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Description
[Technical Field]

[0001] The present invention relates to an image
processing apparatus, animage processing method, and
a program for processing an optical coherence tomo-
graphic image.

[Background Art]

[0002] In a case of a patient suffering from intractable
hypertension, whose hypertension status is less likely to
be improved even after the patient takes an antihyper-
tensive drug, it is understood that the patient can expect
blood pressure to be lowered by cutting or damaging a
sympathetic nerve present around a renal artery and
blocking neurotransmissions.

[0003] As a procedure of percutaneously cutting the
sympathetic nerve of the renal artery, a technique is
known in which a distal portion of a catheter (ablation
device) for ablation is inserted into the renal artery so as
to ablate the sympathetic nerve from the inside of the
renal artery. This type of ablation device has an electrode
unit in a distal end of an elongated shaft, and brings the
electrode unit into contact with an inner wall of the renal
artery. Thermal energy is applied to the sympathetic
nerve present around the renal artery, thereby ablating
the sympathetic nerve (Patent Literature 1).

[0004] Itis known thatthe sympathetic nerve is present
around the renal artery. However, the sympathetic nerve
irregularly runs through surrounding tissues of the renal
artery. Consequently, itis difficult to recognize which por-
tion of the renal artery is in proximity to the sympathetic
nerve. Therefore, in the procedure of cutting the sympa-
thetic nerve, ablation is performed over the entire periph-
ery along the inner wall of the renal artery, thereby more
reliably cutting the sympathetic nerve. However, in some
cases, an ablation site may undergo tissue degeneration
and necrosis or swelling of a vascular wall. Accordingly,
the ablation is not performed over the entire periphery of
the inner wall at the same position. The thermal energy
is applied while the position is moved in an axial direction
of the blood vessel, that is, in a spiral shape at a prede-
termined interval.

[0005] In recent years, it has been suggested to use
an optical coherence tomography technique in order to
accurately recognize a position of the sympathetic nerve
of the renal artery when the procedure of cutting the sym-
pathetic nerve of the renal artery is performed. Specifi-
cally, a method has been proposed in which a birefrin-
gence boundary between the nerve and a muscle or a
nerve tissue and a connective tissue is detected using
the optical coherence tomography technique so as to de-
termine the position of the nerve of the renal artery (Pat-
ent Literature 2) . An example of the use of OCT during
denervation of the neural plexus adjacent the renal artery
is disclosed in US 2012/0191079 A1.
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[Citation List]
[Patent Literature]
[0006]

[Patent Literature 1] JP-T-2012-513873
[Patent Literature 2] Pamphlet of International Pub-
lication No. WO2013/0099797

[Summary of the Invention]
[Problem that the Invention is to Solve]

[0007] Ingeneral,inthe procedure of ablating the sym-
pathetic nerve via a lumen wall of the renal artery as
described above, the thermal energy is applied to each
ablation site for a predetermined time of approximately
30 seconds to 2 minutes. An operator reads the temper-
ature of the lumen wall of the renal artery and impedance
variations between an electrode and a return electrode
plate, or between the electrodes, and empirically deter-
mines whether or not the ablation is successful. That is,
there has been no way to directly determine an ablation
state of the sympathetic nerve. For example, in Patent
Literature 2, when the procedure of cutting the sympa-
thetic nerve of the renal artery is performed, the position
of the sympathetic nerve of the renal artery can be ac-
curately recognized. However, it is difficult to determine
the ablation state of the ablation site after the inner wall
of the renal artery is ablated using the thermal energy.
[0008] However, in the procedure of cutting the sym-
pathetic nerve of the renal artery, in a case where the
sympathetic nerve is insufficiently ablated, a sufficient
therapeutic effect cannot be obtained. In a case where
the lumen wall of the renal artery is excessively ablated,
there is a possibility that complications may be developed
with the increased risk. That is, whether or not the sym-
pathetic nerve present around the renal artery is suc-
cessfully ablated directly leads to the therapeutic effect.
Therefore, in order to perform the procedure of cutting
the sympathetic nerve present around the renal artery,
it is necessary to determine the ablation state of the ab-
lation site of the sympathetic nerve present around the
renal artery.

[0009] The present invention is made in view of the
above-described problems, and an object thereof is to
enable a user to more accurately recognize an ablation
state by using a tomographic image obtained using op-
tical coherence tomography.

[Means for Solving the Problem]

[0010] In order to achieve the above-described object,
an image processing apparatus according to a position
embodiment of the present invention includes the follow-
ing configurations. That is, there is provided an image
processing apparatus for processing a plurality of cross-
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sectional OCT images obtained by moving an imaging
core inside a catheter in an axial direction while rotating
the imaging core. The image processing apparatus in-
cludes storage means for storing data relating to the
cross-sectional images in association with position infor-
mation in the axial direction when each of the cross-sec-
tional images is acquired, extraction means for extracting
a first cross-sectional image in which a disappearance
section enabling determination that there is a disap-
peared portion of an external elastic membrane included
in a vascular tomographic image starts, and a second
cross-sectional image in which the disappearance sec-
tion ends, in the plurality of cross-sectional images, and
calculation means for acquiring the position information
in the axial direction of the first cross-sectional image and
the second cross-sectional image from the storage
means, and for calculating an ablation range influenced
by ablation at a position associated with the disappear-
ance section, based on a difference in the acquired po-
sition information in the axial direction.

[Advantage of the Invention]

[0011] According to the present invention, a tomo-
graphic image obtained by means of optical coherence
tomography is used, thereby enabling a user to more
accurately recognize an ablation state.

[0012] Otherfeatures and advantageous effects of the
present invention will become apparent from the follow-
ing description with reference to the accompanying draw-
ings. In the accompanying drawings, the same reference
numerals will be given to the same or similar configura-
tions.

[Brief Description of the Drawings]

[0013] The accompanying drawings are incorporated
in, configure a part of this specification, and illustrate em-
bodiments according to the present invention. Together
with the description, the accompanying drawings are
used in order to describe principles of the presentinven-
tion.

[Fig. 1] Fig. 1 is a view illustrating an external con-
figuration of an imaging apparatus for diagnosis ac-
cording to an embodiment.

[Fig. 2] Fig. 2 is a block configuration diagram of the
imaging apparatus for diagnosis according to the
embodiment.

[Fig. 3] Fig. 3a is a view illustrating a cross-sectional
configuration of a probe distal end, and Fig. 3b is a
view illustrating a process for generating a cross-
sectional image.

[Fig. 4] Fig. 4 is a view for describing a cross-sec-
tional image group acquired using the imaging ap-
paratus for diagnosis.

[Fig. 5] Fig. 5 is a view for describing a model for
estimating an ablation range.
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[Fig. 6] Fig. 6 is a view for describing a display of the
cross-sectional image on a monitor.

[Fig. 7] Fig. 7 is a flowchart for describing a process
for estimating the ablation range according to the
embodiment.

[Fig. 8] Fig. 8 is a view illustrating a configuration
example of frame data.

[Best Mode for Carrying Out the Invention]

[0014] Hereinafter, each embodiment according to the
present invention will be described in detail with refer-
ence to the accompanying drawings. The embodiments
described below are merely preferred specific examples
of the present invention. Accordingly, technically prefer-
able limitations are imposed in various ways. However,
the scope of the present invention is defined by the ap-
pended claims.

[0015] Fig. 1illustrates an external configuration of an
imaging apparatus for diagnosis 100 using optical inter-
ference in the embodiment.

[0016] As illustrated in Fig. 1, the imaging apparatus
for diagnosis 100 includes a probe 101, a motor drive
unit 102, and an operation control apparatus 103. The
motor drive unit 102 and the operation control apparatus
103 are connected to each other via a connector 105 by
a cable 104 accommodating a signal line and an optical
fiber.

[0017] The probe 101 is directly inserted into a blood
vessel, is movable in a longitudinal direction thereof, and
accommodates a rotatable imaging core. A distal end of
this imaging core has a housing for accommodating an
optical transceiver which continuously transmits light
(measurement light) transmitted from the imaging appa-
ratus for diagnosis 100 into the blood vessel and contin-
uously receives reflected light from the inside of the blood
vessel. In the imaging apparatus for diagnosis 100, a
state inside the blood vessel is measured using the im-
aging core.

[0018] The probe 101 is detachably attached to the
motor drive unit 102, and a built-in motor is driven, there-
by regulating the movement in the axial direction inside
the blood vessel of the imaging core interpolated into the
probe 101 and a rotary operation around the axis. That
is, the motor drive unit 102 has a function to move the
imaging core in the axial direction inside the catheter to
while rotating the imaging core. In addition, the motor
drive unit 102 functions as a relay device for a signal
exchanged between the optical transceiver in the imag-
ing core and the operation control apparatus 103. That
is, the motor drive unit 102 has a function to transmit the
measurement light output from the operation control ap-
paratus 103 to the optical transceiver, and to transmit the
reflected light from a biological tissue which is detected
by the optical transceiver to the operation control appa-
ratus 103.

[0019] When measurement is performed, the opera-
tion control apparatus 103 has a function to input various
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setting values, and a function to process optical interfer-
ence data obtained by the measurement and to display
various blood vessel images.

[0020] In the operation control apparatus 103, the ref-
erence numeral 111 represents a main body control unit.
The main body control unit 111 generates interference
light data by causing the reflected light from the imaging
core to interfere with reference light obtained by sepa-
rating the light emitted from a light source, and performs
FFT on the interference light data, thereby generating
line data facing in a radial direction from a rotation center
position. Then, through interpolation processing, a vas-
cular cross-sectionalimage based on optical interference
is generated from the line data.

[0021] The reference numeral 111-1 represents a
printer and a DVD recorder, which print processing re-
sults in the main body control unit 111 and store the
processing results as data. The reference numeral 112
represents an operation panel, and a user inputs various
setting values and instructions via the operation panel
112. The reference numeral 113 represents a monitor
(for example, an LCD) serving as a display device, which
displays various cross-sectional images generated in the
main body control unit 111. The reference numeral 114
represents a mouse serving as a pointing device (coor-
dinate input device).

[0022] Next, a functional configuration of the imaging
apparatus for diagnosis 100 will be described. Fig. 2 is
a block configuration diagram of the imaging apparatus
for diagnosis 100. Hereinafter, the functional configura-
tion of wavelength swept source OCT will be described
with reference to the drawing.

[0023] In the drawing, the reference numeral 201 rep-
resents a signal processing unit which controls an entire
operation of the imaging apparatus for diagnosis, and is
configured to have several circuits including a microproc-
essor. The reference numeral 210 represents a nonvol-
atile 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) disposed inside the signal
processing unit 201. The reference numeral 203 repre-
sents a wavelength swept light source, and the wave-
length swept light source serves as a light source for
repeatedly generating the light having a wavelength
which varies within a preset range along a time axis.
[0024] 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 with a
fourth single mode fiber 275 in an optical fiber coupler
272 located in an intermediate portion thereof.

[0025] The light incident on the first single mode fiber
271 and emitted to the distal side from the optical fiber
coupler 272 is guided to a second single mode fiber 273
via the connector 105. The other end of the second single
mode fiber 273 is connected to an optical rotary joint 230
inside the motor drive unit 102.
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[0026] On the other hand, the probe 101 has an adapt-
er 101a for being connecting to the motor drive unit 102.
Then, the probe 101 is connected to the motor drive unit
102 by using the adapter 101a, thereby stably holding
the probe 101 in the motor drive unit 102. Furthermore,
a third single mode fiber 274 is accommodated in the
imaging core 251 accommodated inside the probe 101
so as to be rotatable, and an end portion of the third single
mode fiber 274 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 coupled to
each other. The other end (front portion side of the probe
101) of the third single mode fiber 274 has an optical
transceiver 250 (details will be described with reference
to 3ain Fig. 3) which is configured to include a mirror and
a lens for emitting the light in a direction substantially
orthogonal to the rotation axis.

[0027] As the above-described result, the light emitted
by the wavelength swept light source 203 is guided to
the optical transceiver 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 250 emits
the light in a direction orthogonal to the axis of the third
single mode fiber 274, and receives the reflected light
therefrom. Then, the reflected lightreceived by the optical
transceiver 250 is conversely guided this time, and is
caused to return to the operation control apparatus 103.
[0028] On the other hand, an end portion opposite to
the fourth single mode fiber 275 coupled to the optical
fiber coupler 272 has an optical path length adjusting
mechanism 220 for finely adjusting an optical path length
of the reference light. The optical path length adjusting
mechanism 220 functions as optical path length changing
means for changing the optical path length correspond-
ing to variations in the length so that the variations in the
length of each probe 101 can be absorbed, in a case
where the probe 101 is exchanged. Therefore, a colli-
mating lens 225 located at an end portion of the fourth
single mode fiber 275 is disposed on a movable one-axis
stage 224 as indicated by an arrow 226 which indicates
the axial direction of the light.

[0029] Specifically, in a case where the probe 101 is
exchanged, the one-axis stage 224 functions as optical
path length changing means having a variable range of
the optical path length which can absorb the variations
in the optical path length of the probe 101. Furthermore,
the one-axis stage 224 is also provided with a function
as adjusting means for adjusting the offset. For example,
even in a case where the distal end of the probe 101 is
not in close contact with the surface of the biological tis-
sue, the optical path length is finely changed by the one-
axis stage. In this manner, it is possible to set a state of
interfering with the reflected light from the surface posi-
tion of the biological tissue.

[0030] The optical path length is finely adjusted by the
one-axis stage 224, and the light reflected on the mirror
223 via a grating 221 and a lens 222 is guided again to
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the fourth single mode fiber 275. The light is mixed with
the light obtained from the second single mode fiber 273
side in the optical fiber coupler 272, and is received by
a photodiode unit (PD) 204 as the interference light.
[0031] The interference light received by the photodi-
ode unit 204 in this way is subjected to photoelectric con-
version, is amplified by an amplifier 205, and thereafter,
is input to a demodulator 206. The demodulator 206 per-
forms demodulation processing for extracting only a sig-
nal portion of the interference light, and an output thereof
is input to an A/D converter 207 as an interference light
signal.

[0032] For example, the A/D converter 207 samples
2048 points of the interference light signal at 90 MHz,
and generates one line digital data (interference light da-
ta). The reason that the sampling frequency is set to 90
MHz is on the assumption that approximately 90% of a
wavelength sweep cycle (25 wsec) is extracted as the
digital data having 2,048 points in a case where the wave-
length sweep repetition frequency is setto 40 kHz. There
is no particular limitation thereto.

[0033] The interference light data in units of lines gen-
erated by the A/D converter 207 is input to the signal
processing unit 201, and is temporarily stored in the
memory 202. Then, in the signal processing unit 201, the
interference light data is frequency-decomposed by
means of Fast Fourier Transform (FFT), thereby gener-
ating data in the depth direction (line data) . The signal
processing unit 201 constructs an optical cross-sectional
image at each position inside the blood vessel, based on
the line data, and outputs the image to the monitor 113
at a predetermined frame rate, in some cases.

[0034] The signal processing unit 201 is further con-
nected to the optical path length adjusting drive unit 209
and the communication unit 208. The signal processing
unit 201 performs control (optical path length control) of
the position of the one-axis stage 224 via the optical path
length adjusting drive unit 209.

[0035] The communication unit 208 is internally
equipped with several drive circuits, and communicates
with the motor drive unit 102 under the control of the
signal processing unit 201. Specifically, a drive signal is
supplied to the radial scanning motor in order to rotate
the third single mode fiber by using the optical rotary joint
inside the motor drive unit 102, a signal is received from
an encoder unit242 in order to detect the rotation position
of the radial motor, and a drive signal is supplied to a
linear drive unit 243 in order to pull the third single mode
fiber 274 at predetermined speed.

[0036] The above-described processes in the signal
processing unit 201 are also realized by causing a com-
puter to execute a predetermined program.

[0037] In the above-described configuration, if the
probe 101 is located at a diagnosis target blood vessel
position (such as the renal artery) of a patient, a trans-
parent flushing liquid is guided toward the distal end of
the probe 101 through a guiding catheter by a user’s op-
eration, and is released into the blood vessel. The reason
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is to exclude the influence of blood. Then, if the user
inputs aninstruction to start scanning, the signal process-
ing unit 201 drives the wavelength swept light source 203
so as to drive the radial scanning motor 241 and the linear
drive unit 243 (hereinafter, a light irradiating and light
receiving process performed by driving the radial scan-
ning motor 241 and the linear drive unit 243 is referred
to as scanning) . As a result, wavelength sweep light is
supplied from the wavelength swept light source 203 to
the optical transceiver 250 in the distal end of the imaging
core 251 through the above-described route. In this case,
under the drive control of the motor drive unit 102, the
imaging core 251 moves along the rotation axis while
rotating. As a result, the optical transceiver 250 also
moves along the blood vessel axis while rotating. The
optical transceiver 250 emits the light to the vascular lu-
men surface, and receives the reflected light therefrom.
[0038] Fig. 3 (3a)is across-sectional view of the probe
101 and the distal portion of the imaging core 251 ac-
commodated in the probe 101. The distal portion of the
probe 101 is configured to include a transparent catheter
sheath 311 in order to transmit the light therethrough.
The imaging core 251 is configured to include a drive
shaft 312 for accommodating the third single mode fiber
274 and transmitting a rotation force (indicated by an
arrow 302 in the drawing) from the motor drive unit 102,
and a housing 313 for accommodating the optical trans-
ceiver 250 attached to a distal end thereof. The illustrated
one-dot chain line is a rotation center axis. In addition,
the motor drive unit 102 pulls the drive shaft 312 in a
direction indicated by an arrow 303, thereby causing the
optical transceiver 250 to move inside the catheter
sheath 311. The optical transceiver 250 is configured to
include a hemispherical ball lens as illustrated. According
to this structure, a slope reflects the light incident from
the third single mode fiber 274 in a substantially perpen-
dicular direction (direction indicated by an arrow 301 il-
lustrated in the drawing). As a result, the light is emitted
toward the vascular tissue, and the reflected light there-
from is again transmitted to the third single mode fiber
274 via the lens.

[0039] Here, a process for generating one piece of op-
tical cross-sectional image will be briefly described with
reference to Fig. 3 (3b). This drawing is a view for de-
scribing a reconfiguration process of the cross-sectional
image ofa vascularlumen surface 351 ofthe blood vessel
where the optical transceiver 250 is located. The meas-
urement light is transmitted and received multiple times
while one rotation the optical transceiver 250 is rotated
once (27=360 degrees). The wavelength swept light
source 203 generates the light having a wavelength var-
ying along the time axis during a period while the light is
transmitted and received once by the optical transceiver
250. Therefore, the interference light data of one line in
the light emitting direction is subjected to FFT processing
by transmitting and receiving the light once. In this man-
ner, it is possible to obtain "line data" indicating reflection
intensity (or an absorbed amount) of the light at each
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position in the radial direction from the rotation center
position. Therefore, for example, if the light is transmitted
and received 512 times during one rotation, 512 pieces
of line data extending radially from a rotation center 352
can be obtained.

[0040] These 512 pieces of line data are dense in the
vicinity of the rotation center position, and become iso-
lated from each other as the pieces move away from the
rotation center position. Therefore, pixels in a vacant
space between the respective lines are generated by per-
forming well-known interpolation processing, thereby
generating a two-dimensional cross-sectional image
which is visible to a person. In addition, the generated
two-dimensional cross-sectional images are connected
to each other along the blood vessel axis. In this manner,
athree-dimensional blood vesselimage can be obtained.
It should be noted that the center position of the two-
dimensional cross-sectional image coincides with the ro-
tation center position of the optical transceiver 250, but
is not the center position of the vascular cross section.
In addition, although weak, the light is reflected on the
lens surface of the optical transceiver 250, the inner sur-
face of the catheter sheath 311, and each boundary sur-
face of the outer surfaces. That is, three circles appear
in the vicinity of the rotation center position. Among the
circles, the innermost circle 353 is caused by light reflec-
tion on the lens surface of the optical transceiver 250.
[0041] Hitherto, basic configurations and functions of
the imaging apparatus for diagnosis 100 according to the
embodiment have been described. Next, detection of an
ablation state by using the imaging apparatus for diag-
nosis 100 according to the embodiment will be described.
[0042] As described above, the cross-sectional imag-
es are obtained while the imaging core 251 is rotated and
moved in the axial direction. In this manner, a series of
a plurality of cross-sectional image groups are acquired
along the direction of the blood vessel. Hereinafter, a
method of calculating an ablation range and a depth by
using the acquired cross-sectional image groups will be
described. The calculation of the ablation range and the
depth and a display process on the monitor described
below can be realized by an image processing apparatus
incorporated in or connected to the imaging apparatus
for diagnosis 100. In the present embodiment, it is as-
sumed that the function relating to the image processing
apparatus is realized in such a way that a predetermined
program is executed by a microprocessor included in the
signal processing unit 201 of the imaging apparatus for
diagnosis 100.

[0043] Fig. 4 is a view schematically illustrating the
cross-sectional image groups obtained by moving the
imaging core 251 in the axial direction inside the ablated
renal artery. In this case, the plurality of cross-sectional
images are arrayed along position information (hereinaf-
ter, referred to as a pull-back position) in the axial direc-
tion. For example, in a case where the linear drive unit
243 is configured to include a pulse motor, the pull-back
position is obtained by counting drive pulses supplied to
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the pulse motor of the linear drive unit 243. However, the
acquisition method of the pull-back position is not limited
thereto. For example, the pull-back position may be ac-
quired by disposing a linear scale moving in response to
a position of an adapter and causing a sensor to read
the position. Through the above-described processes,
the pull-back position is added to each of the acquired
cross-sectional image groups.

[0044] Each of the cross-sectional images configuring
a cross-sectional image group 400 obtained in this way
includes a vascular tomographic image of the renal ar-
tery, and the vascular lumen wall and the external elastic
membrane can be observed from the vascular tomo-
graphic image. For example, in a cross-sectional image
401a, a continuous vascular lumen wall 412 and an ex-
ternal elastic membrane 411 are observed in a vascular
tomographic image 410. In the renal artery, the sympa-
thetic nerve runs outward from the external elastic mem-
brane 411. Accordingly, in a case where the sympathetic
nerve is ablated via the lumen wall, the thermal energy
is applied to not only the sympathetic nerve but also the
external elastic membrane present between the lumen
wall and the sympathetic nerve. The external elastic
membrane to which the thermal energy is applied is de-
generated, and cannot be observed on the cross-sec-
tional image (specifically, the external elastic membrane
to which the thermal energy is applied is generated, and
thus, a luminance value thereof decreases to such an
extent that the external elastic membrane cannot be ob-
served on the cross-sectional image). Therefore, if the
ablation position is present in a movement range (imag-
ing range) of the imaging core 251 in the axial direction,
the external elastic membrane 411 partially disappears
in the vascular tomographicimage, thereby acquiring the
cross-sectional image in which a discontinuous portion
is present.

[0045] In the example of Fig. 4, a disappearance por-
tion (discontinuous portion 413) is generated in the ex-
ternal elastic membrane 411 from the vascular tomo-
graphic image 410 of the cross-sectional image 401b.
Thereafter, the discontinuous portion 413 is generated
in the external elastic membrane 411 in cross-sectional
images 401c, 401d, and 401e acquired while the pull-
back position moves forward. In a cross-sectional image
401f, the discontinuous portion 413 no longer exists in
the external elastic membrane 411. Therefore, in the ex-
ample of Fig. 4, it is understood that the disappearance
portion is generated in the external elastic membrane
411 in a section from the cross-sectional image 401b to
the cross-sectional image 401e.

[0046] As described above, the pull-back position of
the imaging core 251 is monitored, and the pull-back po-
sition can be identified when each of the cross-sectional
images is acquired. Therefore, based on a difference be-
tween the pull-back positions of the cross-sectional im-
age 401b where the disappearance portion of the exter-
nal elastic membrane 411 starts and the cross-sectional
image 401e where the disappearance portion of the ex-



11 EP 3 278 713 B1 12

ternal elastic membrane 411 ends, the length of the blood
vessel having the disappearance portion of the external
elastic membrane is recognized. In the present embod-
iment, this length and a model described below with ref-
erence to Fig. 5 are used so as to estimate a range in-
fluenced by the ablation (ablation range), thereby obtain-
ing the ablation depth.

[0047] Fig. 5 is a view for describing the model for es-
timating the ablation range. First, a length m of the dis-
appearance portion is obtained, based on the difference
between a pull-back position 521 where the disappear-
ance portion starts and a pull-back position 522 where
the disappearance portion ends. In the example of Fig.
4, the difference between the pull-back position of the
cross-sectional image 401b and the pull-back position of
the cross-sectional image 401e is the length m of the
disappearance portion. Then, in a case of a distance t
from the vascular lumen (vascular lumen wall 412) to the
external elastic membrane 411, a semicircle 501 which
has a string of the length m at a position away from the
center as far as the distance t and has a radius d is es-
timated as the ablation range. In addition, under the as-
sumption that the ablation is performed in a state where
the electrode of the ablation catheter is in contact with
the inner surface of the vascular wall, the semicircle
whose center is located on the inner surface of the vas-
cular wall is estimated as the ablation range. In this case,
the radius d is obtained by d=v(t2+(m/2)2). The ablation
range is modeled in this way. Accordingly, it is possible
to calculate the ablation depth in any pull-back position
inside the disappearance section. For example, in a case
of a difference b between the pull-back position 521 and
a pull-back position 523, an ablation depth f at the pull-
back position 523 is obtained by f=v(d2-(m/2-b)2). In this
manner, the ablation depth can be obtained for each of
the cross-sectional images from the cross-sectional im-
age 401b to the cross-sectional image 401e in Fig. 4.
[0048] The distance t from the vascular lumen (inner
wall surface) of the blood vessel to the external elastic
membrane (EEM) can be measured from the portion
where the disappearance portion of the external elastic
membrane is not generated in the cross-sectional image.
Various methods are conceivable as follows. For exam-
ple, when the interference light data of one line is read
outward from the lumen wall of the renal artery, a portion
where a boundary is found for the first time so that the
luminance value increases beyond a predetermined
threshold is detected as the position of the external elastic
membrane. Alternatively, the position of the external
elastic membrane is detected after an edge is empha-
sized using a Laplacian filter or a Sobel filter. The dis-
tance on the line between the position of the external
elastic membrane and the position of the vascular lumen
wall which are determined using these methods is set as
t. Alternatively, an average distance (age group orgender
may be used) of the external elastic membrane from the
vascular lumen in the renal artery may be used.

[0049] Fig. 6 (6a) illustrates an example of a state
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where a cross-sectional image 401d present in the dis-
appearance section illustrated in Fig. 5 is displayed on
the monitor 113. According to the above-described meth-
od, the ablation depth f at the pull-back position of the
cross-sectional image 401d is calculated, and is dis-
played in a display area 601. In addition, based on a
change in the luminance value, the ablation range in the
circumferential direction is detected. For example, the
detected ablation range in the circumferential direction
is clearly indicated by an arrow 602. In addition to the
configurations, as illustrated in Fig. 6 (6¢), a point having
a depth f (frepresents the ablation depth) from the lumen
may be set on a perpendicular bisector of a line segment
connecting both ends of the disappearance position of
the external elastic membrane. In this manner, an abla-
tion estimation range 603 may be displayed by connect-
ing the point to both ends of the disappearance position
and further extending the line to the lumen. As a method
of connecting the point and both ends of the disappear-
ance position, various methods such as linear and spline
connection methods are conceivable. On the other hand,
as illustrated in Fig. 6 (6b), in a case where the cross-
sectional image (for example, the cross-sectional image
401a) outside the disappearance section is displayed on
the monitor 113, the ablation depth is not displayed in
the display area 601, or the arrow 602 indicating the ab-
lation range in the circumferential direction is not dis-
played.

[0050] The above-described process will be described
in more detail with reference to Fig. 7. Fig. 7 is aflowchart
for describing a process relating to calculation and dis-
play of the ablation depth, in the processes executed by
the microprocessor of the signal processing unit 201.
[0051] In Step S701, the microprocessor causes the
imaging core 251 to move in the axial direction while
causing the imaging core 251 to perform radial scanning,
thereby acquiring the cross-sectional image group 400
including the plurality of cross-sectional images at the
plurality of pull-back positions as described with refer-
ence to Fig. 4. Fig. 8 is a view for describing a configu-
ration example of data acquired in Step S701. Each
cross-sectionalimage of the cross-sectionalimage group
400 is stored in the memory 202 as frame data 801. At
the time of Step S701, cross-sectional image data 802
corresponding to each cross-sectional image and a pull-
back position 803 at the time of obtaining the cross-sec-
tional image are recorded in the frame data 801.

[0052] Subsequently, in Step S702, the microproces-
sor determines whether or not the disappearance portion
of the external elastic membrane is generated in each
cross-sectional image group 400, and writes the deter-
mination result on an area (Fig. 8) of disappearance gen-
eration 804 of each frame data. The microprocessor de-
tects the external elastic membrane for each cross-sec-
tional image of the cross-sectional image group 400, and
determines whetherornotthere is adisconnected portion
(disappearance portion) in the external elastic mem-
brane. Various methods are conceivable as follows. For
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example, a method is used in which when the interfer-
ence light data of one line is read outward from the lumen
wall of the renal artery, a portion where a boundary is
found for the first time so that the luminance value in-
creases beyond a predetermined threshold is detected
as the position of the external elastic membrane. Alter-
natively, a method of detecting the position of the external
elastic membrane after an edge is emphasized using a
Laplacian filter or a line extracting filter. In a case where
the position of the external elastic membrane specified
using these methods is not within a specific depth range
on the line, itis determined that the external elastic mem-
brane disappears. Each cross-sectional image may be
displayed on the monitor 113, and a user may observe
the cross-sectional image so as to determine whether or
not the external elastic membrane disappears. In this
case, if the user designates "the disappearance gener-
ation is present" on each cross-sectional image in the
disappearance section, the operation amount of the user
increases. Therefore, the user may designate the cross-
sectional image where the disappearance portion starts
and the cross-sectional image where the disappearance
portion ends. In this manner, "the disappearance gener-
ation is present" may be automatically written on the
cross-sectional images and the disappearance genera-
tion 804 in all of the cross-sectional images (frame data)
present therebetween. For example, if the user deter-
mines the cross-sectional image 401b as the disappear-
ance start and the cross-sectional image 401e as the
disappearance end, the disappearance generation 804
in all of the cross-sectional images including the cross-
sectional images 401b to 401e is set as "the disappear-
ance generation is present".

[0053] Next, in Step S703, the microprocessor refers
to the disappearance generation 804 of the frame data
801 arrayed in the order (acquisition order) of the pull-
back positions, and identifies the cross-sectional image
where the disappearance generation of the external elas-
ticmembrane starts and the cross-sectionalimage where
the disappearance generation of the external elastic
membrane ends. For example, in a portion where the
frame data is continuous so that the disappearance gen-
eration 804 is "present”, the leading frame data is set as
the disappearance start, and the trailing frame data is set
as the disappearance end. Thereafter, in Step S704, the
microprocessor obtains the difference in the pull-back
positions between the frame data where the disappear-
ance of the external elastic membrane starts and the
frame data where the disappearance of the external elas-
tic membrane ends, thereby acquiring the distance of the
disappearance section where the external elastic mem-
brane partially disappears, that is, the length m of the
disappearance portion. The pull-back positions are re-
corded in each frame data. Accordingly, the length m of
the disappearance portion can be easily obtained using
the pull-back positions.

[0054] Next, in Step S705, the microprocessor calcu-
lates the ablation range for each cross-sectional image

10

15

20

25

30

35

40

45

50

55

in the disappearance section, by using the model de-
scribed with reference to Fig. 5. Then, the microproces-
sor calculates the ablation depth at the pull-back position
of each frame data (cross-sectional image), based on
the ablation depth, and records the calculation result in
an ablation depth 805 of the frame data. The calculation
result is recorded in the ablation depth 805 for the frame
data in which the disappearance generation 804 is
"present".

[0055] Next, the microprocessor performs display con-
trol for displaying the cross-sectional image. First, in Step
S707, if the cross-sectional image (frame data) serving
as the display target is selected, the microprocessor dis-
plays the cross-sectional image on the monitor 113. At
this time, in a case where the cross-sectionalimage serv-
ing as the display target is the cross-sectional image in
the disappearance section of the external elastic mem-
brane, the process proceeds from Step S709 to Step
S710. The microprocessor determines the ablationrange
in the circumferential direction, based on the cross-sec-
tional image, and the ablation range is displayed by the
arrow 602 as illustrated in Fig. 6 (6a) . Then, in Step S710,
the microprocessor reads the ablation depth 805 of the
frame data, and displays the ablation depth 805 in the
display area 601 as "the ablation depth". If the cross-
sectional image serving as the display target is not the
image in the disappearance section, the process ends
as it is from Step S708. The above-described ablation
range in the circumferential direction is not displayed,
and the depth of the irradiation zone is not displayed.
Instead, a display illustrated in Fig. 6 (6b) is obtained.
[0056] The ablation catheter for cutting the sympathet-
ic nerve and the probe 101 may be inserted into the renal
artery at the same time, and OCT imaging may be re-
peatedly performed during the ablation using the ablation
catheter. In this manner, the user may determine that the
ablation is completed. In this case, for example, in a case
where the maximum value (Fig. 5 (5d)) of the above-
described ablation depth exceeds a predetermined val-
ue, the microprocessor determines that the ablation is
completed, and notifies the user of the determination re-
sult.

[0057] In addition, in the above-described embodi-
ment, the disappearance section includes a frame (the
cross-sectional image 401b in Fig. 4) in which the disap-
pearance portion starts to be generated, a frame (the
cross-sectionalimage 401ein Fig. 4) immediately before
the first frame in which the disappearance portion is not
generated, and aframe therebetween. However, the con-
figuration is not limited thereto. For example, the frame
(the cross-sectional image 401a) immediately before the
frame where the disappearance portion starts to be gen-
erated, the first frame (the cross-sectional image 401f)
where the disappearance portion is not generated, and
the frame therebetween may be set as the disappear-
ance section.

[0058] In addition, after the position of the nerve in the
renal artery is detected using the optical coherence to-
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mography technique, the lumen wall of the renal artery
may be ablated by inserting the ablation catheter for cut-
ting the sympathetic nerve, and thereafter, OCT imaging
may be performed by inserting the above-described
probe 101. In this manner, the above-described ablation
depth may be calculated. In this manner, the calculated
ablation depth is mapped for the position information of
the nerve of the renal artery. Accordingly, it is possible
to more accurately determine the ablation state of the
sympathetic nerve of the renal artery.

Claims

1. Animage processing apparatus for processing a plu-
rality of cross-sectional OCT images obtained by
moving an imaging core inside a catheter in an axial
direction while rotating the imaging core, the appa-
ratus comprising:

storage means for storing data relating to the
cross-sectional images in association with posi-
tion information in the axial direction when each
of the cross-sectional images is acquired; char-
acterised in that the apparatus further compris-
es

extraction means for extracting afirst cross-sec-
tional image in which a disappearance section
enabling determination that there is a disap-
peared portion of an external elastic membrane
included in a vasculartomographicimage starts,
and a second cross-sectional image in which
the disappearance section ends, in the plurality
of cross-sectional images; and

calculation means for acquiring the position in-
formation in the axial direction of the first cross-
sectional image and the second cross-sectional
image from the storage means, and for calcu-
lating an ablation range influenced by ablation
at a position associated with the disappearance
section, based on a difference in the acquired
position information in the axial direction.

2. Theimage processing apparatus according to Claim
1,
wherein in a case where a distance from an intra-
vascular wall to the external elastic membrane is set
to t and a difference in the position information in the
axial direction is set to m, the calculation means sets
a semicircle having a string having a length m at a
position away from the center as far as the distance
t, as the ablation range.

3. Theimage processing apparatus according to Claim
2,
wherein the calculation means calculates an ablation
depth in each of the cross-sectional images, in the
disappearance section, based on the semicircle.
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4.

The image processing apparatus according to any
one of Claims 1 to 3,

wherein the extraction means receives user’s des-
ignation of the cross-sectional image in which the
disappearance section starts and the cross-section-
al image in which the disappearance section ends.

The image processing apparatus according to any
one of Claims 1 to 3,

wherein the extraction means detects an image of
the external elastic membrane in the vascular tom-
ographic image from each of the plurality of cross-
sectionalimages, and determines whether or not the
external elastic membrane partially disappears in
each of the cross-sectional images.

The image processing apparatus according to any
one of Claims 1 to 5, further comprising:

display control means for displaying the cross-sec-
tionalimage selected in a case where the cross-sec-
tionalimage belonging to the disappearance section
is selected as a display target by display means, and
the ablation depth obtained from the ablation range
calculated by the calculation means.

The image processing apparatus according to Claim
6, further comprising:

detection means for detecting the ablation range
in a circumferential direction, based on a change
in a luminance value of the selected cross-sec-
tional image,

wherein the display control means specifies the
ablation range in the circumferential direction
which is detected by the detection means, in dis-
playing the selected cross-sectional image.

The image processing apparatus according to any
one of Claims 1 to 7, further comprising:
notification means for notifying a user that ablation
is completed, in a case where the ablation depth ex-
tracted by the extraction means exceeds a predeter-
mined value.

An image processing method for processing a plu-
rality of cross-sectional OCT images obtained by
moving an imaging core inside a catheter in an axial
direction while rotating the imaging core, the method
comprising:

a storage step of causing a memory to store data
relating to the cross-sectional images in associ-
ation with position information in the axial direc-
tion when each of the cross-sectional images is
acquired; characterised in that the method fur-
ther comprises an

extraction step for extracting a first cross-sec-
tional image in which a disappearance section
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enabling determination that there is a disap-
peared portion of an external elastic membrane
included in a vasculartomographicimage starts,
and a second cross-sectional image in which
the disappearance section ends, in the plurality
of cross-sectional images; and

a calculation step of acquiring the position infor-
mation in the axial direction of the first cross-
sectional image and the second cross-sectional
image from the memory, and of calculating an
ablation range influenced by ablation at a posi-
tion associated with the disappearance section,
based on a difference in the acquired position
information in the axial direction.

10. A program which causes a computer to execute each

step of the image processing method according to
Claim 9.

Patentanspriiche

1.

Bildverarbeitungsvorrichtung zum Verarbeiten einer
Vielzahlvon OCT-Querschnittsbildern, die durch Be-
wegen eines bildgebenden Kerns innerhalb eines
Katheters in einer axialen Richtung wahrend der
Drehung des bildgebenden Kerns erhalten werden,
wobei die Vorrichtung umfasst:

eine Speichereinrichtung zum Speichern von Daten,
die sich auf die Querschnittsbilder beziehen, in Ver-
bindung mit Positionsinformationen in der axialen
Richtung, wenn jedes der Querschnittsbilder erlangt
wird; dadurch gekennzeichnet, dass die Vorrich-
tung ferner umfasst:

eine Extraktionseinrichtung zum Extrahieren ei-
nes ersten Querschnittsbildes, in welchem ein
Verschwindeabschnitt, der das Bestimmen er-
moglicht, dass ein verschwundener Abschnitt
einer auleren elastischen Membran vorliegt,
der in einem vaskuladren tomographischen Bild
enthalten ist, beginnt, und eines zweiten Quer-
schnittsbildes, in welchem der Verschwindeab-
schnitt endet, in der Vielzahl von Querschnitts-
bildern; und

eine Berechnungseinrichtung zum Erlangen der
Positionsinformationen in der axialen Richtung
des ersten Querschnittsbildes und des zweiten
Querschnittsbildes aus der Speichereinrichtung
und zum Berechnen eines Ablationsbereichs,
der durch Ablation an einer dem Verschwinde-
abschnitt zugeordneten Position beeinflusst
wird, basierend auf einer Differenz der erlangten
Positionsinformation in der axialen Richtung.

2. Bildverarbeitungsvorrichtung nach Anspruch 1,

wobei in einem Fall, in dem ein Abstand von einer
intravaskularen Wand zu der duf3eren elastischen
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10

Membran als t festgesetzt ist und eine Differenz in
der Positionsinformation in der axialen Richtung als
m festgesetzt ist, die Berechnungseinrichtung einen
Halbkreis, der eine Sehne mit einer LAnge m an einer
Position weg von der Mitte bis zum Abstand t auf-
weist, als den Ablationsbereich festsetzt.

Bildverarbeitungsvorrichtung nach Anspruch 2,
wobei die Berechnungseinrichtung eine Ablations-
tiefe in jedem der Querschnittsbilder in dem Ver-
schwindeabschnitt, basierend auf dem Halbkreis,
berechnet.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 3,

wobei die Extraktionseinrichtung die Benutzerkenn-
zeichnung des Querschnittsbildes, in welchem der
Verschwindeabschnitt beginnt, und des Quer-
schnittsbildes, in welchem der Verschwindeab-
schnitt endet, empfangt.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 3,

wobei die Extraktionseinrichtung ein Bild der aulRe-
ren elastischen Membran in dem vaskularen tomo-
graphischen Bild aus jedem von der Vielzahl von
Querschnittsbildern erfasst und bestimmt, ob die du-
Rere elastische Membran in jedem von den Quer-
schnittsbildern teilweise verschwindet oder nicht.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 5, ferner umfassend:

eine Anzeigesteuereinrichtung zum Anzeigen des
ausgewahlten Querschnittsbildes in einem Fall, in
dem das zu dem Verschwindeabschnitt gehérende
Querschnittsbild durch die Anzeigeeinrichtung als
Anzeigeziel ausgewahlt wird, und der Ablationstiefe,
die aus dem durch die Berechnungseinrichtung be-
rechneten Ablationsbereich erhalten wird.

Bildverarbeitungsvorrichtung nach Anspruch 6, fer-
ner umfassend:

eine Erfassungseinrichtung zum Erfassen des
Ablationsbereichs in einer Umfangsrichtung,
basierend aufeiner Anderung eines Leuchtdich-
tewertes des ausgewahlten Querschnittsbildes,
wobei die Anzeigesteuereinrichtung den Ablati-
onsbereich in der Umfangsrichtung, der durch
die Erfassungseinrichtung erfasst wird, festlegt,
indem sie das ausgewahlte Querschnittsbild an-
zeigt.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 7, ferner umfassend:

eine Benachrichtigungseinrichtung zum Benach-
richtigen eines Benutzers, dass die Ablation abge-
schlossen ist, in einem Fall, in welchem die durch
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die Extraktionseinrichtung extrahierte Ablationstiefe
einen vorbestimmten Wert iberschreitet.

Bildverarbeitungsverfahren zum Verarbeiten einer
Vielzahlvon OCT-Querschnittsbildern, die durch Be-
wegen eines bildgebenden Kerns innerhalb eines
Katheters in einer axialen Richtung wahrend der
Drehung des bildgebenden Kerns erhalten werden,
wobei das Verfahren umfasst:

einen Speicherschritt, bei dem ein Speicher ver-
anlasst wird, Daten, die sich auf die Quer-
schnittsbilder beziehen, in Verbindung mit Po-
sitionsinformationen in der axialen Richtung zu
speichern, wenn jedes der Querschnittsbilder
erlangt wird; dadurch gekennzeichnet, dass
das Verfahren ferner einen

Extraktionsschritt zum Extrahieren eines ersten
Querschnittsbildes, in welchem ein Verschwin-
deabschnitt, der das Bestimmen ermdglicht,
dass ein verschwundener Abschnitt einer exter-
nen elastischen Membran vorliegt, die in einem
vaskularen tomographischen Bild enthalten ist,
beginnt, und eines zweiten Querschnittsbildes,
in welchem der Verschwindeabschnitt endet, in
der Vielzahl von Querschnittsbildern; und
einen Berechnungsschritt zum Erfassen der Po-
sitionsinformation in der axialen Richtung des
ersten Querschnittsbildes und des zweiten
Querschnittsbildes aus dem Speicher und zum
Berechnen eines Ablationsbereichs, der durch
Ablation an einer dem Verschwindeabschnitt
zugeordneten Position beeinflusst wird, basie-
rend auf einer Differenz in der erlangten Positi-
onsinformation in der axialen Richtung umfasst.

10. Programm, das einen Computer veranlasst, jeden

Schritt des Bildverarbeitungsverfahrens nach An-
spruch 9 auszufiihren.

Revendications

Appareil de traitement d’image pour traiter une plu-
ralité¢ d’images OCT en coupe obtenues par dépla-
cement d'un cceur d’'imagerie a l'intérieur d’un ca-
théter dans une direction axiale tout en faisant tour-
ner le coeur d'imagerie, 'appareil comprenant :

un moyen de stockage pour stocker des don-
nées relatives aux images en coupe en asso-
ciation avec des informations de position dans
la direction axiale lorsque chacune des images
en coupe est acquise ;

caractérisé en ce que I'appareil comprend en
outre

un moyen d’extraction pour extraire une premie-
re image en coupe dans laquelle une section de
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disparition, permettantde déterminer qu’il existe
une portion disparue d’'une membrane élastique
externe incluse dans une image tomographique
vasculaire, commence, et une seconde image
en coupe dans laquelle la section de disparition
se termine, parmi la pluralit¢ d’images en
coupe ; et

un moyen de calcul pour acquérir les informa-
tions de position dans la direction axiale de la
premiére image en coupe et de la seconde ima-
ge en coupe dans le moyen de stockage, et pour
calculer une plage d’ablation subissant I'influen-
ce d’'une ablation a une position associée a la
section de disparition, sur la base d’'une diffé-
rence entre les informations de position dans la
direction axiale acquises.

Appareil de traitement d'image selon la revendica-
tion 1,

dans lequel dans le cas ou une distance d’'une paroi
intravasculaire a la membrane élastique externe est
appelée t et une différence entre les informations de
position dans la direction axiale est appelée m, le
moyen de calcul définit, comme plage d’ablation, un
demi-cercle dont une corde a une longueur m a une
position éloignée du centre jusqu’a la distance t.

Appareil de traitement d'image selon la revendica-
tion 2,
dans lequel le moyen de calcul calcule une profon-
deur d’ablation dans chacune des images en coupe,
dans la section de disparition, sur la base du demi-
cercle.

Appareil de traitement d'image selon I'une quelcon-
que des revendications 1 a 3,

dans lequel le moyen d’extraction recoit une dési-
gnation, par I'utilisateur, de I'image en coupe dans
laquelle la section de disparition commence et de
I'image en coupe dans laquelle la section de dispa-
rition se termine.

Appareil de traitement d'image selon I'une quelcon-
que des revendications 1 a 3,

dans lequel le moyen d’extraction détecte une image
de la membrane élastique externe dans 'image to-
mographique vasculaire a partir de chaque image
en coupe de la pluralité d'images en coupe, et dé-
termine si la membrane élastique externe disparait
partiellement ou non dans chacune des images en
coupe.

Appareil de traitement d'image selon I'une quelcon-
que des revendications 1 a 5, comprenant en outre :
un moyen de commande d’affichage pour afficher
I'image en coupe sélectionnée dansle cas oul'image
en coupe appartenant a la section de disparition est
sélectionnée comme cible d’affichage par un moyen
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d’affichage, et la profondeur d’ablation obtenue a
partir de la plage d’ablation calculée par le moyen
de calcul.

Appareil de traitement d'image selon la revendica-
tion 6, comprenant en outre :

un moyen de détection pour détecter la plage
d’ablation dans une direction circonférentielle,
sur la base d’une variation d’'une valeur de lu-
minance de I'image en coupe sélectionnée,
dans lequel le moyen de commande d’affichage
spécifie la plage d’ablation dans la direction cir-
conférentielle qui est détectée part le moyen de
détection, lors deI'affichage de 'image en coupe
sélectionnée.

Appareil de traitement d’'image selon I'une quelcon-
que des revendications 1 a 7, comprenant en outre :
un moyen de notification pour notifier a un utilisateur
que l'ablation est achevée, dans le cas ou la profon-
deur d’ablation extraite par le moyen d’extraction dé-
passe une valeur prédéterminée.

Procédé de traitement d'image pour traiter une plu-
ralité¢ d’images OCT en coupe obtenues par dépla-
cement d'un cceur d’'imagerie a l'intérieur d’un ca-
théter dans une direction axiale tout en faisant tour-
ner le coeur d’'imagerie, le procédé comprenant :

une étape de stockage consistant a amener une
mémoire a stocker des données relatives aux
images en coupe en association avec des infor-
mations de position dans la direction axiale lors-
que chacune des images en coupe est acquise ;
caractérisé en ce que le procédé comprend en
outre

une étape d’extraction pour extraire une premie-
re image en coupe dans laquelle une section de
disparition, permettant de déterminer qu'’il existe
une portion disparue d’'une membrane élastique
externe incluse dans une image tomographique
vasculaire, commence, et une seconde image
en coupe dans laquelle la section de disparition
se termine, parmi la pluralit¢ d'images en
coupe ; et

une étape de calcul consistant a acquérir les
informations de position dans la direction axiale
de la premiére image en coupe etde la seconde
image en coupe dans la mémoire, et a calculer
une plage d’ablation subissant I'influence d’'une
ablation a une position associée a la section de
disparition, sur la base d’une différence entre
les informations de position dans la direction
axiale acquises.

10. Programme amenant un ordinateur a exécuter cha-

que étape du procédé de traitement d’'image selon
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la revendication 9.

22
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[FIG. 4]
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