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Description

[0001] The present invention relates to an optical co-
herent cross-sectional image forming apparatus accord-
ing to the preamble of claim 1, such as it is, e.g., known
from WO 2006/024015. From the past, there has been
used an optical coherent tomography apparatus (Optical
Coherent Tomography: OCT) for a diagnosis of arterio-
scleosis, for a diagnosis before operation at the time of
treatmentinside a blood vessel depending on a high func-
tional catheter such as a balloon catheter, a stent and
the like or for a result confirmation after operation. In an
optical coherent tomography apparatus, a radial scan is
carried out by inserting a catheter installed with an optical
fiber which is attached with an optical lens and an optical
mirror at the distal end thereof into a blood vessel, by
illuminating light into a blood vessel while rotating the
optical mirror and by receiving reflected light from a bio-
logical tissue. Then, in the optical coherent tomography
apparatus, there is drawn-out a cross-sectional image of
a blood vessel based on the reflected light obtained by
this radial scan. Further, for an improvement type of the
optical coherent tomography apparatus, there has been
developed an optical frequency domain imaging appa-
ratus utilizing a wavelength sweep (see, for example,

Japanese unexamined patent publication No.
2009-128074).
[0002] The optical coherenttomography apparatus, in-

side the apparatus, divides a light outputted from a light
source into a measurement light and a reference light,
and emits the measurementlight from a distal end thereof
through an optical fiber inside a catheter. Then, by tak-
ingin a reflected light reflected from a biological tissue
inside the apparatus through the same optical fiber, and
by making the reflected light and the reference light in-
terfere each other, it is possible to obtain intensity of the
measurement light from the same optical path length as
that of the reference light, more specifically, to obtain
intensity of the reflected light.

[0003] In the optical coherent tomography apparatus
as mentioned above, a reflected light is obtained by re-
flecting the reference light on the mirror inside the appa-
ratus and concurrently, the optical path length of the ref-
erence light is scanned by moving the mirror position
forward and backward. Then, owing to the fact that a
coherent light between the reference light and the reflect-
ed light is obtained in synchronization with the scanning
of this optical path length, it is possible to obtain reflec-
tion-intensity distribution in the depth direction. In an op-
tical coherenttomography apparatus, aradial scanis car-
ried out by rotating the optical fiber axially and a blood
vessel cross-sectional image is drawn out.

[0004] Onthe other hand, there has been proposed an
optical frequency domain imaging apparatus in which a
cross-sectional image is formed by utilizing a wavelength
sweep instead of changing the optical path length of the
reference light. In an optical frequency domain imaging
apparatus using the wavelength sweep, there is obtained
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a reflection-intensity distribution of the depth direction
with reference to a point, at which the optical path differ-
ence between the measurement light and the reference
light is same, from the frequency distribution of the ob-
tained coherent light by sweeping the wavelength of the
emitted light repeatedly without scanning the optical path
length of the reference light.

[0005] In an ultrasonic diagnosis apparatus, a pull-
back operation (operation of axially moving an ultrasonic
transducer) is carried out by a speed around 1 mm/sec,
so that it was possible for an operator to set an area to
be observed while confirming the picture screen. On the
other hand, in an optical coherence diagnosis apparatus,
data are obtained speedily during the period of removing
blood depending on flash liquid, so that usually there is
employed a system in which a distance as long as pos-
sible is recorded at once and a slow reproduction is car-
ried out later on. At that time, the position for recording
the image is confirmed while observing a CAG or OFDI
image, but there was no other way than a way in which
the record termination is carried out by a manual termi-
nation operation or by thoroughly pulling all the distance
which can be pulled-back.

[0006] Usually, a guiding catheter is used for guiding
a probe which contains a catheter sheath and an imaging
core until a cross-section imaging position inside a blood
vessel. For example, a guiding catheter is passed-
through until a vicinity of the imaging position of a coro-
nary artery by way of a femoral artery and the probe is
guided to the imaging position by using a guide wire.
Therefore, at the time of such a procedure, for example,
as shown in FIG. 6, it happens that a scan will be carried
out by protruding a probe which includes a catheter
sheath (301) and an imaging core (601, 602, 231) from
a guiding catheter. For that reason, a transmitting and
receiving unit for transmitting a measurement light and
receiving a reflected light on the way of pull-back scan
enters the inside of the guiding catheter. When the trans-
mitting and receiving unit enters the inside of the guiding
catheter, it happens that the measurement light to the
portion desired to be observed or the reflected light from
the portion desired to be observed will be blocked and
significant data cannot be obtained even if the recording
is continued. However, as a result of analyzing the data
obtained at a facility in cooperation with a well trained
technical expert, a guiding catheter was recorded for the
length of 30% to 60% of the obtained data and these data
are thoroughly unnecessary data. The problem caused
by recording unnecessary data in this manner will be de-
scribed hereinafter.

[0007] When recording an image, some sort of flash
liquid is injected by an injector, a contrast syringe or the
like in order to remove blood. For example, when select-
ing a contrastagentas the flash liquid, usually, ithappens
that a quantity of around 10 ml to 20 ml is to be injected
per one pull-back scan, and several 10% thereof are the
quantity which is injected after the probe enters the guid-
ing catheter. There is a possibility for the injection of such
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a flash liquid to exert influence on a renal function or
another physiological function of a patient and it is pref-
erable to limit the injection of the flash liquid to a requisite
minimum value.

[0008] In addition, by recording a useless image, the
data volume will increase by an amount of around a few
10 percent to a hundred percent, it is needless to say
that the time period required for the data handling also
increases, and the time period which can be used for the
diagnosis under normal circumstances will be com-
pressed. Further, the space necessary for storing inspec-
tion data will also increase by a similar ratio.

[0009] The presentinvention is addressed to eliminate
at least a portion of these problems. More specifically,
the present invention is addressed, for example, to re-
duce the unnecessary information recording or the injec-
tion of the unnecessary flash liquid.

[0010] Anoptical coherentcross-sectionalimage form-
ing apparatus according to the presentinvention includes
the features defined in claim 1. In addition, according to
another exemplified example not forming part of the
present invention, there is disclosed a control method of
an optical coherent cross-sectional image forming appa-
ratus in which light outputted from a light source is divided
into a measurement light and a reference light inside the
apparatus and in which a cross-sectionalimage is formed
based on a coherent light, which is obtained from a re-
flected light obtained by emitting the measurement light
to a biological tissue through a probe inserted into a body
lumen, and the reference light, wherein there are includ-
ed:

ascanningdrive process for rotating and axially mov-
ing a transmitting and receiving unit which is provid-
ed at a distal end portion of the probe, which emits
the measurement light and which concurrently re-
ceives the reflected light;

a holding process for producing data corresponding
to the cross-sectional image from the coherent light
between the reflected light obtained through the
transmitting and receiving unitand the reference light
and for holding the data in a memory unit;

a detection process for detecting the fact that the
transmitting and receiving unit entered inside a guid-
ing catheter for guiding the probe by using the data
during the axial-direction movement; and

a control process for stopping at least a portion of a
process associated with generation to holding of the
cross-sectional image based on the optical coher-
ence in a case in which itis detected in the detection
process that the transmitting and receiving unit en-
tered inside the guiding catheter.

[0011] Accordingto the presentinvention, itis possible
in an optical coherent tomography apparatus to repress
unnecessary image recording of a guiding catheter. Con-
sequently, for example, there can be realized reduction
of flash liquid such as a contrast agent, a physiological
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salt solution and the like; compression of recording data
amount; reduction of steering time; reduction of back-up
time; and reduction of image confirmation time period.

FIG. 1is adiagram showing an external-appearance
constitution of an imaging diagnostic apparatus re-
lating to an exemplified embodiment;

FIG. 2 is a block diagram showing a functional con-
stitution of an imaging diagnostic apparatus 100;
FIG. 3 is a diagram showing a whole constitution of
an optical probe;

FIG. 4 is a diagram showing a constitution of a distal
end portion of an optical probe;

FIG. 5 is a diagram showing a state in which a drive
shaftis slid in an optical probe relatively with respect
to a catheter sheath;

FIG. 6 is a schematic diagram for explaining a rota-
tion scan and an axial-direction movement by an op-
tical probe in a blood vessel;

FIG. 7 is a diagram for explaining illumination of
measurement light and reflected-light intensity
thereof;

FIGS. 8A and 8B are schematic diagrams for ex-
plaining an operation of an optical probe in a blood
vessel;

FIG. 9 is a diagram showing a functional block of a
signal processing unit;

FIGS. 10A and 10B are diagrams showing examples
of a cross-sectional image of a blood vessel lumen
and a cross-sectional image of a guiding catheter
lumen;

FIG. 11 is aflowchart for explaining a cross-sectional
image acquisition process;

FIG. 12is aflowchart showing a process for detecting
that a transmitting and receiving unit of an optical
probe exists in a guiding catheter lumen; and

FIG. 13 is a block diagram showing a functional con-
stitution of an optical frequency domain imaging ap-
paratus utilizing wavelength sweep.

[0012] Hereinafter, respective exemplified embodi-
ments of the present invention will be explained in detail
with reference to attached drawings.

[First Exemplified Embodiment]

[0013] In a first exemplified embodiment, it will be ex-
plained with respect to an optical coherent tomography
apparatus (OCT apparatus) inside a body lumen in which
an optical path length of reference light is scanned and
reflection-intensity distribution in the depth direction is
obtained.

1. External-Appearance Constitution of Imaging Diag-
nostic Apparatus

[0014] FIG. 1 is a diagram showing an external-ap-
pearance constitution of an imaging diagnostic appara-
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tus 100 (optical coherent tomography apparatus) relating
to a first exemplified embodiment. As shown in FIG. 1,
the imaging diagnostic apparatus 100 as an optical co-
herent cross-sectional image forming apparatus is pro-
vided with an optical probe unit 101, a scanner & pull-
back unit 102 and a steering control apparatus 103, and
the scanner & pull-back unit 102 and the steering control
apparatus 103 are connected by a signal line & optical
fiber 104.

[0015] The optical probe unit 101 is directly inserted
inside a body lumen of a blood vessel or the like and
measures a state of a biological tissue by using an im-
aging core which will be mentioned later. The scanner &
pull-back unit 102 is constituted so as to be detachable
with respect to the optical probe unit 101 and defines a
radial operation of the imaging core inside the optical
probe unit 101 depending on a fact that an installed motor
is driven.

[0016] The steering control apparatus 103 includes, on
an occasion when carrying out the optical coherence im-
aging diagnosis inside the body lumen, a function for in-
putting various kinds of setting values, and a function for
processing data obtained by the measurement and for
displaying it as a cross-sectional image. In the steering
control apparatus 103, areference numeral 111 indicates
a main body control unit and it happens that the data
obtained by the measurement is processed and the proc-
essed result is outputted. A reference numeral 111-1 in-
dicates a printer & DVD recorder and it happens that the
processed resultin the main body control unit 111 is print-
ed and is stored as data signals. A reference numeral
112 indicates an operation panel and a user carries out
inputs of various kinds of setting values and instruction
through the operation panel 112. A reference numeral
113 indicates an LCD monitor as a display apparatus and
it displays the processed result in the main body control
unit 111.

2. Functional Constitution of Optical Coherent Tomogra-
phy Apparatus

[0017] Next, it will be explained by using FIG. 2 with
respect to a main functional constitution of an optical co-
herent tomography apparatus within the optical imaging
diagnostic apparatus 100 relating to this exemplified em-
bodiment.

[0018] In Fig. 2, a reference numeral 209 indicates a
low coherent light source of a super high intensity light-
emitting diode or the like. The low coherent light source
209 outputs a low coherent light whose wavelength is
around 1310 nm and which shows coherence only in such
a short distance range in which a coherent-able distance
thereof (coherent length) is around a few um to ten and
a few um. Consequently, in a case in which this light is
divided into two lights and thereafter, they are mixed
again, the light is to be detected as a coherent light in a
case in which the difference between the two optical path
lengths from a point at which the light is divided to a point
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at which they are mixed is within a short distance range
of around a few um to ten and a few um, and the light is
never to be detected as a coherentlightin a case in which
the difference of the optical path lengths is larger than
that.

[0019] The light of the low coherent light source 209 is
entered into one end of a first single mode fiber 228 and
is transmitted to the distal end surface side. The first sin-
gle mode fiber 228 is connected optically with a second
single mode fiber 229 and a third single mode fiber 232
by a photo coupler unit 208 on the way. The photo coupler
unit means an optical component in which it is possible
to divide one optical signal into two or more outputs
and/or to combine inputted two or more optical signals
for one output and the light of the low coherent light
source 209 can be transmitted by being divided into three
optical paths at the maximum by the photo coupler unit
208.

[0020] The scanner & pull-back unit 102 is provided on
the distal end side ahead the photo coupler unit 208 of
the first single mode fiber 228. In the inside of a rotary
drive apparatus 204 of the scanner & pull-back unit 102,
there is provided an optical rotary joint (optical coupling
portion) 203 for connecting between a non-rotary portion
(fixed portion) and a rotary portion (rotary drive portion)
and for transmitting the light. Further, the distal end side
of afourth single mode fiber 230 in the inside of the optical
rotary joint 203 is connected freely detachably with a fifth
single mode fiber 231 of the optical probe unit 101
through an adapter 202. Thus, the light from the low co-
herent light source 209 is transmitted to the fifth single
mode fiber 231 which is passed-through in the imaging
core 201 which repeats the transmitting and receiving of
the light and which is rotary-drivable.

[0021] The light transmitted to the fifth single mode fib-
er 231 is illuminated while radially operating with respect
to the biological tissue inside the blood vessel from the
distal end side of the imaging core 201. Then, a portion
of the reflected light scattered on the surface or on the
inside of the biological tissue is takenin by the imaging
core 201 and returns to the first single mode fiber 228
side through a reverse optical path, and a portion thereof
moves to the second single mode fiber 229 side by the
photo coupler unit 208. In the second single mode fiber
229, the reflected light is mixed with a reference light
mentioned later and it is emitted from one end of the
second single mode fiber 229 as the coherent light and
is light-received by a photo detector 210 (for example,
photo diode).

[0022] It should be noted that the rotary drive portion
side of the optical rotary joint 203 is rotatingly driven by
aradial scanning motor 205 of the rotary drive apparatus
204. Also, a rotary angle of the radial scanning motor 205
is detected by an encoder unit 206. Further, the scanner
& pull-back unit 102 is provided with a linear drive appa-
ratus 207 and movement (axial-direction operation) in an
axial direction (distal direction inside the body lumen and
opposite direction thereof) of the imaging core 201 is de-
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fined based on an instruction from a signal processing
unit 214. The axial-direction operation is realized owing
to a fact that the linear drive apparatus 207 makes the
scanner including the optical rotary joint 203 move based
on a control signal from the signal processing unit 214.

[0023] Atthattime, owing to afactthatonly theimaging
core 201 stored in a catheter sheath moves axially while
the catheter sheath of the optical probe unit 101 (men-
tioned later by FIG. 3 and FIG. 5) is maintained to be
fixed in the blood vessel, the axial-direction operation is
carried out without injuring a blood vessel wall.

[0024] On the other hand, a variable mechanism 216
of the optical path length for changing the optical path
length of the reference light is provided on the opposite
side with respect to the photo coupler unit 208 of the third
single mode fiber 232 (on the reference light path). The
variable mechanism 216 of this optical path length is pro-
vided with a first optical path length changing unit for
changing the optical path length which corresponds to
an inspection region in the depth direction (direction of
emission of the measurement light) of the biological tis-
sue speedily and a second optical path length changing
unit for changing the optical path length which corre-
sponds to fluctuation of the length thereof such that there
can be absorbed the fluctuation of the length of the indi-
vidual optical probe unit 101 in case of using the optical
probe unit 101 by being exchanged.

[0025] Facing the distal end of the third single mode
fiber 232, there is arranged, through a collimating lens
221 which is freely movable in the direction shown in an
arrow 223, with a mirror 219 which is mounted on an one-
axis stage 220 together with this distal end. Also, there
is mounted, through a mirror 218 corresponding to this
mirror 219 (diffraction lattice), with a galvanometer 217
which is rotatable by a fine angle as the first optical path
length changing unit. This galvanometer 217 is rotated
speedily in an arrow 222 direction by a galvanometer
controller 224.

[0026] Thegalvanometer217 is a device which reflects
light by a mirror of the galvanometer and it is constituted
such that the mirror mounted on a movable portion there-
of is to be rotated speedily by applying an AC drive signal
to the galvanometer which functions as a reference mir-
ror. That is to say, owing to a fact that the drive signal is
applied with respect to the galvanometer 217 from the
galvanometer controller 224 and it is rotated speedily by
the drive signal in the arrow 222 direction, it happens that
the optical path length of the reference light is to change
speedily only by the optical path length which corre-
sponds to the inspection region in the depth direction of
the biological tissue. One cycle of the change of this op-
tical path difference becomes a cycle of obtaining coher-
ent light for one line.

[0027] Ontheother hand, the one-axis stage 220 func-
tions as the second optical path length changing unit hav-
ing such an amount of variable range of optical path
length, which can absorb the fluctuation of the optical
path length of the optical probe unit 101 in case of ex-
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changing the optical probe unit 101. Further, the one-
axis stage 220 is also provided with a function as an
adjuster for adjusting an offset. For example, even in a
case in which the distal end of the optical probe unit 101
is not closely-attached to the surface of the biological
tissue, it is possible, by changing the optical path length
by the one-axis stage 220, to set itin a state of interfering
with the reflected light from the surface position of the
biological tissue.

[0028] The light whose optical path length is changed
by the variable mechanism 216 of the optical path length
is mixed with the light (reflected light) obtained from the
first single mode fiber 228 side by the photo coupler unit
208 which is provided at an end portion of the third single
mode fiber 232 and is light-received as coherent light by
the photo detector 210. The coherent light which is light-
received by the photo detector 210 in this manner is pho-
toelectrically converted and amplified by an amplifier211.
[0029] Thereatfter, it is inputted to a demodulator 212
and there is carried out a demodulation process for ex-
tracting only a signal component of the interfered light in
the demodulator 212, and the output thereof is inputted
to an A/D converter 213. In the A/D converter 213, there
is produced digital data "coherent light data" of one line
by sampling the coherent light signal, for example, for
200 points. In this case, the sampling frequency becomes
a value dividing one scanning time period of the optical
path length by 200.

[0030] The coherent light data per line unit which is
produced by the A/D converter 213 is inputted to a signal
processing unit 214. In the signal processing unit 214,
by converting the coherent light data in the depth direction
of the biological tissue to a video signal, there is gener-
ated a cross-sectional image at each position inside the
blood vessel and it is outputted to the LCD monitor 113
by a predetermined frame rate. Also, the signal process-
ing unit 214 is connected further with an optical path
length adjuster control apparatus 226. The signal
processing unit 214 carries out the control of the position
of the one-axis stage 220 through the optical path length
adjuster control apparatus 226. Also, the signal process-
ing unit 214 is connected with a motor control circuit 225
and controls a rotary drive of the radial scanning motor
205. Further, the signal processing unit 214 is connected
with a galvanometer controller 224 for controlling the
scan of the optical path length of the reference mirror
(galvanometer mirror) and the galvanometer controller
224 outputs a drive signal to the signal processing unit
214.In the motor control circuit 225, synchronization with
the galvanometer controller 224 is taken by using this
drive signal. A reference numeral 290 indicates an injec-
tor for injecting a flash liquid when imaging the cross-
section. A reference numeral 280 indicates a communi-
cation unit and carries out communication between the
signal processing unit 214 and the injector 290.
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3. Whole Constitution of Optical Probe Unit 101

[0031] Next, it will be explained by using FIG. 3 with
respect to a whole constitution of the optical probe unit
101. As shown in FIG. 3, the optical probe unit 101 is
constituted by a long-sized catheter sheath 301 which is
directly inserted inside a body lumen of a blood vessel
or the like and a connector unit 302 which is not inserted
inside the body lumen and which is arranged on the hand
side of a user for the purpose of being steered by the
user. At the distal end of the catheter sheath 301, there
is formed a tube for a guide wire lumen 303 and the cath-
eter sheath 301 is formed as a lumen which is continuous
from a connection portion with respect to the connector
unit 302 beyond a connection portion with respect to the
tube for guide wire lumen 303.

[0032] Intheinside of the lumen of the catheter sheath
301, there is passed-through, over almost the full length
of the catheter sheath 301, the imaging core 201 includ-
ing a housing 321 provided with a transmitting and re-
ceiving unit (401 of FIG. 4) for transmitting and receiving
the measurement light and a drive shaft 322 for trans-
mitting a drive force which makes it rotate.

[0033] The connector unit 302 is composed of a hand-
side unit 302a constituted integrally at a proximal end of
the catheter sheath 301 and a connection connector
302b constituted integrally at a proximal end of the drive
shaft 322. An anti-kink protector 311 is provided at a
boundary portion of the hand-side unit 302a and the cath-
eter sheath 301. Thus, a predetermined rigidity is main-
tained and it is possible to prevent a bend (kink) caused
by a rapid change. The proximal end of the connection
connector 302b is constituted to be connectable with the
scanner & pull-back unit 102 which will be mentioned
later. A reference numeral 312 indicates a port which is
connected with the injector 290 and which is for injecting
flash liquid into the lumen of an imaging target when im-
aging the cross-sectional image.

4. Constitution of Distal End Portion of Optical Probe Unit

[0034] Next, it will be explained by using FIG. 4 with
respect to a constitution of a distal end portion of the
optical probe unit 101. As shown in FIG. 4, over almost
the full length inside the lumen of the catheter sheath
301, there is passed-through the imaging core 201 pro-
vided with the housing 321 arranged with the transmitting
and receiving unit 401 for transmitting the measurement
light and for receiving the reflected light and the drive
draft 322 for transmitting the drive force which makes it
rotate, and the optical probe unit 101 is formed thereby.
It should be noted that the transmitting and receiving unit
401 includes, as mentioned later according to FIG. 6, an
optical mirror 601 and an optical lens 602.

[0035] The transmitting and receiving unit 401 trans-
mits the measurement light toward the biological tissue
and concurrently, receives the reflected light from the
biological tissue. The drive shaft 322 is formed in a coil
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shape and the optical fiber 231 of a single mode is ar-
ranged in the inside thereof.

[0036] The housing 321 is formed in a shape having a
cutout portion at a portion of a short cylindrical metal pipe
and it is formed by a cutting-out from a metal block, by
an MIM (Metal powder Injection Molding) or the like. The
housing 321 includes the transmitting and receiving unit
401 in the inside and the proximal end side thereof is
connected with the drive shaft 322. Also, a short coil
shaped flexible member 402 is provided on the distal end
side thereof.

[0037] The flexible member 402 is a member in which
a stainless steel wire member is formed in a coil shape
and owing to a fact that the flexible member 402 is ar-
ranged on the distal end side, catching in the catheter
sheath is prevented when the imaging core 201 is moved
forward and backward. A reference numeral 403 indi-
cates a reinforcement coil and is provided for the purpose
of preventing the rapid bend of the distal end portion of
the catheter sheath 301.

[0038] The tube for guide wire lumen 303 includes a
lumen for the guide wire into which the guide wire is in-
sertable. The tube for guide wire lumen 303 accepts the
guide wire which is inserted inside the body lumen of the
blood vessel or the like preliminarily by using the guiding
catheter and it is used as a tube by which the catheter
sheath 301 can be guided until a target lesion (cross-
sectional image acquisition position) owing to the guide
wire.

[0039] Itis possible for the drive shaft 322 to make the
transmitting and receiving unit 401 move rotatingly and
move axially with respect to the catheter sheath 301, and
it is constituted by a multiplex multi-layer contact coil or
the like which is flexible and also has a characteristic
being able to well transmit the rotation, and which is com-
posed, for example, of a metal wire such as a stainless
steel and the like.

[0040] It is possible for the drive shaft 322 to operate
rotatingly and slidingly with respect to the catheter sheath
301, anditis constituted by a multiplex multi-layer contact
coil or the like which is flexible and also has a character-
istic being able to well transmit the rotation, and which is
composed, for example, of a metal wire such as a stain-
less steel and the like. It become possible to observe the
inside of the lumen for 360 degrees thereof depending
on the rotation of the drive shaft 322 and in order to ob-
serve a wider region, it is enough if the drive shaft 322
will be slid axially.

[0041] FIG. 5 is a diagram showing an aspect (pull-
back aspect) in which the drive shaft 322 is slid relatively
with respect to the catheter sheath 301. As shown in the
same drawing, if the connection connector 302b is slid
toward the proximal end side (toward arrow 501 direction)
in a state in which the hand-side unit 302a is fixed, it
happens that the inside drive shaft 322 and the housing
321 fixed at the distal end thereof are to be slid axially.
Itis allowed forthe slide of this axial direction to be carried
out manually by a user or to be carried out electrically,
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but it is assumed, in this exemplified embodiment, that it
is carried out depending on a linear drive motor included
in the linear drive apparatus 207 under the control of the
signal processing unit 214. It should be noted that a pro-
tection inner tube 502 is provided on the distal end side
ofthe connection connector 302b such that the drive shaft
322 which rotates high-speedily would not be exposed.

5. Operation of Optical Probe Unit 101

[0042] Inthe inside of the imaging core 201 having the
housing 321 and the drive shaft 322, there is arranged,
as shown in FIG. 6, the optical fiber 231 whose distal end
is attached with the optical mirror 601 and the optical lens
602. Then, the radial scan is carried out by rotating the
optical mirror 601 and the optical fiber 231. As shown in
FIG. 7, in a state in which the optical probe unit 101 is
inserted into a blood vessel, the light outputted from the
low coherent light source 209 passes through the optical
fiber 231, changes its direction caused by the optical mir-
ror 601 at the distal end and is emitted toward the cross-
section direction of the blood vessel. Then, the reflected
light thereof is inputted to the apparatus inside by way of
the same optical fiber 231. Then, it happens that the
cross-sectional image of the blood vessel is to be ob-
tained depending on the reflection intensity of this reflect-
ed light. Also, owing to a fact that the optical mirror 601
at the distal end is rotated toward the circumferential di-
rection caused by the rotation of the radial scanning mo-
tor 205, it is possible to obtain reflected light of each di-
rection at a predetermined position inside the blood ves-
sel.

[0043] FIG. 8 is a schematic diagram for explaining an
operation of the optical probe unit 101 when imaging the
blood vessel cross-sectional image. FIGS. 8A and 8B
are a cross-section view and a perspective view of the
blood vessel respectively in a state in which the optical
probe unit 101 is inserted.

[0044] In FIG. 8A, a reference numeral 801 shows
blood vessel cross-section in which the optical probe unit
101 is inserted. As mentioned above, the optical probe
unit 101 is attached with the optical lens 602 and the
optical mirror 601 at the distal end thereof, and itis rotated
by the radial scanning motor 205 in an arrow 802 direc-
tion.

[0045] The transmitting and receiving of the measure-
ment light is carried out by each rotary angle depending
on the optical lens 602. Lines 1, 2, ..., 512 show the trans-
mitting direction of the measurement light in each rotary
angle. In this exemplified embodiment, 512 times of
transmitting and receiving of the measurement light are
carried out intermittently during the time when the trans-
mitting and receiving unit 401 including the optical mirror
601 and the optical lens 602 rotates as much as 360
degrees at the position of a predetermined blood vessel
cross-section 801. It should be noted that the times of
transmitting and receiving of the measurement light dur-
ing the period for rotating as much as 360 degrees are
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not limited in particular by this aspect and it is assumed
to be optionally settable. In this manner, the scan (SCAN)
which repeats the transmitting and receiving of the signal
while rotating the transmitting and receiving unit 401 is
generally referred to as "radial scan (radial SCAN, rota-
tion scan)".

[0046] Also, the transmitting of the measurement light
and the receiving of the reflection light depending on such
atransmitting and receiving unit 401 are carried out while
the transmitting and receiving unit401 is advanced inside
the blood vessel toward an arrow 803 direction (FIG. 8B).

6. Detailed Constitution and Operation of Signal Process-
ing Unit 214

[0047] Next, it will be explained by using FIG. 9 with
respect to an outline of a process in the signal processing
unit 214 of the imaging diagnostic apparatus 100. FIG.
9is a diagram showing a detailed constitution of the sig-
nal processing unit 214 and functional blocks related
thereto.

[0048] As mentioned above, the photo coupler unit208
produces coherent light from the reflected light inputted
through the optical fiber 231 and the reference light trans-
mitted in the third single mode fiber 232. The interference
intensity of the produced coherent light is converted to
an electric signal by the photo detector 210, the amplifier
211 and the demodulator 212 and it is supplied to the
A/D converter 213. Here, with respect to the reference
light, the optical path length of about 3mm is scanned
depending on the galvanometer 217 which is a mirror for
changing the optical path length. More specifically, ithap-
pens that the reflection intensity from each depth inside
the biological tissue is to be scanned depending on the
scan of the optical path length of the reference light. Here,
the reason why the scan range is set to be 3mm is be-
cause the drawing-out is carried out until the depth of
3mm and it is not limited particularly by that value.
[0049] Inthe A/D converter 213, there is produced dig-
ital data of one line by sampling the signal outputted from
the demodulator 212 for 200 points. Atthattime, the sam-
pling frequency is assumed to be a value dividing one
scanning time period of the optical path length by 200.
By doing in this manner, it is possible to obtain digital
data of 200 points with respect to the depth of 3mm. How-
ever, it can be determined freely also with respect to the
number of points of these data depending on the process
method carried out in the succeeding stage, so that it is
not limited by that value. The digital data (optical coher-
ence data) produced by the A/D converter 213 is output-
ted to the signal processing unit 214.

[0050] The coherent light data produced by the A/D
converter 213 is, first, supplied to a line memory unit 901.
In the line memory unit 901, the number of lines per one
rotation of the transmitting and receiving unit 401 is proc-
essed so as to become 512 lines based on an encoder
signal of the motor which is outputted from the motor
control circuit 225 and it is outputted to the line data gen-
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eration unit in the succeeding stage.

[0051] A line data generation unit 902 generates the
line data owing to a fact that a line addition-averaging
process, a filtering process, a logarithmic conversion
process and the like are applied with respect to the co-
herent light data and the coherent light intensity data in
the depth direction of the biological tissue is generated.
The generated line data are stored in a line data memory
unit 908. It should be noted in this exemplified embodi-
ment that, for example, the line data for one screen (for
one rotation of the transmitting and receiving unit 401),
that is, the line data of 512 lines are obtained by 160 fps
and they are stored in the line data memory unit 908.
Also, the line data generation unit 902 outputs the line
data to a signal post-processing unit 903 in the succeed-
ing stage in order to generate a two-dimensional image
for being displayed on the LCD monitor 113 by a pace
of 30 fps. Therefore, in this exemplified embodiment, the
two-dimensional image for the monitor is generated by
a rate of 30 fps within the data obtained by 160fps owing
to the radial scan and the pull-back scan, and it happens
that the display is carried out on the LCD monitor 113 in
real time. It should be noted that 160 fps or 30 fps only
shows one example and it is never limited by this aspect.
[0052] In the signal post-processing unit 903, a con-
trast adjustment, a intensity adjustment, a gamma cor-
rection, a frame correlation, a sharpness process and
the like are carried out with respect to the line data and
the processed line data are outputted to an image con-
struction unit 904 (DSC). In the image construction unit
904, a two dimensional cross-sectional image is gener-
ated owing to a fact that the line data series of the polar
coordinate are RO-converted and thereafter, itis convert-
ed to the video signal and displayed on the LCD monitor
113 as the blood vessel cross-sectional image. A guiding
catheter detection unit 905 detects the guiding catheter
from the image generated by the image construction unit
904 and judges whether or not the transmitting and re-
ceiving unit 401 enters in the lumen of the guiding cath-
eter. Then, the guiding catheter detection unit 905 notifies
that effect to the control unit 907 in a case in which it is
judged that the transmitting and receiving unit 401 en-
tered in the lumen of the guiding catheter. It should be
noted in this exemplified embodiment that the cross-sec-
tional image is supposed to be generated by 512 lines
just as one example, but it is not limited by that number
oflines. Also, a control unit 907 comprehensively controls
each portion mentioned above and the guiding catheter
detection unit 905 explained hereinafter.

[0053] Also, after finishing the pull-back scan, the con-
trol unit 907 controls the signal post-processing unit 903
and the image construction unit 904 in response to a
user’s instruction from the operation panel 112, and the
two-dimensional image is generated from the line data
stored in the line data memory unit 908 and it is recorded
in the DVD recorder 111-1 or the like.

[0054] Next, it will be explained with respect to a proc-
ess of the guiding catheter detection unit 905, which is
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produced by theimage construction unit904. An example
of the cross-sectional image obtained by the optical co-
herent tomography apparatus is shown in FIG. 10. FIG.
10A shows a state in which the transmitting and receiving
unit 401 is exposed from the guiding catheter and it can
be understood that the image of the lumen of the blood
vessel is obtained. On the other hand, FIG. 10B shows
a cross-sectional image obtained in a state in which the
transmitting and receiving unit401 entered into the lumen
of the guiding catheter. With respect to the guiding cath-
eter, a shape in which a metallic blade is braided into a
plastic tube is general. As being clear from the image of
FIG. 10B, the shape of the guiding catheter is regular
and a diameter thereof is small compared with that of the
blood vessel, so that it is possible to distinguish an image
1001 of the guiding catheter easily from the blood vessel
by tracing the high intensity portion. For example, the
intensity is plotted from the screen center toward the ra-
diation direction and the place where the differential com-
ponent thereof is large is assumed to be the lumen. The
lumen is plotted toward the circumferential direction and
a case in which a circle can be drawn seamlessly is as-
sumed to be the guiding catheter.

[0055] It should be noted that the detection algorithm
of the guiding catheter mentioned above is merely one
example and it is not limited by this aspect. According to
the invention, one or both of the following is true:

(1) In a case in which a ring of a predetermined di-
ameter (diameter of guiding catheter) is detected by
plotting the regions of a predetermined intensity val-
ue or more, it is judged that the ring is the guiding
catheter.

(2) In a case in which a ring of a predetermined in-
tensity value or more is detected and the intensity of
the outside of the ring becomes a predetermined val-
ue or less (in a case in which the outside of a ring
cannot be observed), it is also possible to use such
a judgment method by which it is judged that the ring
is the guiding catheter.

[0056] Alternatively, it is also allowed to use plural
kinds of judgment methods in combination. Further, it is
also allowed so as to judge that the transmitting and re-
ceiving unit 401 entered in the lumen of the guiding cath-
eter in a case in which the judgment of that the guiding
catheter is detected from the image is continued over a
plurality of frames. Also, in a case in which it is judged
that the transmitting and receiving unit 401 entered in the
lumen of the guiding catheter, the generation and the
storage of the line data are stopped and concurrently, it
is also allowed to stop the radial scan and the pull-back
scan.

[0057] FIG. 11 is a flowchart explaining an optical co-
herence cross-sectional image acquisition process by
the signal processing unit 214 of this exemplified embod-
iment. In response to an imaging start instruction to the
operation panel 112 from a user, the control unit 907



15 EP 2 371 275 B1 16

carries out a drive instruction with respect to the motor
control circuit 225 and the linear drive apparatus 207 and
starts the rotation scan and the axial-direction movement
of the imaging core 201 (S101). It should be noted in the
first exemplified embodiment that it is assumed that the
supply of the flash liquid is allowed to be carried out either
by a manual operation or by an automatic operation.
[0058] When the rotation scan is started, as mentioned
above, the line memory unit 901 and the line data gen-
eration unit 902 generate the line data and store the data
in the line data memory unit 908 (S102). In this exempli-
fied embodiment, as mentioned above, itis assumed that
the line data are generated by, for example, 160 frames
per second (160 fps).

[0059] Also, inthis exemplified embodiment, theimage
during the imaging period is displayed on the LCD mon-
itor 113 in real time, but it is assumed that the image
displayed on the LCD monitor 113 is 30 frames per sec-
ond (30 fps). In this exemplified embodiment, the detec-
tion of the guiding catheter is carried out by utilizing the
image used for this display. However, the image dis-
played in real time during the imaging period is not used
for diagnosis, so that it is also allowed to apply lower
resolution to the image, compared with the resolution
which the line datahave. Also in such acase, itis possible
for the detection of the guiding catheter of this exemplified
embodimentto be carried out. The control unit 907 judges
whether or not it is the timing for generating the two-
dimensional image for the monitor display and the proc-
ess will return to S102 if itis not the timing for generating
the two-dimensional image (S103). On the other hand,
if it is the timing for generating the two-dimensional im-
age, the process proceeds to S104. It should be noted
that also during the processes of S104 to S107 explained
hereinafter, the generation and the storage of the line
data by the line memory unit 901 and the line data gen-
eration unit 902 are carried out continuously.

[0060] When it becomes in a timing of the image gen-
eration for the monitor, in response to the instruction of
the control unit 907, the line data generation unit 902
stores the line data in the line data memory unit 908 and
concurrently, transmits the data to the signal post-
processing unit 903. Then, the signal post-processing
unit 903 and the image construction unit 904 generate a
two-dimensional image for being displayed on the LCD
monitor 113 (S104) and the generated image is displayed
on the LCD monitor 113 (S105). Also, the guiding cath-
eter detection unit 905 judges whether or not the trans-
mitting and receiving unit 401 enters in the lumen of the
guiding catheter 620 by detecting the image of the guiding
catheter from the two-dimensional image for the monitor
which is generated in step S104 (S106). Then, in a case
in which it is judged that the unit does not enter in the
lumen of the guiding catheter, the process returns to
S102 and the process mentioned above is repeated
(8107). On the other hand, in a case in which it is judged
in step S106 that the transmitting and receiving unit 401
enters in the lumen of the guiding catheter, the control
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unit 907 stops at least a portion of the processes relating
to the processes from the generation to the holding of
the optical coherence cross-sectional image. In this ex-
emplified embodiment, for example, the generation and
the storage of the line data by the line memory unit 901
and the line data generation unit 902 are stopped (S107,
S108). Then, the control unit 907 stops the rotation scan
and the axial-direction movement of the imaging core
201 (S109).

[0061] FIG. 12is a flow chart showing one example of
the process (judgment of whether or not the transmitting
and receiving unit 401 exists in the lumen of the guiding
catheter) in step S106. The guiding catheter detection
unit 905 detects, depending on the method mentioned
above, the image of the guiding catheter from the two-
dimensional image which theimage construction unit 904
generated as the image for the monitor. For example,
portions having the intensity of a threshold value or more
aretraced in the two-dimensional image and aring having
a predetermined diameter is extracted. Here, the prede-
termined diameter means a diameter corresponding to
the inner diameter of the guiding catheter 620. It is need-
less to say that it is allowed for this predetermined diam-
eter to be set so as to have a tolerance range. In a case
in which the ring of a predetermined diameter can be
extracted in step S201, parameter n is incremented by 1
(S202, S203). Then, in a case in which the n becomes
greaterthan 4, itis judged that the two dimensionalimage
is in the lumen of the guiding catheter (that is, the trans-
mitting and receiving unit 401 exists in the lumen of the
guiding catheter 620) (S204, S205). On the other hand,
in a case in which the ring of a predetermined diameter
cannot be extracted in step S201, the parameter n is set
to be zero (S202, S206). According to the process men-
tioned above, in a case in which the ring of a predeter-
mined diameter is extracted continuously by five times,
it happens that it is judged that the transmitting and re-
ceiving unit 401 exists in the lumen of the guiding cath-
eter. Here, it is judged in FIG. 12 that the unit is in the
lumen of the guiding catheter in a case in which the ring
of a predetermined diameter (image of the guiding cath-
eter) is detected continuously by five times or more, but
this number of times is not limited by this example. For
example, itis allowed to stop the generation and the stor-
age of the line data when the guiding catheter is detected
even only once. Also, it is also allowed in step S109 to
employ a constitution for stopping the injection of the flash
liquid by the injector 290.

[0062] As mentioned above, according to the first ex-
emplified embodiment, the acquisition of the data is
stopped in response to the detection of a fact that the
transmitting and receiving unit for the measurement light
and the reflected light enters in the lumen of the guiding
catheter, so that it is possible to prevent the acquisition
of useless data. Also, theimage generated for the monitor
is commonly used for the detection of the guiding cath-
eter, so that it is not necessary to generate the two-di-
mensional image separately for the detection. Also, as
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mentioned above, in case of employing a constitution in
which the two-dimensional image is generated for a real
time display by reducing the resolution thereof, it hap-
pens that the extraction of the guiding catheter is carried
out based on the two-dimensional image of low resolu-
tion, so that the amount of calculations is reduced. It
should be noted with respect to the guiding catheter that
the shape thereof is regular and also high intensity is
obtained, so that the detection is comparatively easily
accomplished and it is possible to carry out the detection
even from the two-dimensional image of low resolution
for the real time display.

[Second Exemplified Embodiment]

[0063] Inthe second exemplified embodiment, the sig-
nal processing unit 214 of the optical coherent tomogra-
phy apparatus (OCT apparatus) communicates with the
injector 290 for injecting the flash liquid through the com-
munication unit 280 and controls the start and the stop
in the flash liquid. More specifically, when it is judged by
the guiding catheter detection unit 905 that the transmit-
ting and receiving unit 401 entered in the lumen of the
guiding catheter, the control unit 907 of the signal
processing unit 214 carries out communication with the
injector 290 through the communication unit 280 and
stops the injection of the flash liquid. For example, the
injection of the flash liquid is started with respect to the
injector 290 in step S101 of FIG. 11 and the injection of
the flash liquid is stopped in step S108. More specifically,
in the second exemplified embodiment, a portion of the
processes relating to the processes from the generation
to the holding of the optical coherence cross-sectional
image, which is stopped in response to the detection of
afact that the transmitting and receiving unit 401 entered
in the lumen of the guiding catheter, is made to be the
injection of the flash liquid. It should be noted that with
respect to the communication standard of the interface
which the communication unit 280 includes, it is allowed
to employ a serial communication using RS-232C, USB
or the like and it is also allowed to employ a signal of
exclusive use, in which there is no limitation by the com-
munication standard. In addition, in case of aiming the
prevention of needless injection of the flash liquid, it is
optional for the process whether or not the generation
and the storage of the line data are stopped in step S108.

[Third Exemplified Embodiment]

[0064] As mentioned above, in the first and the second
exemplified embodiments, there is used the optical co-
herent tomography apparatus (OCT apparatus) in which
the optical path length of the reference light is scanned
and the reflection intensity distribution in the depth direc-
tion is obtained, but it is also possible for the present
invention to be applied to the optical frequency domain
imaging apparatus utilizing the wavelength sweep. In the
third exemplified embodiment, it will be explained with
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respect to a case in which the optical frequency domain
imaging apparatus using the wavelength sweep is used
for the imaging diagnostic apparatus.

[0065] FIG. 13 is a diagram showing a functional con-
stitution of the imaging diagnostic apparatus 100 utilizing
the wavelength sweep. A reference numeral 1308 indi-
cates a wavelength sweptlight source and a Swept-Laser
is used therein. The wavelength swept light source 1308
using the Swept-Laser is one kind of the Extended-Cavity
Laser and it is composed of a light source unit 1308a
having an optical fiber 1316 coupled in a ring shape with
a SOA1315 (Semiconductor Optical Amplifier) and a pol-
ygon scanning filter 1308b. The light outputted from the
SOA1315 proceeds to the optical fiber 1316 and enters
in the polygon scanning filter 1308b, and the light whose
wavelength is selected here is amplified by the SOA1315
and is finally outputted from a coupler 1314.

[0066] In the polygon scanning filter 1308b, the wave-
length is selected by the combination of a diffraction lat-
tice 1312 which light-splits the light and a polygon mirror
1309. Specifically, the light which is light-split by the dif-
fraction lattice 1312 is focused on the surface of the pol-
ygon mirror 1309 by two pieces of lenses (1310, 1311).
Thus, only the light having the wavelength, which is per-
pendicular to the polygon mirror 1309 returns to the same
optical path and it happens that it is outputted from the
polygon scanning filter 1308b, so that it is possible to
carry out the time sweep of the wavelength by rotating
the polygon mirror 1309. With respect to the polygon mir-
ror 1309, for example, an icosadodecahedron mirror is
used and the rotation speed thereofis around 50000 rpm.
Owing to the wavelength sweep system in which the pol-
ygon mirror 1309 and the diffraction lattice 1312 are com-
bined, it is possible to employ the wavelength sweep of
high speed and high power. The light of the wavelength
swept light source 1308, which is outputted from the cou-
pler 1314 is entered into one end of the first single mode
fiber 228.

[0067] Also, the scan of the optical path length is not
necessary in the imaging diagnostic apparatus 100 uti-
lizing the wavelength sweep, so thatin the variable mech-
anism 216, there is provided a fixed mirror 1217 instead
of the galvanometer 217.

[0068] As explained in the first exemplified embodi-
ment, the coherent light between the reflected light and
the reference light is produced in the photo coupler unit
208 and an electric signal in response to the coherent
light is produced by the photo detector 210. In the A/D
converter 213, there are produced digital data of one line
(coherent light data) by sampling the coherent light sig-
nal, for example, for 2048 points by 180 MHz. It should
be noted that the reason why the sampling frequency is
setto be 180 MHz is because it is on the assumption that
about 90% of the cycle (12.5usec) of the wavelength
sweep is to be extracted as the digital data of 2048 points
in case of setting the repeat frequency of the wavelength
sweep to be 80 kHz and it is not especially limited by this
aspect.
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[0069] The coherent light data per line unit produced
in the A/D converter 213 is inputted to the signal process-
ing unit 214. In the line memory unit 901 of the signal
processing unit 214, the number of lines per one rotation
of the transmitting and receiving unit 401 depending on
the radial scanning motor is processed so as to become
512 lines and thereafter, it is outputted to the line data
generation unit 902 in the succeeding stage. The line
data generation unit 902 carries out the FFT (high speed
Fourier conversion) with respect to the coherentlight data
and generates data in the depth direction by frequency-
decomposition. More specifically, it is possible to obtain
data in the depth direction without carrying out the scan
of the optical path length, so that it becomes possible to
accomplish the data acquisition of high speed compared
with that of the OCT apparatus of the first exemplified
embodiment. Then, owing to a fact that the coherent light
intensity data are generated in the depth direction of the
biological tissue by applying a line addition-averaging
process, a filtering process, a logarithmic conversion
process and the like, the line data are generated and the
generated line data are stored in the line data memory
unit 908 and concurrently, the data are supplied to the
signal post-processing unit 903 if it is necessary. The
processes thereafter are similar as those of the first ex-
emplified embodiment.

[0070] Therefore, it is possible to apply the process
explained in the first exemplified embodiment and the
second exemplified embodiment to the imaging diagnos-
tic apparatus 100 utilizing the wavelength sweep and it
is possible to obtain the effects as explained in the first
and the second exemplified embodiments.

[0071] It should be noted in the first exemplified em-
bodiment that recording the useless image was prevent-
ed by stopping the generation and the storage of the line
data, but it is not limited by this aspect. For example, in
a case in which a fact that the transmitting and receiving
unit 401 entered in the guiding catheter is detected, it is
allowed to employ a constitution in which predetermined
mark information is added to the line data which the line
data generation unit 902 generated and when recording
the image on the DVD recorder 111-1, the image record-
ing is prohibited with respect to the line data subsequent
to the line data added with the mark information.
[0072] Asexplained above, according to the respective
exemplified embodiments described above, it becomes
possible to reduce the recording of unnecessary infor-
mation or to reduce the injection of unnecessary flash
liquid.

[0073] Havingdescribed preferred embodiments ofthe
invention with reference to the accompanying drawings,
it is to be understood that the invention is not limited to
those precise embodiments and that various changes
and modifications could be effected therein by one skilled
in the art without departing from the scope of the invention
as defined in the appended claims.
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Claims

1. An optical coherent cross-sectional image forming
apparatus (100) configured such that light outputted
fromalight source (209, 1308) is divided into a meas-
urement light and a reference light inside the appa-
ratus and such that a cross-sectional image is
formed based on a coherent light, which is obtained
from a reflected light obtained by emitting the meas-
urement light to a biological tissue through an optical
probe unit (101) inserted into a body lumen, and the
reference light, wherein there are comprised:

a scanner and pull back unit (102) configured to
rotate and axially move a transmitting and re-
ceiving unit (401) which is provided at a distal
end portion of the optical probe unit (101), which
emits the measurement light and which concur-
rently receives the reflected light;

a signal processing unit (214) configured to pro-
duce data corresponding to the cross-sectional
image from the coherent light between the re-
flected light obtained through the transmitting
and receiving unit (401) and the reference light
and for holding the data;

a guiding catheter (620),

characterized by

a guiding catheter detection unit (905) config-
ured to detect a fact that the transmitting and
receiving unit (401) entered inside said guiding
catheter (620) for guiding the optical probe unit
(101) by detecting, in the cross-sectional image,
aring (1001) of a predetermined diameter or of
a predetermined intensity; and

a control unit (907) configured to stop at least a
portion of a process associated with generation
to holding of the cross-sectional image based
on the optical coherence in a case in which itis
detected by the guiding catheter detection unit
(905) that the transmitting and receiving unit
(401) entered inside the guiding catheter (620).

2. The optical coherent cross-sectional image forming
apparatus (100) according to claim 1, wherein in a
case in which there is detected, by the guiding cath-
eter detection unit (905), a fact that the transmitting
and receiving unit (401) entered inside the guiding
catheter (620), the control unit (907) is configured to
control so as not to carry out the holding of the data
by the signal processing unit (214).

3. The optical coherent cross-sectional image forming
apparatus (100) according to claim 1 or 2, wherein
in a case in which there is detected, by the guiding
catheter detection unit (905), a fact that the trans-
mitting and receiving unit (401) entered inside the
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guiding catheter (620), the control unit (907) is con-
figured to stop injection of flush liquid to the vicinity
of the transmitting and receiving unit (401).

The optical coherent cross-sectional image forming
apparatus (100) according to anyone of claims 1 to
3, wherein in a case in which there is detected, by
the guiding catheter detection unit (905), a fact that
the transmitting and receiving unit (401) entered in-
side the guiding catheter (620), the control unit (907)
is configured to stop the rotation and the axial-direc-
tion movement of the transmitting and receiving unit
(401), which are caused by the scanner and pull-
back-unit (102).

The optical coherent cross-sectional image forming
apparatus (100) according to anyone of claims 1 to
4 further comprising:

an image construction unit (904) configured to
construct a two-dimensional image for carrying
out a real time display from the data held in the
signal processing unit (214) to a monitor (113),
wherein

the guiding catheter detection unit (905) is fur-
ther configured to detect a fact that the transmit-
ting and receiving unit (401) entered inside the
guiding catheter (620) by extracting an image of
the guiding catheter (620) from the two-dimen-
sionalimage constructed by the image construc-
tion unit (904).

Patentanspriiche

1.

Optische Kohéarenz-Querschnittsbild-Erzeugungs-
vorrichtung (100), die derart konfiguriert ist, dass
Licht, das von einer Lichtquelle (209, 1308) ausge-
strahlt wird, in ein Messlicht und ein Referenzlicht
innerhalb der Vorrichtung unterteilt wird und derart,
dass ein Querschnittsbild auf der Grundlage eines
kohéarenten Lichts gebildet wird, das aus einem re-
flektierten Licht erhalten wird, welches durch Aus-
senden des Messlichts zu einem biologischen Ge-
webe durch eine in ein Kdrperlumen eingefligte op-
tische Sondeneinheit (101) und das Referenzlicht er-
halten wird, wobei es umfasst:

eine Abtast- und Rickzugseinheit (102), die
zum Drehen und axialen Bewegen einer Sende-
und Empfangseinheit (401) konfiguriert ist, wel-
che an einem distalen Endabschnitt der opti-
schen Sondeneinheit (101) bereitgestellt wird,
die das Messlicht aussendet und gleichzeitig
das reflektierte Licht empfangt;

eine Signalverarbeitungseinheit (214), die zum
Erzeugen von Daten, welche dem Querschnitts-
bild entsprechen, aus dem koharenten Licht zwi-
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schen dem reflektierten Licht, das durch die
Sende- und Empfangseinheit (401) erhalten
wird, und dem Referenzlicht und zum Halten der
Daten konfiguriert ist;

einen Fihrungskatheter (620),
gekennzeichnet durch

eine Fihrungskatheter-Detektionseinheit (905),
die konfiguriert ist zum Detektieren einer Gege-
benheit, dass die Sende- und Empfangseinheit
(401)inden Fihrungskatheter (620) eingetreten
ist, zum Flhren der optischen Sondeneinheit
(101) durch das Detektieren, in dem Quer-
schnittsbild, von einem Ring (1001) mit einem
vorgegebenen Durchmesser oder einer vorge-
gebenen Intensitat; und

eine Steuereinheit (907), die zum Stoppen min-
destens eines Teils eines Prozesses, der von
der Erzeugung bis zum Halten des Quer-
schnittsbildes auf der Grundlage der optischen
Kohérenz in einem Fall verbunden ist, in dem
durch die Fihrungskatheter-Detektionseinheit
(905) detektiert wird, dass die Sende- und Emp-
fangseinheit (401) in das Innere des Fiihrungs-
katheters (620) eingetreten ist.

Optische Koharenz-Querschnittsbild-Erzeugungs-
vorrichtung (100) nach Anspruch 1, wobei in einem
Fall, in dem durch die Fiihrungskatheter-Detektions-
einheit (905) eine Gegebenheit detektiert wird, dass
die Sende-und Empfangseinheit (401) in das Innere
des Fuhrungskatheters (620) eingetreten ist, die
Steuereinheit (907) so konfiguriert ist, dass ein Hal-
ten der Daten durch die Signalverarbeitungseinheit
(214) nicht ausgefiihrt wird.

Optische Koharenz-Querschnittsbild-Erzeugungs-
vorrichtung (100) nach Anspruch 1 oder 2, wobei in
einem Fall, in dem durch die Fihrungskatheter-De-
tektionseinheit (905) eine Gegebenheit detektiert
wird, dass die Sende- und Empfangseinheit (401) in
das Innere des Fuhrungskatheters (620) eingetreten
ist, die Steuereinheit (907) so konfiguriert ist, dass
die Injektion von Spllflissigkeit in die Umgebung
der Sende- und Empfangseinheit (401) gestoppt
wird.

Optische Koharenz-Querschnittsbild-Erzeugungs-
vorrichtung (100) nach einem der Anspriiche 1 bis
3, wobei in einem Fall, in dem durch die Fihrungs-
katheter-Detektionseinheit (905) eine Gegebenheit
detektiert wird, dass die Sende- und Empfangsein-
heit (401)in das Innere des Fihrungskatheters (620)
eingetreten ist, die Steuereinheit (907) so konfigu-
riert ist, dass die Drehung und die axiale Bewe-
gungsrichtung der Sende- und Empfangseinheit
(401) gestoppt werden, welche durch die Abtast- und
Ruckzugseinheit (102) hervorgerufen werden.
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Optische Kohéarenz-Querschnittsbild-Erzeugungs-
vorrichtung (100) nach einem der Anspriiche 1 bis
4, ferner umfassend:

eine Bildkonstruktionseinheit (904), die konfigu-
riert ist, ein zweidimensionales Bild zur Durch-
fihrung einer Echtzeitanzeige aus den in der
Signalverarbeitungseinheit (214) gehaltenen
Daten in einem Monitor (113) zu konstruieren,
wobei

die Fuhrungskatheter-Detektionseinheit (905)
ferner konfiguriert ist, eine Gegebenheit zu de-
tektieren, dass die Sende- und Empfangseinheit
(401) in das Innere des Fuhrungskatheters
(620) eingetreten ist, durch das Extrahieren ei-
nes Bildes von dem Fiihrungskatheter (620) aus
dem zweidimensionalen Bild, das durch die Bild-
konstruktionseinheit (904) konstruiert wurde.

Revendications

Appareil de formation d’image en coupe transversa-
le en cohérence optique (100) configuré de telle ma-
niere que de la lumiére délivrée par une source de
lumiere (209, 1308) est divisée en une lumiére de
mesure et une lumiere de référence a l'intérieur de
I'appareil et de telle maniére qu’'une image en coupe
transversale estformée en se basantsurune lumiére
cohérente qui est obtenue a partir d’'une lumiere ré-
fléchie obtenue en émettant la lumiére de mesure
vers un tissu biologique a travers une unité formant
sonde optique (101) insérée dans une lumiére cor-
porelle, et la lumiére de référence, dans lequel I'ap-
pareil comporte :

une unité de balayage et de retour (102) confi-
gurée pour faire tourner et déplacer axialement
une unité d’émission et de réception (401) qui
est placée au niveau d'une partie d’extrémité
distale de I'unité formant sonde optique (101),
qui émet la lumiére de mesure et qui regoit si-
multanément la lumiére réfléchie ;

une unité de traitement du signal (214) configu-
rée pour produire des données correspondant
a l'image en coupe transversale a partir de la
lumiére cohérente entre la lumiere réfléchie ob-
tenue atravers I'unité d’émission et de réception
(401) et la lumiére de référence et pour conser-
ver les données ;

un cathéter de guidage (620),

caractérisé par

une unité de détection de cathéter de guidage
(905) configurée pour détecter le fait que 'unité
d’émission et de réception (401) est entrée a
l'intérieur dudit cathéter de guidage (620) pour
guider l'unité formant sonde optique (101) en
détectant, dans I'image en coupe transversale,
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2,

3.

4.

5.

un anneau (1001) ayant un diametre prédéter-
miné ou une intensité prédéterminée ; et

une unité de commande (907) configurée pour
arréter au moins une partie d’un processus as-
socié a la génération pour le maintien de 'image
en coupe transversale en se basant sur la co-
hérence optique dans le cas ou I'on détecte au
moyen de I'unité de détection de cathéter de gui-
dage (905) que I'unité d’émission et de réception
(401) est entrée a l'intérieur du cathéter de gui-
dage (620).

Appareil de formation d’image en coupe transversa-
le en cohérence optique (100) selon la revendication
1, danslequel, dans le cas ou I'on détecte, au moyen
de l'unité de détection de cathéter de guidage (905),
le fait que I'unité d’émission et de réception (401) est
entrée a lintérieur du cathéter de guidage (620),
I'unité de commande (907) est configurée pour réa-
liser une commande de maniére a ne pas exécuter
le maintien des données par 'unité de traitement du
signal (214).

Appareil de formation d’image en coupe transversa-
le en cohérence optique (100) selon la revendication
1 ou 2, dans lequel, dans le cas ou I'on détecte, au
moyen de I'unité de détection de cathéter de guidage
(905), le fait que l'unité d’émission et de réception
(401) est entrée a I'intérieur du cathéter de guidage
(620), l'unité de commande (907) est configurée
pour arréter l'injection de liquide de ringage au voi-
sinage de l'unité d’émission et de réception (401).

Appareil de formation d’'image en coupe transversa-
le en cohérence optique (100) selon I'une quelcon-
que des revendications 1 a 3, dans lequel, dans le
cas ou I'on détecte, au moyen de l'unité de détection
de cathéter de guidage (905), le fait que l'unité
d’émission et de réception (401) est entrée a l'inté-
rieur du cathéter de guidage (620), I'unité de com-
mande (907) est configurée pour arréter la rotation
et le mouvement dans la direction axiale de l'unité
d’émission et de réception (401), qui sont provoqués
par I'unité de balayage et de retour (102).

Appareil de formation d’'image en coupe transversa-
le en cohérence optique (100) selon I'une quelcon-
que des revendications 1 a 4, comprenant en outre :

une unité de construction d’image (904) confi-
gurée pour construire une image bidimension-
nelle afin de réaliser un affichage en temps réel
a partir des données conservées dans l'unité de
traitement du signal (214) sur un moniteur (113),
dans lequel I'unité de détection de cathéter de
guidage (905) est en outre configurée pour dé-
tecter le fait que I'unité d’émission et de récep-
tion (401) est entrée a l'intérieur du cathéter de
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guidage (620) en extrayant une image du cathé-
ter de guidage (620) de 'image bidimensionnel-
le construite par I'unité de construction d'image
(904).
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