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Description

Technical Field

[0001] The present invention relates to an imaging ap-
paratus for diagnosis using a catheter, and an operation
method and a program thereof.

Background Art

[0002] As an apparatus for diagnosing a vascular lu-
men, an intravascular ultra sound (IVUS) apparatus and
optical coherence tomography (OCT) apparatus are
known. In addition, the OCT has been further developed,
and optical frequency domain imaging (OFDI) utilizing
wavelength sweep is also known.
[0003] An ultrasound wave has a property in which the
ultrasound wave reaches a relatively deep site of a vas-
cular tissue. Accordingly, a vascular tomographic image
obtained using the IVUS is suitably used in order to di-
agnose not only a surface of the vascular tissue but also
the deep site. On the other hand, light used for the OCT
or the OFDI does not reach a deep tissue compared to
the ultrasound wave. However, an intravascular wall im-
age having extremely high resolution can be obtained
compared to that of the IVUS.
[0004] The configuration is adopted as described
above. Accordingly, the following imaging apparatus for
diagnosis has recently been proposed. A catheter which
accommodates both an ultrasound transceiver and an
optical transceiver, that is, a hybrid type catheter is used
so as to generate both images of an ultrasound tomo-
graphic image and an optical tomographic image (see
documents JP H11 56752 A and JP 2006 204430 A).
[0005] In a case of using this type apparatus, the cath-
eter is connected to a motor drive unit (MDU) for rotating
and moving an internally provided imaging core.
[0006] Further art is also known as follows.
[0007] The document US 2016/206290 A1 discloses
an imaging apparatus, a method, and a computer read-
able medium, which can detect in a case where a foreign
substance such as air and blood other than transparent
liquid is present inside a catheter, and can urge a user
to perform priming so that an image having higher accu-
racy can be reconstructed. Thereby, the imaging appa-
ratus can determine whether or not the foreign substance
such as air and blood is present between an imaging
core and an inner surface of a catheter sheath from line
data which is generated based on interference light data
obtained when the priming is performed or at stages be-
fore and after pull-back scanning is performed. In a case
where the foreign substance enters, a message urging
the user to perform the priming is displayed.
[0008] The document WO 2016/083379 A1 discloses
a system for determining an identification characteristic
of a medical device carrying at least an ultrasound emit-
ter/sensor element. The identification characteristic is
based on a detection signal from the ultrasound emit-

ter/sensor element upon a drive signal. The system can
identify the medical device from a database of known
medical devices. Furthermore, the system can update
the duration and frequency of use of the medical device
and it can prohibit further use of the medical device when
a predetermined limit of use is exceeded.
[0009] In a case of an imaging apparatus for diagnosis
which can generate both images of an ultrasound tomo-
graphic image and an optical tomographic image, cath-
eters which can be connected to an MDU thereof include
not only the hybrid catheter but also a catheter dedicated
to IVUS and a catheter dedicated to OCT. Therefore,
there is a possibility that the type of the catheter actually
connected to the MDU may not be the type intended by
a user (physician).
[0010] In the imaging apparatus for diagnosis, the op-
tical tomographic image and the ultrasound tomographic
image are displayed on a display device, based on a
signal output from the catheter connected to the MDU.
Therefore, the user (physician) can presume the type of
the connected catheter, based on the optical tomograph-
ic image and the ultrasound tomographic image which
are displayed. For example, in a case where the optical
tomographic image is an abnormal image and the ultra-
sound tomographic image is a familiar image, the user
can presume that the connected catheter is the catheter
dedicated to IVUS. However, this shows a case where
the user has experience of a medical procedure using a
plurality of types of catheters. An inexperienced user is
less likely to presume the catheter. Even a user having
sufficient experience wants information which leads to
confirmation of his/her own presumption.

Summary of the Invention

[0011] The present invention is made in view of the
problem, and aims to provide a technique for determining
a type of catheters connected to an MDU without adding
any special hardware.
[0012] According to the present invention, there are
provided an imaging apparatus for diagnosis using a
catheter, and an operation method and a program there-
of, as defined in the claims.
[0013] In order to solve the above-described problem,
for example, the imaging apparatus for diagnosis accord-
ing to the present disclosure has the following configu-
rations. That is, there is provided an imaging apparatus
for diagnosis which has a motor drive unit (MDU) for being
connected to a catheter and for moving and rotating an
imaging core accommodated in the catheter along a lon-
gitudinal direction of the catheter, and which generates
a vascular optical coherence tomographic image and an
ultrasound tomographic image of a subject, based on a
signal output from the catheter. The apparatus includes
a first drive unit that applies an ultrasound drive signal to
an ultrasound transceiver accommodated in a distal por-
tion of an imaging core, and acquires an electric signal
indicating a reflected wave, assuming that the catheter
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is connected to the MDU, a first inspection unit that in-
spects the presence or absence of the ultrasound trans-
ceiver, based on intensity distribution of the electric signal
of the reflected wave which is obtained by the first drive
unit, a second drive unit that supplies light to an optical
transceiver accommodated in the distal portion of the im-
aging core, and acquires an electric signal indicating in-
terference light, assuming that the catheter is connected
to the MDU, a second inspection unit that generates line
image data in a radial direction, regarding a position of
the imaging core as an origin, based on the electric signal
of the interference light which is obtained by the second
drive unit, and that inspects the presence or absence of
the optical transceiver, based on pixel data distribution
within a predetermined range from a position of the origin,
and a determination unit that determines whether the
catheter connected to the MDU is any one of the catheter
dedicated to diagnosis of the ultrasound tomographic im-
age, the catheter dedicated to diagnosis of the optical
coherence tomographic image, and the catheter corre-
sponding to both the ultrasound tomographic image and
the optical coherence tomographic image, based on an
inspection result of the first inspection unit and an inspec-
tion result of the second inspection unit.
[0014] According to the present invention, a type of
catheters connected to an MDU can be determined with-
out adding any special hardware.

Brief Description of the Drawings

[0015]

Fig. 1 is a view illustrating an external configuration
of an imaging apparatus for diagnosis according to
an embodiment.
Fig. 2 is a block configuration diagram of the imaging
apparatus for diagnosis.
Fig. 3 is a cross-sectional view of a structure of a
distal portion of the catheter according to the em-
bodiment.
Fig. 4 is a view for describing a principle of generating
a vascular tomographic image according to the em-
bodiment.
Fig. 5 is a view illustrating characteristics of line data
for describing a principle of detecting an optical
transceiver.
Fig. 6 is a view illustrating characteristics of reflected
wave data of an ultrasound wave for describing a
principle of detecting an ultrasound transceiver.
Fig. 7 is a flowchart illustrating a process of deter-
mining a type of catheters according to the embod-
iment.
Fig. 8 is a view illustrating an external structure of
the catheter according to the embodiment.

Best Mode for Carrying Out the Invention

[0016] Hereinafter, each embodiment according to the

present invention will be described in detail with refer-
ence to the accompanying drawings.
[0017] Fig. 1 is a view illustrating an external configu-
ration of an imaging apparatus for diagnosis 100 accord-
ing to the embodiment.
[0018] As illustrated in Fig. 1, the imaging apparatus
for diagnosis 100 includes a catheter 101, a motor drive
unit (hereinafter, referred to as an MDU) 102, and an
operation control device 103. The MDU 102 and the op-
eration control device 103 are connected to each other
via a cable 104 accommodating a signal line and an op-
tical fiber.
[0019] In the operation control device 103, the refer-
ence numeral 111 represents a main body control unit.
The main body control unit 111 generates line data ex-
tending from a rotation center position in a radial direc-
tion, based on a signal (an ultrasound wave emitted to-
ward a vascular tissue and a reflected wave of light) ob-
tained by an imaging core accommodated inside the
catheter 101. Then, through an interpolation process of
the line data, a vascular tomographic image having each
property is generated based on the ultrasound wave and
optical interference.
[0020] The reference numeral 111-1 represents a
printer & DVD recorder, which prints a processing result
in the main body control unit 111 or stores the processing
result as data. A storage destination of the processing
result may be a server or a USB memory, and a type of
the storage destination is not limited. The reference nu-
meral 112 represents an operation panel. A user inputs
various setting values and instructions via the operation
panel 112. The reference numeral 113 represents a mon-
itor (LCD) serving as a display, which displays various
tomographic images generated in the main body control
unit 111. The reference numeral 114 represents a mouse
serving as a pointing device (coordinate input device).
[0021] The catheter 101 is directly inserted into a blood
vessel. Then, the catheter 101 is movable in the longitu-
dinal direction, and has a structure for accommodating
a rotatable imaging core. In a case of a hybrid catheter,
a distal housing of the imaging core is provided with an
ultrasound transceiver which generates an ultrasound
wave, based on a signal transmitted from the imaging
apparatus for diagnosis 100 and which receives and con-
verts the ultrasound wave reflected from a vascular tissue
into an electric signal, and an optical transceiver which
continuously transmits transmitted light (measurement
light) into the blood vessel and which continuously re-
ceives the light reflected from the inside of the blood ves-
sel. Then, a drive shaft for transmitting rotation force and
moving force of the imaging core from the MDU 102 is
connected to the housing. That is, the imaging core is
configured to include the housing and the drive shaft. In
the imaging apparatus for diagnosis 100, the catheter
101 which accommodates the imaging core is used so
as to measure an internal state of the blood vessel.
[0022] The MDU 102 has a portion engaging with a
connection portion in a rear end of the catheter 101. In
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a case where the catheter 101 is a hybrid type catheter,
the MDU 102 functions as a relay device between the
ultrasound transceiver and the optical transceiver in the
imaging core inside the catheter 101, and the operation
control device 103. In addition, the MDU 102 drives a
built-in motor. In this manner, the MDU 102 performs a
process of pulling a hand-side inner tube and the drive
shaft from a hand-side outer tube of the catheter 101,
and controls the rotation of the drive shaft.
[0023] In addition, various switches and buttons are
disposed in the MDU 102, and a user (physician) oper-
ates the switches and buttons, thereby enabling the im-
aging core inside the catheter 101 to be rotationally driven
and pulled back (movement of the imaging core).
[0024] Fig. 2 illustrates a block configuration diagram
of the imaging apparatus for diagnosis 100 according to
the embodiment. Hereinafter, referring to Fig. 2, a con-
figuration of the imaging apparatus for diagnosis accord-
ing to the embodiment will be described.
[0025] In the illustration, the reference numeral 201
represents a signal processing unit which controls the
overall imaging apparatus for diagnosis, and the signal
processing unit is configured to include several circuits
including a microprocessor. The reference numeral 210
is a non-volatile storage device represented by a hard
disk, and stores various programs or data files executed
by the signal processing unit 201. The reference numeral
202 represents a memory (RAM) installed inside the sig-
nal processing unit 201. The reference numeral 203 rep-
resents a wavelength swept light source, and is a light
source which repeatedly generates light having a wave-
length that varies within a preset range along a time axis.
[0026] The light output from the wavelength swept light
source 203 is incident on one end of a first single mode
fiber 271, and is transmitted toward the distal side. The
first single mode fiber 271 is optically coupled to a fourth
single mode fiber 275 in an intermediately provided op-
tical fiber coupler 272.
[0027] The light incident on the first single mode fiber
271 and emitted from the optical fiber coupler 272 to the
distal side is guided to a second single mode fiber 273
via a connector 105. The other end of the second single
mode fiber 273 is connected to an optical rotary joint 230
inside the MDU 102.
[0028] On the other hand, the catheter 101 has an
adapter 101a for being connected to the MDU 102. Then,
the catheter 101 is connected to the MDU 102 by using
the adapter 101a, thereby allowing the catheter 101 to
be stably held in the MDU 102. Furthermore, an end por-
tion of a third single mode fiber 274 rotatably accommo-
dated inside the catheter 101 is connected to the optical
rotary joint 230. As a result, the second single mode fiber
273 and the third single mode fiber 274 are optically cou-
pled to each other. The other end (leading portion side
of the catheter 101) of the third single mode fiber 274 is
provided with an imaging core 250 having an optical
transceiver (details to be described with reference to Fig.
3) configured to include a mirror and a lens for emitting

the light in a direction substantially orthogonal to the ro-
tation axis.
[0029] As a result, the light emitted by the wavelength
swept light source 203 is guided to the imaging core 250
disposed in an end portion of the third single mode fiber
274 via the first single mode fiber 271, the second single
mode fiber 273, and the third single mode fiber 274. The
optical transceiver of the imaging core 250 emits the light
in a direction orthogonal to the axis of the fiber, and re-
ceives that reflected light. The received reflected light is
conversely guided this time, and is returned to the oper-
ation control device 103.
[0030] On the other hand, an optical path length ad-
justing mechanism 220 for finely adjusting an optical path
length of reference light is disposed in an opposite end
portion of the fourth single mode fiber 275 coupled to the
optical fiber coupler 272. The optical path length adjust-
ing mechanism 220 functions as an optical path length
changing unit that changes the optical path length cor-
responding to fluctuations in the length so that the fluc-
tuations in the length of the individual catheter 101 can
be absorbed in a case where the catheter 101 is replaced.
Therefore, a collimating lens 225 located in the end por-
tion of the fourth single mode fiber 275 is disposed on a
one-axis stage 224 which is movable as indicated by an
arrow 226 showing the optical axis direction.
[0031] Specifically, in a case where the catheter 101
is replaced, the one-axis stage 224 functions as the op-
tical path length changing unit having a variable range
of the optical path length which can absorb the fluctua-
tions in the optical path length of the catheter 101. Fur-
thermore, the one-axis stage 224 also has a function as
an adjusting unit that adjusts an offset. For example, even
in a case where the distal end of the catheter 101 is not
in close contact with a surface of a biological tissue, the
optical path length is finely changed by using the one-
axis stage. In this manner, it is possible to set a state of
being interfered with the reflected light from a position of
the surface of the biological tissue.
[0032] The optical path length is finely adjusted by us-
ing the one-axis stage 224, and the light reflected on a
mirror 223 via a grating 221 and a lens 222 is guided
again to the fourth single mode fiber 275. In the optical
fiber coupler 272, the light is mixed with the light obtained
from the second single mode fiber 273 side, and is re-
ceived by a photodiode 204 as interference light.
[0033] The interference light received by the photodi-
ode 204 in this way is photo-electrically converted, and
is amplified by an amplifier 205. Thereafter, the interfer-
ence light is input to a demodulator 206. In the demod-
ulator 206, demodulation processing for extracting only
a signal portion of the interference light is performed, and
the output is input to an A/D converter 207 as an inter-
ference light signal.
[0034] In the A/D converter 207, 2,048 points of the
interference light signal are sampled at 90 MHz, for ex-
ample, thereby generating 1 line of digital data (interfer-
ence light data) . The reason that a sampling frequency
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is set to 90 MHz is based on the assumption that in a
case where a repetition frequency of the wavelength
sweeping is set to 40 kHz, approximately 90% of a wave-
length sweeping cycle (25 msec) is extracted as the digital
data of 2,048 points. A configuration is not particularly
limited thereto.
[0035] The interference light data in line units gener-
ated by the A/D converter 207 is input to the signal
processing unit 201, and is temporarily stored in a mem-
ory 202. Then, in the signal processing unit 201, the in-
terference light data is subjected to frequency decompo-
sition by using FFT, thereby generating data in a depth
direction (line data). Based on the line data, the signal
processing unit 201 constructs an optical tomographic
image at each position inside the blood vessel. In some
cases, the signal processing unit 201 outputs the optical
tomographic image to an LCD monitor 113 at a prede-
termined frame rate.
[0036] The signal processing unit 201 is further con-
nected to an optical path length adjusting drive unit 209
and a communication unit 208. The signal processing
unit 201 controls (controls the optical path length) a po-
sition of the one-axis stage 224 via the optical path length
adjusting drive unit 209.
[0037] The communication unit 208 is internally
equipped with several driving circuits, and communicates
with the MDU 102 under the control of the signal process-
ing unit 201. Specifically, a drive signal is supplied to a
radial scanning motor for causing the optical rotary joint
inside the MDU 102 to rotate the third single mode fiber,
a signal is received from an encoder unit 242 for detecting
the rotational position of the radial scanning motor, and
a drive signal is supplied to a linear drive unit 243 for
pulling the third single mode fiber 274 at predetermined
speed.
[0038] The above-described process in the signal
processing unit 201 is realized by causing a computer to
execute a predetermined program.
[0039] In the above-described configuration, if the
catheter 101 is located at a diagnosis target blood vessel
position (such as a coronary artery) of a patient, a guiding
catheter is pulled toward the distal end of the catheter
101 by a user’s operation, and a light-transmitting flush
liquid is discharged into the blood vessel through the
guiding catheter. The reason is to exclude the influence
of blood. Then, if the user inputs an instruction to start
scanning, the signal processing unit 201 drives the wave-
length swept light source 203 so as to drive the radial
scanning motor 241 and the linear drive unit 243 (here-
inafter, a light emitting and light receiving process per-
formed by driving the radial scanning motor 241 and the
linear drive unit 243 is referred to as scanning). As a
result, the wavelength swept light is supplied from the
wavelength swept light source 203 to the imaging core
250 through the above-described path. In this case, the
imaging core 250 located at the distal position of the cath-
eter 101 rotates and moves along the rotation axis. Ac-
cordingly, while the imaging core 250 rotates and moves

along the blood vessel axis, the imaging core 250 emits
the light to a surface of the vascular lumen, and receives
the reflected light.
[0040] Here, a process for generating one optical to-
mographic image will be briefly described with reference
to Fig. 4. Fig. 4 is a view for describing a process of
reconstructing a tomographic image of a luminal surface
401 of the blood vessel where the imaging core 250 is
located. While the imaging core 250 is rotated once (2
π=360 degrees), measurement light is transmitted and
received multiple times. The light is transmitted and re-
ceived once, thereby enabling the imaging core 250 to
obtain data of one line in the light emitting direction. The
data is subjected to the fast Fourier transform (FFT),
thereby obtaining line data showing light reflection inten-
sity (or absorption) at each position in the radial direction
from the rotation center position. Therefore, while the im-
aging core 250 is rotated once, the light is transmitted
and received 512 times, for example. In this manner, it
is possible to obtain the line data of 512 lines extending
radially from a rotation center 402. The 512 lines of the
line data are close to each other in the vicinity of the
rotation center position, and are farther from each other
as the lines are separated from the rotation center posi-
tion. Therefore, pixels in a vacant space of each line are
generated after being subjected to known interpolation
processing, thereby generating a two-dimensional tom-
ographic image which is visible to a human being. Then,
the generated two-dimensional tomographic images are
connected to each other along the blood vessel axis. In
this manner, it is possible to obtain a three-dimensional
blood vessel image. The center position of the two-di-
mensional tomographic image coincides with the rotation
center position of the imaging core 250. However, it
should be noted that the center position of the two-di-
mensional tomographic image is not the center position
of the vascular tomographic image. In addition, although
the light is weak, the light is reflected on the lens surface
of the imaging core 250 and the surface of the catheter
sheath. Accordingly, some concentric circles are gener-
ated with respect to the rotation central axis, as indicated
by the illustrated reference numeral 403. In addition, the
illustrated reference numeral 404 represents an image
indicating that the guide wire is present at that position.
When the optical tomographic image is constructed, the
guide wire has extremely strong intensity of the reflected
light, compared to the vascular tissue. Accordingly, it is
possible to easily find the line data in which the guide
wire is present.
[0041] Next, a configuration and process content of im-
age formation using the ultrasound wave will be de-
scribed.
[0042] Scanning using the ultrasound wave is per-
formed simultaneously with the scanning using the
above-described optical interference. That is, the scan-
ning is performed while the imaging core 250 is rotated
and moved inside a catheter sheath of a probe 101. Dur-
ing this period, the ultrasound transceiver accommodat-
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ed in the imaging core 250 emits the ultrasound wave,
and detects the reflected wave. Therefore, it is necessary
to generate a drive electric signal for driving the ultra-
sound transceiver accommodated in the imaging core
250, and to receive a reflected signal of the ultrasound
wave output by the ultrasound transceiver. An ultrasound
transmitting/receiving control unit 232 transmits the drive
signal, and receives the reflected signal. The ultrasound
transmitting/receiving control unit 232 and the imaging
core 250 are connected to each other via signal line ca-
bles 281, 282, and 283. Since the imaging core 250 is
rotated, the signal line cables 282 and 283 are electrically
connected to each other via a slip ring 231 disposed in-
side the MDU 102. In the illustration, the signal line cables
281 to 283 are illustrated so that all of these are connect-
ed by a single line. However, actually, all of these are
accommodated using a plurality of signal lines.
[0043] The ultrasound transmitting/receiving control
unit 232 is operated under the control of the signal
processing unit 201, and drives the ultrasound transceiv-
er accommodated in the imaging core 250, thereby gen-
erating an ultrasound pulse waves. The ultrasound trans-
ceiver converts the reflected wave from the vascular tis-
sue into an electric signal, and supplies the electric signal
to the ultrasound transmitting/receiving control unit 232.
The ultrasound transmitting/receiving control unit 232
outputs the received ultrasound signal to an amplifier 233
so as to amplify the ultrasound signal. Thereafter, the
amplified ultrasound signal is supplied to the signal
processing unit 201 as ultrasound data via a wave de-
tector 234 and an A/D converter 235, and is temporarily
stored in the memory 202. The A/D converter 235 sam-
ples 2,000 points of the ultrasound signal output from the
wave detector 234 at 306 MHz, thereby generating digital
data (ultrasound data) of one line. Here, 306 MHz is set.
However, this frequency is calculated on the assumption
that 2,000 points are sampled for a depth of 5 mm when
the sound speed is set to 1,530 m/sec. Therefore, the
sampling frequency is not particularly limited thereto.
[0044] The signal processing unit 201 generates the
line data corresponding to a gray scale, based on the
ultrasound data stored in the memory 202. Subsequent
to this process, similarly to the process of reconstructing
the optical tomographic image, the lines of each line data
are two-dimensionally and radially arrayed, and are sub-
jected to interpolation processing, thereby generating the
ultrasound tomographic image at each position inside
the blood vessel.
[0045] Fig. 8 illustrates an external configuration dia-
gram of the catheter 101. The catheter 101 is configured
to include an outer tube sheath 200 and an inner tube
201 accommodated inside the outer tube sheath 200 and
inserted so as to be freely movable in the delivery direc-
tion. In addition, a latch section 200a is disposed in or
near the rear end of the outer tube sheath 200, and the
latch section 200a is fixedly supported by the MDU 102.
In addition, in a state where the rear end portion of the
inner tube 201 is gripped, the MDU 102 performs an op-

eration of pulling the inner tube 201 in the illustrated right-
ward direction, and an operation of rotating the drive shaft
interlocked inside the inner tube 201. In Fig. 8, the refer-
ence numeral 201a represents a priming port (inlet port
of a liquid (generally, a physiological salt solution) for
discharging air inside the outer tube sheath 200 and the
inner tube 201).
[0046] Fig. 3 illustrates a cross-sectional structure of
a distal portion (side inserted into the blood vessel) in a
case where the catheter 101 is the hybrid type according
to the embodiment.
[0047] The inner tube 201 is inserted into the outer
tube sheath 200. In a sheath 310 in the outer tube sheath
200, at least a distal portion of the sheath 310 is config-
ured to include a transparent material for maintaining light
permeability. In addition, the distal end of the sheath 310
is provided with a priming hole 320 for discharging air
bubbles inside the outer tube sheath 200 and the inner
tube 201 and filling the inside of the sheath with the prim-
ing solution. In a case of the OCT, even if an optical path
medium is air, the optical coherence tomographic image
is less affected when the optical coherence tomographic
image is constructed. However, if the air is present on a
propagation path of the ultrasound wave, there is a big
acoustic impedance difference between the air and a ma-
terial of the catheter sheath or the blood. Accordingly,
before the ultrasound wave reaches a biological tissue,
the ultrasound wave is reflected on the sheath or the
blood interface. Consequently, sufficient energy for cap-
turing the image does not permeate the biological tissue.
Therefore, the ultrasound wave is diffused, and attenu-
ates greatly. The illustrated reference numeral 360 rep-
resents the priming solution injected from the priming port
201a in Fig. 2.
[0048] In addition, an imaging core 250 which is rotat-
able along an arrow 373 illustrated in the drawing is ac-
commodated inside the sheath 310. The distal end of the
imaging core 250 is provided with an ultrasound trans-
ceiver 351, an optical transceiver 352, and a housing 353
for accommodating both of these. In addition, the housing
353 is supported by the drive shaft 330. The drive shaft
330 is made of a flexible material, and has such a char-
acteristic that the rotation can be satisfactorily transmit-
ted from the MDU 102. For example, the drive shaft 330
is configured to include multiplex/multilayer close contact
coils made of a metal wire such as stainless steel. The
drive shaft 330 has substantially the same length as that
of the inner tube 201. In addition, a signal line cable 283
electrically connected to the ultrasound transceiver 351
and a third single mode fiber 274 optically connected to
the optical transceiver 352 are accommodated in the lon-
gitudinal direction inside the drive shaft 330.
[0049] The ultrasound transceiver 351 is provided so
that the imaging core 250 according to the embodiment
functions as the IVUS, and transmits the ultrasound wave
toward an arrow 371a in accordance with a signal applied
from the signal line cable 283. In a case where a reflected
wave 371b is received from the vascular tissue, the ul-
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trasound transceiver 351 transmits the received ultra-
sound wave to the MDU 102 (finally, to the operation
control device 103) via the signal line cable 283, as an
electric signal. When the ultrasound transceiver 351 is
actually inserted into and scans the blood vessel, the
drive shaft 330 and the imaging core 250 are rotated
along the arrow 373. Accordingly, the ultrasound trans-
ceiver 351 repeatedly transmits and receives the ultra-
sound wave within a plane orthogonal to the rotation axis.
As a result, the tomographic image orthogonal to the
blood vessel axis can be obtained.
[0050] In addition, the optical transceiver 352 is pro-
vided so that the imaging core 250 according to the em-
bodiment functions as the OCT (or the OFDI), and is con-
figured to include a mirror having an inclination angle of
approximately 45 degrees with respect to the illustrated
rotation central axis, and a hemispherical ball lens. The
light guided via the single mode fiber 342 is reflected on
the mirror in a direction of approximately 90 degrees with
respect to the traveling direction, and is emitted toward
the vascular tissue indicated by an arrow 372a via the
lens. Then, the light (arrow 372b) reflected from the vas-
cular tissue is transmitted via the lens, and next time, the
light is transmitted toward the MDU 102 (finally, to the
operation control device 103) via the single mode fiber
342. During the scanning, the imaging core 250 is rotated.
In this manner, similarly to the IVUS, data for reconstruct-
ing the vascular tomographic image can be acquired.
[0051] Hitherto, a structure of the distal portion of the
hybrid type catheter has been described. In a case of the
catheter dedicated to the IVUS, it is to be understood that
the structure does not have the optical transceiver 352
and the fiber 274. In addition, in a case of the catheter
dedicated to the OCT (OFDI), it is to be understood that
the structure does not have the ultrasound transceiver
351 and the signal line cable 283.
[0052] Next, a process of determining a type of the
catheter 101 connected to the MDU 102 according to the
embodiment will be described. This determination proc-
ess is performed by the signal processing unit 202.
[0053] As described above, the type of the catheter
101 includes three types such as a hybrid type, a type
dedicated to the IVUS, and a type dedicated to the OCT.
Among these, the hybrid type catheter is a type in which
both the ultrasound transceiver 351 and the optical trans-
ceiver 352 are accommodated in the imaging core 250.
The catheter dedicated to the IVUS is a type in which the
ultrasound transceiver 351 is accommodated in the im-
aging core 250 without the optical transceiver 352 mount-
ed thereon. Then, the catheter dedicated to the OCT is
a type in which the optical transceiver 352 is accommo-
dated in the imaging core 250 without the ultrasound
transceiver 351 mounted thereon.
[0054] The configuration is adopted as described
above. Accordingly, assuming that the catheter 101 is
connected to the MDU 102, an inspection process is per-
formed as to whether or not the catheter 101 has the
ultrasound transceiver 351 and whether or not the cath-

eter 101 has the optical transceiver 352. In this manner,
it is understood that the type of the connected catheter
101 can be determined based on the inspection result.
[0055] In a case where the catheter 101 has the optical
transceiver 352, the light is emitted from the optical trans-
ceiver 352 toward an arrow 372a as illustrated in Fig. 3.
The light has a property in which the light is reflected on
a boundary surface of different materials. Therefore,
some emitted light is reflected on the lens surface of the
optical transceiver 352, the inner surface of the sheath
310, and the outer surface of the sheath 310, respective-
ly. Accordingly, in the line data when the optical tomo-
graphic image is generated, concentric circles that are
affected by the reflected light from these three places are
generated at positions close to the rotation center. A con-
centric circle 403 in the vicinity of the rotation center 402
of the optical tomographic image illustrated in Fig. 4 just
shows this image.
[0056] Therefore, the line data obtained by performing
the fast Fourier transform on the optical interference data
is examined. If within a distance range from the rotation
center position to the outer surface of the sheath 310, an
inspection for detecting three peaks which exceed a
threshold value Th1 as illustrated in Fig. 5 is performed,
it can be determined whether or not the optical transceiv-
er 352 is present in the connected catheter 101. In a case
where this condition is satisfied, it can be considered that
the catheter having at least the optical transceiver 352
is connected to the MDU 102. In a case opposite thereto,
it can be considered that the catheter having the optical
transceiver 352 is not connected to the MDU 102.
[0057] The reason is due to the structure of the distal
portion of the catheter. Depending on the structure, the
configuration is not limited to the three peaks. In addition,
if the catheter is in a state of being accommodated inside
a holder tube, the light is additionally reflected from the
inner surface of the holder tube, and is reflected from the
outer surface of the holder tube. That is, the catheter
connection can be detected in accordance with a con-
nection state of the catheter.
[0058] Furthermore, in the above-described configu-
ration, based on a level of the signal reflected from the
distal end of the catheter, it is determined whether or not
the catheter connection is connected. However, the con-
nection portion between the MDU 102 and the catheter
101 can also perform similar detection. That is, in a state
where the catheter is not connected, the light is reflected
from the end surface of the catheter connected to the
MDU. However, if the catheter is connected, the reflected
signal disappears. The catheter connection can be de-
termined by utilizing this fact.
[0059] Next, a method of inspecting the presence of
the ultrasound transceiver 351 will be described.
[0060] The upper stage in Fig. 6 illustrates reflected
wave data (RF data) of the ultrasound wave obtained by
the A/D converter 235, with respect to an output of the
ultrasound drive signal in a case where the catheter is
not connected to MDU 102 or in a case where the catheter
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dedicated to the OCT which does not have the ultrasound
transceiver 351 is connected to the MDU 102. The illus-
trated horizontal axis represents a distance from the ro-
tation center position (equivalent to the time required until
the reflected wave is received), and the vertical axis rep-
resents intensity of the electric signal indicating the ul-
trasound wave.
[0061] Normally, in a case where the catheter (the hy-
brid catheter, or the catheter dedicated to the IVUS) hav-
ing the ultrasound transceiver 351 is used for a medical
procedure, a priming operation (filling with a priming so-
lution) is performed so as to remove the air inside the
catheter. Thereafter, the catheter is connected to the
MDU 102. However, even if the priming operation is not
performed or even if the priming operation is performed,
in a case where the air is mixed into the catheter when
being connected to the MDU 102, the reflected wave data
as illustrated in the middle stage of the drawing is ob-
tained. Even if the priming is not performed, or in a case
where the air is present inside the catheter even if the
priming is performed, the reflected wave having intensity
stronger than a certain level is detected even if the dis-
tance exceeds a point P1.
[0062] In addition, the lower stage in Fig. 6 illustrates
the reflected wave data in a case where the catheter hav-
ing the ultrasound transceiver 351, filled with the priming
solution, and having no air bubble is connected to the
MDU 102.
[0063] If the middle stage and the lower stage in the
drawing are compared with each other, in a case where
the priming is not performed or the air bubble is present,
if the distance is farther than a point P2, the intensity of
the reflected wave becomes almost zero. On the other
hand, in a case where the priming is normally performed,
the intensity of the reflected wave at a location farther
than the point P2 does not become zero. When the dis-
tance exceeds a point P3, the intensity of the reflected
wave becomes zero.
[0064] The configuration is adopted as described
above. Accordingly, in the embodiment, the sum of ab-
solute values of the reflected wave data within the points
P1 to P3 in the reflected wave data is calculated. In a
case where the total value is equal to or smaller than a
threshold value Th2, it is determined that the catheter
having the ultrasound transceiver 351 is not connected
to the MDU 102.
[0065] Then, in a case where the total value of the ab-
solute values within the points P1 to P3 is greater than
the threshold value Th2, it is determined that the catheter
having at least the ultrasound transceiver 351 is connect-
ed to the MDU 102.
[0066] Furthermore, in this case, the sum of the abso-
lute values of the reflected wave data within the points
P2 to P3 is calculated. In a case where the total value is
greater than a threshold value Th3, it is determined that
the catheter normally subjected to priming is connected
to the MDU 102. In a case where the sum of the absolute
values of the reflected wave data within the points P2 to

P3 is equal to or smaller than the threshold value Th3, it
is determined that priming is not yet performed, or that
the air is mixed into the catheter for some reason after
the priming operation (for example, an operation for con-
necting the catheter to the MDU 102). Although the line
data depends on a system configuration, when the line
data of the ultrasound wave is configured to include 2,000
points (pixels), it is desirable that P1 is 200th point, P2 is
500th point, and P3 is 1,000th point.
[0067] In the above-described case, description is
made so that the reflected wave data of the ultrasound
wave is directly analyzed. However, the line data (image
data) may be generated, and the inspection process may
be performed by analyzing the line data. In a case of the
line data, each pixel has only a positive value. Accord-
ingly, it is unnecessary to obtain the absolute value.
[0068] Hitherto, the embodiment has been described.
For example, the signal processing unit 201 may perform
the process in accordance with a flowchart in Fig. 7. The
process in the drawing is performed in a case where a
user operates the operation panel 112 and instructs to
determine the catheter. However, starting the process
may be triggered even when power is turned on (in the
latter case, the power is turned on after the catheter 101
is connected).
[0069] First, in Step S701, the signal processing unit
202 regards that the catheter is connected to the MDU
102, and performs an inspection process of inspecting
whether or not the optical transceiver 352 is present. Spe-
cifically, the signal processing unit 202 drives the wave-
length swept light source 203 so as to transmit the light
toward the MDU 102. Then, the optical interference data
is acquired from the A/D converter 207, and is subjected
to the FFT process so as to obtain the line data. Then,
the signal processing unit 202 inspects whether or not
three peaks exceeding the threshold value Th1 are
present within a preset range from the end (correspond-
ing to the rotation center position of the imaging core 250)
in the line data.
[0070] In Step S702, the signal processing unit 202
determines whether or not the inspection result indicates
the presence of the optical transceiver 352. In a case
where the optical transceiver 352 is present, in Step
S703, the signal processing unit 202 sets a flag F_OCT
to "1". In a case of NO (a case where the optical trans-
ceiver 352 is not present), in Step S704, the signal
processing unit 202 sets the flag F_OCT to "0".
[0071] Thereafter, in S705, the signal processing unit
202 regards that the catheter is connected to the MDU
102, and performs the inspection process of inspecting
whether or not the ultrasound transceiver 351 is present.
Specifically, a drive signal of the ultrasound wave is gen-
erated by the ultrasound transmitting/receiving control
unit 232, and the reflected wave data of the ultrasound
wave is acquired from the A/D converter 235. Then, as
described previously, the sum of the absolute values of
the reflected wave data within the points P1 to P3 is cal-
culated, and is compared with the threshold value Th2.
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In a case where the total value is greater than the thresh-
old value Th2, when the ultrasound transceiver 351 is
present and the total value is equal to or smaller than the
threshold value Th2, an inspection result indicating that
the ultrasound transceiver 351 is not present is generat-
ed.
[0072] In S706, the signal processing unit 202 deter-
mines whether or not the inspection result indicates the
presence of the ultrasound transceiver 351. In a case
where the ultrasound transceiver 351 is present, in Step
S707, the signal processing unit 202 sets a flag F_IVUS
to "1". In a case of NO, in Step S708, the signal process-
ing unit 202 sets the flag F_IVUS to "0". In a case where
it is determined that the ultrasound transceiver 351 is not
present, a process in S709 (to be described below) may
be skipped, and flag F_PRM=0 may be set.
[0073] Next, in S709, the signal processing unit 202
inspects whether the catheter 101 connected to the MDU
102 can be normally used. Specifically, the sum of the
absolute values within the points P2 to P3 in the reflected
wave data of the ultrasound wave is calculated, and is
compared with the threshold value Th3. In a case where
the sum of the absolute values exceeds the threshold
value Th3, the inspection result indicating that the priming
is normally performed is output. In a case where the sum
is equal to or smaller than the threshold value Th3, it is
considered that the priming is not performed, or a large
amount of the air is mixed into the catheter. Accordingly,
a result indicating abnormality is output.
[0074] Then, in S710, the signal processing unit 202
determines whether or not the inspection result indicates
that the priming is performed. In a case where it is deter-
mined that the priming is performed, in Step S711, the
signal processing unit 202 sets the flag F_PRM to "1". In
a case of NO, in Step S712, the signal processing unit
202 sets the flag F_PRM to "0".
[0075] Thereafter, in Step S713, the signal processing
unit 202 determines a type of the catheter connected to
the MDU 102, based on each flag confirmed so far.
[0076] Specifically, the type is determined as follows.

• In a case of the flag F_IVUS=1 and the flag F_OCT=1

[0077] It is determined that the connected catheter 101
is the hybrid type catheter.

• In a case of the flag F_IVUS=0 and the flag F_OCT=1

[0078] It is determined that the connected catheter 101
is the catheter dedicated to the OCT.

• In a case of the flag F_IVUS=1 and the flag F_OCT=0

[0079] It is determined that the connected catheter 101
is the catheter dedicated to the IVUS.

• In a case of the flag F_IVUS=0 and the flag F_OCT=0

[0080] It is determined that the catheter is not connect-
ed to the MDU 102 or determined as error.
[0081] Furthermore, in a case of the flag F_PRM=1,
the signal processing unit 202 determines that the prim-
ing is performed. In a case of the flag F_PRM=0, the
signal processing unit 202 determines as abnormality or
error since the priming is not normally performed.
[0082] Then, in S714, based on the above-described
determination result, the signal processing unit 202 caus-
es a monitor 113 to display the type of the determined
catheter, a state where the priming is performed, abnor-
mality, or the presence or absence of the error.
[0083] In a case of the catheter having the ultrasound
transceiver 351 (either the hybrid catheter or the catheter
dedicated to the IVUS), a special warning may be issued
in order to indicate that the medical procedure is not avail-
able if the priming is not performed.
[0084] In addition, in a case where there is no catheter
connected to the MDU 102, in addition to a case where
the catheter is not actually connected to the MDU 102,
there is a possibility that communication with the MDU
may be in disorder. Accordingly, an error message con-
firming the connection relationship may be displayed.
[0085] Hitherto, the embodiment according to the
present invention has been described. As can be under-
stood from the above description, the process according
to the embodiment is performed. In this manner, it is pos-
sible to determine the type of the catheter without needing
to provide a special mechanism (a physical switch or a
sensor) for determining the type of the catheter.
[0086] In addition, as described in the embodiment,
most of the characteristics can be realized by performing
the process of the signal processing unit 202. The signal
processing unit 202 is configured to include a CPU, and
causes the CPU to execute a program. Therefore, it is
obvious that the scope of the present invention also in-
cludes the program.
[0087] The present invention is not limited to the
above-described embodiment, and various modifica-
tions and alterations can be made without departing from
the scope of the present invention as defined by the
claims. Accordingly, in order to officially announce the
scope of the present invention, claims are appended as
follows.

Description of Reference Numerals and Signs

[0088]

101 catheter,
102 MDU,
103 operation control device,
104 cable,
105 connector,
112 operation panel,
113 display device,
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114 mouse,
351 ultrasound transceiver,
352 optical transceiver
102 MDU,
103 operation control device,
104 cable,
105 connector,
112 operation panel,
113 display device,
114 mouse,
351 ultrasound transceiver,
352 optical transceiver

[0089] A type of catheters connected to an MDU can
be determined without adding any special hardware.
[0090] [Means for Resolution] There is provided an im-
aging apparatus for diagnosis which has a motor drive
unit (MDU) for being connected to a catheter and for mov-
ing and rotating an imaging core accommodated in the
catheter along a longitudinal direction of the catheter,
and which generates a vascular optical coherence tom-
ographic image and an ultrasound tomographic image
of a subject, based on a signal output from the catheter.
The apparatus includes a first drive unit that applies an
ultrasound drive signal to an ultrasound transceiver ac-
commodated in a distal portion of an imaging core, and
that acquires an electric signal indicating a reflected
wave, assuming that the catheter is connected to the
MDU, a first inspection unit that inspects the presence
or absence of the ultrasound transceiver, based on in-
tensity distribution of the electric signal of the reflected
wave which is obtained by the first drive unit, a second
drive unit that supplies light to an optical transceiver ac-
commodated in the distal portion of the imaging core,
and that acquires an electric signal indicating interfer-
ence light, assuming that the catheter is connected to
the MDU, a second inspection unit that generates line
image data in a radial direction, regarding a position of
the imaging core as an origin, based on the electric signal
of the interference light which is obtained by the second
drive unit, and that inspects the presence or absence of
the optical transceiver, based on pixel data distribution
within a predetermined range from a position of the origin,
and a determination unit that determines whether the
catheter connected to the MDU is any one of the catheter
dedicated to diagnosis of the ultrasound tomographic im-
age, the catheter dedicated to diagnosis of the optical
coherence tomographic image, and the catheter corre-
sponding to both the ultrasound tomographic image and
the optical coherence tomographic image, based on an
inspection result of the first inspection unit and an inspec-
tion result of the second inspection unit.

Claims

1. An imaging apparatus for diagnosis (100) which has
a motor drive unit (102) for being connected to a

catheter (101) and for moving and rotating an imag-
ing core (250) accommodated in the catheter (101)
along a longitudinal direction of the catheter, and
which is configured to generate a vascular optical
coherence tomographic image and/or an ultrasound
tomographic image of a subject based on a signal
output from the catheter (101), the apparatus com-
prising:

a first drive unit (232) that is configured to apply
an ultrasound drive signal to an ultrasound
transceiver (351) accommodated in a distal por-
tion of the imaging core (250), and to acquire an
electric signal indicating a reflected wave, as-
suming that the catheter (101) is connected to
the motor drive unit (102); and
a second drive unit (203) that is configured to
supply light to an optical transceiver (352) ac-
commodated in the distal portion of the imaging
core (250), and to acquire an electric signal in-
dicating interference light, assuming that the
catheter (101) is connected to the motor drive
unit (102),
characterized by further comprising:

a first inspection unit (201) that is configured
to inspect the presence or absence of the
ultrasound transceiver (351), based on in-
tensity distribution of the electric signal of
the reflected wave which is obtained by the
first drive unit (232);
a second inspection unit (201) that is con-
figured to generate line image data in a ra-
dial direction, regarding a position of the im-
aging core (250) as an origin, based on the
electric signal of the interference light which
is obtained by the second drive unit (203),
and to inspect the presence or absence of
the optical transceiver (352), based on pixel
data distribution within a predetermined
range from a position of the origin; and
a determination unit (201) that is configured
to determine whether the catheter (101)
connected to the motor drive unit is any one
of a catheter dedicated to diagnosis of the
ultrasound tomographic image, a catheter
dedicated to diagnosis of the optical coher-
ence tomographic image, and a catheter
corresponding to both the ultrasound tom-
ographic image and the optical coherence
tomographic image, based on an inspection
result of the first inspection unit (201) and
an inspection result of the second inspec-
tion unit (201).

2. The imaging apparatus for diagnosis according to
Claim 1,
wherein in a case where the inspection result ob-
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tained by the first inspection unit (201) indicates the
presence of the ultrasound transceiver (351) and the
inspection result obtained by the second inspection
unit (201) indicates the presence of the optical trans-
ceiver (352), the determination unit (201) is config-
ured to determine that the catheter (101) connected
to the motor drive unit (102) is the catheter corre-
sponding to both the ultrasound tomographic image
and the optical coherence tomographic image,
wherein in a case where the inspection result ob-
tained by the first inspection unit (201) indicates the
presence of the ultrasound transceiver (351) and the
inspection result obtained by the second inspection
unit (201) indicates the absence of the optical trans-
ceiver (352), the determination unit (201) is config-
ured to determine that the catheter (101) connected
to the motor drive unit (102) is the catheter dedicated
to diagnosis of the ultrasound tomographic image,
wherein in a case where the inspection result ob-
tained by the first inspection unit (201) indicates the
absence of the ultrasound transceiver (351) and the
inspection result obtained by the second inspection
unit (201) indicates the presence of the optical trans-
ceiver (352), the determination unit (201) is config-
ured to determine that the catheter (101) connected
to the motor drive unit (102) is the catheter dedicated
to diagnosis of the optical coherence tomographic
image, and
wherein in a case where the inspection result ob-
tained by the first inspection unit (201) indicates the
absence of the ultrasound transceiver (351) and the
inspection result obtained by the second inspection
unit (201) indicates the absence of the optical trans-
ceiver (352), the determination unit (201) is config-
ured to determine that the catheter (101) is not con-
nected to the motor drive unit (102).

3. The imaging apparatus for diagnosis according to
Claim 1 or 2, further comprising:
a third inspection unit (201) that is configured to in-
spect whether or not the connected catheter (101)
is normally subjected to filling with a priming solution
based on the intensity distribution of the electric sig-
nal of the reflected wave which is obtained by the
first drive unit (232).

4. The imaging apparatus for diagnosis according to
any one of Claims 1 to 3, further comprising:
a display unit (113) that is configured to display a
determination result obtained by the determination
unit (201).

5. An operation method of an imaging apparatus for
diagnosis (100) which has a motor drive unit for being
connected to a catheter (101) and for moving and
rotating an imaging core (250) accommodated in the
catheter (101) along a longitudinal direction of the
catheter, and which is configured to generate a vas-

cular optical coherence tomographic image and/or
an ultrasound tomographic image of a subject based
on a signal output from the catheter (101), the meth-
od comprising:

a first drive process (S705) in which a first drive
unit (232) applies an ultrasound drive signal to
an ultrasound transceiver (351) accommodated
in a distal portion of the imaging core (250), and
acquires an electric signal indicating a reflected
wave, assuming that the catheter (101) is con-
nected to the motor drive unit (102); and
a second drive process (S701) in which a sec-
ond drive unit (203) supplies light to an optical
transceiver (352) accommodated in the distal
portion of the imaging core (250), and acquires
an electric signal indicating interference light,
assuming that the catheter (101) is connected
to the motor drive unit,
characterized by further comprising:

a first inspection process (S706) in which a
first inspection unit (202) inspects the pres-
ence or absence of the ultrasound trans-
ceiver (351), based on intensity distribution
of the electric signal of the reflected wave
which is obtained by the first drive process
(S705);
a second inspection process (S702) in
which a second inspection unit (201) gen-
erates line image data in a radial direction,
regarding a position of the imaging core
(250) as an origin, based on the electric sig-
nal of the interference light which is obtained
by the second drive process (S702), and
inspects the presence or absence of the op-
tical transceiver (352), based on pixel data
distribution within a predetermined range
from a position of the origin; and
a determination process (S713) in which a
determination unit (201) determines wheth-
er the catheter (101) connected to the motor
drive unit (102) is any one of a catheter ded-
icated to diagnosis of the ultrasound tomo-
graphic image, a catheter dedicated to di-
agnosis of the optical coherence tomo-
graphic image, and a catheter correspond-
ing to both the ultrasound tomographic im-
age and the optical coherence tomographic
image, based on an inspection result of the
first inspection process (S706) and an in-
spection result of the second inspection
process (S702).

6. A program that is configured to, when read by a com-
puter, cause the computer to execute each process
of the operation method according to Claim 5.
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Patentansprüche

1. Bildgebungsvorrichtung zur Diagnose (100), die ei-
ne Motorantriebseinheit (102) aufweist, die dazu
dient, mit einem Katheter (101) verbunden zu wer-
den, und zum Bewegen und Drehen eines Bildge-
bungskerns (250), der in dem Katheter (101) unter-
gebracht ist, entlang einer Längsrichtung des Kathe-
ters dient, und die konfiguriert ist zum Erzeugen ei-
nes vaskularen optischen Kohärenztomographie-
bilds und/oder eines Ultraschalltomographiebilds ei-
nes Subjekts basierend auf einem von dem Katheter
(101) ausgegebenen Signal, wobei die Vorrichtung
aufweist:

eine erste Ansteuereinheit (232), die konfiguriert
ist zum Anlegen eines Ultraschallansteuersig-
nals an einen Ultraschallsendeempfänger
(351), der in einem Distalabschnitt des Bildge-
bungskerns (250) untergebracht ist, und zum
Erfassen eines elektrischen Signals, das eine
reflektierte Welle bezeichnet, unter der Annah-
me, dass der Katheter (101) mit der Motoran-
triebseinheit (102) verbunden ist; und
eine zweite Ansteuereinheit (203), die konfigu-
riert ist zum Zuführen von Licht an einen opti-
schen Sendeempfänger (352), der in dem Dis-
talabschnitt des Bildgebungskerns (250) unter-
gebracht ist, und zum Erfassen eines elektri-
schen Signals, das Interferenzlicht bezeichnet,
unter der Annahme, dass der Katheter (101) mit
der Motorantriebseinheit (102) verbunden ist,
gekennzeichnet durch:

eine erste Prüfeinheit (201), die konfiguriert
ist zum Prüfen des Vorhandenseins oder
Nichtvorhandenseins des Ultraschallsen-
deempfängers (351) basierend auf einer In-
tensitätsverteilung des elektrischen Signals
der elektrischen Welle, das durch die erste
Ansteuereinheit (232) erhalten wird;
eine zweite Prüfeinheit (201), die konfigu-
riert ist zum Erzeugen von Linienbilddaten
in einer Radialrichtung, in Bezug auf eine
Position des Bildgebungskerns (250) als
Ursprung, basierend auf dem elektrischen
Signal des Interferenzlichts, das durch die
zweite Ansteuereinheit (203) erhalten wird,
und zum Prüfen des Vorhandenseins oder
Nichtvorhandenseins des optischen Sen-
deempfängers (352) basierend auf einer Pi-
xeldatenverteilung innerhalb eines vorbe-
stimmten Bereichs von einer Position des
Ursprungs; und
eine Bestimmungseinheit (201), die konfi-
guriert ist zum Bestimmen, ob der Katheter
(101), der mit der Motorantriebseinheit ver-
bunden ist, einer ist von einem Katheter, der

zur Diagnose des Ultraschalltomographie-
bilds zweckbestimmt ist, einem Katheter,
der zur Diagnose des optischen Kohärenz-
tomographiebilds zweckbestimmt ist, und
einem Katheter, der sowohl dem Ultra-
schalltomographiebild als auch dem opti-
schen Kohärenztomographiebild ent-
spricht, basierend auf einem Prüfergebnis
der ersten Prüfeinheit (201) und einem Prü-
fergebnis der zweiten Prüfeinheit (201).

2. Bildgebungsvorrichtung zur Diagnose gemäß An-
spruch 1,
wobei in einem Fall, in dem das Prüfergebnis, das
durch die erste Prüfeinheit (201) erhalten wird, das
Vorhandensein des Ultraschallsendeempfängers
(351) bezeichnet, und das Prüfergebnis, das durch
die zweite Prüfeinheit (201) erhalten wird, das Vor-
handensein des optischen Sendeempfängers (352)
bezeichnet, die Bestimmungseinheit (201) konfigu-
riert ist zum Bestimmen, dass der Katheter (101),
der mit der Motorantriebseinheit (102) verbunden ist,
der Katheter ist, der sowohl dem Ultraschalltomo-
graphiebild als auch dem optischen Kohärenztomo-
graphiebild entspricht,
wobei in einem Fall, in dem das Prüfergebnis, das
durch die erste Prüfeinheit (201) erhalten wird, das
Vorhandensein des Ultraschallsendeempfängers
(351) bezeichnet, und das Prüfergebnis, das durch
die zweite Prüfeinheit (201) erhalten wird, das Nicht-
vorhandensein des optischen Sendeempfängers
(352) bezeichnet, die Bestimmungseinheit (201)
konfiguriert ist zum Bestimmen, dass der Katheter
(101), der mit der Motorantriebseinheit (102) verbun-
den ist, der Katheter ist, der zur Diagnose des Ultra-
schalltomographiebilds zweckbestimmt ist,
wobei in einem Fall, in dem das Prüfergebnis, das
durch die erste Prüfeinheit (201) erhalten wird, das
Nichtvorhandensein des Ultraschallsendeempfän-
gers (351) bezeichnet, und das Prüfergebnis, das
durch die zweite Prüfeinheit (201) erhalten wird, das
Vorhandensein des optischen Sendeempfängers
(352) bezeichnet, die Bestimmungseinheit (201)
konfiguriert ist zum Bestimmen, dass der Katheter
(101), der mit der Motorantriebseinheit (102) verbun-
den ist, der Katheter ist, der zur Diagnose des opti-
schen Kohärenztomographiebilds zweckbestimmt
ist, und
wobei in einem Fall, in dem das Prüfergebnis, das
durch die erste Prüfeinheit (201) erhalten wird, das
Nichtvorhandensein des Ultraschallsendeempfän-
gers (351) bezeichnet, und das Prüfergebnis, das
durch die zweite Prüfeinheit (201) erhalten wird, das
Nichtvorhandensein des optischen Sendeempfän-
gers (352) bezeichnet, die Bestimmungseinheit
(201) konfiguriert ist zum Bestimmen, dass der Ka-
theter (101) nicht mit der Motorantriebseinheit (102)
verbunden ist.
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3. Bildgebungsvorrichtung zur Diagnose gemäß An-
spruch 1 oder 2, zusätzlich mit:
einer dritten Prüfeinheit (201), die konfiguriert ist zum
Prüfen, ob der verbundene Katheter (101) normal
einer Füllung mit einer Priminglösung unterzogen ist
oder nicht, basierend auf der Intensitätsverteilung
des elektrischen Signals der reflektierten Welle, das
durch die erste Ansteuereinheit (232) erhalten wird.

4. Bildgebungsvorrichtung zur Diagnose gemäß einem
der Ansprüche 1 bis 3, zusätzlich mit:
einer Anzeigeeinheit (113), die konfiguriert ist zum
Anzeigen eines durch die Bestimmungseinheit (201)
erhaltenen Bestimmungsergebnisses.

5. Betriebsverfahren einer Bildgebungsvorrichtung zur
Diagnose (100), die eine Motorantriebseinheit auf-
weist, die dazu dient, mit einem Katheter (101) ver-
bunden zu werden, und zum Bewegen und Drehen
eines Bildgebungskerns (250), der in dem Katheter
(101) untergebracht ist, entlang einer Längsrichtung
des Katheters dient, und die konfiguriert ist zum Er-
zeugen eines vaskularen optischen Kohärenztomo-
graphiebilds und/oder eines Ultraschalltomogra-
phiebilds eines Subjekts basierend auf einem von
dem Katheter (101) ausgegebenen Signal, wobei
das Verfahren aufweist:

einen ersten Ansteuerprozess (S705), in dem
eine erste Ansteuereinheit (232) ein Ultra-
schallansteuersignal an einen Ultraschallsen-
deempfänger (351) anlegt, der in einem Distal-
abschnitt des Bildgebungskerns (250) unterge-
bracht ist, und ein elektrisches Signal erfasst,
das eine reflektierte Welle bezeichnet, unter der
Annahme, dass der Katheter (101) mit der Mo-
torantriebseinheit (102) verbunden ist; und
einen zweiten Ansteuerprozess (S701), in dem
eine zweite Ansteuereinheit (203) Licht an einen
optischen Sendeempfänger (352) zuführt, der
in dem Distalabschnitt des Bildgebungskerns
(250) untergebracht ist, und ein elektrisches Si-
gnal erfasst, das Interferenzlicht bezeichnet, un-
ter der Annahme, dass der Katheter (101) mit
der Motorantriebseinheit verbunden ist,
gekennzeichnet durch:

einen ersten Prüfprozess (S706), in dem ei-
ne erste Prüfeinheit (202) das Vorhan-
densein oder Nichtvorhandensein des Ul-
traschallsendeempfängers (351) basierend
auf einer Intensitätsverteilung des elektri-
schen Signals der reflektierten Welle prüft,
das durch den ersten Ansteuerprozess
(S705) erhalten wird;
einen zweiten Prüfprozess (S702), in dem
eine zweite Prüfeinheit (S201) Linienbildda-
ten in einer Radialrichtung, in Bezug auf ei-

ne Position des Bildgebungskerns (250) als
Ursprung, basierend auf dem elektrischen
Signal des Interferenzlichts erzeugt, das
durch den zweiten Ansteuerprozess (S702)
erhalten wird, und das Vorhandensein oder
nicht Vorhandensein des optischen Sende-
empfängers (352) basierend auf einer Pi-
xeldatenverteilung innerhalb eines vorbe-
stimmten Bereichs von einer Position des
Ursprungs prüft; und
einen Bestimmungsprozess (S713), in dem
eine Bestimmungseinheit (201) basierend
auf einem Prüfergebnis des ersten Prüfpro-
zesses (S706) und einem Prüfergebnis des
zweiten Prüfprozesses (S702) bestimmt,
ob der Katheter (101), der mit der Motoran-
triebseinheit (102) verbunden ist, einer ist
von einem Katheter, der zur Diagnose des
Ultraschalltomographiebilds zweckbe-
stimmt ist, einem Katheter, der zur Diagno-
se des optischen Kohärenztomographie-
bilds zweckbestimmt ist, und einem Kathe-
ter, der sowohl dem Ultraschalltomogra-
phiebild als auch dem optischen Kohärenz-
tomographiebild entspricht.

6. Programm, das, wenn es durch einen Computer ge-
lesen wird, konfiguriert ist zum Veranlassen des
Computers zum Ausführen von jedem Prozess des
Betriebsverfahrens gemäß Anspruch 5.

Revendications

1. Appareil d’imagerie de diagnostic (100) qui est doté
d’une unité d’entraînement de moteur (102) destinée
à être connectée à un cathéter (101) et à déplacer
et faire tourner un noyau d’imagerie (250) logé dans
le cathéter (101) le long d’une direction longitudinale
du cathéter, et qui est configuré pour générer une
image tomographique en cohérence optique vascu-
laire et/ou une image tomographique par ultrasons
d’un sujet sur la base d’un signal délivré par le ca-
théter (101), l’appareil comprenant :

une première unité d’entraînement (232) qui est
configurée pour appliquer un signal d’entraîne-
ment à ultrasons à un émetteur-récepteur d’ul-
trasons (351) logé dans une portion distale du
noyau d’imagerie (250), et pour acquérir un si-
gnal électrique indiquant une onde réfléchie, en
supposant que le cathéter (101) soit connecté
à l’unité d’entraînement de moteur (102) ; et
une deuxième unité d’entraînement (203) qui
est configurée pour fournir de la lumière à un
émetteur-récepteur optique (352) logé dans la
portion distale du noyau d’imagerie (250), et
pour acquérir un signal électrique indiquant une
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lumière d’interférence, en supposant que le ca-
théter (101) soit connecté à l’unité d’entraîne-
ment de moteur (102),
caractérisé en ce qu’il comprend en outre :

une première unité d’inspection (201) qui
est configurée pour inspecter la présence
ou l’absence de l’émetteur-récepteur d’ul-
trasons (351), sur la base de la distribution
d’intensité du signal électrique de l’onde ré-
fléchie qui est obtenu par la première unité
d’entraînement (232) ;
une deuxième unité d’inspection (201) qui
est configurée pour générer des données
d’image de ligne dans une direction radiale,
relatives à une position du noyau d’imagerie
(250) en tant qu’origine, sur la base du si-
gnal électrique de la lumière d’interférence
qui est obtenu par la deuxième unité d’en-
traînement (203), et pour inspecter la pré-
sence ou l’absence de l’émetteur-récepteur
optique (352), sur la base de la distribution
de données de pixels dans une plage pré-
déterminée à partir d’une position de
l’origine ; et
une unité de détermination (201) qui est
configurée pour déterminer si le cathéter
(101) connecté à l’unité d’entraînement de
moteur est l’une quelconque parmi un ca-
théter dédié au diagnostic de l’image tomo-
graphique par ultrasons, un cathéter dédié
au diagnostic de l’image tomographique en
cohérence optique, et un cathéter corres-
pondant à la fois à l’image tomographique
par ultrasons et à l’image tomographique
en cohérence optique, sur la base d’un ré-
sultat d’inspection de la première unité
d’inspection (201) et d’un résultat d’inspec-
tion de la deuxième unité d’inspection (201).

2. Appareil d’imagerie de diagnostic selon la revendi-
cation 1,
dans lequel, dans le cas où le résultat d’inspection
obtenu par la première unité d’inspection (201) indi-
que la présence de l’émetteur-récepteur d’ultrasons
(351) et le résultat d’inspection obtenu par la deuxiè-
me unité d’inspection (201) indique la présence de
l’émetteur-récepteur optique (352), l’unité de déter-
mination (201) est configurée pour déterminer que
le cathéter (101) connecté à l’unité d’entraînement
de moteur (102) est le cathéter correspondant à la
fois à l’image tomographique par ultrasons et à l’ima-
ge tomographique en cohérence optique,
dans lequel, dans le cas où le résultat d’inspection
obtenu par la première unité d’inspection (201) indi-
que la présence de l’émetteur-récepteur d’ultrasons
(351) et le résultat d’inspection obtenu par la deuxiè-
me unité d’inspection (201) indique l’absence de

l’émetteur-récepteur optique (352), l’unité de déter-
mination (201) est configurée pour déterminer que
le cathéter (101) connecté à l’unité d’entraînement
de moteur (102) est le cathéter dédié au diagnostic
de l’image tomographique par ultrasons,
dans lequel, dans le cas où le résultat d’inspection
obtenu par la première unité d’inspection (201) indi-
que l’absence de l’émetteur-récepteur d’ultrasons
(351) et le résultat d’inspection obtenu par la deuxiè-
me unité d’inspection (201) indique la présence de
l’émetteur-récepteur optique (352), l’unité de déter-
mination (201) est configurée pour déterminer que
le cathéter (101) connecté à l’unité d’entraînement
de moteur (102) est le cathéter dédié au diagnostic
de l’image tomographique en cohérence optique, et
dans lequel, dans le cas où le résultat d’inspection
obtenu par la première unité d’inspection (201) indi-
que l’absence de l’émetteur-récepteur d’ultrasons
(351) et le résultat d’inspection obtenu par la deuxiè-
me unité d’inspection (201) indique l’absence de
l’émetteur-récepteur optique (352), l’unité de déter-
mination (201) est configurée pour déterminer que
le cathéter (101) n’est pas connecté à l’unité d’en-
traînement de moteur (102).

3. Appareil d’imagerie de diagnostic selon la revendi-
cation 1 ou 2, comprenant en outre :
une troisième unité d’inspection (201) qui est confi-
gurée pour inspecter si le cathéter (101) connecté
est normalement soumis ou non à un remplissage
avec une solution d’amorçage sur la base de la dis-
tribution d’intensité du signal électrique de l’onde ré-
fléchie qui est obtenu par la première unité d’entraî-
nement (232).

4. Appareil d’imagerie de diagnostic selon l’une quel-
conque des revendications 1 à 3, comprenant en
outre :
une unité d’affichage (113) qui est configurée pour
afficher un résultat de détermination obtenu par l’uni-
té de détermination (201).

5. Procédé de fonctionnement d’un appareil d’imagerie
de diagnostic (100) qui est doté d’une unité d’entraî-
nement de moteur destinée à être connectée à un
cathéter (101) et à déplacer et à faire tourner un
noyau d’imagerie (250) logé dans le cathéter (101)
le long d’une direction longitudinale du cathéter, et
qui est configuré pour générer une image tomogra-
phique en cohérence optique vasculaire et/ou une
image tomographique par ultrasons d’un sujet sur la
base d’un signal délivré par le cathéter (101), le pro-
cédé comprenant :

un premier processus d’entraînement (S705)
dans lequel une première unité d’entraînement
(232) applique un signal d’entraînement à ultra-
sons à un émetteur-récepteur d’ultrasons (351)
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logé dans une portion distale du noyau d’ima-
gerie (250), et acquiert un signal électrique in-
diquant une onde réfléchie, en supposant que
le cathéter (101) soit connecté à l’unité d’entraî-
nement de moteur (102) ; et
un deuxième processus d’entraînement (S701)
dans lequel une deuxième unité d’entraînement
(203) fournit de la lumière à un émetteur-récep-
teur optique (352) logé dans la portion distale
du noyau d’imagerie (250), et acquiert un signal
électrique indiquant une lumière d’interférence,
en supposant que le cathéter (101) soit connec-
té à l’unité d’entraînement de moteur,
caractérisé en ce qu’il comprend en outre :

un premier processus d’inspection (S706)
dans lequel une première unité d’inspection
(202) inspecte la présence ou l’absence de
l’émetteur-récepteur d’ultrasons (351), sur
la base de la distribution d’intensité du si-
gnal électrique de l’onde réfléchie qui est
obtenu par le premier processus d’entraî-
nement (S705) ;
un deuxième processus d’inspection
(S702) dans lequel une deuxième unité
d’inspection (201) génère des données
d’image de ligne dans une direction radiale,
relatives à une position du noyau d’imagerie
(250) en tant qu’origine, sur la base du si-
gnal électrique de la lumière d’interférence
qui est obtenu par la deuxième processus
d’entraînement (S702), et inspecte la pré-
sence ou l’absence de l’émetteur-récepteur
optique (352), sur la base de la distribution
de données de pixels dans une plage pré-
déterminée à partir d’une position de
l’origine ; et
un processus de détermination (S713) dans
lequel une unité de détermination (201) dé-
termine si le cathéter (101) connecté à l’uni-
té d’entraînement de moteur (102) est l’un
quelconque par un cathéter dédié au dia-
gnostic de l’image tomographique par ultra-
sons, un cathéter dédié au diagnostic de
l’image tomographique en cohérence opti-
que, et un cathéter correspondant à la fois
à l’image tomographique par ultrasons et à
l’image tomographique en cohérence opti-
que, sur la base d’un résultat d’inspection
du premier processus d’inspection (S706)
et d’un résultat d’inspection du deuxième
processus d’inspection (S702).

6. Programme qui est configuré pour, lorsqu’il est lu
par un ordinateur, amener l’ordinateur à exécuter
chaque processus du procédé de fonctionnement
selon la revendication 5.
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