes a probe (ultrasonic
probe) 11, anultrasonicunit12, and alaser unit13. Mean-
while, ultrasonic waves are used as acoustic waves in
the embodiment of the invention, but the acoustic waves
are not limited to the ultrasonic waves. As long as an
appropriate frequency is selected according to a subject,
measurement conditions, or the like, an acoustic wave
having an audio frequency may be used.

[0029] The laser unit13is afirstlight source. The laser
unit 13 is formed of a solid-state laser light source using,
for example, YAG (yttrium aluminum garnet), alexan-
drite, or the like. In this embodiment, a puncture needle,
which is inserted into a subject, is considered as an in-
sertion object of which at least a tip portion is inserted
into a subject. The puncture needle 15 includes an open-
ing formed at the tip thereof and includes an inner cavity
therein. Laserlight emitted fromthe laser unit 13 is guided
to the puncture needle 15 by light guide means such as
an optical fiber.

[0030] Fig.2illustrates the section of the puncture nee-
dle 15. The puncture needle 15 includes a hollow punc-
ture needle body 151 that includes an opening formed
at the tip thereof formed so as to have an acute angle
and includes aninner cavity therein, a light guide member
152 that guides light emitted from the laser unit 13 to the
vicinity of the opening of the puncture needle, and a light
emitting portion 153 that is provided in the vicinity of the
opening and emits the light guided by the light guide
member. The light guide member 152 and the light emit-
ting portion 153 are disposed in the puncture needle body
151. The light guide member 152 is formed of, for exam-
ple, an optical fiber, and an end face of the optical fiber,
to which light travels when seen from the laser unit 13,
forms the light emitting portion 153. Laser light having an
energy of, for example, 0.2 mJ is emitted from the light
emitting portion 153.

[0031] The light emitting portion 153 emits at least a
part of the light, which is guided by, for example, the light
guide member 152, toward an inner wall of the hollow
needle. The inner wall of the puncture needle 15 itself or
a member provided on the inner wall forms a photoa-
coustic wave generating portion that absorbs light and
generates photoacoustic waves. When the puncture
needle 15 is inserted into the subject, the inner wall of
the puncture needle 15 itself or the member provided on
the inner wall, which forms the photoacoustic wave gen-
erating portion, is irradiated with at least a part of the light
emitted from the light emitting portion 153. Photoacoustic
waves (first photoacoustic waves) are generated from
the photoacoustic wave generating portion of the punc-
ture needle 15 due to the irradiation of light.
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[0032] Returning to Fig. 1, the probe 11 is acoustic
wave detecting means and includes, for example, a plu-
rality of ultrasonic vibrators that are arranged one-dimen-
sionally. After the puncture needle 15 is inserted into the
subject, the probe 11 detects photoacoustic waves that
are generated due to the light emitted from the light emit-
ting portion 153 (see Fig. 2). Further, the probe 11 not
only detects the photoacoustic waves but also transmits
acoustic waves (ultrasonic waves) to the subject and re-
ceives reflected acoustic waves (reflected ultrasonic
waves) of the transmitted ultrasonic waves.

[0033] The ultrasonic unit 12 includes a receiving cir-
cuit 21, AD conversion means 22, a receiving memory
23, data separation means 24, photoacousticimage gen-
erating means 25, ultrasound image generating means
26, image combining means 27, control means 28, and
a transmission control circuit 29. The receiving circuit 21
receives detection signals of the photoacoustic waves
that are detected by the probe 11. Furthermore, the re-
ceiving circuit 21 receives detection signals of the reflect-
ed ultrasonic waves that are detected by the probe 11.
The AD conversion means 22 converts the detection sig-
nals of the photoacoustic waves and the reflected ultra-
sonic waves, which are received by the receiving circuit
21, into digital signals. The AD conversion means 22
samples the detection signals of the photoacoustic
waves and the reflected ultrasonic waves with a prede-
termined sampling period on the basis of, for example,
sampling clock signals having a predetermined period.
The AD conversion means 22 stores the sampled detec-
tion signals (sampling data) of the photoacoustic waves
and the reflected ultrasonic waves in the receiving mem-
ory 23.

[0034] The data separation means 24 separates sam-
pling data of the detection signals of the photoacoustic
waves, which are stored in the receiving memory 23, from
sampling data of the detection signals of the reflected
ultrasonic waves. The data separation means 24 inputs
the sampling data of the detection signals of the photoa-
coustic waves to the photoacoustic image generating
means 25. Further, the data separation means 24 inputs
the separated sampling data of the reflected ultrasonic
waves to the ultrasound image generating means (re-
flected acoustic wave-image generating means) 26.
[0035] The photoacousticimage generating means 25
generates a photoacousticimage (first photoacoustic im-
age) on the basis of the detection signals of the photoa-
coustic waves that are detected by the probe 11. The
generation of the photoacoustic image includes, for ex-
ample, image reconstruction, such as phase matching
addition, detection, logarithmic transformation, and the
like. The ultrasound image generating means 26 gener-
ates an ultrasound image (reflected acoustic wave-im-
age) on the basis of the detection signals of the reflected
ultrasonic waves that are detected by the probe 11. The
generation of the ultrasound image also includes image
reconstruction, such as phase matching addition, detec-
tion, logarithmic transformation, and the like.
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[0036] The image combining means 27 combines the
photoacoustic image with the ultrasound image. The im-
age combining means 27 combines images for example,
by superimposing the photoacoustic image and the ul-
trasound image. A composite image is displayed on im-
age display means 14 such as a display. The photoa-
cousticimage and the ultrasound image can be displayed
side by side on the image display means 14 without com-
bining images, or the photoacoustic image and the ultra-
sound image can also be switched.

[0037] The control means 28 controls the respective
parts of the ultrasonic unit 12. The control means 28
sends a trigger signal to, for example, the laser unit 13
and causes laser light to be emitted from the laser unit
13. Further, the control means 28 sends a sampling trig-
ger signal to the AD conversion means 22 in accordance
with the irradiation of laser light, and controls the sam-
pling start timing of the photoacoustic waves.

[0038] The control means 28 sends an ultrasonic wave
transmission trigger signal, which instructs the transmis-
sion control circuit 29 to transmit ultrasonic waves, to the
transmission control circuit 29 in order to acquire the ul-
trasound image. When receiving the ultrasonic wave
transmission trigger signal, the transmission control cir-
cuit 29 causes ultrasonic waves to be transmitted from
the probe 11. The control means 28 sends a sampling
trigger signal to the AD conversion means 22 in accord-
ance with an ultrasonic wave transmission timing, and
starts the sampling of the reflected ultrasonic waves.
[0039] Fig. 3 illustrates a configuration example of the
laser unit 13. The laser unit 13 includes a laser rod 51,
a flash lamp 52, mirrors 53 and 54, and a Q-switch 55.
The laser rod 51 is a laser medium. For example, alex-
andrite crystal can be used as the laser rod 51. The flash
lamp 52 is an excitation light source, and irradiates the
laser rod 51 with excitation light. The excitation light
sourceis notlimited tothe flashlamp 52, and light sources
otherthan the flash lamp 52 may be used as the excitation
light source.

[0040] The mirrors 53 and 54 face each other with the
laser rod 51 interposed therebetween, and the mirrors
53 and 54 form an optical resonator. The mirror 54 is
provided on an output side. The Q-switch 55 is inserted
into the optical resonator. It is possible to obtain pulsed
laser light by rapidly changing an insertion loss of the
optical resonator to a small loss (high Q) from a large
loss (low Q) by the Q-switch 55. Pulsed laser light, which
is emitted from the mirror 54 provided on the output side
of the laser unit 13, is guided to the puncture needle 15
(see Fig. 1).

[0041] Meanwhile, the laser unit 13 does not need to
be a solid-state laser light source, and may be othertypes
of laser light source. For example, the laser unit 13 may
be a laser diode light source (semiconductor laser light
source). Further, the laser unit 13 may be an optical am-
plification type laser light source that uses a laser diode
light source as a seed light source.

[0042] Fig. 4 illustrates another configuration example
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ofthe laser unit. In this example, alaser unit 13ais formed
of an optical amplification type laser light source. The
laser unit 13aincludes a semiconductor laser light source
351 that emits pulsed laser light 360 as seed light, an
excitation semiconductorlaser light source 353 that emits
excitation laser light 352, a multiplexer 354 that multi-
plexes the pulsed laser light 360 and the excitation laser
light 352, a fiber optical amplifier 355 that includes a core
doped with, for example, Er (erbium) and is connected
to the multiplexer 354, an optical isolator 356 that is con-
nected to the fiber optical amplifier 355 and prevents os-
cillation, and an optical wavelength conversion element
358 that converts pulsed laser light 370 output from the
optical isolator 356 into a second harmonic having a half
of the wavelength of the pulsed laser light 370.

[0043] When a trigger signal is input to the semicon-
ductorlaser light source 351, which is a seed light source,
fromthe controlmeans 28 (see Fig. 1), the semiconductor
laser light source 351 emits pulsed laser light 360 having
awavelength of, for example, 1560 nm. The pulsed laser
light 360 is incident on the fiber optical amplifier 355, and
is propagated through the core of the fiber optical ampli-
fier 355. In this case, the pulsed laser light 360 is amplified
by receiving energy from erbium ions that are excited by
excitation laser light 352 having a wavelength of, for ex-
ample, 980 nm. After being emitted from the fiber optical
amplifier 355, this amplified pulsed laser light 370 is con-
verted into pulsed laser light 380, which is a second har-
monic having a wavelength of 780 nm, by the optical
wavelength conversion element 358. The pulsed laser
light 380, which is emitted from the laser unit 13a, is guid-
ed to the puncture needle 15 (see Fig. 1).

[0044] Meanwhile, a member (receptacle), which in-
cludes a mechanism pressing and fixing the optical fiber,
can be used as an optical joint (connector) that connects
the laser unit to the optical fiber of the light guide member.
For example, such a receptacle is provided in the laser
unit 13, and element wires of the optical fiber extending
from the puncture needle 15 are inserted into the optical
joint. The optical joint holds the optical fiber by a pressing
force of, for example, a spring or the like. When this op-
tical joint is used and the optical fiber is pulled so that a
force equal to or larger than a certain level is applied to
the receptacle, the optical fiber is separated from the re-
ceptacle. Accordingly, it is possible to prevent the optical
fiber from being broken at the optical joint. Further, since
a plug (connector) does not need to be provided on the
optical fiber that is integrated with the puncture needle
15, itis possible to reduce the costs of the entire puncture
needle. In particular, when the puncture needle 15is dis-
posable, the optical fiber to be discarded together with
the puncture needle does not require a connector. Ac-
cordingly, an effect of reducing costs is great.

[0045] Figs. 5A to 5C illustrate photoacoustic images.
Fig. 5Aillustrates a photoacoustic image when the punc-
ture needle 15 is inserted into the subject at an angle of
45° from the surface of the subject. The puncture needle
15 is inserted into the subject to a depth of, for example,
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50 mm from the surface of the subject. Light is applied
to the tip portion of the puncture needle from the light
emitting portion that is provided in the vicinity of the tip
of the puncture needle 15, so that a photoacoustic wave
is generated at the tip portion of the puncture needle 15.
Accordingly, it is possible to confirm the position of the
tip of the puncture needle 15 in the photoacoustic image.
[0046] Fig. 5B illustrates a photoacoustic image when
the puncture needle 15 is inserted into the subject at an
angle of 60° from the surface of the subject. Further, Fig.
5C illustrates a photoacoustic image when the puncture
needle 15 is inserted into the subject at an angle of 80°
from the surface of the subject. Even in Figs. 5B and 5C,
itis possible to confirm the position of the tip of the punc-
ture needle 15 in the photoacoustic image as in Fig. 5A.
[0047] Here, when light is applied on the surface of a
subject, a range, which is present between the surface
of the subject and a portion corresponding to a depth of
about 20 mm, is an imageable range. When the puncture
needle 15 is inserted into the subject to a depth of 50
mm, light applied on the surface of the subject does not
sufficiently reach the puncture needle 15. For thisreason,
it is difficult to make an image of the puncture needle 15
with light that is applied on the surface of the subject. In
contrast, in this example, the light guide member 152 is
provided in the puncture needle 15 and light, which is
guided by the light guide member 152, is applied to the
tip portion of the puncture needle 15 from the light emit-
ting portion that is provided in the vicinity of the tip portion
of the puncture needle 15 inserted into the subject. Ac-
cordingly, light can be applied to the tip portion of the
puncture needle 15 without being significantly attenuat-
ed. For this reason, even when the puncture needle is
inserted to a deep position, it is possible to confirm the
position of the puncture needle 15.

[0048] Further, when light is applied on the surface of
the subject and the puncture needle 15 is inserted into
the subject at an angle close to a right angle, the pho-
toacoustic wave generated from the puncture needle 15
is obliquely incident on an acoustic wave detection sur-
face of the probe 11. Accordingly, it is difficult to detect
the photoacoustic wave that is generated from the punc-
ture needle 15. In contrast, in this example, since a pho-
toacoustic wave is generated from the vicinity of the tip
of the puncture needle 15, it is possible to confirm the
position of the puncture needle 15 in the photoacoustic
image even when the puncture needle 15 is inserted into
the subject at an angle close to a right angle as illustrated
in Figs. 5B and 5C.

[0049] Fig. 6 illustrates an operation procedure. The
puncture needle 15 isinserted into the subject by a doctor
or the like (Step A1). After the puncture needle 15 is in-
serted into the subject, the control means 28 of the ultra-
sonic unit 12 sends a trigger signal to the laser unit 13.
When the laser unit 13 receives the trigger signal, the
laser unit 13 starts laser oscillation and emits pulsed laser
light. The pulsed laser light emitted from the laser unit 13
is guided to the vicinity of the tip of the puncture needle
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15 by the light guide member 152 (see Fig. 2), and is
emitted from the light emitting portion 153. The tip portion
of the puncture needle 15 is irradiated with at least a part
of the pulsed laser light (Step A2).

[0050] The probe 11 detects photoacoustic waves that
are generated in the subject due to the irradiation of laser
light (Step A3). The AD conversion means 22 receives
the detection signals of the photoacoustic waves through
the receiving circuit 21, samples the detection signals of
the photoacoustic waves, and stores the detection sig-
nals of the photoacoustic waves in the receiving memory
23. The data separation means 24 transmits the detec-
tion signals of the photoacoustic waves, which are stored
in the receiving memory 23, to the photoacoustic image
generating means 25. The photoacoustic image gener-
ating means 25 generates a photoacoustic image on the
basis of the detection signals of the photoacoustic waves
(Step A4).

[0051] The control means 28 sends an ultrasonic trig-
gersignal to the transmission control circuit 29. The trans-
mission control circuit 29 causes ultrasonic waves to be
transmitted from the probe 11 in response to the ultra-
sonic trigger signal (A5). The probe 11 detects reflected
ultrasonic waves after transmitting the ultrasonic waves
(Step AB). Meanwhile, ultrasonic waves may be trans-
mitted and received at positions separate from each oth-
er. For example, the ultrasonic waves may be transmitted
from a position different from the position of the probe 11
and the reflected ultrasonic waves of the transmitted ul-
trasonic waves may be received by the probe 11.
[0052] The reflected ultrasonic waves detected by the
probe 11 are input to the AD conversion means 22
through the receiving circuit 21. Here, the reflected ultra-
sonic waves transmitted from the probe 11 go and return
and are propagated between the probe 11 and an ultra-
sonic wave-reflection position, but the photoacoustic
waves are propagated in one direction to the probe 11
from the vicinity of the tip of the puncture needle 15 that
is a position where the photoacoustic waves are gener-
ated. Accordingly, since the time required for the detec-
tion of the reflected ultrasonic waves is double the time
required for the detection of the photoacoustic waves that
are generated at the same depth position, the sampling
clock of the AD conversion means 22 during the sampling
of the reflected ultrasonic waves may be a half of that
during the sampling of the photoacoustic waves. The AD
conversion means 22 stores the sampling data of the
reflected ultrasonic waves in the receiving memory 23.
[0053] Thedataseparation means 24 transmits the de-
tection signals of the reflected ultrasonic waves, which
are stored in the receiving memory 23, to the ultrasound
image generating means 26. The ultrasound image gen-
erating means 26 generates an ultrasound image on the
basis of the detection signals of the reflected ultrasonic
waves (Step A7). The image combining means 27 com-
bines the photoacoustic image, which is generated in
Step A4, with the ultrasound image that is generated in
Step A7 (Step A8). A composite image formed in Step
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A8is displayed on the image display means 14 (Step A9).
[0054] Inthis embodiment, the light guide member 152
is provided in the puncture needle 15 and the light emit-
ting portion 153 (Fig. 2) is provided in the vicinity of the
tip of the puncture needle 15. Light, which is guided in
the puncture needle 15, is emitted from the light emitting
portion 153 and is applied to the photoacoustic wave gen-
erating portion that is present in the vicinity of the tip of
the puncture needle 15. The photoacoustic waves, which
are generated at the photoacoustic wave generating por-
tion due to the absorption of applied light, pass through
the opening of the puncture needle 15, and are detected
by the probe 11. It is possible to confirm the position of
the puncture needle 15 in the photoacoustic image by
forming the photoacoustic waves into an image. In this
embodiment, light is guided to the vicinity of the tip of the
puncture needle 15 by the light guide member 152 and
is applied to the tip portion of the puncture needle 15 from
the puncture needle 15. Accordingly, even when the
puncture needle 15 is inserted to a deep position or even
when the puncture needle 15 is inserted into the subject
at an angle close to aright angle, it is possible to confirm
the position of the puncture needle 15 in the photoacous-
ticimage. Here, the vicinity of the tip of the puncture nee-
dle 15 means a position where photoacoustic waves ca-
pable of making an image of the position of the tip of the
puncture needle 15 with an accuracy required for work
for inserting the puncture needle can be generated when
the light emitting portion 153 and the photoacoustic wave
generating portion are disposed at the position of the tip
of the puncture needle 15. For example, the vicinity of
the tip of the puncture needle 15 indicates a range that
is present in the range of 0 mm to 3 mm from the tip of
the puncture needle 15 toward a base end thereof. The
vicinity of the tip has the same meaning even in the sub-
sequent embodiments.

[0055] Next, another example will be described. Fig. 7
illustrates the section of a puncture needle that is used
in a photoacoustic image generating device. A puncture
needle 15a of this example is different from the puncture
needle 15 illustrated in Fig. 2 and used in the other ex-
ample in that the puncture needle 15a further includes a
light absorbent member 154. The light absorbent mem-
ber 154 forms at least a part of a photoacoustic wave
generating portion of the puncture needle 15a. The struc-
ture of the photoacoustic image generating device is the
same as that of the example illustrated in Fig. 1.

[0056] The puncture needle 15a includes a light ab-
sorbent member 154 that is provided at a position to
which light emitted from the light emitting portion of a light
guide member 152 is applied. The light absorbent mem-
ber 154 is provided in the vicinity of the tip of the puncture
needle 15a on the inner wall of a puncture needle body
151, and absorbs light emitted from the light emitting por-
tion and generates photoacoustic waves. The light ab-
sorbent member 154 is made of, for example, an epoxy
resin, a polyurethane resin, a fluorine resin, or silicone
rubber into which a black pigment is mixed, or, for exam-
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ple, a black paint having high light absorbency with re-
spect to the wavelength of laser light. The light absorbent
member 154 is drawn in Fig. 7 so as to be larger than
the light guide member 152, but is not limited thereto.
The diameter of the light absorbent member 154 may be
the same as that of the light guide member 152.

[0057] Instead of the above-mentioned materials, a
metal film or an oxide film having light absorbency with
respect to the wavelength of laser light may be used as
the light absorbent member 154. For example, a film
made of an oxide, such as an iron oxide, a chromium
oxide, or a manganese oxide, having high light absorb-
ency with respect to the wavelength of laser light can be
used as the light absorbent member 154. Alternatively,
a film made of a metal, such as Ti or Pt, of which the light
absorbency is lower than the light absorbency of an oxide
but the biocompatibility is higher than the biocompatibility
of an oxide, may be used as the light absorbent member
154. Further, a position at which the light absorbent mem-
ber 154 is provided is not limited to the inner wall of the
puncture needle body 151. For example, the metal film
or the oxide film, which is the light absorbent member
154, may be formed on the light emitting portion 153 (see
Fig. 2) by deposition or the like so as to have a thickness
of, for example, about 100 nm, and the oxide film may
cover the light emitting portion 153. In this case, at least
a part of the light emitted from the light emitting portion
153 is absorbed by the metal film or the oxide film cov-
ering a light emitting surface, so that photoacoustic
waves are generated from the metal film or the oxide film.
[0058] In this example, the puncture needle 15a in-
cludes the light absorbent member 154. Since the light
absorbent member 154 is irradiated with light emitted
from the laser unit 13, it is possible to enhance the pho-
toacoustic waves, which are generated from the tip por-
tion of the puncture needle, in comparison with a case in
which the light absorbent member 154 is not provided.
For this reason, even when the energy of the light emitted
from the laser unit 13 is low, it is possible to efficiently
generate photoacoustic waves. Other effects are the
same as those of the other examples.

[0059] Subsequently, an embodiment of the invention
according to claim 1 will be described. Fig. 8 illustrates
the section of a puncture needle that is used in a pho-
toacousticimage generating device according to the third
embodiment of the invention. A puncture needle 15b of
this embodiment is different from the puncture needle
15a illustrated in Fig. 7 in that a light absorbent member
155 also functions as a fixing member for fixing a light
guide member 152 to the inner wall of a puncture needle.
The structure of the photoacoustic image generating de-
viceisthe same as that of the exampleillustrated in Fig. 1.
[0060] The light absorbent member 155, which is also
a fixing member, is made of, for example, an epoxy resin,
a polyurethane resin, a fluorine resin, silicone rubber, or
the like into which a black pigment is mixed. The light
absorbent member 155 covers a light emitting end of an
optical fiber that is, for example, the light guide member
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152 and fixes the end face of the optical fiber to the inner
wall of a puncture needle body 151. Accordingly, it is
possible to fix the light guide member 152, and to accu-
rately ascertain a positional relationship between the tip
of the puncture needle 15b and the tip (light emitting por-
tion) of the light guide member 152. Other effects are the
same as those of the other examples.

[0061] Next, another embodiment of the invention will
be described. Fig. 9 illustrates the section of a puncture
needle that is used in a photoacoustic image generating
device according to anotherembodiment ofthe invention.
This embodiment is different from the first embodiment
in that a light emitting end face (light emitting portion 153)
of an optical fiber forming the light guide member 152 is
formed obliquely. The structure of the photoacoustic im-
age generating device is the same as that of the example
illustrated in Fig. 1. Further, as in the first embodiment,
the puncture needle may include the light absorbent
member 155 (see Fig. 8) also functioning as a fixing mem-
ber.

[0062] In this embodiment, an end face of the light
guide member (optical fiber) 152 forming the light emit-
ting portion 153 is inclined at an angle o without being
perpendicular. In more detail, the angle of the end face
of the optical fiber forming the light guide member 152 is
equal to or larger than 45° and smaller than 90° when it
is assumed that an angle in a direction parallel to an
extending direction of the optical fiber is 0° and an angle
in a direction perpendicular to the extending direction of
the optical fiber is 90°. When the refractive index of the
optical fiber (core) is about 1.45 and the puncture needle
15 is filled with air or water, light having travelled through
the optical fiber is refracted toward the inner wall of the
puncture needle 15 at the light emitting end face of the
optical fiber. Accordingly, since the inner wall of the punc-
ture needle 15 can be irradiated with more light, it is pos-
sible to allow the puncture needle 15 to efficiently gen-
erate photoacoustic waves at the tip portion of the punc-
ture needle.

[0063] Subsequently, a another embodiment of the in-
vention will be described. Fig. 10 illustrates a photoa-
cousticimage generating device according to an embod-
iment of the invention. The photoacoustic image gener-
ating device according to this embodiment includes a la-
ser unit 16 (second light source) in addition to the pho-
toacoustic image generating device 10 according to the
example illustrated in Fig. 1. Meanwhile, also in this em-
bodiment, the puncture needle may include the light ab-
sorbent member 155 (see Fig. 8) also functioning as a
fixing member as in the first embodiment. Further, the
light emitting end of an optical fiber may be formed ob-
liquely as in the other embodiment (see Fig. 9).

[0064] The laser unit 16 emits laser light that is applied
to a subject from the surface or the like of the subject.
The wavelength of the laser light may be appropriately
set according to a biological tissue or the like of an object
to be observed. The laser unit 16 is formed of, for exam-
ple, a solid-state laser light source that uses alexandrite
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as a laser medium. Light emitted from the laser unit 16
is guided to the probe 11 by an optical fiber or the like,
andis applied to the subjectfrom a light irradiation portion
that is provided on the probe 11. Laser light may be ap-
plied from a portion other than the probe 11 instead of
being applied from the probe 11. After the subject is ir-
radiated with the light emitted from the laser unit 16, the
probe 11 detects photoacoustic waves (second photoa-
coustic waves) that are generated due to the irradiation
of light.

[0065] Since a relatively large area of the subject is
irradiated with the light emitted from the laser unit 16 as
the second light source, itis preferable that the laser unit
16 emits laser light having high energy. In contrast, since
only a limited area of the tip of the puncture needle 15
has only to be irradiated with the light emitted from the
laser unit 13 as the first light source and has high energy
density, the first light source may not be a high-output
laser light source. For example, when each of the laser
unit 13 and the laser unit 16 is formed of a solid-state
laser light source that uses a flash lamp as an excitation
light source, the flash lamp of the laser unit 13 may gen-
erate light at low intensity in comparison with the laser
unit 16.

[0066] The wavelength of laser light of the laser unit
13 may be different from that of the laser unit 16. For
example, a laser light source having a wavelength in the
range of 700 nm to 800 nm, which can efficiently make
an image of a blood vessel as an object to be observed,
can be used as the laser unit 16 that is the second light
source. Meanwhile, a laser light source having a wave-
length of 1064 nm or 532 nm can be used as the laser
unit 13 that is the first light source. It is particularly pref-
erable that the wavelength of the laser light emitted from
the laser unit 13 is in a wavelength range (700 nm to
1100 nm) in which the laser light has high transmittance
in biological tissue without being absorbed locally even
when the light emitted from the laser unit 13 is incident
on a living body. Further, different types of laser light
source may be used as the laser units 13 and 16. For
example, a semiconductor laser light source or an optical
amplification type laser light source may be used as the
laser unit 13, and a solid-state laser light source of
Nd:YAG (neodymium YAG), YAG, alexandrite, or the like
may be used as the laser unit 16.

[0067] Driving conditions of the laser unit 13 will be
considered. Frequency components of photoacoustic
waves, which are generated at the tip portion of the punc-
ture needle 15 after light is emitted from the laser unit
13, change depending on the pulse width of pulsed laser
light emitted from the laser unit 13. Fig. 11 is a graph
illustrating the frequency characteristics of photoacoustic
waves that are generated due to the irradiation of pulsed
laser light. In the graph, a horizontal axis represents a
frequency and a vertical axis represents the intensity of
a signal. Fig. 11 illustrates measured values of the fre-
quency characteristics (a) of a photoacoustic wave with
respect to pulsed laser light having a pulse width of 5.7
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ns. Further, Fig. 11 also illustrates calculated values of
the frequency characteristics (b) of a photoacoustic wave
that is assumed when a pulse width is set to 50 ns, cal-
culated values of the frequency characteristics (c) of a
photoacoustic wave that is assumed when a pulse width
is set to 75 ns, and calculated values of the frequency
characteristics (d) of a photoacoustic wave that is as-
sumed when a pulse width is set to 100 ns. The vertical
axis is standardized as the maximum intensity of a pho-
toacoustic wave with respect to a pulse width of 5.7 ns.
A solid-state laser light source of Nd:YAG is used as the
laser unit 13.

[0068] Referring to Fig. 11, it is understood that the
high-frequency components of photoacoustic waves be-
come weak as a pulse width is reduced. Furthermore, it
is understood that the intensity of the overall photoacous-
tic wave is also reduced. The range of frequency, which
can be detected by a general medical probe, is a range
of 2 MHz to 20 MHz. For example, an acoustic wave in
therange of 4 MHz to 12 MHz can be detected by a probe
having a center frequency of 8 MHz. In order to cause a
photoacoustic wave, which is generated at the tip portion
of the puncture needle 15, to be detected by using a
general medical probe, it is preferable that the laser unit
13 emits pulsed laser light having a pulse width where a
photoacoustic wave having sufficient intensity in the
range of frequency capable of being detected by the
probe is generated. When the pulse width of the pulsed
laser light exceeds 100 ns, the signal of a frequency com-
ponent in the range of 2 MHz to 20 MH does not have
sufficient intensity. For this reason, it is preferable that
the upper limit of the pulse width is set to 100 ns. Mean-
while, when a laser diode light source is used as the laser
unit 13, the intensity of pulsed laser light is substantially
proportional to a pulse width. Accordingly, as a pulse
width is reduced, the intensity of overall laser light is re-
duced. Itis considered that a pulse width of at least 5 ns
is needed to generate photoacoustic waves, which have
an intensity capable of being detected by the probe 11,
at the tip portion of the puncture needle 15. In summary,
it is preferable that the pulse width of the pulsed laser
light emitted from the laser unit 13 is in the range of 5 ns
to 100 ns.

[0069] As a result of experiments, it was possible to
make the photoacoustic waves, which are generated at
the tip of the puncture needle 15, visible when the energy
of the pulsed laser light was equal to or larger than 0.8
pd in one pulse. Considering averaging, averaging can
be performed 1000 times. In that case, when the energy
of the pulsed laser light is equal to or larger than 0.03 pJ
in one pulse, the energy of the pulsed laser light reaches
alevel where the photoacoustic waves can be made vis-
ible. When the upper limit of the energy is higher than 50
pd in one pulse, an energy density is equal to or greater
than 160 mJ/cm? at a core fiber having a diameter of 200
pm and an energy density is equal to or higher than 40
mJ/cm? even at a core fiber having a diameter of 400
pm. Accordingly, the energy of the pulsed laser light
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reaches the same level as a reference value of biological
safety (20 mJ/cm?2 to 100 mJ/cm? at a wavelength in the
range of 750 mto 1064 nm). Therefore, itis not preferable
that the energy is higher than 50 wJ. In summary, it is
preferable that energy per pulse is in the range of 0.03
pd to 50 pd.

[0070] Two kinds of irradiation of light are performed
in this example. One of the two kinds of irradiation of light
is the irradiation of the tip portion of the puncture needle
15 with the light emitted from the laser unit 13, and the
other thereof is the irradiation of the subject with the light
emitted from the laser unit 16. In this example, the second
photoacoustic waves, which are generated due to the
irradiation of the subject with light, are detected in addi-
tion to the first photoacoustic waves that are generated
due to the irradiation of the tip portion of the puncture
needle 15 with light. The photoacoustic image generating
means 25 generates a second photoacoustic image
based on the second photoacoustic waves in addition to
a first photoacoustic image based on the first photoa-
coustic waves.

[0071] Fig. 12illustrates an operation procedure of this
example. The puncture needle 15 is inserted into the sub-
ject by a doctor or the like (Step B1). After the puncture
needle 15 is inserted, the control means 28 of the ultra-
sonic unit 12 sends a trigger signal to the laser unit 13
that is the first light source. When the laser unit 13 re-
ceives the trigger signal, the laser unit 13 starts laser
oscillation and emits pulsed laser light. The pulsed laser
light emitted from the laser unit 13 is guided to the vicinity
of the tip of the puncture needle 15 by the light guide
member 152 (see Fig. 2), is emitted from the light emitting
portion 153, and is applied to the tip portion of the punc-
ture needle 15 (Step B2).

[0072] The probe 11 detects the first photoacoustic
waves that are generated in the subject due to the irra-
diation of laserlight (Step B3). The AD conversion means
22 receives the detection signals of the first photoacous-
tic waves through the receiving circuit 21, samples the
detection signals of the first photoacoustic waves, and
stores the detection signals of the first photoacoustic
waves in the receiving memory 23. The data separation
means 24 transmits the detection signals of the first pho-
toacoustic waves, which are stored in the receiving mem-
ory 23, to the photoacousticimage generating means 25,
and the photoacoustic image generating means 25 gen-
erates the first photoacoustic image on the basis of the
detection signals of the first photoacoustic waves (Step
B4). The steps, which have been described so far, may
be the same as those of the operation procedure (see
Fig. 6) described in another example.

[0073] The control means 28 sends a laser oscillation
trigger signal to the laser unit 16 that is the second light
source. The laser unit 16 excites a laser medium by turn-
ing on an excitation light source, such as a flash lamp,
inresponse to the laser oscillation trigger signal, and then
emits pulsed laser light by turning on the Q-switch. The
relatively large area of the subject is irradiated with the
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laser light, which is emitted from the laser unit 16, by the
probe 11 or the like (Step B5).

[0074] The probe 11 detects the second photoacoustic
waves that are generated due to the irradiation of laser
light of Step B5 (Step B6). The AD conversion means 22
receives the detection signals of the second photoacous-
tic waves through the receiving circuit 21, samples the
detection signals of the second photoacoustic waves,
and stores the detection signals of the second photoa-
coustic waves in the receiving memory 23. The data sep-
aration means 24 transmits the detection signals of the
second photoacoustic waves, which are stored in the re-
ceiving memory 23, to the photoacoustic image gener-
ating means 25, and the photoacoustic image generating
means 25 generates the second photoacoustic image on
the basis of the detection signals of the second photoa-
coustic waves (Step B7).

[0075] The control means 28 sends an ultrasonic trig-
ger signal to the transmission control circuit 29, and the
transmission control circuit 29 causes ultrasonic waves
to be transmitted from the probe 11 in response to the
ultrasonic trigger signal (Step B8). The probe 11 detects
reflected ultrasonic waves after transmitting the ultrason-
ic waves (Step B9). The AD conversion means 22 re-
ceives the detection signals of the reflected ultrasonic
waves through the receiving circuit 21, samples the de-
tection signals of the reflected ultrasonic waves, and
stores the detection signals of the reflected ultrasonic
waves in the receiving memory 23. The data separation
means 24 transmits the detection signals of the reflected
ultrasonic waves, which are stored in the receiving mem-
ory 23, to the ultrasound image generating means 26.
The ultrasound image generating means 26 generates
an ultrasound image on the basis of the detection signals
of the reflected ultrasonic waves (Step B10). Steps,
which are performed up to the generation of the ultra-
sound image from the transmission of the ultrasonic
waves, may be the same as those of the operation pro-
cedure described in the other example.

[0076] The image combining means 27 combines the
first photoacoustic image generated in Step B4, the sec-
ond photoacoustic image generated in Step B7, and the
ultrasound image generated in Step B10 (Step B11). A
composite image formed in Step B11 is displayed on the
image display means 14 (Step B12).

[0077] Meanwhile, the irradiation of the light emitted
from the laser unit 13 as the first light source and the
irradiation of the light emitted from the laser unit 16 as
the second light source have been separately performed
in the above description, but may be performed at the
same time. In that case, the probe 11 detects the first
photoacoustic waves, which are caused by the irradiation
of light emitted from the laser unit 13 as the first light
source, and the second photoacoustic waves, which are
caused by the irradiation of light emitted from the laser
unit 16 as the second light source, at the same time (at
one time). In this case, since the generation of a photoa-
coustic image is completed in one shot, it is possible to
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display an image in a short time in comparison with a
case in which two photoacoustic images are generated
and are then combined (superimposed) with each other.
[0078] Inthis embodiment, the subjectisirradiated with
the light emitted from the laser unit 16 as the second light
source, the second photoacoustic waves are detected,
and the second photoacoustic image is generated. It is
possible to make an image of the distribution of a light
absorber, such as blood, with reference to the second
photoacoustic image. The tip portion of the puncture nee-
dle 15 is irradiated with the light emitted from the laser
unit 13, which is the first light source, in addition to the
irradiation of the light emitted from the laser unit 16, and
photoacoustic waves are generated from the tip portion
of the puncture needle 15. Accordingly, even when the
tip of the puncture needle 15 is present at a deep portion
where the light emitted from the laser unit 16 does not
reach, it is possible to confirm the position of the tip of
the puncture needle in the photoacoustic image.

[0079] Subsequently, another example will be de-
scribed. In this example, a puncture needle further in-
cludes an inner needle that seals at least a part of an
inner cavity of a puncture needle body. The inner needle
has an outer diameter that is substantially equal to an
inner diameter of the puncture needle body forming, for
example, an outer needle, and is adapted to be capable
of being separated from and inserted into the hollow
puncture needle body. The inner needle is made of a
material having light absorbency, for example, a black
resin. A light guide member is embedded in the inner
needle. The inner needle, particularly, the tip portion of
the inner needle also functions as a light absorbent mem-
ber that absorbs the light emitted from the light emitting
portion of the light guide member and generates acoustic
waves. The structure of the entire photoacoustic image
generating device may be the same as that of the pho-
toacoustic image generating device according to the ex-
ample illustrated in Fig. 1, and may be the same as that
of the photoacoustic image generating device according
to the embodiment illustrated in Fig. 10.

[0080] Fig. 13 illustrates the section of a portion of the
puncture needle in the vicinity of the tip of the puncture
needle that is used in this example. The puncture needle
15c¢ includes an inner needle 158 provided in a hollow
puncture needle body 151 that includes an opening at
the tip thereof formed at an acute angle and includes an
inner cavity therein. The inner needle 158 is made of, for
example, a black polyamide resin or a fluorine resin such
as PTFE (polytetrafluoroethylene). The tip of the inner
needle 158 is formed at an acute angle like the tip of the
puncture needle body 151. The light guide member 152
is embedded in the inner needle 158. For example, the
light guide member 152 is disposed in a tube that has an
inner diameter equal to the inner diameter of the puncture
needle body 151, the tube is filled with the black polya-
mide resin, a fluorine resin, or the like, and the tip portion
of the tube is cut, so that the inner needle 158 including
the light guide member 152 therein can be produced.
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The light emitted from the light emitting portion 153 of
the light guide member 152 is applied to the tip portion
of the inner needle 158 having light absorbency, so that
photoacoustic waves are generated at the tip portion of
the inner needle 158. The generated photoacoustic
waves are detected by the probe 11 (see Fig. 1). A po-
sition at which the light guide member 152 is embedded
in the inner needle 158 is not particularly limited. The
light guide member 152 may be positioned in the vicinity
of the center of the inner needle 158, and may be posi-
tioned close to the inner wall of the puncture needle body
151 as illustrated in Fig. 2.

[0081] Fig. 14Aillustrates the appearance of the punc-
ture needle 15¢c according to this example, Fig. 14B il-
lustrates the appearance of the puncture needle body
151, and Fig. 14C illustrates the appearance of the inner
needle 158. The puncture needle body 151 forming the
outer needle is mounted on an outer needle base 156
(see Fig. 14B), and the inner needle 158 is bonded to an
inner needle base 159 (see Fig. 14C). The inner needle
158 is inserted into the inner cavity of the puncture needle
body 151 from the outer needle base 156, and seals at
least a part of the inner cavity of the puncture needle
body 151 so as to prevent a section or the like of a living
body from entering the inner cavity. The inner needle
base 159 is provided with a protrusion for connection
position alignment, and the outer needle base 156 is pro-
vided with a groove that engages with the protrusion of
the inner needle base 159. When the inner needle 158
is set to be in the puncture needle body 151, the inner
needle base 159 is fitted to the outer needle base 156
after the position of the protrusion of the inner needle
base 159 is aligned with the position of the groove of the
outer needle base 156.

[0082] Anoperatorinserts the puncture needle 15cinto
the subject while the inner needle 158 is set in the punc-
ture needle body 151 (see Fig. 14A). Since the inner cav-
ity of the puncture needle body 151 is closed by the inner
needle 158, it is possible to prevent flesh from being
caught while the needle is inserted. Accordingly, itis pos-
sible to prevent the deterioration of an operator’s feeling
during inserting a needle. Further, it is also possible to
prevent water from flowing into the inner cavity of the
puncture needle body 151 from a puncture portion. The
operator releases the connection between the inner nee-
dle base 159 and the outer needle base 156 after insert-
ing the needle into the subject, and removes the inner
needle 158 from the puncture needle body 151. After
removing the inner needle 158, the operator mounts a
syringe or the like on the outer needle base 156 and
injects a drug such as an anesthetic. Alternatively, the
operator takes a biopsy tissue sample from a portion of
the subjectinto which the puncture needle 15cisinserted.
[0083] Fig. 15 illustrates the connection between the
laser unit 13 and the puncture needle 15¢c. For example,
a laser diode light source is used as the laser unit 13.
The laser diode light source, a drive circuit therefor, and
the like are housed in a box that has a width of about 125
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mm, a depth of about 70 mm, and a height of about 40
mm. Direct current (DC) power is supplied to the laser
unit 13 from a universal serial bus (USB) terminal that is
provided in, for example, an ultrasonic unit. The pulse
energy of pulsed laser light emitted from the laser unit
13 is, for example, 0.006 mJ, and the pulse width of the
pulsed laser light is in the range of, for example, 60 ns
to 100 ns. The number of times of repetition (frequency)
of the pulsed laser light per unit time is equal to or higher
than, for example, 30 Hz.

[0084] An optical fiber 30 is used to guide light to the
puncture needle 15c from the laser unit 13. The optical
fiber 30 includes an optical connector 31 at the tip thereof
(an end of the optical fiber 30 distant from the laser unit
13 when view from the laser unit 13). The inner needle
base 159 of the puncture needle 15c is provided with an
optical connector that connects the optical connector 31.
The light guided by the optical fiber 30 is incident on the
light guide member 152 (see Fig. 13), which is provided
in the inner needle 158, from the optical connector 31,
and is applied to the tip portion of the inner needle 158
from the light emitting portion 153. When the inner needle
base 159 is provided with the optical connector, the op-
tical fiber 30 guiding the light emitted from the laser unit
13 to the inner needle and the inner needle section can
be separated from each other and handled. Accordingly,
an inner needle section including the inner needle 158
and the inner needle base 159 can be sterilized and then
packed. In order to use the inner needle section, an op-
erator has only to take the inner needle section out of a
sterilizing bag and connect the optical connector of the
inner needle base 159 to the optical connector 31 of the
optical fiber 30.

[0085] Meanwhile, an example in which the inner nee-
dle base 159 is provided with the optical connector has
been described above. However, the inner needle base
159 may not be provided with the optical connector, the
puncture needle 15¢ may also be provided with an optical
fiber extending from the inner needle base 159, and an
optical connector may be provided at the tip of the optical
fiber. In this case, the optical fiber, which extends from
the inner needle base 159, and the inner needle section
may be sterilized and packed together. When the inner
needle base 159 is provided with an optical connector,
the weight of the inner needle base 159 is increased by
as much as the weight of the optical connector in com-
parison with a case in which the optical connector is not
provided. Since the weight balance of the puncture nee-
dle 15c is poor when the inner needle base 159 is ex-
cessively heavy, itis considered thatitis difficult to handle
the puncture needle 15c. In such a case, an optical con-
nector may be provided at a position away from the inner
needle base 159.

[0086] The optical fiber extending from the inner nee-
dle base 159 may not be provided with an optical con-
nector, and the end face of the optical fiber may be pol-
ished so as to be capable of guiding light or the end face
of the optical fiber may be cut smoothly. In that case, the
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tip of the optical fiber extending from the inner needle
base 159is inserted into the laser unit 13 and areceptacle
for pressing the inserted optical fiber by a spring force
may be provided. In this case, since the optical fiber is
separated from the receptacle when a force equal to or
larger than a predetermined force is applied to the optical
fiber, the breakage of the optical fiber, which is caused
by the application of an excessive force, does not occur.
Further, since a connector (plug) does not need to be
mounted on the optical fiber extending from the inner
needle base 159, itis possible to reduce the costs of the
puncture needle.

[0087] In this example, the puncture needle 15c¢ in-
cludes the inner needle 158. Since the inner cavity of the
puncture needle body 151 forming the outer needle is
closed by the inner needle 158, an operator can insert
the puncture needle 15c into the subject without the de-
terioration of a feeling during inserting the needle. Fur-
thermore, itis possible to prevent water and the like from
flowing backward in the inner cavity of the puncture nee-
dle body 151. In this example, the inner needle is made
of a material having light absorbency and the light guide
member 152 is provided in the inner needle 158. Since
light is guided to the tip portion of the puncture needle
by the light guide member 152 and is applied to the tip
portion of the inner needle 158 from the light emitting
portion 153, photoacoustic waves are generated at the
tip portion of the inner needle 158 and the tip of the punc-
ture needle can be made visible by a photoacoustic im-
age.

[0088] Next, another example will be described. In the
previous example, the light guide member 152 has been
disposed in the inner needle 158 (see Fig. 13). In this
example, a light guide member 152 is used as an inner
needle that seals at least a part of an inner cavity of a
puncture needle body 151. Further, at least a part of a
light guide member 152, which includes a light emitting
portion 153, is covered with a film having light absorben-
cy, for example, a black fluorine resin. Other structures
are the same as those of the previous example.

[0089] Fig. 16 illustrates the appearance of the inner
needle that is used in the puncture needle of this exam-
ple. The light guide member 152 has an outer diameter
that is substantially equal to the inner diameter of the
hollow puncture needle body 151. An optical fiber having
a core diameter of, for example, about 400 pum is used
as the light guide member 152. A total diameter of the
light guide member 152 and the clad or the coating there-
of is about 550 pum. The inner needle includes a black
fluorine resin film 160 at a part of the light guide member
152 including the tip thereof. The inner needle has only
to include the black fluorine resin film 160 on at least the
tip of the light guide member 152, and may include a
black fluorine resin film over the entire light guide member
152 in a longitudinal direction.

[0090] Fig. 17 illustrates the section of the tip portion
of the inner needle. Since the inner needle includes the
black fluorine resin film 160, which has light absorbency,
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at the tip portion of the light guide member 152, the light
emitting portion 153 of the light guide member 152 is
covered with the black fluorine resin film 160. Light emit-
ted from the light emitting portion 153 is absorbed by the
black fluorine resin film 160, so that photoacoustic waves
are generated at the tip portion of the inner needle 158.
The generated photoacoustic waves are detected by the
probe 11 (see Fig. 1).

[0091] In this example, the light guide member 152 is
used as the inner needle and the inner cavity of the punc-
ture needle body 151 is closed by the light guide member
152. In this example, the light guide member 152 closes
the inner cavity of the puncture needle body 151 unlike
in the previous examples. Accordingly, an optical fiber
having a diameter, which is larger than that in the other
example, can be used as the light guide member 152.
Other effects are the same as those of the other example.
[0092] Further, another example will be described. Fig.
18 illustrates the section of an inner needle that is used
in this example. In this example, the inner needle includes
atube 161, alight guide member 152, and a light absorb-
ent member 154. The tube 161, the light guide member
152, and the light absorbent member 154 form the inner
needle that is inserted into an inner cavity of a puncture
needle body. Although not illustrated in Fig. 18, the tube
161 and the light guide member 152 are bonded to the
inner needle base 159 (see Fig. 14C). The tube 161, the
light guide member 152, and the light absorbent member
154 are inserted into the inner cavity of the puncture nee-
dle body 151 from the outer needle base 156 (see Fig.
14B). Other structures are the same as those of previous
examples.

[0093] The tube 161 is a hollow tube that houses the
light guide member 152 therein. The tube 161 is made
of a fluorine resin such as PTFE. The light guide member
152 is an optical fiber having a core diameter of, for ex-
ample, 200 pum, and the outer diameter of the tube 161
is, for example, 406 um. The light absorbent member
154 is disposed at the tip of the tube 161. The light ab-
sorbent member 154 is cut at an acute angle like the tip
of the puncture needle that is formed at an acute angle.
An epoxy resin, a polyurethane resin, a fluorine resin,
silicone rubber, or the like, into which a black pigment
having light absorbency is mixed, can be used for the
light absorbent member 154. A void is present between
a light emitting portion 153 of the light guide member 152
and the light absorbent member 154. In other words, the
light emitting portion 153 of the light guide member 152
and the light absorbent member 154 face each other with
an air layer interposed therebetween.

[0094] Lightemitted from the laser unit 13 (see Fig. 15)
is guided to the vicinity of the tip of the puncture needle
(inner needle) by the light guide member 152, and is ap-
plied to the light absorbent member 154 from the light
emitting portion 153 through the void. When the light ab-
sorbentmember 154 absorbs the light to be applied, pho-
toacoustic waves are generated at the tip portion of the
puncture needle. At this time, since the acoustic imped-
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ance of the light absorbent member 154 is closer to that
of biological tissue than that of air, most of photoacoustic
waves generated by the light absorbent member 154 are
emitted to the outside from the opening of the puncture
needle. Since an air layer is provided on the back side
of the light absorbent member 154, the photoacoustic
waves generated by the light absorbent member 154 can
be efficiently emitted to the outside from the front.
[0095] Subsequently, another example will be de-
scribed. Fig. 19 illustrates the section of a portion of a
puncture needle in the vicinity of the tip of the puncture
needle. The puncture needle 15d of this example in-
cludes a puncture needle body 151, a tube 161, a trans-
parent resin 163, a light guide member 152, and a light
absorbent member 154. The tube 161, the transparent
resin 163, the light guide member 152, and the light ab-
sorbent member 154 form an inner needle 158 that is
inserted into an inner cavity of the puncture needle body
151. Although notillustrated in Fig. 19, the tube 161 and
the light guide member 152 are bonded to the inner nee-
dle base 159 (see Fig. 14C). The inner needle 158 is
inserted into the inner cavity of the puncture needle body
151 from the outer needle base 156 (see Fig. 14B). Other
structures are the same as those of the previous exam-
ples.

[0096] The tube 161 is a hollow tube that is made of,
for example, polyimide. The tube 161 may be a tube that
is made of metal such as stainless steel. The transparent
resin 163 is disposed in the tube 161. For example, an
epoxy resin (adhesive) is used as the transparent resin
163. The transparent resin 163 has only to cover at least
a tip portion of the tube 161, and does not necessarily
need to cover the entire inside of the tube 161. A photo-
curable resin, a thermosetting resin, or a room temper-
ature-curable resin can be used as the transparent resin
163.

[0097] The light guide member 152 is embedded in the
tube 161 by the transparent resin 163. A light emitting
end of the light guide member 152 forms the light emitting
portion 153. The tip portion of the tube 161 includes the
light absorbent member 154, and the light absorbent
member 154 is irradiated with the light emitted from the
light emitting portion 153. For example, an epoxy resin,
a polyurethane resin, a fluorine resin, silicone rubber, or
the like, into which a black pigment is mixed, can be used
for the light absorbent member 154.

[0098] The inner needle 158 used in this example can
be produced by the following procedure. First, the trans-
parent resin 163, which is not yet cured, is injected into
the tube 161. After that, the light guide member 152 is
inserted into the tube 161, and the light emitting end of
the light guide member 152 forming the light emitting por-
tion 153 is positioned so as to be disposed in the vicinity
of the tip portion of the tube 161. In the positioning of the
lightemitting end, the lightguide member 152 is observed
using, for example, a microscope or the like and the po-
sition of the light emitting end of the light guide member
152 may be adjusted so that the light emitting end of the
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light guide member 152 is disposed at the tip portion of
the tube 161. Since the transparent resin 163 has trans-
parency, it is possible to confirm the position of the light
emitting end of the light guide member 152 during the
adjustment of the position of the light emitting end of the
light guide member. Instead, the light guide member 152
is inserted first and the transparent resin 163 is then in-
jected.

[0099] After being positioned, the transparent resin
163 is cured by, for example, thermal curing while the
light guide member 152 is inserted into the tube 161.
Then, the tips of the tube 161 and the transparent resin
163 are cut at an acute angle so as to have a shape
suitable for the tip of the puncture needle body 151. Sub-
sequently, a resin, which forms the light absorbent mem-
ber 154 and has light absorbency, is applied so as to
cover at least a part of the cut surfaces of the tube 161
and the transparent resin 163, and the resin is cured by,
for example, thermal curing.

[0100] After the light guide member 152 is inserted into
the tube 161, the position of the light guide member 152
is adjusted, and the transparent resin is cured, the tube
is cut at an acute angle in the above description. How-
ever, the disclosure is not limited thereto. After the tube
is cut at an acute angle first, the light guide member 152
is inserted into the tube, and the position of the light guide
member 152 is adjusted, the transparent resin may be
cured. In this case, a metal tube may be used as the tube.
[0101] In this example, the tube 161 and the transpar-
ent resin 163 form the inner needle 158 and the light
guide member 152 is embedded in the tube 161 by the
transparent resin 163. Since the transparent resin 163 is
used, it is possible to visually confirm the position of the
tip of the light guide member 152 during the embedment
of the light guide member 152. Accordingly, it is possible
to dispose the light emitting portion 153 at a position that
as close to the tip of the inner needle 158 as possible.
[0102] Further, in this example, the light absorbent
member 154 is disposed on the surface of the tip portion
of the inner needle 158. Light emitted from the light emit-
ting portion 153 of the light guide member 152 is applied
to the light absorbent member 154 through the transpar-
entresin 163, so that photoacoustic waves are generated
from the light absorbent member 154. Since the photoa-
coustic waves are generated at the surface of the tip por-
tion of the inner needle 158, attenuation factors are less.
Accordingly, it is possible to stably detect the photoa-
coustic waves. Furthermore, since light is applied
through the transparent resin 163, it is possible to apply
light to the light absorbent member 154 even though the
position of the light emitting portion 153 deviates to some
extent.

[0103] Theinventor performed experiments to confirm
whether or not animage of the position of a tip of a needle
could be made in a photoacoustic image after an inner
needle 158 in which an optical fiber having a core diam-
eter of 200 pm was used as the light guide member 152
was produced, the inner needle 158 was mounted on a
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block needle having a thickness of 22G (gauge), and the
block needle was inserted at an insertion angle of 80°.
Pulsed laser light, which had a pulse energy of 6.4 p.J at
a pulse width of 80 ns, was emitted from a light source;
light was applied to a black epoxy resin, which was pro-
vided on the surface of the tip portion of the inner needle
158, from the optical fiber; and photoacoustic waves gen-
erated from the black epoxy resin were detected by a
linear probe having a center frequency of 6.5 MHz. When
the photoacoustic waves were formed into an image, it
was possible to confirm that an image could be formed
even when the puncture needle was inserted to a position
corresponding to a depth of 77 mm. Further, it was con-
firmed that an image of the position of the tip of the needle
could be more clearly formed by averaging detection re-
sults of eight times. Furthermore, it was confirmed that
an image could be formed at a position corresponding to
a depth of 78 mm when light, which had a pulse energy
of 2.0 pJ at a pulse width of 80 ns, was emitted from the
light source, even though an optical fiber having a core
diameter of 100 wm was used as the light guide member
152.

[0104] Subsequently, another example will be de-
scribed. Fig. 20 illustrates the section of a portion of a
puncture needle in the vicinity of the tip of the puncture
needle that is used in another example. The puncture
needle 15e of this embodiment includes a puncture nee-
dle body 151, a tube 161, a transparent resin 163, a light
guide member 152, and a light absorbent member 154.
The puncture needle 15¢ of this example is different from
the puncture needle 15d of the example illustrated in Fig.
19 in that the light absorbent member 154 covers a light
emitting portion 153 and is embedded in the transparent
resin 163 together with the light guide member 152. Other
structures are the same as those of the previous exam-
ple.

[0105] An inner needle 158 used in this example can
be produced by the following procedure. First, a light-
absorbent resin is attached so as to cover at least a part
of a light emitting end of the light guide member 152 that
forms the light emitting portion 153. For example, an
epoxy resin, a polyurethane resin, a fluorine resin, sili-
cone rubber, or the like, into which a black pigment is
mixed, can be used as the light-absorbent resin. After
that, the light-absorbent resin is cured by, for example,
thermal curing. The light-absorbent resin forms the light
absorbent member 154.

[0106] Subsequently, the light guide member 152,
which includes the light absorbent member 154 attached
to the tip portion thereof, is inserted into the tube 161,
and the light emitting end of the light guide member 152
forming the light emitting portion 153 is positioned so as
to be disposed in the vicinity of the tip portion of the tube
161. In the positioning of the light emitting end, the light
guide member 152 is observed using, for example, a mi-
croscope or the like and the position of the light emitting
end of the light guide member 152 may be adjusted so
that the light emitting end of the light guide member 152
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is disposed at the tip portion of the tube 161.

[0107] Subsequently, a transparent resin 163, which
is not yet cured, is injected into the tube 161, and the
transparent resin 163 is cured by, for example, thermal
curing while the light guide member 152 is inserted into
the tube 161. For example, a soft epoxy resin, in which
the attenuation of acoustic waves is less, may be used
as the transparent resin 163. After that, the tips of the
tube 161 andthe transparentresin 163 are cutatan acute
angle so as to have a shape suitable for the tip of the
puncture needle body 151. Instead, the light guide mem-
ber 152 is inserted first and the transparent resin 163 is
then injected.

[0108] After the light guide member 152, which in-
cludes the light absorbent member 154 attached to the
tip portion thereof, is inserted into the tube 161 and the
position of the light guide member 152 is adjusted, the
tube 161 is cut at an acute angle in the above description.
However, the disclosure is not limited thereto. The tip of
the tube 161 may be cut at an acute angle first; the light
guide member 152, which includes the light absorbent
member 154 attached to the tip portion thereof, may be
inserted into the tube; and the position of the light guide
member 152 may be adjusted. In this case, a metal tube
may be used as the tube 161.

[0109] Inthisexample,the lightabsorbentmember 154
is provided at the light emitting end of the light guide
member 152 forming the light emitting portion 153, and
the light guide member 152 and the light absorbent mem-
ber 154 are embedded in the transparent resin 163. In
this example, it is possible to reduce the volume of the
light absorbent member 154 and to make a source, which
generates photoacoustic waves, be close to a point
sound source in comparison with another example. Other
effects are the same as those of the other example.
[0110] Theinventor performed experiments to confirm
whether or not animage of the position of a tip of a needle
could be made in a photoacoustic image after an inner
needle 158 in which an optical fiber having a core diam-
eter of 200 pm was used as the light guide member 152
was produced, the inner needle 158 was mounted on a
needle having athickness of 22G (gauge), and the needle
was inserted at an insertion angle of 80°. Pulsed laser
light, which had a pulse energy of 6.4 pJ at a pulse width
of 80 ns, was emitted from a light source; light was applied
to a black epoxy resin that was provided on the surface
of the tip portion of the optical fiber; and photoacoustic
waves generated from the black epoxy resin were de-
tected by a probe. When the photoacoustic waves were
formed into an image, it was possible to confirm that an
image could be formed even when the puncture needle
was inserted to a position corresponding to a depth of 77
mm. Further, it was confirmed that an image of the posi-
tion of the tip of the needle could be more clearly formed
by the averaging of detection results of eight times. Fur-
thermore, itwas confirmed that an image could be formed
at a position corresponding to a depth of 78 mm when
light, which had a pulse energy of 2.0 pJ at a pulse width
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of 80 ns, was emitted from the light source, even when
an optical fiber having a core diameter of 100 um was
used as the light guide member 152.

[0111] Meanwhile, ithas been described thatthe probe
11 detects both the photoacoustic waves and the reflect-
ed ultrasonic waves in each of the above-mentioned em-
bodiments. However, a probe used to generate an ultra-
sound image does not necessarily need to be the same
as a probe used to generate a photoacousticimage. The
photoacoustic waves and the reflected ultrasonic waves
may be detected by separate probes. Further, any one
of the detection (sampling) of the photoacoustic waves
and the detection (sampling) of the reflected ultrasonic
waves may be performed first.

[0112] Since the refractive index of water, air, or the
like present in the puncture needle 15 is lower than the
refractive index of the optical fiber in an example, the
light emitting end face of the optical fiber is formed ob-
liquely so that a portion of the puncture needle close to
the inner wall (a portion opposite to the center of the
puncture needle) is long. When the puncture needle is
filled with a material having a refractive index higher than
the refractive index of the optical fiber, the end face of
the optical fiber close to the light emitting end may be
formed obliquely so that a portion of the puncture needle
close to the center (a portion opposite to the inner wall)
is long in contrast to Fig. 9.

[0113] The laser unit 13 and the laser unit 16 have
been described as independent light sources in an em-
bodiment, but one light source may also function as the
other light source. Fig. 21 illustrates a modification of light
sources of first and second light sources used in the pho-
toacoustic image generating device according to an em-
bodiment. In the modification illustrated in Fig. 21, a laser
unit 16, which is the second light source, also functions
as the first light source. A part of laser light emitted from
the laser unit 16 is branched toward a subject, and at
least a part of the rest of the laser light is branched toward
a puncture needle 15. A branch ratio can be set to, for
example, about 100:1.

[0114] For example, after light emitted from the laser
unit 16 is diffused by a diffusion plate 17, the light is in-
cident on a bundle fiber 19, which is formed of, for ex-
ample, about 100 optical fibers having been bundled,
through a condensing lens 18. It is possible to suppress
the variation of the intensity of the light, which is incident
on the bundle fiber 19, by the diffusion plate 17 and the
condensing lens 18. A part of the bundle fiber 19, for
example, one optical fiber is branched toward the punc-
ture needle 15, and the rest thereof are branched toward
the subject. For example, the probe may be provided with
an optical connector that connects the optical fibers ex-
tending from the puncture needle 15. Further, after all
light is guided to the probe by the bundle fiber 19, a part
of the guided light may be branched toward the puncture
needle in the probe. Meanwhile, a method of branching
light is not limited to the above-mentioned method, and
may be other methods of branching light, such as a meth-



29 EP 2 944 264 B1 30

od using a beam splitter that transmits most of light and
reflects a part of the light, or the like. In this case, it is
preferable that a connector to be connected to a light
guide member extending from a puncture needle is pro-
vided on a laser system.

[0115] Examples in which the tube 161, the light guide
member 152, and the light absorbent member 154 are
used as the inner needle have been described in the
previous examples. The diameter of the tube 161 may
be set to be smaller than the inner diameter of the punc-
ture needle body 151, and the tube 161 may be disposed
along the inner cavity of the puncture needle body 151
as in Fig. 2. The respective effects are maintained even
in this case.

[0116] The puncture needle is not limited to a needle
that is to be percutaneously inserted into a subject from
the outside of the subject, and may be a needle for an
ultrasonic endoscope. The needle for an ultrasonic en-
doscope may be provided with a light guide member 152
and a light absorbent member 154, the light absorbent
member 154 provided at the tip portion of the needle may
be irradiated with light, and photoacoustic waves may be
detected to generate a photoacoustic image. In this case,
it is possible to insert the needle while observing the pho-
toacoustic image to confirm the position of the tip portion
of the needle for an ultrasonic endoscope. The photoa-
coustic waves, which are generated at the tip portion of
the needle for an ultrasonic endoscope, may be detected
by a probe for a body surface and may be detected by a
probe assembled in the endoscope.

[0117] Thelight guide member 152, such as an optical
fiber, may be fixed to an inner wall in an inner cavity of
an insertion object, such as a puncture needle, by an
adhesive. Alternatively, a hollow tube, which has a diam-
eter smaller than the diameter of the inner cavity, is in-
serted into the inner cavity of the insertion object, and
the light guide member 152 may be fixed by the tube.
Fig. 22A is a perspective view of a puncture needle and
Fig. 22B illustrates a section taken along line A-A of Fig.
22A. As illustrated in Fig. 22A, the puncture needle 15f
includes a tube 162 in a puncture needle body 151. As
illustrated in Fig. 22B, a light guide member 152 is held
between an inner cavity of the puncture needle body 151
and the tube 162. The outer diameter of the tube 162 is
smaller than the inner diameter of the puncture needle
body 151 by the outer diameter of the light guide member
152.

[0118] In the assembly of the puncture needle 15f, the
light guide member 152 is inserted into the inner cavity
of the puncture needle 15f first and the tube 162 is then
inserted into the inner cavity of the puncture needle body
151. The light guide member 152 is pressed against the
inner wall of the puncture needle body 151 by the inserted
tube 162, so that the light guide member 152 is fixed in
the inner cavity of the puncture needle body 151. The
tube 162 keeps the light guide member 152 at a prede-
termined position in the inner cavity by a frictional force
between itself and the inner wall of the puncture needle
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body 151. In addition, the inner cavity of the puncture
needle body 151 and the tube 162 may be bonded to
each other by an adhesive.

[0119] For example, a metal, a fluorine resin, polyim-
ide, or the like can be used as a material of the tube 162.
When a metal such as stainless steel is used as the ma-
terial of the tube 162, the light guide member 152 can be
reliably held. When afluorine resin is used as the material
of the tube 162, the thickness (wall thickness) of the tube
can be reduced and the flow rate of a medicinal solution
or the like can be increased in comparison with a case
in which a metal is used as the material of the tube 162.
When polyimide is used as the material of the tube 162,
the tube 162 can be easily inserted into the puncture
needle body 151 since polyimide is hard. Accordingly, it
is easy to assemble the tube 162. Further, the thickness
of the tube can be reduced and the flow rate ofa medicinal
solution or the like can be increased. Meanwhile, addi-
tives and the like may be added to the respective mate-
rials.

[0120] Light emitted from the light guide member 152
is applied to the light absorbent member 154 provided in
the vicinity of the tip of the puncture needle body 151, so
that photoacoustic waves are generated from the light
absorbent member 154. As in the first embodiment, the
light absorbent member 154 may also function as a fixing
member for fixing the tip portion of the light guide member
to the inner wall of the puncture needle body 151. Alter-
natively, at least the tip portion of the light guide member
152 may be covered with a resin having light absorbency.
[0121] The puncture needle has been considered as
an insertion object in each of the above-mentioned em-
bodiments, but the insertion object is not limited thereto.
The insertion object may be a radiofrequency cauteriza-
tion needle that houses electrodes used in radiofrequen-
cy cauterization, may be a catheter that is to be inserted
into a blood vessel, and may be a guide wire for a catheter
that is to be inserted into a blood vessel. Alternatively,
the insertion object may be an optical fiber for laser treat-
ment.

[0122] Fig. 23 illustrates an example of a radiofrequen-
cy cauterization needle. The radiofrequency cauteriza-
tion needle 250 includes a light guide member 152 and
a light absorbent member 154. The radiofrequency cau-
terization needle 250 is used in radiofrequency cauteri-
zation for liver cancer, breast cancer, or the like. A doctor
orthelike inserts the radiofrequency cauterization needle
250 into a subject so that the tip of the radiofrequency
cauterization needle (handpiece) 250 is disposed at a
desired position. At this time, electrodes (deployment
needles) 251 are housed in the radiofrequency cauteri-
zation needle 250. When the radiofrequency cauteriza-
tion needle 250 is inserted into the subject, lightis emitted
from the laser unit 13 (see Fig. 1) and is applied to the
light absorbent member 154 from the light guide member
152. Photoacoustic waves, which are generated when
the light absorbent member 154 absorbs light, are de-
tected by the probe 11 (see Fig. 1), so that a photoacous-
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ticimage is generated. With reference to the photoacous-
tic image, it is possible to confirm the position of the tip
of the radiofrequency cauterization needle 250 and to
dispose the tip of the needle at an accurate position in a
lesioned part to be cauterized. After the tip of the radiof-
requency cauterization needle 250 is disposed at the de-
sired position, electrodes 251 are made to protrude from
the radiofrequency cauterization needle 250, and a target
portion is irradiated with radio waves having a frequency
of, for example, about 500 KHz

[0123] Fig. 24 illustrates another example of the radi-
ofrequency cauterization needle. In this example, a light
guide member 257 for an electrode and a light absorbent
member 259 for an electrode are also mounted on a nee-
dle-like electrode 251. The light guide member 257 for
an electrode guides light emitted from the laser unit 13
(seeFig. 1). The light emitting portion 258 for an electrode
is provided in the vicinity of the tip portion of the electrode
251, and emits the light that is guided by the light guide
member 257 for an electrode. The light absorbent mem-
ber 259 for an electrode generates photoacoustic waves
that are caused by the light emitted from the light emitting
portion 258 for an electrode. In the example of Fig. 24,
photoacoustic waves are generated at two portions, that
is, the tip of the radiofrequency cauterization needle 250
and the tip of the electrode 251.

[0124] After the radiofrequency cauterization needle
250 is inserted at a desired position, the electrode 251
is made to protrude from the radiofrequency cauterization
needle 250. The example of Fig. 24 is the same as the
example of Fig. 23 in that light is emitted from the laser
unit 13, when the radiofrequency cauterization needle
250 is inserted at a desired position, and the position of
the tip of the radiofrequency cauterization needle 250
can be confirmed using a photoacoustic image. After the
electrode 251 is made to protrude, light is emitted from
the laser unit 13 and is applied to the light absorbent
member 154 provided at the tip of the radiofrequency
cauterization needle 250 and the light absorbent member
259 for an electrode provided at the tip of the electrode
251. The photoacoustic waves generated at the tip of the
radiofrequency cauterization needle 250 and the photoa-
coustic waves generated at the tip of the electrode 251
are detected by the probe 11, so that a photoacoustic
image is generated. Itis possible to confirm a range (cau-
terization range), which is irradiated with radio waves,
with reference to this photoacoustic image.

[0125] Fig. 25 illustrates a catheter. The catheter 253
is used for treatment in a blood vessel, for example, per-
cutaneous transluminal coronary angioplasty and the
like. Specifically, the catheter 253 is a guiding catheter.
The catheter 253 is not limited to a guiding catheter, and
may be a balloon catheter. The light guide member 152
is inserted into the catheter 253, and guides light, which
is emitted from the laser unit 13 (see Fig. 1), to the tip
portion of the catheter 253. The light absorbent member
154 is disposed in the vicinity of the tip of the catheter
253. A doctor or the like inserts the catheter 253 into a
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blood vessel so that the tip of the catheter 253 is disposed
at a desired position. At that time, light is emitted from
the laser unit 13 and is applied to the light absorbent
member 154 that is disposed in the vicinity of the tip of
the catheter 253 through the light guide member 152.
Photoacoustic waves, which are generated when the
light absorbent member 154 absorbs light, are detected
by the probe 11, so that a photoacoustic image is gen-
erated. It is possible to confirm the position of the tip of
the catheter 253 with reference to this photoacoustic im-
age during the insertion of the catheter 253.

[0126] Fig. 26 illustrates a guide wire. The guide wire
254 is a wire that guides a catheter used for treatment in
a blood vessel. The light guide member 152 is attached
to the guide wire 254 along the guide wire 254 and guides
light, which is emitted from the laser unit 13 (see Fig. 1),
to the tip portion of the guide wire 254. The light guide
member 152 may be inserted into the guide wire 254
instead of being attached to the outside of the guide wire
254. The light absorbent member 154 is disposed in the
vicinity of the tip of the guide wire 254. A doctor or the
like inserts the guide wire 254 into a blood vessel so that
the tip of the guide wire 254 is disposed at a desired
position. At that time, light is emitted from the laser unit
13 and is applied to the light absorbent member 154 that
is disposed in the vicinity of the tip of the guide wire 254
through the light guide member 152. Photoacoustic
waves, which are generated when the light absorbent
member 154 absorbs light, are detected by the probe 11,
so that a photoacoustic image is generated. It is possible
to confirm the position of the tip of the guide wire 254
with reference to this photoacoustic image during the in-
sertion of the guide wire 254.

[0127] Fig. 27 illustrates an example of an optical fiber
for laser treatment. The optical fiber 255 is an optical fiber
thatis used to treat varicose veins, to break a stone, and
the like. In this example, the optical fiber 255 also func-
tions as a light guide member for guiding light, which is
emitted fromthelaserunit 13 (see Fig. 1), to the tip portion
of an insertion object. The light absorbent member 154
is disposed at the tip of the optical fiber 255. Fig. 28 il-
lustrates another example of the optical fiber for laser
treatment. In this example, the tip of the optical fiber 255
is sealed by a cap 256. In this case, the light absorbent
member 154 may be disposed at the tip of the cap 256.
[0128] A doctor or the like inserts the optical fiber 255
into a subject so that the tip of the optical fiber 255 is
disposed ata desired position. Atthattime, lightis emitted
from the laser unit 13 and is applied to the light absorbent
member 154 that is disposed in the vicinity of the tip of
the cap 256 through the optical fiber 255. Photoacoustic
waves, which are generated when the light absorbent
member 154 absorbs light, are detected by the probe 11,
so that a photoacoustic image is generated. It is possible
to confirm the position of the tip of the optical fiber 255
with reference to this photoacoustic image. After the op-
tical fiber 255 is disposed at a desired position, laser light
for treatment may be emitted from the optical fiber 255
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by the switching of a light source, or the like.

[0129] A needle, which includes an opening at the tip
thereof, has been assumed as the needle in each of the
above-mentioned embodiments, but the opening does
not necessarily need to be provided at the tip portion of
the needle. The needle is not limited to a needle such as
an injection needle, and may be a biopsy needle that is
used for biopsy. That is, the needle may be a biopsy
needle thatis inserted into an inspection object of a living
body and can take the tissue of a biopsy region of the
inspection object. Further, the needle may be used as a
guiding needle that is used for the insertion of a needle
to a deep portion, such as an organ under the skin or in
the abdominal cavity.

[0130] Fig. 29 illustrates the section of a tip portion of
a biopsy needle. The biopsy needle 164 includes a col-
lecting portion (suction port) 165 that is formed on the
side surface thereof and is used to take the tissue of a
biopsy region such as calcified tissue by suction. The
light guide member 152 is inserted into the biopsy needle
164. A light emitting end of the light guide member 152,
which forms a light emitting portion 153, is disposed in
the vicinity of the collecting portion 165. Since a light ab-
sorbent member 154 is disposed at a position where the
light absorbent member 154 covers the light emitting por-
tion 153, it is possible to generate photoacoustic waves
from the position of the collecting portion 165. Accord-
ingly, itis possible to confirm the position of the collecting
portion 165 by a photoacoustic image. The light absorb-
ent member 154 may also be provided at the tip portion
ofthe biopsy needle 164, and the light absorbent member
154 may be irradiated with light so that photoacoustic
waves are generated at the tip of the biopsy needle 164.
[0131] An operator inserts the biopsy needle 164 into
a subject and adjusts a insertion position so that the po-
sition of the collecting portion 165 is disposed in a biopsy
region, while confirming the position of the collecting por-
tion 165 by a photoacoustic image. After the biopsy nee-
dleis disposed at a desired position, the tissue of a biopsy
region is sucked into the biopsy needle 164 from the col-
lecting portion 165 and the tissue of the biopsy region is
excised. Then, the sucked tissue is recovered from the
collecting portion 165.

[0132] A laser unit having the following structure other
than the laser units illustrated in Figs. 3 and 4 may be
used as the laser unit 13. Fig. 30 illustrates still another
configuration example of the laser unit. A laser unit 40
includes a powerinputterminal 41, atriggerinputterminal
42,a DC-DC conversion part43, a pulse laser diode light
source 45, a coupling optical system 46, and a light output
terminal 47. The laser unit 40 is used as the laser unit 13
illustrated in Fig. 1 or 10. The external dimensions of the
laser unit 40 are, for example, length of 74 mmxwidth of
54 mmxheight of 20 mm.

[0133] The power input terminal 41 is connected to a
power supply line of an ultrasonic unit 12 (see Figs. 1
and 10). For example, Direct current (DC) power of 5V
is supplied to the power input terminal 41. The trigger
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input terminal 42 is connected to a signal output line of
the ultrasonic unit 12. The power input terminal 41 and
the trigger input terminal 42 are formed of, for example,
a USB connector. The ultrasonic unit 12 includes a USB
port (receptacle). When the USB connector including the
power input terminal 41 and the trigger input terminal 42
is inserted into the USB port, power is supplied to the
laser unit 40 and signals output from the ultrasonic unit
12 are supplied to the laser unit 40.

[0134] The DC-DC conversion part 43 converts the
voltage of the DC power that is supplied from the power
input terminal 41. The DC-DC conversion part 43 con-
verts, for example, DC 5V into DC 12 V. A pulse laser
diode drive circuit 44 drives the pulse laser diode light
source 45. The pulse laser diode light source 45 is driven
by DC power thatis supplied from the DC-DC conversion
part 43. The pulse laser diode drive circuit 44 causes
pulsed laser light to be emitted from the pulse laser diode
light source 45 at a desired timing by controlling the DC
power, which is supplied to the pulse laser diode light
source 45, on the basis of a trigger signal input from the
trigger input terminal 42.

[0135] The coupling optical system 46 couples the
pulse laser diode light source 45 to the light output ter-
minal 47. The coupling optical system 46 includes, for
example, a condensing lens and the like. In terms of re-
duction of weight, itis preferable that the pulse laser diode
source 45, the coupling optical system 46, and the light
output terminal 47 are integrated by welding. An optical
fiber 48, which guides light to an insertion object such as
a puncture needle 15, is optically connected to the light
output terminal 47. The optical fiber 48 is, for example,
an optical fiber that forms the light guide member 152 of
the puncture needle 15. Itis preferable that element wires
of the optical fiber 48 can be connected to the light output
terminal 47. For example, an FC type bare fiber adapter
is used as the light output terminal 47.

[0136] Fig. 31 illustrates the appearance of a photoa-
coustic image generating device including the laser unit
40. A probe 11 is connected to the ultrasonic unit 12. The
ultrasonic unit 12 is formed of an integrated unitincluding
image display means 14. Programs for the generation of
a photoacoustic image are incorporated into the ultra-
sonic unit 12. The ultrasonic unit 12 includes a USB port
32. The USB connector, which includes the power input
terminal 41 and the trigger input terminal 42 of the laser
unit 40, is inserted into the USB port 32. When the USB
connector is inserted into the USB port of the ultrasonic
unit 12 in a case in which the laser unit 40 is a card-sized,
small and light unit, the laser unit 40 can be held.
[0137] The puncture needle 15 is not particularly lim-
ited, but may be a puncture needle thatincludes the inner
needle described in the previous examples. Other inser-
tion objects may be used instead of the puncture needle
15. One end of the optical fiber, which forms the light
guide member 152 of the puncture needle 15, is connect-
ed to the light output terminal 47 of the laser unit 40. The
optical fiber is inserted into the light output terminal 47,
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and is held by a spring force or the like. When an operator
pulls the puncture needle 15 and a large force is applied
to the light output terminal 47, the optical fiber is sepa-
rated from the light output terminal 47. Accordingly, it is
possible to prevent the optical fiber from being broken.
Further, since the optical fiber can be directly separated
from and inserted into the light output terminal 47, the
optical fiber extending from the puncture needle 15 does
not need to be provided with a connector. Accordingly,
there is an effect capable of reducing costs.

[0138] The pulse energy of pulsed laser light emitted
from the laser unit 40 can be 6.4 .J when the core diam-
eter of the optical fiber forming the light guide member
152 is 200 pm. When the core diameter of the optical
fiber is 100 wm, the pulse energy of pulsed laser light
can be 2.0 pd. A pulse time width can be 80 ns. A pulse
repetition rate may be 60 Hz when an image is displayed
at, for example, 30 fps. The repetition rate can be 3300
Hz at the maximum.

[0139] Meanwhile, in Fig. 31, the light output terminal
47 is provided on the surface of the laser unit opposite
to the surface of the laser unit on which the USB connec-
tor including the power input terminal 41 and the trigger
input terminal 42 is present. However, it is preferable that
the light output terminal 47 is present on the surface of
the laser unit orthogonal to the surface of the laser unit
on which the USB connector is present. When an oper-
ator moves the puncture needle 15 and the laser unit 40
is pulled in a case in which the USB connector and the
light output terminal 47 are provided on the surfaces of
the laser unit opposite to each other, the USB connector
is separated from the USB port 32. In contrast, when the
USB connector and the light output terminal 47 are pro-
vided on the surfaces of the laser unit orthogonal to each
other, the USB connector is not easily separated from
the USB port 32 even if the laser unit 40 is pulled.

Claims

1. Aninsertion object (15) of which at least a tip portion
is suitable for insertion into a subject, the insertion
object having:

alight guide member (152) thatguides light emit-
ted from a light source;

a light emitting portion (153) that emits the light
guided by the light guide member; and

a photoacoustic wave generating portion that
generates photoacoustic waves caused by the
light emitted from the light emitting portion,
wherein the insertion object has an opening and
has an inner cavity therein, and

the photoacoustic wave generating portion in-
cludes a light absorbent member (155) that ab-
sorbs the light emitted from the light emitting por-
tion and generates photoacoustic waves,
characterized in that
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the light absorbent member is provided on an
inner wall of the inner cavity and also functions
as a fixing member that fixes the tip portion of
the light guide member (152) to the inner wall.

The insertion object (15) according to claim 1,
wherein the light absorbent member (155) covers a
light emitting surface of the light emitting portion.

The insertion object (15) according to claim 1 or 2,
further having:

a hollow tube that has an inner cavity therein and
fixes the light guide member to the inner wall of the
inner cavity along the inner cavity.

The insertion object (15) according to any one of
claims 1 to 3,

wherein the insertion object is a needle that is suit-
able for insertion into the subject.

A photoacoustic image generating device (10) com-
prising:

a first light source (13);

an insertion object (15) according to any of
claims 1 to 4;

acoustic wave detecting means (11) for detect-
ing the first photoacoustic waves that are gen-
erated from the insertion object after at least a
part of the insertion object is inserted into the
subject; and

photoacoustic image generating means (25) for
generating a first photoacoustic image on the
basis of the first photoacoustic waves.

The photoacoustic image generating device (10) ac-
cording to claims 4 and 5,

wherein the needle is a biopsy needle that s suitable
forinsertion into an inspection object of a living body
and is capable of taking tissue of a biopsy region of
the inspection object.

The photoacoustic image generating device (10) ac-
cording to any one of claims 5 to 6 and according to
claim 4,

wherein the needle further comprises an optical con-
nector (31) that detachably connects the light guide
member (152) to an optical fiber (30) guiding the light
emitted from the first light source (13).

The photoacoustic image generating device (10) ac-
cording to any one of claims 5 to 6,

wherein the light emitting portion (153) emits at least
a part of the light, which is guided by the light guide
member (152), toward the inner wall of the inner cav-
ity.

The photoacoustic image generating device (10) ac-
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cording to claim 5,
wherein the insertion object (15) is a catheter that is
inserted into a blood vessel.

The photoacoustic image generating device (10) ac-
cording to claim 5,

wherein the insertion object (15) is a guide wire for
a catheter that is inserted into a blood vessel.

The photoacoustic image generating device (10) ac-
cording to claim 5,

wherein the insertion object (15) is a radiofrequency
cauterization needle (250) that houses an electrode
used for radiofrequency cauterization therein.

The photoacoustic image generating device (10) ac-
cording to claim 11,

wherein the electrode (251) is capable of pro-
truding from an inner cavity of the radiofrequen-
cy cauterization needle (250), and

the radiofrequency cauterization needle further
has alight guide member (257) for the electrode
that guides the light emitted from the first light
source (13), a light emitting portion (258) for the
electrode that is provided at a tip portion of the
electrode and emits the light guided by the light
guide member for the electrode, and a light ab-
sorbent member (259) for the electrode thatgen-
erates photoacoustic waves due to the light
emitted from the light emitting portion for the
electrode.

The photoacoustic image generating device (10) ac-
cording to any one of claims 5 to 12,

wherein the light guide member (152) is an op-
tical fiber (30), and

an end face of the optical fiber, to which light
travels when seen from the first light source (13),
forms the light emitting portion (153).

The photoacoustic image generating device (10) ac-
cording to claim 13,

wherein an angle of the end face of the optical fiber
(30) forming the light emitting portion is equal to or
larger than 45° and smaller than 90° when an angle
in a direction parallel to an extending direction of the
optical fiber is 0° and an angle in a direction perpen-
dicular to the extending direction of the optical fiber
is 90°.

The photoacoustic image generating device (10) ac-
cording to claim 13 or 14,

wherein the optical fiber (30) is connected to the first
light source (13) through a connector that includes
a mechanism pressing and fixing the optical fiber.

10

15

20

25

30

35

40

45

50

20

EP 2 944 264 B1

16.

17.

18.

19.

38

The photoacoustic image generating device (10) ac-
cording to any one of claims 5 to 15,

wherein the first light source (13) is a semiconductor
laser light source (351).

The photoacoustic image generating device (10) ac-
cording to any one of claims 5 to 16,

wherein the acoustic wave detecting means is
further capable of detecting reflected acoustic
waves of acoustic waves transmitted to the sub-
ject,

the photoacoustic image generating device fur-
ther comprising:

reflected acoustic wave-image generating
means for generating a reflected acoustic wave-
image on the basis of the reflected acoustic
waves.

The photoacoustic image generating device (10) ac-
cording to claim 17, further comprising:

image combining means for combining the first pho-
toacoustic image with the reflected acoustic wave-
image.

The photoacoustic image generating device (10) ac-
cording to any one of claims 5 to 18, further compris-

ing:

a second light source (16),

wherein the acoustic wave detectingmeans (11)
is further capable of detecting second photoa-
coustic waves that are generated in a subject
due to light emitted from the second light source
after the light emitted from the second light
source is emitted to the subject, and

the photoacoustic image generating means (25)
is further capable of generating a second pho-
toacousticimage on the basis ofthe second pho-
toacoustic waves.

20. The photoacoustic image generating device (10) ac-

cording to claim 19,

wherein the second light source (16) also func-
tions as the first light source, and

a part of the light emitted from the second light
source is branched toward the subjectand a part
of the light emitted from the second light source
is branched toward the insertion object.

Patentanspriiche

1.

Einfihrobjekt (15) von dem wenigstens ein En-
dabschnitt zur Einfiihrung in ein Subjekt geeignet ist,
wobei das Einfiihrobjekt aufweist:
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ein Lichtfiihrglied (152), das von einer Lichtquel-
le emittiertes Licht fihrt;

ein Lichtemittierabschnitt (153), der von dem
Lichtfiihrglied geflihrtes Licht emittiert; und

ein Photoakustikwellen-Erzeugungsabschnitt,
der photoakustische Wellen erzeugt, die von
dem von dem Lichtemittierabschnitt emittierten
Licht verursacht wurden,

wobei das Einfilhrobjekt eine Offnung und darin
eine innere Kavitat aufweist, und

der Photoakustikwellen-Erzeugungsabschnitt
ein Lichtabsorptionsglied (155) umfasst, das
das von dem Lichtemittierabschnitt emittierte
Licht absorbiert und photoakustische Wellen er-
zeugt,

dadurch gekennzeichnet, dass

das Lichtabsorptionsglied auf einer inneren
Wand der inneren Kavitat vorgesehen ist und
auch als Fixierungsglied fungiert, das den En-
dabschnitt des Lichtfiihrglieds (152) an der in-
neren Wand fixiert.

Einfiihrobjekt (15) nach Anspruch 1,

wobei das Lichtabsorptionsglied (155) eine Lichte-
mittieroberflache des Lichtemittierabschnitts ab-
deckt.

Einfiihrobjekt (15) nach Anspruch 1 oder 2, weiter
aufweisend:

ein hohles Rohr mit einer darinliegenden inneren Ka-
vitat, das das Lichtfuhrglied entlang der inneren Ka-
vitat an derinneren Wand der inneren Kavitat fixiert.

Einfiihrobjekt (15) nach einem der Anspriiche 1 bis 3,
wobei das Einflihrobjekt eine Nadel ist, die zum Ein-
fuhren in das Subjekt geeignet ist.

Photoakustikbild-Erzeugungseinrichtung (10), um-
fassend:

eine erste Lichtquelle (13);

ein Einfiihrobjekt (15) nach einem der Anspri-
che 1 bis 4;

ein Akustikwellen-Detektionsmittel (11) zum
Detektieren der ersten Photoakustikwellen, die
von dem Einflhrobjekt erzeugt werden, nach-
dem wenigstens ein Teil des Einfiihrobjekts in
das Subjekt eingefihrt ist; und
Photoakustikbild-Erzeugungsmittel (25) zum
Erzeugen eines ersten Photoakustikbilds auf
der Basis der ersten Photoakustikwellen.

Photoakustikbild-Erzeugungseinrichtung (10) nach
Anspruch 4 und 5,

wobei die Nadel eine Biopsie-Nadel ist, die zur Ein-
fihrung in ein Untersuchungsobjekt eines lebenden
Korpers geeignet ist und in der Lage ist, Gewebe
eines Biopsie-Bereichs des Untersuchungsobjekts
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zu entnehmen.

Photoakustikbild-Erzeugungseinrichtung (10) nach
einem der Anspriiche 5 bis 6 und nach Anspruch 4,
wobeidie Nadel weiterhin einen optischen Verbinder
(31) umfasst, der das Lichtfuhrglied (152) abnehm-
bar mit einer optischen Faser (30) verbindet, die von
der ersten Lichtquelle (13) emittiertes Licht fihrt.

Photoakustikbild-Erzeugungseinrichtung (10) nach
einem der Anspriche 5 bis 6,

wobei der Lichtemittierabschnitt zumindest einen
Teil des Lichts emittiert, das von dem Lichtfihrglied
(152) zu der inneren Wand der inneren Kavitat ge-
fahrt wird.

Photoakustikbild-Erzeugungseinrichtung (10) nach
Anspruch 5,

wobei das Einflihrobjekt (15) ein Katheter ist, der in
ein Blutgefal eingeflhrt ist.

Photoakustikbild-Erzeugungseinrichtung (10) nach
Anspruch 5,

wobei das Einfiihrobjekt (15) ein Flihrungsdraht fir
einen Katheter ist, derin ein Blutgefal eingefiihrt ist.

Photoakustikbild-Erzeugungseinrichtung (10) nach
Anspruch 5,
wobei das Einfiihrobjekt (15) eine Radiofrequenz-
Kauterisationsnadel (250) ist, die eine Elektrode be-
herbergt, die zur Radiofrequenz-Kauterisation ver-
wendet wird.

Photoakustikbild-Erzeugungseinrichtung (10) nach
Anspruch 11,

wobei die Elektrode (251) in der Lage ist, von einer
inneren Kavitat der Radiofrequenz-Kauterisations-
nadel (250) hervorzustehen, und

die Radiofrequenz-Kauterisationsnadel weiterhin
ein Lichtfihrglied (257) fir die Elektrode, das das
vonderersten Lichtquelle emittierte Licht fihrt, einen
Lichtemittierabschnitt (258) fur die Elektrode, der an
einem Endabschnitt der Elektrode vorgesehen ist
und das von dem Lichtfiihrglied fir die Elektrode ge-
fuhrte Licht emittiert, und ein Lichtabsorptionsglied
(259) fiur die Elektrode, das Photoakustikwellen in
Folge des von dem Lichtemittierabschnitt fir die
Elektrode emittierten Lichts erzeugt, aufweist.

Photoakustikbild-Erzeugungseinrichtung (10) nach
einem der Anspriiche 5 bis 12,

wobei das Lichtflhrglied (152) eine optische Faser
(30) ist, und

eine Endflache deroptischen Faser zu welcher Licht,
gesehen von der ersten Lichtquelle (13) lauft, den
Lichtemittierabschnitt (153) bildet.

Photoakustikbild-Erzeugungseinrichtung (10) nach
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Anspruch 13,

wobei ein Winkel der Endflache die optische Faser
(30), die den Lichtemittierabschnitt bildet, gleich
oder grofer als 45° ist und kleiner als 90° ist, wenn
ein Winkel in einer Richtung parallel zu einer Erstre-
ckungsrichtung der optischen Faser 0° ist und ein
Winkel in einer Richtung senkrecht zu der Erstre-
ckungsrichtung der optischen Faser 90° ist.

Photoakustikbild-Erzeugungseinrichtung (10) nach
Anspruch 13 oder 14,

wobei die optische Faser (30) mit der ersten Licht-
quelle (13) durch einen Verbinder verbunden ist, der
einen Mechanismus zum Pressen und Fixieren der
optischen Faser umfasst.

Photoakustikbild-Erzeugungseinrichtung (10) nach
einem der Anspriiche 5 bis 15,

wobei die erste Lichtquelle (13) eine Halbleiter-La-
serlichtquelle (351) ist.

Photoakustikbild-Erzeugungseinrichtung (10) nach
einem der Anspriiche 5 bis 16,

wobei das Akustikwellen-Detektionsmittel weiterhin
in der Lage ist, Reflexions-Akustikwellen von durch
das Subjekt transmittierten Akustikwellen zu detek-
tieren,

wobei die Photoakustikbild-Erzeugungseinrichtung
weiterhin umfasst:
Reflexions-Akustikwellen-Bilderzeugungsmittel
zum Erzeugen eines Reflexions-Akustikwellenbilds
auf Basis der Reflexions-Akustikwellen.

Photoakustikbild-Erzeugungseinrichtung (10) nach
Anspruch 17, weiterhin umfassend:
Bildkombiniermittel zum Kombinieren des ersten
Photoakustikbilds mit dem Reflektions-Akustikwel-
lenbilds.

Photoakustikbild-Erzeugungseinrichtung (10) nach
einem der Anspriiche 5 bis 18, weiterhin umfassend:

eine zweite Lichtquelle (16),

wobei das Akustikwellen-Detektionsmittel (11)
weiterhin in der Lage ist, zweite Photoakustik-
wellen zu detektieren, die in einem Subjekt auf-
grund von von der zweiten Lichtquelle emittier-
tem Licht erzeugt werden, nachdem das von der
zweiten Lichtquelle emittierte Licht zu dem Sub-
jekt emittiert wurde, und

das Photoakustikbild-Erzeugungsmittel (15)
weiterhin in der Lage ist, ein zweites Photoakus-
tikbild auf Basis der zweiten Photoakustikwellen
Zu erzeugen.

Photoakustikbild-Erzeugungseinrichtung (10) nach
Anspruch 19,
wobei die zweite Lichtquelle (16) auch als die erste
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Lichtquelle fungiert, und

ein Teil des von der zweiten Lichtquelle emittierten
Lichts zu dem Subjekt abgezweigt wird und ein Teil
des von der zweiten Lichtquelle emittierten Lichts zu
dem Einfiihrobjekt abgezweigt wird.

Revendications

Objet d’introduction (15) dont au moins la portion
formant pointe convient pour une introduction dans
un sujet, I'objet d’introduction présentant :

un élément de guidage de lumiére (152), lequel
guide une lumiere émise a partir d’'une source
lumineuse ;

une portion d’émission lumineuse (153), laquel-
le émet la lumiére guidée par I'élément de gui-
dage de lumiére, et

une portion de génération d’ondes photoacous-
tiques, laquelle génére des ondes photoacous-
tiques provoquées par la lumiére émise a partir
de la portion d’émission lumineuse,

dans lequel I'objet d’introduction présente une
ouverture, et présente al'intérieur une cavité in-
térieure, et

la portion de génération d’ondes photoacousti-
ques inclut un élément d’absorption lumineuse
(155), lequel absorbe la lumiére émise a partir
de la portion d’émission lumineuse et génére
des ondes photoacoustiques,

caractérisé en ce que

I’élément d’absorption lumineuse est prévu sur
une paroi intérieure de la cavité intérieure, et fait
également office d’élément de fixation, lequel
fixe la portion formant pointe de I'élément de gui-
dage de lumiére (152) sur la paroi intérieure.

Objet d’introduction (15) selon la revendication 1,
dans lequel I'élément d’absorption lumineuse (155),
recouvre une surface d’émission lumineuse de la
portion d’émission lumineuse.

Objet d’introduction (15) selon la revendication 1 ou
2, présentant en outre :

un tube creux, lequel présente al'intérieur une cavité
intérieure, et fixe I'élément de guidage de lumiére
sur la paroi intérieure de la cavité intérieure le long
de la cavité intérieure.

Objet d’introduction (15) selon I'une quelconque des
revendications 1 a 3,
danslequell'objetd’introduction est une aiguille con-
venant pour une introduction dans le sujet.

Dispositif de génération d'images photoacoustiques
(10), comprenant :



10.

1.

12.

43

une premiere source lumineuse (13) ;

un objet d’introduction (15) selon I'une quelcon-
que des revendications 1 a 4 ;

un moyen de détection d’ondes acoustiques
(11) pour détecter les premiéres ondes photoa-
coustiques générées a partir de I'objet d’intro-
duction aprés qu’au moins une partie de I'objet
d’introduction est introduite dans le sujet, et

un moyen de génération d’'images photoacous-
tiques (25) pour générer une premiére image
photoacoustique sur la base des premiéres on-
des photoacoustiques.

Dispositif de génération d’'images photoacoustiques
(10) selon 'une quelconque des revendications 4 ou
5,

dans lequel I'aiguille est une aiguille de biopsie con-
venant pour une introduction dans un objet d’'inspec-
tion d’'un corps vivant et en mesure de prélever un
tissu d’'une région de biopsie de I'objet d’inspection.

Dispositif de génération d’images photoacoustiques
(10) selon I'une quelconque des revendications 5 a
6, et selon la revendication 4,

dans lequel l'aiguille comprend en outre un connec-
teur optique (31), lequel raccorde de maniere amo-
vible I'élément de guidage de lumiére (152) a une
fibre optique (30) guidant la lumiére émise a partir
de la premiére source lumineuse (13).

Dispositif de génération d’images photoacoustiques
(10) selon I'une quelconque des revendications 5 a
6,

dans lequel la portion d’émission lumineuse (153)
émet au moins une partie de la lumiére, laquelle est
guidée par I'élément de guidage de lumiere (152),
vers la paroi intérieure de la cavité intérieure.

Dispositif de génération d’'images photoacoustiques
(10) selon la revendication 5,

dans lequel I'objet d’introduction (15) est un cathéter
introduit dans un vaisseau sanguin.

Dispositif de génération d’images photoacoustiques
(10) selon la revendication 5,

dans lequel I'objet d’introduction (15) est un fil guide
pour un cathéter introduit dans un vaisseau sanguin.

Dispositif de génération d’images photoacoustiques
(10) selon la revendication 5,
dans lequel I'objet d’introduction (15) est une aiguille
de cautérisation a radiofréquence (250), laquelle lo-
ge a l'intérieur une électrode utilisée pour une cau-
térisation par radiofréquence.

Dispositif de génération d’'images photoacoustiques
(10) selon la revendication 11,
dans lequel I'électrode (251) est en mesure de faire
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13.

14.

15.

16.

17.
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saillie a partir d’une cavité intérieure de l'aiguille de
cautérisation a radiofréquence (250), et

I'aiguille de cautérisation a radiofréquence présente
en outre un élément de guidage de lumiere (257)
pour I'électrode, lequel guide la lumiére émise a par-
tir de la premiere source lumineuse (13), une portion
d’émission lumineuse (258) pour I'électrode, laquel-
le est prévue sur une portion formant pointe de I'élec-
trode et émet la lumiére guidée par I'élément de gui-
dage de lumiére pour I'électrode, et un élément d’ab-
sorption lumineuse (259) pour I'électrode, lequel gé-
nére des ondes photoacoustiques dues a la lumiére
émise a partir de la portion d’émission lumineuse
pour I'électrode.

Dispositif de génération d'images photoacoustiques
(10) selon I'une quelconque des revendications 5 a
12,

dans lequel I'élément de guidage de lumiere (152)
est une fibre optique (30), et

une face d’extrémité de la fibre optique, vers laquelle
lalumiére se dirige lorsque vue a partirde la premiére
source lumineuse (13), forme la portion d’émission
lumineuse (153).

Dispositif de génération d'images photoacoustiques
(10) selon la revendication 13,

dans lequel un angle de la face d’extrémité de la
fibre optique (30) formant la portion d’émission lumi-
neuse est supérieur ou égal a 45 °, et inférieur a 90
°, lorsqu’un angle dans une direction paralléle a une
direction d’extension de la fibre optique est égal a 0
° et un angle dans une direction perpendiculaire a la
direction d’extension de la fibre optique est égal a
90 °.

Dispositif de génération d'images photoacoustiques
(10) selon la revendication 13 ou 14,

dans lequel la fibre optique (30) est connectée a la
premiére source lumineuse (13) parle biais d’'un con-
necteur qui inclut un mécanisme pressant et fixant
la fibre optique.

Dispositif de génération d'images photoacoustiques
(10) selon I'une quelconque des revendications 5 a
15,

dans lequel la premiére source lumineuse (13) est
une source de lumiére laser a semiconducteurs
(351).

Dispositif de génération d'images photoacoustiques
(10) selon I'une quelconque des revendications 5 a
16,

dans lequel le moyen de détection d’'ondes acousti-
ques est en outre en mesure de détecter des ondes
acoustiques réfléchies d’ondes acoustiques trans-
mises au sujet,

le moyen de génération d’images photoacoustiques
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comprenant en outre :

un moyen de génération d’'images d’ondes acousti-
ques réfléchies pour générer une image d’ondes
acoustiques réfléchies sur la base des ondes acous-
tiques réfléchies. 5

18. Dispositif de génération d'images photoacoustiques
(10) selonlarevendication 17, comprenantenoutre :
un moyen de combinaison d’images pour combiner
la premiere image photoacoustique avec Iimage 70
d’ondes acoustiques réfléchies.

19. Dispositif de génération d'images photoacoustiques
(10) selon I'une quelconque des revendications 5 a
18, comprenant en outre : 15

une seconde source lumineuse (16),

dans lequel le moyen de détection d’ondes
acoustiques (11) est en outre en mesure de dé-
tecter des secondes ondes photoacoustiques 20
générées dans un sujet dues a une lumiére émi-

se a partir de la seconde source lumineuse
aprés que lalumiere émise a partir de laseconde
source lumineuse est émise vers le sujet, et

le moyen de génération d'images photoacous- 25
tiques (25) est en outre en mesure de générer

une seconde image photoacoustique sur la ba-

se des secondes ondes photoacoustiques.

20. Dispositif de génération d’images photoacoustiques 30
(10) selon la revendication 19,
dans lequel la seconde source lumineuse (16) fait
également office de premiére source lumineuse, et
une partie de lalumiere émise a partir de la seconde
source lumineuse est aiguillée vers le sujet et une 35
partie de la lumiére émise a partir de la seconde
source lumineuse est aiguillée vers I'objet d’intro-
duction.
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