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(54) EVALUATION DEVICE AND EVALUATION METHOD

(57)  [Object] To provide an estimating apparatus and
an estimating method capable of estimating process of
therapy using a laser the catheter 300 accurately in real
time.

[Solving Means] A photodynamic therapy apparatus
1 as an estimating apparatus is an apparatus for irradi-
ating a tissue having absorbed photo-sensitive pharma-
ceutical, the photo-sensitive pharmaceutical absorbing
an excitation light and emitting fluorescence, with the ex-
citation light emitted from a tip portion of a laser the cath-
eter 300, including a connector 210, a light source 110,
and a light detection unit 130. The laser the catheter 300
is capable of being attached/detached to/from the con-
nector 210. The light source 110 outputs the excitation
light to the laser the catheter 300 via the connector 210.
The light detection unit 130 detects intensity or a spec-
trum of the fluorescence, the fluorescence being entered
from the laser the catheter 300 via the connector 210, to
estimate whether the tissue has changed because of re-
action between the excitation light emitted from the tip
portion of the laser the catheter 300 and the photo-sen-
sitive pharmaceutical absorbed in the tissue.
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Description
Technical Field

[0001] The present invention relates to an estimating
apparatus and an estimating method that estimate proc-
ess of therapy using a laser catheter.

Background Art

[0002] Atrial fibrillation is known as a kind of tachyar-
rhythmia. A hyperexcited site, which generates an elec-
trical pulse, appears in the vicinity of a root portion, in
which a pulmonary vein and a left atrium are connected,
and the left atrium minutely vibrates and contracts be-
cause of the electrical pulse stimulation, to thereby cause
an atrial fibrillation.

[0003] As an atrial fibrillation therapeutic method, the
inventors have been proposed application of photody-
namic therapy (hereinafter, referred to as "PDT".) (for
example, see Patent Document 1.). In PDT, a cardiac-
muscle tissue, which has absorbed photo-sensitive phar-
maceutical, is irradiated with an excitation light by using
a laser catheter, to thereby generate singlet oxygen. The
singlet oxygen as a strong oxidizer insults a cardiac-mus-
cle tissue, which surrounds the hyperexcited site, to
thereby form an electric-conduction block, which blocks
conduction of the electrical pulse from the hyperexcited
site to the left atrium. As a result, an electric conduction
between the hyperexcited site and the left atrium is
blocked, and an abnormal vibration and contraction of
the left atrium is inhibited.

[0004] Photo-sensitive pharmaceutical has a property
of selectively accumulating in a certain tissue. In view of
this, in general, after a predetermined time (for example,
8 to 48 hours) passes after photo-sensitive pharmaceu-
tical is administered in a patient, when the state where
the photo-sensitive pharmaceutical concentration is high
in a therapy-target tissue and the photo-sensitive phar-
maceutical concentration is low in other tissues and blood
is established, that is, when the state where a so-called
photo-sensitive pharmaceutical contrast is high is estab-
lished, irradiation with the excitation light is started. Fur-
ther, recently, PDT, in which the accumulating property
of photo-sensitive pharmaceutical is not used and in
which irradiation with the excitation light is started when
photo-sensitive pharmaceutical is delivered to a therapy-
target tissue by blood, is proposed.

[0005] Patent Document 1: WIPO Publication No.
2008/066126

Disclosure of the Invention
Problem to be solved by the Invention
[0006] As a method of estimating whether a tissue of

an excitation-light-irradiated site is broken, whether an
electric-conduction block is formed, and the like, there is
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known a method of leading a device such as a catheter
having a detection means such as an electrode to an
excitation-light-irradiated site, and performing estimation
by using the catheter. However, because an irradiated
site does not coincide with a potential-measured site pre-
cisely in therapy using a light, it is desired to provide
means for estimating therapeutic effects more accurately
in real time.

[0007] Inview of the above-mentioned circumstances,
an object of the present invention is to provide an esti-
mating apparatus and an estimating method capable of
estimating process of therapy using a laser catheter ac-
curately in real time.

Means for solving the Problem

[0008] To attain the above-mentioned object, an esti-
mating apparatus according to an embodiment of the
present invention is an apparatus for irradiating a tissue
having absorbed photo-sensitive pharmaceutical, the
photo-sensitive pharmaceutical absorbing an excitation
light and emitting fluorescence, with the excitation light
emitted from a tip portion of a laser catheter, including a
connector, a light source, and a detection unit.

The laser catheter is capable of being attached/detached
to/from the connector.

The light source outputs the excitation light to the laser
catheter via the connector.

The detection unit detects intensity of the fluorescence,
the fluorescence being entered from the laser catheter
via the connector, to estimate whether the tissue has
changed because of reaction between the excitation light
emitted from the tip portion of the laser catheter and the
photo-sensitive pharmaceutical absorbed in the tissue.
[0009] By detecting the intensity of the fluorescence
entered from the laser catheter, it is possible to estimate
whether the tissue has changed because of the reaction
between the excitation light and the photo-sensitive phar-
maceutical in real time. As a result, it is possible to esti-
mate process of therapy using a laser catheter. Further,
by using a laser catheter used for therapy, operability is
improved. Note that the phrase "tissue is changed"
means, for example, insult to a tissue such as a cytocidal
effect and an electric-conduction block, damage, thermal
denaturation, and the like.

[0010] The detection unit may detect intensity of the
fluorescence, the fluorescence being entered from the
laser catheter via the connector, to simultaneously esti-
mate whether the tissue has changed because of reac-
tion between an excitation light emitted from the tip por-
tion of the laser catheter and the photo-sensitive phar-
maceutical absorbed in the tissue, and whether a contact
state of the tip portion of the laser catheter with respect
to the tissue has changed.

[0011] Specifically inintracardiac therapy using a laser
catheter, the laser catheter moves affected by breathing
or heartbeat, and the contact state with respect to a ther-
apy-target tissue may change. According to this embod-
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iment, the change of a cardiac-muscle tissue and the
contact state of the tip portion of the laser catheter are
monitored in real time, and an irradiation condition may
be set/changed according to the situation.

[0012] The estimating apparatus may further include
a controller for simultaneously estimating whether the
tissue has changed because of reaction between an ex-
citation light emitted from the tip portion of the laser cath-
eter and the photo-sensitive pharmaceutical absorbed in
the tissue, and a contact state of the tip portion of the
laser catheter with respect to the tissue, based on the
detected intensity of the fluorescence.

[0013] By detecting the intensity of fluorescence en-
tered from the laser catheter, the change of the tissue
because of reaction between the excitation light and the
photo-sensitive pharmaceutical, and the contact state of
the tip portion of the laser catheter with respect to a tissue
may be estimated in real time.

[0014] The controller may visually reflect a current-es-
timated-result of the change of the tissue in a peak-esti-
mated-result of the change of the tissue, and output a
signal for simultaneously informing of the estimated re-
sult of the change of the tissue and the estimated result
of the contact state.

[0015] Here, to "output a signal" means, for example,
to output a display instruction including display informa-
tion to a display unit. As a result, a practitioner may rec-
ognize the current-estimated-result of the change of the
tissue and the contact state of the tip portion of the laser
catheter simultaneously and intuitively. As a result, dur-
ing therapeutic-light irradiation, a practitioner may rec-
ognize, in real time, that the tip portion of the laser cath-
eter is displaced affected by heartbeat or breathing, and
may control the posture promptly. Simultaneously, a
practitioner may understand the estimated result of the
change of the tissue, which may vary according to indi-
vidual variability and therapy-target sites, accurately in
real time, and perform the operation. A practitioner needs
to determine everything with reference to a plurality of
screens during an operation. So it is helpful for a trouble-
free operation by a practitioner to display the current-
estimated-result of the change of the tissue and the con-
tact state of the tip portion of the laser catheter in an
intuitively-recognizable mode.

[0016] The estimating apparatus may further include
storage for storing the peak-estimated-result of the
change of the tissue.

The controller may record the current-estimated-result
of the change of the tissue in the storage, updates, in a
case where the current-estimated-result of the change
ofthe tissue is equal to or larger than the peak-estimated-
result of the change of the tissue recorded in the storage,
the peak-estimated-result of the change of the tissue re-
corded in the storage with the current-estimated-result
of the change of the tissue, and output a signal for simul-
taneously informing of the estimated result of the change
of the tissue and the estimated result of the contact state,
by displaying the current-estimated-result of the change
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of the tissue on the updated peak-estimated-result of the
change of the tissue in an overlapped manner.

[0017] By displaying the current-estimated-result of
the change of the tissue on the peak-estimated-result of
the change of the tissue in an overlapped manner, a prac-
titioner may recognize the difference between the peak-
estimated-result and the current-estimated-result intui-
tively as the change of the contact state of the tip portion
of the laser catheter. For example, a practitioner may
intuitively recognize that the contact state of the tip por-
tion of the laser catheter has changed from the identical
contact state, and that the tip portion of the laser catheter
is removed from a tissue and drifts in blood.

[0018] The estimating apparatus may further include
a controller for estimating whether the tissue has
changed because of reaction between the excitation light
emitted from the tip portion of the laser catheter and the
photo-sensitive pharmaceutical absorbed in the tissue,
based on intensity of the detected fluorescence.

[0019] By detecting the intensity of the fluorescence
entered from the laser catheter, it is possible to estimate
whether the tissue has changed because of the reaction
between the excitation light and the photo-sensitive phar-
maceutical in real time.

[0020] The controller may output a signal for informing
whether the tissue has changed, based on the estimated
result.

[0021] As aresult, itis possible to inform a practitioner
whether a tissue has changed in real time, based on the
intensity of the fluorescence entered from the laser cath-
eter.

Note that to "output a signal" means to output a display
instruction including display information to a display unit,
or to output a sound output instruction to a speaker unit.
[0022] The controller may output a signal to prompt to
change an irradiation condition of the excitation light,
based on the estimated result.

[0023] Asaresult, itis possible to prompta practitioner
to change an irradiation condition of the excitation light
in real time, based on the intensity of the fluorescence
entered from the laser catheter.

[0024] The controller may obtain an electrocardio-
graphic signal, and estimates whether the tissue has
changed, based on a correlation between the electrocar-
diographic signal and the intensity of the fluorescence.
[0025] By calculating the correlation between the elec-
trocardiographic signal and the intensity of the fluores-
cence, it is possible to determine whether a tissue has
changed in real time.

[0026] An estimating apparatus for therapy for atrial
fibrillation according to an embodiment of the present
invention is an apparatus for irradiating a cardiac-muscle
tissue having absorbed photo-sensitive pharmaceutical,
the photo-sensitive pharmaceutical absorbing an excita-
tion light and emitting fluorescence, with the excitation
light emitted from a tip portion of a laser catheter, includ-
ing a connector, a light source, and a detection unit.
The laser catheter is capable of being attached/detached
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to/from the connector.

The light source outputs the excitation light to the laser
catheter via the connector.

The detection unit detects intensity of the fluorescence,
the fluorescence being entered from the laser catheter
via the connector, to estimate whether the cardiac-mus-
cle tissue is changed because of reaction between the
excitation light emitted from the tip portion of the laser
catheter and the photo-sensitive pharmaceutical ab-
sorbed in the cardiac-muscle tissue.

[0027] By detecting the intensity of the fluorescence
entered from the laser catheter, it is possible to estimate
whether the tissue has changed because of the reaction
between the excitation light and the photo-sensitive phar-
maceutical in real time. As a result, it is possible to esti-
mate process of therapy for atrial fibrillation using a laser
catheter. Further, by using a laser catheter used for ther-
apy, operability is improved.

[0028] The detection unit may detect intensity of the
fluorescence, the fluorescence being entered from the
laser catheter via the connector, to simultaneously esti-
mate whether the cardiac-muscle tissue has changed
because of reaction between an excitation light emitted
from the tip portion of the laser catheter and the photo-
sensitive pharmaceutical absorbed in the cardiac-muscle
tissue, and whether a contact state of the tip portion of
the laser catheter with respect to the cardiac-muscle tis-
sue has changed.

[0029] The estimating apparatus may further include
a controller for simultaneously estimating whether the
cardiac-muscle tissue has changed because of reaction
between an excitation light emitted from the tip portion
of the laser catheter and the photo-sensitive pharmaceu-
tical absorbed in the cardiac-muscle tissue, and a contact
state of the tip portion of the laser catheter with respect
to the cardiac-muscle tissue, based on the detected in-
tensity of the fluorescence.

[0030] The controller may visually reflect a peak-esti-
mated-result of the change of the cardiac-muscle tissue
in a current-estimated-result of the change of the cardiac-
muscle tissue, and outputs a signal for simultaneously
informing of the estimated result of the change of the
cardiac-muscle tissue and the estimated result of the
contact state.

[0031] The estimating apparatus may further include
storage for storing the peak-estimated-result of the
change of the cardiac-muscle tissue.

The controller may record the current-estimated-result
of the change of the cardiac-muscle tissue in the storage,
update, in a case where the current-estimated-result of
the change of the cardiac-muscle tissue is equal to or
larger than the peak-estimated-result of the change of
the cardiac-muscle tissue recorded in the storage, the
peak-estimated-result of the change of the cardiac-mus-
cle tissue recorded in the storage with the current-esti-
mated-result of the change of the cardiac-muscle tissue,
and output a signal for simultaneously informing of the
estimated result of the change of the cardiac-muscle tis-
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sue and the estimated result of the contact state, by dis-
playing the current-estimated-result of the change of the
cardiac-muscle tissue on the updated peak-estimated-
result of the change of the cardiac-muscle tissue in an
overlapped manner.

[0032] An estimating method according to an embod-
iment ofthe presentinvention includes irradiating atissue
having absorbed photo-sensitive pharmaceutical, the
photo-sensitive pharmaceutical absorbing an excitation
light and emitting fluorescence, with the excitation light
emitted from a tip portion of a laser catheter.

The fluorescence corresponding to the irradiated excita-
tion light is extracted via the laser catheter.
Whether the tissue has changed because of reaction be-
tween the excitation light emitted from the tip portion of
the laser catheter and the photo-sensitive pharmaceuti-
calabsorbed in the tissue is estimated, based on intensity
of the extracted fluorescence.

[0033] By detecting the intensity of the fluorescence
entered from the laser catheter, it is possible to estimate
whether the tissue has changed because of the reaction
between the excitation light and the photo-sensitive phar-
maceutical in real time. As a result, it is possible to esti-
mate process of therapy using a laser catheter.

[0034] The estimating method may further include si-
multaneously estimating whether the tissue has changed
because of reaction between an excitation light emitted
from the tip portion of the laser catheter and the photo-
sensitive pharmaceutical absorbed in the tissue, and a
contact state of the tip portion of the laser catheter with
respect to the tissue, based on the extracted intensity of
the fluorescence.

[0035] The estimating method may further include vis-
ually reflecting a current-estimated-result of the change
of the tissue in a peak-estimated-result of the change of
the tissue, and outputting a signal for simultaneously in-
forming of the estimated result of the change of the tissue
and the estimated result of the contact state.

[0036] The estimating method may further include re-
cording the current-estimated-result of the change of the
tissue in storage, updating, in a case where the current-
estimated-result of the change of the tissue is equal to
or larger than the peak-estimated-result of the change of
the tissue recorded in the storage, the peak-estimated-
result of the change of the tissue recorded in the storage
with the current-estimated-result of the change of the tis-
sue, and outputting a signal for simultaneously informing
of the estimated result of the change of the tissue and
the estimated result of the contact state, by displaying
the current-estimated-result of the change of the tissue
on the updated peak-estimated-result of the change of
the tissue in an overlapped manner.

[0037] The estimating method may further include ob-
taining an electrocardiographic signal, and estimating
whether the tissue has changed, based on a correlation
between the electrocardiographic signal and the intensity
of the fluorescence.

By calculating the correlation between the electrocardi-
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ographic signal and the intensity of the fluorescence, it
is possible to determine whether the tissue has changed
because of reaction between the excitation light and the
photo-sensitive pharmaceutical in real time.

[0038] An estimating method according to an embod-
iment of the present invention is an estimating method
using photo-sensitive pharmaceutical absorbing an ex-
citation light and emitting a fluorescence, alaser catheter
capable of emitting the excitation light from a tip portion,
and an estimating apparatus including a connector to/
from which the laser catheter is capable of being at-
tached/detached and a light source for outputting the ex-
citation light to the laser catheter via the connector.

In a tissue, the photo-sensitive pharmaceutical is ab-
sorbed.

The tip portion of the laser catheter is led to the tissue
having absorbed the photo-sensitive pharmaceutical, the
laser catheter being attached to the connector.

The tissue having absorbed the photo-sensitive pharma-
ceutical is irradiated with the excitation light emitted from
the tip portion of the laser catheter, the excitation light
being output from the light source.

The fluorescence corresponding to the irradiated excita-
tion light is extracted via the laser catheter.

Whether the tissue has changed because of reaction be-
tween the excitation light emitted from the tip portion of
the laser catheter and the photo-sensitive pharmaceuti-
cal absorbed inthetissue is estimated, based onintensity
of the extracted fluorescence.

[0039] The estimating method may further include si-
multaneously estimating whether the tissue has changed
because of reaction between an excitation light emitted
from the tip portion of the laser catheter and the photo-
sensitive pharmaceutical absorbed in the tissue, and a
contact state of the tip portion of the laser catheter with
respect to the tissue, based on the extracted intensity of
the fluorescence.

[0040] The estimating method may further include vis-
ually reflecting a current-estimated-result of the change
of the tissue in a peak-estimated-result of the change of
the tissue, and outputting a signal for simultaneously in-
forming of the estimated result of the change of the tissue
and the estimated result of the contact state.

[0041] The estimating method may further include re-
cording the current-estimated-result of the change of the
tissue in storage, updating, in a case where the current-
estimated-result of the change of the tissue is equal to
or larger than the peak-estimated-result of the change of
the tissue recorded in the storage, the peak-estimated-
result of the change of the tissue recorded in the storage
with the current-estimated-result of the change of the tis-
sue, and outputting a signal for simultaneously informing
of the estimated result of the change of the tissue and
the estimated result of the contact state, by displaying
the current-estimated-result of the change of the tissue
on the updated peak-estimated-result of the change of
the tissue in an overlapped manner.

[0042] The estimating method may further include ob-
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taining an electrocardiographic signal, and estimating
whether the tissue has changed, based on a correlation
between the electrocardiographic signal and the intensity
of the fluorescence.

Effect of the Invention

[0043] Accordingto the presentinvention, itis possible
to estimate process of therapy using a laser catheter ac-
curately in real time, and to perform the therapy reliably.

Brief Description of Drawings
[0044]

[Fig. 1] A schematic diagram showing a PDT appa-
ratus according to a first embodiment of the present
invention.

[Fig. 2] A schematic diagram showing a laser cath-
eter inserted in a heart.

[Fig. 3] A block diagram showing a PDT apparatus
main body.

[Fig. 4] A sectional view showing the tip portion of
the laser catheter.

[Fig. 5] A flowchart showing operations of the PDT
apparatus.

[Fig. 6] A schematic diagram showing the laser cath-
eter inserted in a left atrium.

[Fig. 7] A graph showing the temporal change of flu-
orescence intensity.

[Fig. 8] A graph showing the correlation between the
fluorescence intensity and pharmaceutical concen-
tration.

[Fig. 9] A graph showing the temporal change of the
pharmaceutical concentration.

[Figs. 10] Schematic diagrams each showing a con-
tact state of the laser catheter.

[Fig. 11] A graph showing the temporal change of
the fluorescence intensity.

[Fig. 12] Another graph showing the temporal
change of the fluorescence intensity.

[Fig. 13] A schematic diagram showing a movement
track of the laser catheter.

[Fig. 14] A diagram showing the relation of ECG,
intracardiac pressure, and coronary blood-flow vol-
ume, which is dominant in the blood-flow volume in
a cardiac-muscle tissue.

[Fig. 15] A diagram showing the correlation between
fluorescence intensity and R-wave when the laser
catheter is in the upright-contact state.

[Fig. 16] A diagram showing the correlation between
fluorescence intensity and R-wave when the laser
catheter is in the slanting-contact state.

[Fig. 17] A block diagram showing an optical system,
adetection unit, and the like of a second embodiment
of the present invention.

[Figs. 18] Schematic diagrams each showing a con-
tact state of a laser catheter in an intravascular lu-
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men.
[Fig. 19] A graph showing the relation between wave-
length and fluorescence intensity.

[Fig. 20] A flowchart showing operations of the PDT
apparatus.

[Fig. 21] A graph showing a temporal change of flu-
orescence intensity.

[Fig. 22] A flowchart showing a monitoring operation
of PDT process level and a contact state.

[Fig. 23] A diagram for explaining formulae for cal-
culating PDT process level.

[Fig. 24] A diagram for explaining a method of cal-
culating PDT process level.

[Fig. 25] A diagram for explaining formulae for setting
concentration and an irradiation power during phar-
maceutical administration.

[Fig. 26] A graph showing a PDT process level cal-
culated based on the formulae of Fig. 23.

[Fig. 27] A graph showing a modified example of the
graph of Fig. 26.

[Fig. 28] A display window displaying the PDT proc-
ess level and the contact state of the tip portion of
the laser catheter.

[Fig. 29] Another display window displaying the PDT
process level and the contact state of the tip portion
of the laser catheter.

[Fig. 30] Another display window displaying the PDT
process level and the contact state of the tip portion
of the laser catheter.

[Fig. 31] Another display window displaying the PDT
process level and the contact state of the tip portion
of the laser catheter.

[Fig. 32] Another display window displaying the PDT
process level and the contact state of the tip portion
of the laser catheter.

[Fig. 33] A formula for calculating the contact level
of the tip portion of the laser catheter with respect to
an inner wall of a tissue.

[Fig. 34] A diagram for explaining method of calcu-
lating the contact level.

[Fig. 35] A display window showing a time-waveform
display and a level-meter display of a contact level.
[Fig. 36] A schematic diagram showing contact
states of a laser catheter in a plurality of different
contact levels shown in Fig. 35.

Best Modes for Carrying Out the Invention

[0045] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. In
the embodiments, the case where a photodynamic ther-
apy apparatus (hereinafter referred to as "PDT appara-
tus".) is used as an estimating apparatus will be de-
scribed.

<First Embodiment>

[0046] Fig. 1 is a schematic diagram showing a PDT
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apparatus according to a first embodiment of the present
invention.

The PDT apparatus 1 includes a PDT apparatus main
body 100, a tube 200 connected to the PDT apparatus
main body 100, and a connector 210 provided on the end
of the tube 200.

The tube 200 is a soft hollow tube, and is capable of
transmitting light via an inner apparatus-attached optical
fiber 201 (see Fig. 3.).

A laser the catheter 300 is detachably connected to the
connector 210.

[0047] Photo-sensitive pharmaceutical is adminis-
tered to a patient 2. In the case of being administered by
intravenous injection, the administered photo-sensitive
pharmaceutical diffuses in the blood, and then a tissue
such as a cardiac-muscle tissue absorbs the pharma-
ceutical. A dose of photo-sensitive pharmaceutical nec-
essary for therapy may be administered at one time by
intravenous injection, may be administered continuously
by intravenous drip, may be administered at one time or
continuously via the oral route, or may be administered
locally. Photo-sensitive pharmaceutical is pharmaceuti-
cal that absorbs light having a certain wavelength, is pho-
toexcited, and becomes fluorescent. For example, phar-
maceutical called talaporfin sodium (Laserphyrin (regis-
tered trademark), Meiji Co., Ltd.) is employed. Because
the Q-band absorption wavelength of this pharmaceuti-
calis near 664 nm, an excitation light source for this phar-
maceutical with, for example, 600 to 800 nm, preferably
660 to 680 nm, or more preferably 664 plus or minus 2
nm is used.

[0048] Fig. 2 is a schematic diagram showing a laser
catheter inserted in a heart.

The laser the catheter 300 is inserted in a right atrium 14
of a heart 10 via a femoral vein or a jugular vein of the
patient 2. The laser the catheter 300, which has reached
the right atrium 14, penetrates a septum, and is led to a
left atrium 13.

[0049] [Configuration of PDT apparatus main body]
Fig. 3 is a block diagram showing the PDT apparatus
main body.

The PDT apparatus main body 100 includes a light
source 110, an optical system 120, a detection unit 130,
an electrocardiograph 140, a controller 150, storage 160,
a display unit 170, and an operating unit 180.

[0050] The light source 110 outputs an excitation light
for photo-sensitive pharmaceutical. The wavelength of
the light output by the light source 110 is the same as
the Q-band absorption wavelength of the photo-sensitive
pharmaceutical. For example, in the case where photo-
sensitive pharmaceutical whose Q-band absorption
wavelength is near 664 nm is used, a semiconductor la-
ser with the emission wavelength of 600 to 800 nm, pref-
erably 660 to 680 nm, or more preferably 664 plus or
minus 2 nmis used as the light source 110. The excitation
light output by the light source 110 enters the laser the
catheter 300 via the optical system 120.

[0051] The optical system 120 allows the excitation
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light, which is emitted from the light source 110, to enter
the laser the catheter 300, which is connected to the con-
nector 210 via the apparatus-attached optical fiber 201.
The optical system 120 extracts, from the laser the cath-
eter 300, fluorescence emitted from photo-sensitive
pharmaceutical, which is irradiated with the excitation
light, and allows the fluorescence to enter the detection
unit 130. The optical system 120 includes a short pass
filter 121, a firstlens 122, a polarizing beam splitter (here-
inafter referred to as "PBS".) 123, a long pass filter 124,
and a second lens 125.

The short pass filter 121 is a short-wavelength transmis-
sion filter with a cuton wavelength of 670 nm, and cuts
long-wavelength radiation. The excitation light from the
light source 110 has the radiation component in the flu-
orescence observation wavelength range (long-wave-
length side of peak wavelength). In view of this, the ra-
diation component of the excitation lightin the long-wave-
length side is cut at the stage prior to collecting the light
in the laser the catheter 300. The excitation light, which
has passed the short pass filter 121, enters the first lens
122.

The first lens 122 collects the excitation light, which has
entered from the short pass filter 121, on one edge of the
laser the catheter 300. Further, the first lens 122 collects
fluorescence from the tip portion of the laser the catheter
300 on the PBS 123. Note that part of the excitation light
from the light source 110 is reflected off an edge of the
apparatus-attached optical fiber 201 at the PDT appara-
tus main body 100 side, off the inside of the connector
210, and off the tip portion of the laser the catheter 300,
and enters the PBS 123 as specular reflection light. The
specular reflection light is noisy when detecting fluores-
cence.

By using polarization differences, the PBS 123 allows
the specular reflection light, which has reflected off an
edge of the optical fiber in the tube 200, out of the light
entered from the first lens 122, to pass through, does not
detect the specular reflection light, reflects fluorescence
and the specular reflection light reflected off the other
edges, and brings them to a detecting device. The fluo-
rescence, which has passed the PBS 123, enters the
long pass filter 124.

The long pass filter 124 causes the specular reflection
light, which has reflected off the inside of the connector
210 and the tip portion of the laser the catheter 300, out
ofthe lightentered from the PBS 123, not to pass through,
allows only the fluorescence to pass through, and brings
the fluorescence to the detecting device. The fluores-
cence, which has passed through the long pass filter 124,
enters the second lens 125.

The second lens 125 collects the fluorescence, which
has entered from the long pass filter 124, on the detection
unit 130.

[0052] The detection unit 130 is, for example, a linear
image sensor, and spectroscopically detects the fluores-
cence entered from the optical system 120. That is, the
detection unit 130 detects the light having the excitation
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wavelength, and detects the fluorescence from the pho-
to-sensitive pharmaceutical, which is a light having a
wavelength longer than the excitation wavelength. The
detection unit 130 outputs an electrical signal, which
shows intensity of the detected fluorescence, to the con-
troller 150.

[0053] An electrode pad 141 is connected to the elec-
trocardiograph 140 via an electrode code (not shown).
The electrocardiograph 140 obtains an electrocardio-
graphic signal of the patient 2 via the electrode pad 141,
which is attached to the patient 2, and via the electrode
code, and supplies the obtained electrocardiographic
signal to the controller 150.

[0054] The controller 150 controls the respective units
of the PDT apparatus 1.

The controller 150 calculates fluorescence intensity
based on the electrical signal obtained from the detection
unit 130. The controller 150 calculates pharmaceutical
concentration in the tissue or in the blood based on the
calculated fluorescence intensity (pharmaceutical-con-
centration-monitoring operation). The controller 150 de-
termines whether to additionally administer the pharma-
ceutical or not based on the calculated pharmaceutical
concentration.

The controller 150 determines the contact state of the
laser the catheter 300 with respect to the tissue based
on the electrical signal obtained from the detection unit
130 (contact-monitoring operation).

The controller 150 determines, based on change of the
fluorescence intensity during excitation light irradiation,
whether an abnormal situation such as a foreign sub-
stance or a breakage occurs or not, and determines the
cytocidal effect (foreign-substance/breakage-monitoring
operation, and cytocidal-effect-determining operation).
The controller 150 controls the light source 110 to stop
irradiating the excitation light based on determination re-
sults.

The controller 150 determines whether an electric-con-
duction block is formed or not based on an electrical sig-
nal obtained from the detection unit 130 and based on
an electrocardiographic signal obtained from the electro-
cardiograph 140 (electric-conduction-block-formation
determining operation).

The controller 150 outputs, to the display unit 170, display
instructions to display the above-mentioned various cal-
culation results, the above-mentioned various determi-
nation results, and various information.

[0055] The storage 160 is a nonvolatile memory, and
is set in, for example, a flash memory, an HDD (Hard
Disk Drive), or another solid memory. The controller 150
records, in the storage 160, temporal change of fluores-
cence intensity, in which information on fluorescence in-
tensity obtained from the detection unit 130 is in relation
with time information obtained from a timing measure-
ment unit (not shown), which measures the elapsed time
after a criterion time such as excitation-light-irradiation
start time. The controller 150 records, in the storage 160,
electrocardiograms in which information on an electro-
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cardiographic signal obtained from the electrocardio-
graph 140 is in relation with time information.

[0056] The display unit 170 is a display device, which
uses, for example, a liquid-crystal display device or the
like. When the display unit 170 obtains display instruc-
tions from the controller 150, the display unit 170 dis-
plays, on a display screen, for example, information on
fluorescence intensity, information on an electrocardio-
graphic signal, time information, and the like, based on
display information in the display instructions.

[0057] The operating unit 180 receives instructions,
which are input through operations by a practitioner, and
outputs the received instructions to the controller 150.
The instructions include, for example, instructions to turn
on/off the excitation light output from the light source 110,
to change intensity, and the like. As intensity of the ex-
citation light, it is possible to select at least one of two
levels of intensity including a first intensity, which has a
low power (for example, optical output of 1 mW or less)
and is minimally-invasive with respect to a tissue and
blood, and a second intensity, which has a high power
and is approximately 1,000 times higher than the first
intensity. The first intensity is selected when monitoring
the pharmaceutical concentration and the contact state
of the laser the catheter 300 before therapy. The second
intensity is selected when therapy is conducted. Note
that the first intensity is a fixed value, and the second
intensity may be variable.

[0058] [Structure of laser catheter] The the laser the
catheter 300 outputs an excitation light from the tip por-
tion.

Fig. 4 is a sectional view showing the tip portion of the
laser catheter.

The laser the catheter 300 includes a catheter tube 310,
a holder 320, an optical fiber 330, and an optical window
340.

[0059] The catheter tube 310 is a soft hollow tube, and
is led to the inner wall of a cardiac-muscle tissue of the
heart 10 of the patient 2. The catheter tube 310 has the
optical fiber 330 therein.

[0060] The holder 320 is fixed to the catheter tube 310.
The holder 320 holds the optical fiber 330 and the optical
window 340 with respect to the catheter tube 310.
[0061] The opticalfiber 330 is, for example, one quartz
step index fiber having a core diameter of 133 um and
an outside diameter of 500 wm. The optical fiber 330
transmits the excitation light from the PDT apparatus 1.
The optical fiber 330 outputs the transmitted excitation
light, as an irradiation light 301, from the tip to the optical
window 340.

The beam diameter of the irradiation light 301 increases
at the angle determined by the numerical aperture (NA)
of the optical fiber 330. The tip of the optical fiber 330 is
worked such that the beam diameter of the irradiation
light 301 appropriately increases. The optical fiber 330
transmits the fluorescence, which is emitted from photo-
sensitive pharmaceutical absorbed in a tissue and irra-
diated with an excitation light, to the PDT apparatus 1.
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[0062] The optical window 340 is provided on the out-
ermost of the tip portion of the laser the catheter 300 such
that the optical window 340 is optically connected to the
tip of the optical fiber 330. The optical window 340 is
made from a solid transparent material, for example, a
glass material such as BK7. The optical window 340 as
an irradiation section allows the irradiation light 301,
which is output from the tip of the optical fiber 330, to
pass through. The optical window 340 as a light-receiving
section collects the fluorescence, which is emitted from
the photo-sensitive pharmaceutical, on the tip of the op-
tical fiber 330.

[0063] In order to detect fluorescence with a high SN
(Signal-Noise) ratio, there is known a method of sepa-
rately providing an irradiation fiber and a detection fiber
in a laser catheter, and performing irradiation and light-
reception, to thereby remove specular reflection light
(see Japanese Patent Application Laid-open No.
2009-148550, paragraph [0037].).

Meanwhile, inthe case of performing intracardiac therapy
or diagnosis, in order to increase the curvature of a laser
catheter, it is desirable that the diameter of a laser cath-
eter be small. In the case of providing a plurality of optical
fibers in a laser catheter, each optical fiber should be
formed extra-finely, and thus a light having a necessary
intensity may not be transmitted.

In view of the above, in diseases requiring intracardiac
approaches such as, specifically, atrial fibrillation and
ventricular flutter, it is desired that one optical fiber be in
a laser catheter. Further, because it is necessary to de-
tect fluorescence at intensity with a low power so as not
to affect a living body, it is necessary to form a measure-
ment system with a high SN (Signal-Noise) ratio by using
one optical fiber.

[0064] In view of the above, according to the PDT ap-
paratus 1 of this embodiment, the PBS 123 and the long
pass filter 124 removes a specular reflection light on the
fiber entrance edge, and the short pass filter 121 further
removes a long-wavelength-side radiation component of
a excitation light. With this structure, in the laser the cath-
eter 300, while the one optical fiber 330 doubles an irra-
diation fiber and a detection fiber, the detection unit 130
can detect fluorescence with a high SN ratio. As a result,
it is possible to detect fluorescence with a low power so
as not to affect a living body. Therefore, in the therapy
and diagnosis of circulatory diseases, it is possible to
perform minimally-invasive diagnoses with an extra-fine
laser catheter with an increased curvature.

[0065] [Operations of PDT apparatus]Next, operations
of the PDT apparatus 1 configured as described above
will be described.

Fig. 5 is a flowchart showing operations of the PDT ap-
paratus.

[0066] The operations of the PDT apparatus 1 will be
described in the following order of (1) to (6).

(1) Preparation for PDT (Step S101 to Step S103)
(2) Pharmaceutical-concentration-monitoring oper-
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ation (Step S104 to Step S105)

In the pharmaceutical-concentration-monitoring op-
eration, the light source 110 outputs an excitation
light with a first intensity, and the controller 150 con-
stantly calculates the pharmaceutical concentration
based on fluorescence intensity detected by the de-
tection unit 130, and determines whether to addition-
ally administer pharmaceutical or not based on the
calculated pharmaceutical concentration.

(3) Contact-monitoring operation (Step S106 to Step
S108)

In the contact-monitoring operation, the light source
110 outputs the excitation light with the first intensity,
and the controller 150 determines the contact state
of the laser the catheter 300 with respect to a tissue
inner wall based on fluorescence intensity detected
by the detection unit 130, and calculates excitation-
light-irradiation protocols (intensity, time, and the
like).

(4) Foreign-substance/breakage-monitoring opera-
tion (Step S109 to Step S112)

In the foreign-substance/breakage-monitoring oper-
ation, the light source 110 outputs the excitation light
with a second intensity, and the controller 150 de-
termines whether a foreign substance adheres to the
tip of the laser the catheter 300 for some reason or
not and further determines whether a breakage oc-
curs in the vicinity of the tip of the laser the catheter
300 or not, during laser-irradiation at appropriate
therapy protocols, based on the fluorescence inten-
sity detected by the detection unit 130.

(5) Cytocidal-effect-determining operation (Step
S113)

In the cytocidal-effect-determining operation, the
light source 110 outputs the excitation light with the
second intensity, and the controller 150 determines
whether there is a cytocidal effect on a tissue, on
which the excitation light is being irradiated, or not
based on the fluorescence intensity detected by the
detection unit 130.

(6) Electric-conduction-block-formation determining
operation (Step S114 to Step S117)

An electric-conduction block is, as described above,
a block in which cardiac-muscle tissues surrounding
a hyperexcited site are necrotized, and in which con-
duction of electrical pulses from the hyperexcited site
to the left atrium is blocked. Here, it is determined
whether an electric-conduction block is formed or
not by calculating, by the controller, temporal-
change data of fluorescence intensity used in the
cytocidal-effect-determining operation (Step S113),
and electrocardiographic-wave data. In some cases,
the laser catheter may be relocated in the electric-
conduction block, the intensity of the light source 110
may be changed to the first intensity, and the similar
process may be performed, to thereby determine
whether an electric-conduction block is formed or
not.
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[0067] [(1) Preparation for PDT] Fig. 6 is a schematic
diagram showing a laser catheter inserted in a left atrium.
First, a practitioner such as a doctor inserts the laser the
catheter 300 in the heart 10 via a femoral vein or a jugular
vein of the patient 2. The tip portion of the laser the cath-
eter 300 is disposed in the vicinity of a pulmonary vein
12 of an inner wall of a the cardiac-muscle tissue 11 of
the left atrium 13 (Step S101).

[0068] Subsequently, with reference to various refer-
ential data (Step S102), the practitioner administers pho-
to-sensitive pharmaceutical to the patient 2 (Step S103).
Here, the case where a dose of photo-sensitive pharma-
ceutical necessary for therapy is administered to the pa-
tient 2 at one time by intravenous injection will be de-
scribed. The administered photo-sensitive pharmaceuti-
cal is diffused in blood and absorbed in a tissue.

[0069] [(2) Pharmaceutical-concentration-monitoring
operation] Subsequently, the pharmaceutical-concentra-
tion-monitoring operation is performed.

First, the practitioner operates the operating unit 180,
and inputs an excitation-light-output instruction with the
low-power first intensity to the controller 150. The con-
troller 150 obtains the excitation-light-output instruction,
and then outputs the excitation-light-output instruction
with the first intensity, to the light source 110. The light
source 110 obtains the excitation-light-output instruction
from the controller 150, and then outputs the excitation
light with the first intensity. Tissues and blood are irradi-
ated with the excitation light output from the light source
110 via the optical system 120 and the laser the catheter
300. The photo-sensitive pharmaceutical, which is ab-
sorbed in a tissue and blood, absorbs the excitation light
from the laser the catheter 300, and emits fluorescence.
The optical system 120 extracts the fluorescence emitted
from the photo-sensitive pharmaceutical via the laser the
catheter 300, and the fluorescence enters the detection
unit 130. The detection unit 130 detects the entered flu-
orescence, and outputs the detected fluorescence inten-
sity to the controller 150 as an electrical signal.

[0070] The controller 150 calculates the fluorescence
intensity based on the electrical signal obtained from the
detection unit 130. The controller 150 starts to record, in
the storage 160, the temporal change of the fluorescence
intensity as a log in which the calculated fluorescence
intensity is in relation with time information obtained from
a timing measurement unit (not shown.). The controller
150 creates display information of the temporal change
of the fluorescence intensity based on the calculated flu-
orescence intensity and elapsed time after a criterion
time such as an intravenous-injection start time, and out-
puts a display instruction including the created display
information to the display unit 170. The display unit 170
obtains the display instruction from the controller 150,
and then displays the temporal change of the fluores-
cence intensity on a display screen based on the display
information included in the display instruction. For exam-
ple, the display unit 170 displays the temporal change of
the fluorescence intensity on the display screen in a
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graph form.

[0071] Here, an example of the graph showing the tem-
poral change of the fluorescence intensity will be de-
scribed.

Fig. 7 is a graph showing a temporal change of fluores-
cence intensity.

Fig. 7 shows the temporal change of fluorescence inten-
sity in the case where photo-sensitive pharmaceutical
(Laserphyrin) is administered to a pig by intravenous in-
jection (i.v.), and irradiation is performed with an excita-
tion light, which is the same as the Q-band absorption
spectrum of the pharmaceutical (semiconductor laser,
emission wavelength with, for example 600 to 800 nm,
preferably 660 to 680 nm, or more preferably 664 plus
or minus 2, 400 wW). The tip portion of the laser the
catheter 300 is disposed in the right atrium of the pig.
The fluorescence intensity in blood monotonically de-
creases after the pharmaceutical administration. Mean-
while, the fluorescence intensity in a cardiac-muscle tis-
sue increases for a predetermined time period after the
pharmaceutical administration, and then decreases. Fur-
ther, the fluorescence intensity in the blood is higher than
the fluorescence intensity in the cardiac-muscle tissue.
[0072] Here, the relation between fluorescence inten-
sity and pharmaceutical concentration will be described.
Fig. 8 is a graph showing a correlation between fluores-
cence intensity and pharmaceutical concentration.

Fig. 8 shows a correlation between absolute value of
pharmaceutical concentration (PS concentration) ob-
tained by a blood collection method, and the fluorescence
intensity in the case where blood is irradiated with the
excitation light as shown in Fig. 7. The absolute value of
pharmaceutical concentration is almost the same as the
fluorescence intensity.

Thatis, it is possible to monitor pharmaceutical concen-
tration in real time based on the constantly-calculated
fluorescence intensity.

[0073] The controller 150 calculates pharmaceutical
concentrationin atissue and in blood based on calculated
fluorescence intensity (Step S104). The controller 150
starts to record, in the storage 160, the temporal change
of the pharmaceutical concentration as a log in which the
calculated pharmaceutical concentration is in relation
with time information obtained from a timing measure-
mentunit (notshown.). Further, the controller 150 creates
display information of the temporal change of the phar-
maceutical concentration based on the calculated phar-
maceutical concentration and elapsed time after a crite-
rion time such as an intravenous-injection start time, and
outputs a display instruction including the created display
information to the display unit 170. The display unit 170
obtains the display instruction from the controller 150,
and then displays the temporal change of the pharma-
ceutical concentration on a display screen based on the
display informationincluded in the display instruction. For
example, the display unit 170 displays the temporal
change of the pharmaceutical concentration on the dis-
play screen in a graph form.
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[0074] Here, an example of a graph showing the tem-
poral change of the pharmaceutical concentration will be
described.

Fig. 9 is a graph showing a temporal change of pharma-
ceutical concentration.

As described above, the fluorescence intensity in blood
is higherthan the fluorescence intensity in a cardiac-mus-
cle tissue, and, in addition, the fluorescence intensity cor-
relates with the pharmaceutical concentration. There-
fore, similar to the temporal change of the fluorescence
intensity in blood, the pharmaceutical concentration in
blood monotonically decreases after the pharmaceutical
administration. Meanwhile, similar to the temporal
change of the fluorescence intensity in atissue, the phar-
maceutical concentration in a tissue increases for a pre-
determined time period after the pharmaceutical admin-
istration, and then decreases. Further, the pharmaceuti-
cal concentration in blood is higher in level than the phar-
maceutical concentration in a tissue.

[0075] The controller 150 determines whether the cal-
culated pharmaceutical concentration is equal to or more
than a threshold (Step S105). If the controller 150 deter-
mines that the pharmaceutical concentration is equal to
or more than the threshold, the controller 150 estimates
that the pharmaceutical concentration reaches a neces-
sary value, and moves to the contact-monitoring opera-
tion (Step S105, Yes). Meanwhile, if the controller 150
determines that the pharmaceutical concentration is less
than the threshold, the controller 150 estimates that the
pharmaceutical concentration fails to reach the neces-
sary value, creates display information for prompting to
additionally administer the pharmaceutical, and outputs
the display instruction including the created display in-
formation to the display unit 170. The display unit 170
obtains the display instruction from the controller 150,
and then displays, based on the display information in-
cluding the display instruction, information prompting the
practitioner to additionally administer the photo-sensitive
pharmaceutical (Step S105, No).

[0076] Note that, because the fluorescence intensity
correlates with the pharmaceutical concentration, if the
display unit 170 displays the fluorescence intensity on
the display screen, a practitioner such as a doctor may
estimate the pharmaceutical concentration based on the
fluorescence intensity, even if the controller 150 does not
calculate the pharmaceutical concentration.

[0077] Meanwhile, in general, as a method of monitor-
ing the pharmaceutical concentration change in blood,
there is known a method in which absorbance of blood,
which is collected at regular time intervals after pharma-
ceutical administration, is measured. However, in this
method, the plot number is limited because the collect-
able blood volume is limited, and in addition, it is not
possible to measure the concentration in real time.
Alternatively, there is known a method in which a bypass
pathway is prepared outside of a body, blood passing
through the pathway is irradiated with light, and fluores-
cence intensity is observed, to thereby monitor the phar-
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maceutical concentration change. However, it is neces-
sary to pay attention to hygiene in this method.

Further, as a method of monitoring pharmaceutical con-
centration in a tissue, there is known a method in which
part of carbon in pharmaceutical is transformed into iso-
tope, the isotope is simultaneously administered, and
pharmaceutical concentrationin each tissue is monitored
based on aradiation quantity (CANCER RESEARCH 50.
3985-3990, July 1, 1990, Tissue Distribution and Photo-
sensitizing Properties of Mono-L-aspartyl Chlorin e6 in a
Mouse Tumor Model, Charles J. Corner and Angela Fer-
rario). However, this method involves radiation exposure
problems, and involves a problem in that only a concen-
tration may be monitored macroscopically.

[0078] To the contrary, according to the pharmaceuti-
cal-concentration-monitoring operation of this embodi-
ment, by calculating the temporal change of fluorescence
intensity, the temporal change of pharmaceutical con-
centration, which correlates with fluorescence intensity,
may be calculated. Therefore the pharmaceutical con-
centration in a tissue and blood may be monitored in real
time. Further, the pharmaceutical-concentration-moni-
toring operation of this embodiment is less invasive than
the conventional monitoring method, and is capable of
monitoring temporal changes of pharmaceutical concen-
tration stably and reproducibly. Further, because the tem-
poral change of pharmaceutical concentration is moni-
tored via a catheter by using the excitation light from the
light source 110 of the PDT apparatus 1, it is not neces-
sary to additionally provide a pharmaceutical concentra-
tion detecting apparatus, to thereby enable a low-cost
and space-saving apparatus. Further, because the phar-
maceutical concentration may be monitored in real time,
determination of additional pharmaceutical administra-
tion may be assisted in real time.

[0079] Further, the pharmaceutical-concentration-
monitoring operation of this embodiment may be per-
formed not only in PDT but also in therapy or diagnosis
using a pharmaceutical, which absorbs an excitation light
and emits fluorescence. In therapy or diagnosis using a
pharmaceutical, itis important to grasp a pharmaceutical
dynamic state (pharmaceutical delivery). According to
the pharmaceutical-concentration-monitoring operation
of this embodiment, pharmaceutical concentration in an
intended tissue may be measured microscopically via a
catheter in real time, and dynamic states of various phar-
maceuticals may be grasped. Further, because minimal-
ly-invasive monitoring is enabled, the pharmaceutical-
concentration-monitoring operation of this embodiment
has a great advantage and is suitable for practical use.
Further, the pharmaceutical-concentration-monitoring
operation of this embodiment may be performed in a sys-
tem (DDS, Drug Delivery System) in which pharmaceu-
tical is delivered to only a certain location, and is useful
to estimate whether pharmaceutical reaches actually and
locally.

[0080] [(3) Contact-monitoring operation] Subse-
quently, the contact-monitoring operation is performed.
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[0081] Figs. 10 are schematic diagrams showing con-
tact states of the laser catheter.

The laser the catheter 300 is preferably disposed such
that the tip portion as a light-emitting portion contacts the
inner wall of the the cardiac-muscle tissue 11 upright (see
Fig. 10(a), hereinafter referred to as "upright-contact
state".). This state is preferable so as toremove intraatrial
the blood 15 from the tip portion of the laser the catheter
300, and to prevent activation of photo-sensitive phar-
maceutical in the intraatrial the blood 15 . Further, this
state is preferable so as to selectively activate photo-
sensitive pharmaceutical absorbed in a tissue when the
tip portion of the laser the catheter 300 directly contacts
a tissue.

However, it is difficult to recognize the precise contact
state of the tip portion of the laser the catheter 300 radi-
ographically or tactually. Because of this, actually, it is
not always true that the tip portion of the laser the catheter
300 is in the upright-contact state with respect to a tissue.
The the blood 15 may exist between the tip portion of the
laser the catheter 300 and a tissue, and the tip portion
may be in the blood (see Fig. 10(c), hereinafter referred
to as "non-contact state".). Alternatively, the tip portion
of the laser the catheter 300 may contact a tissue in a
slanting direction, and the the blood 15 may partially exist
in a gap between the tip portion and the tissue (see Fig.
10(b), hereinafter referred to as "slanting-contact state".).
In the contact-monitoring operation, such contact states
of the tip portion of the laser the catheter 300, that is, the
contact states and the non-contact state, are monitored,
the contact angle (upright-contact state, slanting-contact
state) in the case of the contact states is monitored, and
thelike. Note that, in this specification, the "contact angle"
not only means a narrowly-defined angular value, but
also means a widely-defined contact angle, in which the
contact state of the tip portion of the laser the catheter
300 with respect to a tissue is upright or slanting.
[0082] Continuously, the light source 110 outputs the
excitation light with the first intensity to the optical system
120, the controller 150 calculates fluorescence intensity
and pharmaceutical concentration, and the display unit
170 displays the temporal change of fluorescence inten-
sity on the display screen. For example, the display unit
170 displays the temporal change of fluorescence inten-
sity on the display screen as a graph.

[0083] Here, an example of a graph showing the tem-
poral change of fluorescence intensity will be described.
Fig. 11 is a graph showing the temporal change of fluo-
rescence intensity.

Fig. 11 is a graph showing the temporal change of fluo-
rescence intensity under the condition same as Fig. 7.
In the graph, the line A shows low fluorescence intensity,
the line C shows high fluorescence intensity, and the line
B fluctuates between the fluorescence intensity of the
line A and the fluorescence intensity of the line C.

Note that, in Fig. 11, in order to make the description
clear, the temporal change of fluorescence intensity in
the case where the tip portion of the laser the catheter
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300 is in the upright-contact state, the temporal change
of fluorescence intensity in the case where the tip portion
of the laser the catheter 300 is in the slanting-contact
state, and the temporal change of fluorescence intensity
in the case where the tip portion of the laser the catheter
300 is in the non-contact state are shown in one graph.
However, actually, one of them is displayed according to
the contact state of the tip portion of the laser the catheter
300.

The line A will be reviewed. Here, as shown in Fig. 7, the
fluorescence intensity in a tissue is smaller than the flu-
orescence intensity in blood. Therefore, it is thought that
the line A shows the fluorescence intensity in the case
where the laser the catheter 300 irradiates a tissue with
the excitation light. So, in the case where the fluores-
cence intensity of the line A is calculated, it is thought
that the fluorescence intensity in a tissue is reflected in
the result because the tip portion of the laser the catheter
300 s in the upright-contact state with respect to a tissue.
The line C will be reviewed. Here, as shown in Fig. 7, the
fluorescence intensity in blood is larger than the fluores-
cence intensity in a tissue. Therefore, it is thought that
the line C shows the fluorescence intensity in the case
where the laser the catheter 300 irradiates blood with the
excitation light. So, in the case where the fluorescence
intensity of the line C is calculated, it is thought that the
fluorescence intensity in blood is reflected in the result
because the tip portion of the laser the catheter 300 is in
the non-contact state with respect to a tissue.

Theline B will be reviewed. Because the line B is between
the fluorescence intensity of the line A and the fluores-
cence intensity of the line C, it is thought that the tip por-
tion of the laser the catheter 300 is in the slanting-contact
state with respect to atissue. Further, because a contact-
target object of the tip portion of the laser the catheter
300 is amoving cardiac-muscle tissue, the laser the cath-
eter 300 follows the movement of the tissue to thereby
move. As a result, in the case where the tip portion of the
laserthe catheter 300 contacts a tissue in a slanting man-
ner, it is likely that the blood volume between the tip por-
tion of the laser the catheter 300 and a tissue changes
during measurement. In addition, the blood-flow volume
in a cardiac-muscle tissue changes and the intraatrial
blood-flow volume changes because of heartbeat. Affect-
ed by them, the fluctuation of the fluorescence intensity
of the line B is larger than the line A and the line C.
Further, in the case where the tip portion of the laser the
catheter 300 contacts a tissue in any state (upright-con-
tact state, slanting-contact state), the laser the catheter
300 may be affected by the movement of the cardiac-
muscle tissue. That is, the contact state of the tip portion
of the laser the catheter 300 fluctuates between the con-
tact states (upright-contact state, slanting-contact state)
and the non-contact state. In this case, the fluorescence
intensity fluctuates largely. Therefore, it is determined
whether the laser the catheter 300 follows the movement
of a cardiac-muscle tissue or not based on fluctuation of
the fluorescence intensity shown in a waveform. For ex-
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ample, in the line A of the graph, the high fluorescence
intensity after four seconds after pharmaceutical admin-
istration and in the vicinity thereof shows that the tip por-
tion of the laser the catheter 300 momentarily moves from
the upright-contact state to the non-contact state and re-
turns to the upright-contact state again.

[0084] Based on the calculated fluorescence intensity,
the controller 150 determines the contact state of the tip
portion of the laser the catheter 300 (contact/non-contact
states, contact angle in case of contact state) (Step
S106).

Specifically, in the case where the controller 150 deter-
mines that the calculated fluorescence intensity is equal
to or larger than a first threshold, the controller 150 de-
termines the non-contact state (line C). In the case where
the controller 150 determines that the minimum value of
the fluorescence intensity is equal to or smaller than a
second threshold, which is smaller than the first thresh-
old, the controller 150 determines the upright-contact
state (line A). In the case where the controller 150 deter-
mines that the fluorescence intensity periodically fluctu-
ates between the first threshold and the second thresh-
old, the controller 150 determines the slanting-contact
state (line B).

The controller 150 informs the practitioner the deter-
mined contact state by using the display unit 170. Spe-
cifically, when the controller 150 determines the slanting-
contact state or the non-contact state, the controller 150
creates display information for prompting to change the
contact state of the tip portion of the laser the catheter
300, and outputs a display instruction including the cre-
ated display information to the display unit 170. The dis-
play unit 170 obtains the display instruction from the con-
troller 150, and then displays information for prompting
a practitioner to change the contact state of the tip portion
of the laser the catheter 300 based on the display infor-
mation in the display instruction (Step S107). The prac-
titioner operates a handpiece or the like (not shown.) pro-
vided on the laser the catheter 300, to thereby change
the contact state of the tip portion of the laser the catheter
300 with respect to a tissue.

[0085] The controller 150 continuously calculates flu-
orescence intensity and pharmaceutical concentration.
The controller 150 refers to fluorescence intensity and
pharmaceutical concentration stored in the storage 160.
The controller 150 calculates the blood volume in the gap
between the tip portion of the laser the catheter 300 and
atissue based on thereferred fluorescence intensity. The
controller 150 calculates excitation-light-irradiation pro-
tocols during the therapy, that is, the second intensity of
the excitation light, the irradiation time, and the like,
based on the calculated blood volume and the referred
pharmaceutical concentration (Step S108).
Forexample, inthe case where the tip portion of the laser
the catheter 300 is in the slanting-contact state or the
non-contact state and where blood exists in the gap, the
loss of the excitation light (excitation light which does not
reach tissue) is considered based on the blood volume,
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and the excitation-light-irradiation protocols are set, in
which the second intensity is high and in which the irra-
diation time is long. The controller 150 calculates the ex-
citation-light-irradiation protocols, creates display infor-
mation on the irradiation protocols, and outputs display
instruction including the created display information to
the display unit 170. The display unit 170 obtains the
display instruction from the controller 150, and then dis-
plays information on the excitation-light-irradiation pro-
tocols (second intensity, irradiation time) based on the
display information in the display instruction.

As described above, the controller 150 calculates the
pharmaceutical concentration and the blood volume
based on the fluorescence intensity, and calculates the
excitation-light-irradiation protocols based on the calcu-
lated pharmaceutical concentration and blood volume.
That is, the controller 150 is capable of calculating the
excitation-light-irradiation protocols based on the fluores-
cence intensity.

[0086] Note that, because the temporal change of flu-
orescence intensity differs depending on the contact
state of the tip portion of the laser the catheter 300, if the
temporal change of fluorescence intensity is displayed
onthedisplay screen by the display unit 170, it is possible
for a practitioner to estimate a contact state based on the
temporal change of fluorescence intensity even if the
controller 150 does not determine the contact state.
[0087] Meanwhile, in the field of circulatory disease, it
is important to determine, in real time, the contact state
of the tip portion of a catheter with respect to the intended
tissue, the blood volume in a gap, and presence/absence
of aforeign-substance/breakage in order to ensure safety
and reliability. Further, in the case where the intended
tissue is a movable target such as a cardiac-muscle tis-
sue, it is necessary to determine the contact state in de-
tail, in which a laser catheter follows the movement of
the tissue, to reliably perform therapy. In the past, it is
known to determine the contact state of a catheter by,
for example, securing a transparent zone by removing
blood, radioscopy, potential measurement (impedance
measurement), potential mapping, temperature meas-
urement, dynamic measurement (pressure, stress), re-
flected light measurement using a polychromatic light
source, and the like. However, in the field of therapy and
diagnosis via a catheter, it is difficult to determine the tip
state of the catheter in blood, and a technique capable
of determining the contact state in detail has not been
developed yet. Each of the above-mentioned conven-
tional methods is capable of determining the contact state
roughly, and, in addition, has many problems as follows.
Securing atransparent zone by removing blood is a meth-
od in which a blood flow is temporarily blocked by using
a balloon, saline or the like is flowed from a catheter tip
portion to thereby secure a transparent zone, and a con-
tact state is observed by using an angioscope. However,
this method may lead to a peripheral-vessel-ischemia
state.

With radioscopy, because of lacking accuracy, it is diffi-
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culttodetermine the distance of a gap between a catheter
and a tissue, and the blood volume in the gap between
the catheter and the intended tissue. Further, in the case
of a moving tissue, it is not clear that the tip of a catheter
follows the movement. As a result, the tip of a catheter
may break blood (in case of intracardiac therapy) or
blood-vessel wall (in case of intravascular therapy). Fur-
ther, the amount of energy input in an intended tissue
decreases below an estimated amount, and an enough
therapeutic effect may not be achieved. Further, the big-
gest problem is that only a doctor, who has a knowledge
of anatomy and is well-experienced (tactile impression
when touching), can make a determination, subjectively
(see Japanese Patent Application Laid-open No. 2007-
525263).

Potential measurement (impedance measurement) is a
method in which, since a cardiac-muscle tissue contracts
and moves because of potential propagation, the contact
state with respect to a cardiac-muscle tissue is deter-
mined by measuring the potential. However, in the case
of performing an optical therapy, the tip portion of a cath-
eter (contact portion with respect to cardiac-muscle tis-
sue) is an optical window. Because of this, a potential-
measured site may be provided on a portion other than
thetip portion of the catheter. As aresult, a light-irradiated
site does not coincide with a potential-measured site, a
diagnosis-target zone does not coincide with a therapy-
target zone, and the therapy may not be performed pre-
cisely. Further, an electrode area is made smaller, and
angle determination accuracy may thus be decreased.
Further, because electric measurement is performed,
there may be an effect of electromagnetic interference
(see Japanese Patent Application Laid-open No. 2008-
531170).

Potential mapping is a method in which potential meas-
urement is three-dimensionally developed. However, a
conventional apparatus lacks a resolution of determining
a contact state in detail. Further, it takes time to perform
determination, and an anthropogenic influence may oc-
cur because of an excessive contact pressure (see Jap-
anese Patent Application Laid-open No. 2008-531170).
Further, if a potential measuring catheter is displaced, a
mapping image may not coincide with an actual position.
Further, because electric measurement is performed,
there may be an effect of electromagnetic interference
(see Japanese Patent Application Laid-open No. 2008-
531170).

Temperature measurement is a method in which, with
respect to diseases including a vascular occlusion, an
occlusion is determined by measuring temperature (see
Japanese Patent Application Laid-open No. 2007-
525263). However, this is a diagnostic method for only
occlusions, and is not applicable to diseases including
no occlusion zone such as, for example, atrial fibrillation
and ventricular flutter. Further, unnecessary heat may be
provided on a normal blood-vessel wall.

Dynamic measurement (pressure, stress) is a method in
which a pressure sensor or a stress sensor is mounted
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on a catheter, and a contact-target object is determined
(see Japanese Patent Application Laid-open No. 2009-
542371, US Patent No. 6696808, US Patent Application
Laid-open No. 2008/0009750, WIPO Publication No. 01/
33165) However, the tip portion of the catheter may be
larger, and there may be an effect of electromagnetic
interference (see Japanese Patent Application Laid-
open No. 2008-531170).

Reflected light measurement by using a polychromatic
light source is a method in which absorption coefficients
different from wavelengths are used. Specifically, by us-
ing a polychromatic light source, a tissue is determined
based on reflection ratio differences of the respective
wavelengths (see Japanese Patent No. 4261101). Ac-
cording to this method, although the blood volume be-
tween a catheter and a tissue may be estimated, an op-
tical system may be complicated, an apparatus may be
made larger, and the cost may be increased because a
plurality of light sources are provided.

[0088] To the contrary, according to the contact-mon-
itoring operation of this embodiment, by detecting fluo-
rescence intensity, it is possible to determine the contact
state with respect to an intended tissue and following-
movements via a catheter in real time. This method is
minimally invasive because it is not necessary to remove
blood and the like. Further, because excitation-light-irra-
diation protocols may be calculated based on the deter-
mined contact state and the like, therapy and diagnosis
may be assisted safely and reliably.

[0089] [(4) Foreign-substance/breakage-monitoring
operation] During the photodynamic therapy, the foreign-
substance/breakage-monitoring operation is performed.
First, a practitioner refers to excitation-light-irradiation
protocols displayed on the display unit 170, and operates
the operating unit 180 to thereby input an excitation-light-
output instruction with the high-power second intensity
in the controller 150. The controller 150 obtains the ex-
citation-light-output instruction, and then outputs the ex-
citation-light-output instruction with the second intensity
to the light source 110. The light source 110 obtains the
excitation-light-output instruction from the controller 150,
and then outputs the excitation light with the second in-
tensity. A tissue is irradiated with the excitation light out-
put from the light source 110 via the optical system 120
and the laser the catheter 300, and photodynamic ther-
apy is performed (Step S109).

[0090] Based on an electrical signal obtained from the
detection unit 130, the controller 150 calculates fluores-
cence intensity. The controller 150 creates display infor-
mation of the temporal change of the fluorescence inten-
sity based on the calculated fluorescence intensity and
elapsed time after a criterion time such as anintravenous-
injection start time, and outputs a display instruction in-
cluding the created display information to the display unit
170. The display unit 170 obtains the display instruction
from the controller 150, and then displays the temporal
change of the fluorescence intensity on a display screen
based on the display information included in the display
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instruction.

[0091] The controller 150 determines whether the cal-
culated fluorescence intensity is equal to or more than a
threshold (Step S110). The threshold is, for example, a
value equal to or more than the multiple of the normal
fluorescence intensity.

[0092] Fig. 19is a graph showing the relation between
wavelength and fluorescence intensity.

Fig. 19 shows the relation between wavelength and flu-
orescence intensity of a laser catheter, which may con-
tact a foreign substance or may be broken, and those of
a normal laser catheter. It is understood that, in the case
where the tip portion of a laser catheter contacts a foreign
substance other than a living body tissue or is broken,
the fluorescence intensity thereof is larger than the nor-
mal fluorescence intensity.

[0093] The controller 150 determines that the fluores-
cence intensity is equal to or more than the threshold,
that is, determines that the fluorescence intensity is in-
creased to equal to or more than the multiple of the pre-
vious fluorescence intensity such that the current fluo-
rescence intensity ignores the previous fluorescence in-
tensity, and then the controller 150 estimates that there
is a foreign substance or a breakage (Step S110, Yes).
If the controller 150 estimates that there is a foreign sub-
stance or a breakage, the controller 150 creates display
information on generation of a foreign-substance/break-
age to stop the excitation light irradiation, and outputs
display instruction including the created display informa-
tion to the display unit 170. The display information on
generation of a foreign-substance/breakage includes in-
formation to stop the excitation light irradiation, to reset
irradiation time, to reset an irradiation power, to prompt
to check the laser the catheter 300, and the like. When
the display unit 170 obtains the display instruction from
the controller 150, based on the display information in
the display instruction, the display unit 170 displays in-
formation to stop the excitation light irradiation (Step
S111) and information on generation of a foreign-sub-
stance/breakage (Step S112) to a practitioner.

Note that, in the case where the controller 150 detects
abnormal intensity increase of an arbitrary wavelength
other than the fluorescence wavelength (excitation light
wavelength or the like), the controller 150 estimates that
there is a foreign substance or a breakage (Step S110,
Yes), and may perform the similar processing (Step
S111, Step S112).

[0094] Meanwhile, inthe case where the controller 150
does not determine that the fluorescence intensity is
equal to or more than the threshold within a predeter-
mined time period, the controller 150 estimates that there
is no foreign substance or breakage, and moves to the
cytocidal-effect-determining operation (Step S110, No).
[0095] Note that, because generation of a foreign sub-
stance or a breakage is estimated when the fluorescence
intensity exceeds a predetermined threshold, if the dis-
play unit 170 displays the fluorescence intensity on the
display screen, a practitioner may estimate generation
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of a foreign substance or a breakage based on the fluo-
rescence intensity, even if the controller 150 does not
estimate generation of a foreign substance or a break-
age.

[0096] Further, in the case where a plurality of cathe-
ters are disposed in a cardiac cavity in addition to the
laser the catheter 300, the laser the catheter 300 may
contact another catheter. For example, if the laser the
catheter 300 emits a light in the state where the laser the
catheter 300 contacts another catheter disposed in a car-
diac cavity, both of the catheters may lose their functions.
If a practitioner is keep on emitting an excitation light
without noticing the abnormal situation of the tip portion
of the laser the catheter 300, the tip portion of the laser
the catheter 300 may generate heat to thereby be in dan-
ger of thermally damaging a living body. Further, a cath-
eter being contacted may lose its function.

[0097] According to the foreign-substance/breakage-
monitoring operation of this embodiment, because a
strong reflected light is measured when the catheter con-
tacts any object other than a living body tissue, it is pos-
sible to estimate generation of a foreign-substance/
breakage via a catheter in real time. Because of this, it
is possible to prompt a practitioner to check the laser the
catheter 300, and thusitis possible to perform the therapy
very safely without causing danger to a patient.

[(5) Cytocidal-effect-determining operation]

[0098] Subsequently, the cytocidal-effect-determining
operation is performed.

In photodynamic therapy, photo-sensitive pharmaceuti-
cal absorbed in a tissue absorbs the excitation light from
the laser the catheter 300 to gain energy, and changes
from the ground state to the singlet excited state. Most
of the energy changes from the singlet excited state to
the triplet excited state because of intersystem crossing,
but the rest part returns from the singlet state to the
ground state, and emits fluorescence at this time. Fur-
ther, when photo-sensitive pharmaceutical in the triplet
excited state clashes triplet oxygen, the photo-sensitive
pharmaceutical transfers energy to oxygen, and creates
strong oxidizer singlet oxygen. The oxidizer breaks a tis-
sue, and, in addition, breaks photo-sensitive pharmaceu-
tical (bleaching). If the bleaching occurs, the effective
pharmaceutical amount is decreased, and thus the fluo-
rescence amount is also decreased. Therefore, de-
crease of the fluorescence amount indicates bleaching
and a tissue injury amount. The optical system 120 ex-
tracts the fluorescence emitted from the photo-sensitive
pharmaceutical via the laser the catheter 300, and the
fluorescence enters the detection unit 130. The detection
unit 130 detects the fluorescence entered from the optical
system 120, and outputs the intensity of the detected
fluorescence to the controller 150 as an electrical signal.
[0099] Continuously, the light source 110 outputs the
excitation light with the second intensity to the optical
system 120, the controller 150 calculates the fluores-
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cenceintensity, and the display unit 170 displays the tem-
poral change of fluorescence intensity on the display
screen. For example, the display unit 170 displays the
temporal change of fluorescence intensity on the display
screen as a graph.

[0100] Here, an example of a graph showing the tem-
poral change of fluorescence intensity will be described.
Fig. 12 is a graph showing the temporal change of fluo-
rescence intensity.

Fig. 12 shows the temporal change of fluorescence in-
tensity in the case where the excitation light is emitted
for 20 seconds after 20 minutes pass after photo-sensi-
tive pharmaceutical is administered in a pig by intrave-
nous-injection. Since decrease of a fluorescence amount
indicates bleaching and a tissue injury amount as de-
scribed above, by displaying an attenuation curve of the
fluorescence intensity, the PDT process level may be
displayed in real time.

[0101] The controller 150 determines whether the cal-
culated fluorescence intensity is attenuated below a
threshold (Step S113). If the controller 150 determines
that the fluorescence intensity is attenuated below the
threshold, the controller 150 estimates that there is a cy-
tocidal effect on a tissue irradiated with the excitation
light (Step S113, Yes). Then, the controller 150 creates
display information on an index of a cytocidal effect, and
outputs a display instruction including the created display
information to the display unit 170. The display unit 170
obtains the display instruction from the controller 150,
and then displays information on an index of a cytocidal
effect for a practitioner based on the display information
in the display instruction. The practitioner refers to the
information on an index of a cytocidal effect displayed on
the display unit 170, and moves to the electric-conduc-
tion-block-formation determining operation.

[0102] Meanwhile, if the controller 150 does not deter-
mine that the fluorescence intensity is decreased below
the threshold within a predetermined time period, the
controller 150 creates display information to prompt to
extend the excitation lightirradiation and to reset the light
intensity based on the calculated fluorescence intensity,
and outputs display instruction including the created dis-
play information to the display unit 170 (Step S113, No).
When the display unit 170 obtains the display instruction
from the controller 150, the display unit 170 displays in-
formation to prompt a practitioner to extend the excitation
light irradiation and to reset the light intensity based on
the display information in the display instruction. After a
predetermined time period passes after outputting the
display instruction, the controller 150 moves to the oper-
ation of Step S108.

[0103] Note that, because generation of a cytocidal ef-
fect is estimated when the fluorescence intensity is at-
tenuated below a predetermined threshold, if the display
unit 170 displays the fluorescence intensity on the display
screen, a practitioner may estimate whether there is a
cytocidal effect or not based on the fluorescence inten-
sity, even if the controller 150 does not estimate whether
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there is a cytocidal effect or not.

[0104] According to the cytocidal-effect-determining
operation of this embodiment, based on fluorescence in-
tensity correlated with pharmaceutical concentration, it
is possible to measure injury in a cardiomyocyte, which
progresses in a tissue irradiated with the excitation light,
that is, to measure a therapeutic effect, via a catheter in
real time, and thus the therapy is performed reliably.
[0105] [(6) Electric-conduction-block-formation deter-
mining operation] Subsequently, the electric-conduction-
block-formation determining operation is performed.

In the electric-conduction-block-formation determining
operation, the fluorescence time-waveform used in the
cytocidal effect determination is in synchronization with
electrocardiogram (ECG. ECG obtaining method will be
described later.). The controller 150 analyzes the phase
difference between the ECG R-wave and the fluores-
cence peak intensity in the interval between R-waves to
thereby determine whether an electric-conduction block
is formed. In some cases, the laser the catheter 300 may
be relocated in an electric-conduction block (in dashed-
dotted line of Fig. 13), the excitation light output may be
changed to the first intensity, and the fluorescence time-
waveform, which is measured in low power, may be in
synchronization with ECG to thereby perform analysis.
The procedure in the case of relocating a laser catheter
for measurement is as follows.

[0106] First, a practitioner disposes the tip portion of
the laser the catheter 300 in an electric-conduction block
(in dashed-dotted line of Fig. 13) or on an excitation-light-
irradiated site. Then, the practitioner operates the oper-
ating unit 180 to thereby input an excitation-light-output
instruction with the low-power first intensity to the con-
troller 150. The controller 150 obtains the excitation-light-
output instruction, and then outputs the excitation-light-
output instruction with the first intensity to the light source
110. The light source 110 obtains the excitation-light-out-
put instruction from the controller 150, and then outputs
the excitation light with the first intensity. A tissue is irra-
diated with the excitation light output from the light source
110 via the optical system 120 and the laser the catheter
300. Photo-sensitive pharmaceutical, which is absorbed
in a tissue, absorbs the excitation light from the laser the
catheter 300, and emits fluorescence. The optical system
120 extracts the fluorescence emitted from the photo-
sensitive pharmaceutical via the laser the catheter 300,
and the fluorescence enters the detection unit 130. The
detection unit 130 detects the fluorescence entered from
the optical system 120, and outputs the detected fluores-
cence intensity to the controller 150 as an electrical sig-
nal. The controller 150 calculates fluorescence intensity
based on the obtained electrical signal.

[0107] Meanwhile, the electrocardiograph 140 obtains
the electrocardiographic signal, and supplies the ob-
tained electrocardiographic signal to the controller 150.
The controller 150 creates display information based on
the calculated fluorescence intensity and the obtained
electrocardiographic signal, and outputs display instruc-
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tion including the created display information to the dis-
play unit 170. The display unit 170 obtains the display
instruction from the controller 150, and displays the cor-
relation between the fluorescence intensity and the elec-
trocardiogram R-wave on the display screen based on
the display information in the display instruction.

[0108] Here, the correlation between fluorescence in-
tensity and ECG R-wave will be described.

Fig. 14 is a diagram showing the relation of ECG, intrac-
ardiac pressure, and coronary blood-flow volume, which
is dominant in the blood-flow volume in a cardiac-muscle
tissue, and being a prerequisite knowledge described in
"Essential Anatomy and Physiology (Essensharu Kaibo
Seirigaku)" (Gakken Medical Shujunsha Co., Ltd., 2001),
which is effective in the following description.

As shown in Fig. 14, the temporal change of the intrac-
ardiac blood-flow volume is different from the blood-flow
volume in a cardiac-muscle tissue. While the intracardiac
blood-flow volume has a peak at the time when it coin-
cides with R-wave, the blood-flow volume in a right-sided
cardiac-muscle tissue has a first peak at the time when
about 200 ms pass after R-wave, and a second peak at
the time when about 400 ms pass after R-wave.

[0109] Fig. 15is a diagram showing the correlation be-
tween fluorescence intensity and R-wave when the laser
catheter is in the upright-contact state.

The correlation between fluorescence intensity (for ex-
ample, irradiation power of 900 mW) and R-wave when
the tip portion of the laser the catheter 300 is in the up-
right-contact state will be described. In the upright-con-
tact state, fluorescence peaks are observed after 100 ms
pass after R-wave and after 400 ms pass after R-wave.
Note that, in the case where the catheter is disposed left-
sided, the fluorescence intensity changes in proportion
to the left coronary blood-flow volume of Fig. 14. A ven-
tricle contracts when R-wave appears, and blood is sup-
plied to a whole body (including cardiac-muscle tissue).
Since blood includes photo-sensitive pharmaceutical,
the fluorescence intensity in a cardiac-muscle tissue is
highest when blood is supplied to blood vessels of a car-
diac muscle. As a result, the peak of fluorescence inten-
sity appears for a predetermined time period after ap-
pearance of R-wave.

[0110] Fig. 16is a diagram showing the correlation be-
tween fluorescence intensity and R-wave when the laser
catheter is in the slanting-contact state.

The correlation between fluorescence intensity (for ex-
ample, irradiation power of 900 mW) and R-wave when
the tip portion of the laser the catheter 300 is in the slant-
ing-contact state will be described. In the slanting-contact
state, because blood exists in a gap and the intracardiac
blood-flow volume is dominant, the fluorescence inten-
sity peak coincides with R-wave.

As described above, the phase difference between R-
wave and fluorescence intensity peak in the upright-con-
tact state is obviously different from the phase difference
between R-wave and fluorescence intensity peak in the
slanting-contact state, and the phase difference is con-
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stant if the contact state is maintained.

[0111] In view of this, the controller 150 determines
whether the phase difference between fluorescence in-
tensity and R-wave is constant based on the calculated
fluorescence intensity and the obtained electrocardio-
graphic signal, to thereby determine whether an electric-
conduction block is formed or not (Step S114). If the con-
troller 150 determines that the phase difference between
fluorescence intensity and R-wave is constant, the con-
troller 150 determines that an electric-conduction block
is yet to be formed (Step S114, No), and causes the dis-
play unit 170 to display information to prompt a practi-
tioner to stop the excitation light irradiation (Step S116)
and to move the laser the catheter 300 (Step S117). The
practitioner refers to the information displayed on the dis-
play unit 170, stops excitation light irradiation once, and
moves the laser the catheter 300. Then, the processing
of Step S104 and thereafter are performed again.
[0112] Fig. 13 is a schematic diagram showing a move-
ment track of the laser catheter.

A practitioner moves the tip portion of the laser the cath-
eter 300 so as to surround a hyperexcited site in pulmo-
nary veins (PV) (dashed-dotted line or dashed line in Fig.
13).

[0113] Meanwhile, if the controller 150 determines that
the phase difference between fluorescence intensity is
R-wave is not constant, the controller 150 determines
that an electric-conduction block is formed (Step S114,
Yes), creates adisplay instruction to prompt a practitioner
to stop excitation light irradiation and to remove the laser
the catheter 300, and outputs a display instruction includ-
ing the created display information to the display unit 170.
When the display unit 170 obtains the display instruction
from the controller 150, the display unit 170 displays in-
formation to prompt a practitioner to stop excitation light
irradiation and to remove the laser the catheter 300 on
the display screen based on the display information in
the display instruction, and stops the processing (Step
S115).

[0114] Here, the principle, in which the controller 150
determines that an electric-conduction block is formed
when the phase difference between fluorescence inten-
sity and R-wave is not constant, will be described. When
a cardiomyocyte injury progresses, the cardiomyocyte
fails to conduct electricity, and thus the cardiomyocyte
fails to contract by itself at time of heartbeat. An electric-
conduction block, which is formed by the injured cardio-
myocytes and has a box shape, fails to contract by itself,
and moves such that the electric-conduction block fol-
lows the contraction movement of the adjacent cardiac-
muscle tissue. As a result, the contact state of the tip
portion of the laser the catheter 300 is unstable and
changes every second. As a result, the phase difference
between fluorescence intensity and R-wave becomes
unstable. In other words, the correlation between fluo-
rescence intensity and R-wave moves backward and for-
ward between the correlation shown in Fig. 15 and the
correlation shown in Fig. 16.
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[0115] Inview of this, according to the electric-conduc-
tion-block-formation determining operation of this em-
bodiment, it is possible to determine that an electric-con-
duction block is formed in real time based on the phase
difference between fluorescence intensity and electro-
cardiogram R-wave.

Specifically, in the case where the peak of fluorescence
intensity appears for a predetermined time period after
appearance of R-wave, itcan be determined that an elec-
tric-conduction block is yet to be formed, and that the tip
portion of the laser the catheter 300 is in the upright-
contact state.

In the case where the peak of fluorescence intensity and
the R-wave appear substantially simultaneously, it can
be determined that an electric-conduction block is yet to
be formed, and that the tip portion of the the laser the
catheter 300 is in the slanting-contact state. In the case
where the phase difference between the peak of fluores-
cence intensity and R-wave is not constant, it can be
determined that an electric-conduction block is formed.
[0116] Note that, because it can be determined that an
electric-conduction block is formed in the case where the
phase difference between fluorescence intensity and R-
wave is not constant, if the display unit 170 displays the
correlation between fluorescence intensity and R-wave
on the display screen, a practitioner may estimate wheth-
er an electric-conduction block is formed or not based on
the correlation between fluorescence intensity and R-
wave, even if the controller 150 does not estimate wheth-
er an electric-conduction block is formed or not.

<Second Embodiment>

[0117] Next, a PDT apparatus according to another
embodiment of the present invention will be described.
In the following description, descriptions of configura-
tions, functions, operations, and the like similar to those
of the PDT apparatus 1 of the first embodiment will be
omitted or simplified, and different points will mainly be
described.

An optical system and a detection unit according to the
second embodiment will be described.

[Structures of optical system and detection unit]

[0118] Fig. 17 is a block diagram showing an optical
system, a detection unit, and the like of the second em-
bodiment of the present invention.

An optical system 120a includes the short pass filter 121,
the first lens 122, the PBS 123, a first dichroic mirror
(hereinafter referred to as "DM".) 126, and a second DM
127.

[0119] Adetection unit 130aincludes afirst photodiode
(hereinafter referred to as "PD".) 131, and a second PD
132.

[0120] The first DM 126 reflects light having a certain
wavelength out of the light entered from the PBS 123,
and causes the lighthaving the other wavelengths to pass
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through.

In this manner, the first DM 126 reflects part of fluores-
cence from the laser the catheter 300, and allows the
fluorescence having the other wavelengths from the laser
the catheter 300 and specular reflection light to pass thor-
ough. The fluorescence, which has reflected off the first
DM 126, enters the first PD 131.

The first PD 131 detects the fluorescence entered from
the first DM 126. The first PD 131 outputs the detected
fluorescence intensity to the controller 150 as an electri-
cal signal.

[0121] The second DM 127 reflects light having a cer-
tain wavelength out of the light which has passed through
the first DM 126, and causes the light having the other
wavelengths to pass through. In this manner, the second
DM 127 reflects part of fluorescence, which has passed
through the first DM 126, and allows the fluorescence
having the other wavelengths and specular reflection
light to pass thorough. The fluorescence, which has re-
flected off the second DM 127, enters the second PD 132.
The second PD 132 detects the fluorescence entered
from the second DM 127. The second PD 132 outputs
the detected fluorescence intensity to the controller 150
as an electrical signal.

[0122] Note that the optical system 120a may further
include DMs each having a structure similar to the struc-
ture of each of the first DM 126 and the second DM 127.
In this manner, eventually, the plurality of DMs 126,
127 ...reflectthe fluorescence from the laser the catheter
300, and the plurality of PDs 131, 132 ... detect the flu-
orescence from the laser the catheter 300. Then, the plu-
rality of DMs 126, 127 ... causes the specular reflection
light to pass through.

[0123] Note that, as another embodiment, a pulse light
source may be used as the light source 110, and the
specular reflection light reflected off the fiber entrance
edge may be temporally separated based on optical path
length difference (about twice as long as length of laser
the catheter 300).

<Third Embodiment>

[0124] Inthe third embodiment, the contact-monitoring
steps are performed based on the phase difference be-
tween the peak of fluorescence intensity, which is in the
interval between R-waves, and R-wave.

In the electric-conduction-block-formation determining
operation of the first embodiment, it is determined that
an electric-conduction block is formed based on the
phase difference between the peak of fluorescence in-
tensity, which is in the interval between R-waves, and R-
wave. This principle may be applied to the contact-mon-
itoring operation.

[0125] Thelight source 110 outputs the excitation light
with the first intensity to the optical system 120. The de-
tection unit 130 detects the fluorescence entered from
the optical system 120. The detection unit 130 outputs
the detected fluorescence intensity to the controller 150
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as an electrical signal. The controller 150 calculates flu-
orescence intensity based on the obtained electrical sig-
nal.

[0126] Meanwhile, the electrocardiograph 140 obtains
an electrocardiographic signal, and supplies the obtained
electrocardiographic signal to the controller 150. The
controller 150 creates display information based on the
calculated fluorescence intensity and the obtained elec-
trocardiographic signal, and outputs display instruction
including the created display information to the display
unit 170. The display unit 170 obtains the display instruc-
tion from the controller 150, and displays the correlation
between fluorescence intensity and electrocardiogram
R-wave on the display screen based on the display in-
formation in the display instruction.

[0127] The controller 150 determines the contact state
of the tip portion of the laser the catheter 300 based on
the calculated fluorescence intensity and the obtained
electrocardiographic signal (Step S106) . Specifically, if
the controller 150 determines that the peak of fluores-
cence intensity appears for a predetermined time period
after appearance of the R-wave, the controller 150 de-
termines that the tip portion of the laser the catheter 300
is in the upright-contact state. If the controller 150 deter-
mines that the peak of fluorescence intensity and the R-
wave appear simultaneously, the controller 150 deter-
mines that the tip portion of the laser the catheter 300 is
in the slanting-contact state. Further, the blood volume
between the tip portion of the laser the catheter 300 and
the inner wall of a tissue may be estimated based on
fluorescence peak intensity.

<Fourth Embodiment>

[0128] According to the fourth embodiment, the con-
tact-monitoring steps are performed by using autofluo-
rescence spectrum differences. Note that, autofluores-
cence indicates light emitted from a tissue by itself, and
does not mean fluorescence from a pharmaceutical. That
is, the fourth embodiment describes a diagnostic method
in which no pharmaceutical is used.

[0129] The light source 110 outputs an excitation light,
with which the difference between the autofluorescence
spectrum property of a cardiac-muscle tissue and the
autofluorescence spectrum property of blood is deter-
mined easily. The detection unit 130 detects entered flu-
orescence. The detection unit 130 outputs the detected
fluorescence intensity to the controller 150 as an electri-
cal signal. The controller 150 calculates the fluorescence
spectrum based on the obtained electrical signal. The
controller 150 determines whether the calculated fluo-
rescence spectrum shows the autofluorescence spec-
trum property of a cardiac-muscle tissue or the autoflu-
orescence spectrum property of blood. The controller 150
compares the calculated fluorescence spectrum with the
autofluorescence spectrum property of a cardiac-muscle
tissue and the autofluorescence spectrum property of
blood, and determines the contact state of the tip portion
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of the laser the catheter 300 (Step S106). Specifically, if
the controller 150 determines that the calculated fluores-
cence spectrum shows the autofluorescence spectrum
property of a cardiac-muscle tissue, the controller 150
determines that the tip portion of the laser the catheter
300 is in the upright-contact state. If the controller 150
determines that the calculated fluorescence spectrum
shows the autofluorescence spectrum property of blood,
the controller 150 determines that the tip portion of the
laser the catheter 300 is in the non-contact state. If the
controller 150 determines that the calculated fluores-
cence spectrum does not show the each autofluores-
cence spectrum property, the controller 150 determines
that the tip portion of the laser the catheter 300 is in the
slanting-contact state.

[0130] The contact-monitoring using the autofluores-
cence spectrum difference is also useful for laser-cath-
eter contact-monitoring in the case of a therapy for a dis-
ease with a vascular occlusion (for example, arterioscle-
rotic disease or the like).

Figs. 18 are schematic diagrams each showing a contact
state of a laser catheter in an intravascular lumen.

In a therapy for a disease with a vascular occlusion, it is
desired to determine whether the tip portion of the laser
the catheter 300 contacts a vascular occlusion (athero-
matous plaque) 21 in a blood vessel 20 (see Fig. 18(a))
or contacts a blood-vessel wall 22 (see Fig. 18(b)). Here,
the composition ratio of collagen, elastin, lipid, and the
like of a vascular occlusion is different from the compo-
sition ratio of a blood-vessel wall. Specifically, the com-
position ratio of a vascular occlusion (arteriosclerosis) is
70% of water, 5% of collagen, 6% of elastin, and 9% of
lipid. The composition ratio of a blood vessel is 73% of
water, 6.5% of collagen, 10.5% of elastin, and 1% of lipid.
Because of this, the autofluorescence spectrum property
of a vascular occlusion is different from the autofluores-
cence spectrum property of a blood-vessel wall. If a ther-
apy-target site is irradiated with an excitation light, with
which the property difference is determined easily, and
fluorescence is measured, it is possible to determine
whether the tip portion of the laser the catheter 300 con-
tacts the vascular occlusion 21 or the blood-vessel wall
22. Note that, because it can be determined whether
there is an atheromatous plaque or not based on the
composition ratio, the contact-monitoring using the
autofluorescence spectrum difference can perform diag-
nosis more precisely than IVUS (intravascular ultra-
sound), with which it is determined whether there is an
atheromatous plaque or not based on the size of the
blood vessel diameter.

<Fifth Embodiment>

[0131] According to the (5) cytocidal-effect-determin-
ing operation of the first embodiment, during photody-
namic therapy, it is determined whether there is a cyto-
cidal effect or not (Fig. 5, Step S113) . Meanwhile, ac-
cording to a fifth embodiment, during photodynamic ther-
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apy, the contact state of the tip portion of the laser cath-
eter with respect to an inner wall of a tissue is determined
in addition to determining whether there is a cytocidal-
effect.

[0132] Specifically during intracardiac therapy using a
laser catheter, the laser catheter moves affected by
breathing and heartbeat, and the contact state with re-
spect to a therapy-target tissue may change. Because
of this, even if the contact state of the tip portion of the
laser catheter is confirmed before emitting an excitation
light (Fig. 5, Step S106), it is preferable to monitor how
the contact state of the tip portion of the laser catheter
changes during photodynamic therapy also. Further, in
PDT, even if therapy is performed under the same irra-
diation conditions (irradiation time, irradiation power), the
amount of generated singlet oxygen in a therapy-target
site varies. Because of this, in order to reliably perform
therapy, it is preferable to also monitor the PDT process
status (cytocidal effect) in real time. One reason of the
variable amount of generated singlet oxygen is the indi-
vidual variability of pharmaceutical concentration (in
case of pharmaceutical concentration of Laserphyrin in
blood plasma, plus or minus 10 to 20%). Because
amounts of light, pharmaceutical, and oxygen greatly
contribute to PDT therapeutic effects, in the case where
the pharmaceutical concentration is low, the enough ther-
apeutic effect may not be obtained. Another reason is
that, in some therapy-target sites, it is difficult to control
the intracardiac posture of the tip portion of the laser cath-
eter such that the posture is the identical contact state
(upright-contact state). In the case of the slanting-contact
state or the non-contact state of the tip portion of the laser
catheter, the effective optical-energy input amount in a
tissue is decreased. As a result, if the irradiation time is
not made longer or the set irradiation power is not in-
creased, the therapeutic effect may not be enough. In
order to solve such problems, the PDT process level (cy-
tocidal effect) and the contact state of the tip portion of
thelaser catheterin atherapy-target tissue are monitored
in real time, and the irradiation conditions may be set/
changed according to the status.

[0133] As methods of monitoring the contact state of
the tip portion of the laser catheter during therapeutic-
light irradiation, for example, a radioscopic image and
potential measurement (impedance measurement) are
known. However, in the case of using a radioscopic im-
age, because it is necessary to keep on fluoroscoping
during an operation, there is a problem in that the radia-
tion-exposure amount of a patient and a practitioner is
extremely large. Meanwhile, in the case of using potential
measurement (impedance measurement), because a
catheter having an electrode at the tip portion is used in
the case of cardiac-disease therapy using a catheter, the
contact state may be grasped roughly before the therapy
based on its potential. However, because a cardiomyo-
cyte loses its electric conductivity and the potential is
decreased after starting therapy, the potential may not
be observed even if the contact state is maintained. In
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other words, there is a problem in that it is not possible
to detect how the contact state of the tip portion of the
catheter changes during therapy.

[0134] In view of the above-mentioned circumstances,
according to this embodiment, a cytocidal effect is esti-
mated and the contact state of the tip portion of a laser
catheter with respect to an inner wall of a tissue is deter-
mined during photodynamic therapy, based on intensity
of detected fluorescence.

[0135] Fig. 20 is a flowchart showing operations of the
PDT apparatus.

The operations of the PDT apparatus shown in Fig. 20
are different from the operations of the PDT apparatus
shown in Fig. 5 in that, after it is not determined that there
is a cytocidal effect (Step S113, No), the contact state of
the tip portion of the laser catheter is determined (Step
S118).

[0136] Afteritis notdetermined that there is a cytocidal
effect (Step S113, No), continuously, the light source 110
outputs the excitation light with the second intensity to
the optical system 120, which is started in Step S109,
the controller 150 calculates fluorescence intensity, and
the display unit 170 displays the temporal change of flu-
orescence intensity on the display screen. For example,
the display unit 170 displays the temporal change of flu-
orescence intensity on the display screen as a graph.
[0137] Here, an example of a graph showing the tem-
poral change of fluorescence intensity will be described.
Fig. 21 is a graph showing the temporal change of fluo-
rescence intensity.

[0138] Fig. 21 shows an example in which irradiation
is started under the identical contact state (upright-con-
tact state). At the two time points with arrows, the fluo-
rescence intensity has large values. As described above,
the pharmaceutical concentration in blood is higher than
the pharmaceutical concentration in a cardiac-muscle tis-
sue. In view of this, a practitioner understands that the
tip portion of the laser catheter is removed from a cardiac-
muscle tissue and contacts blood at the two time points
at which the fluorescence intensity has large values.
When a practitioner detects the change, the practitioner
operates a handpiece or the like (not shown.), to thereby
return the posture of the tip portion of the laser catheter
to the identical contact state (upright-contact state) (Step
S118, No). Note that, in the state where the contact state
of the tip portion of the laser catheter is preferable, the
posture of the tip portion of the laser catheter is not con-
trolled, and the controller 150 controls to continuously
output the excitation light with the second intensity to the
optical system 120 (Step S118, Yes). Further, a pharma-
ceutical bleaching (attenuation of fluorescence amount)
status, whichrelates tothe PDT processlevel, is reflected
in the graph shown in Fig. 21.

[0139] As described above, according to this embodi-
ment, a practitioner simultaneously monitors the PDT
process level (cytocidal effect) and the contact monitor-
ing in real time during therapeutic-light irradiation, and,
in the case where the posture of the laser catheter is not
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the upright-contact state, may control the posture again.
Then, in the case where the PDT process level (cytocidal
effect) reaches the appropriate range, the practitioner
may stop irradiation.

<Sixth Embodiment>

[0140] In the fifth embodiment, the contact state of the
tip portion of the laser catheter is estimated based on the
increased amount of fluorescence as an index, and the
PDT process level (cytocidal effect) is estimated based
on the attenuation amount of fluorescence as an index.
However, in the case where the PDT process level (cy-
tocidal effect) is estimated based on the attenuation
amount of fluorescence as an index, a practitioner may
feelunconformity whentheindexis decreased as therapy
progresses, sensuously. Further, there is not established
amethod of determining the PDT process level (cytocidal
effect) in view of variations and differences of irradiation
conditions and pharmaceutical-administration condi-
tions.

[0141] To the contrary, according to a sixth embodi-
ment, the PDT process level (cytocidal effect) is estimat-
ed in view of variations and differences of irradiation con-
ditions and pharmaceutical-administration conditions,
and, simultaneously, the contact state of the tip portion
of a laser catheter with respect to an inner wall of a tissue
is determined.

[0142] Fig. 22 is a flowchart showing a monitoring op-
eration of PDT process level and a contact state.

The monitoring operation of PDT process level and a
contact state is performed in, for example, Step S113
(cytocidal-effect-determining operation) of the flowchart
of Fig. 5 or Fig. 20.

[0143] First, the controller 150 calculates the present
value of the PDT process level (hereinafter, referred to
as "current-process-level") based on fluorescence inten-
sity (Step S201) .

[0144] Here,amethod of calculating PDT process level
will be described.

Fig.23 is a diagram for explaining formulae for calculating
PDT process level.

[0145] In the formulae, Py is fluorescence intensity, n
is a variable indicative of the number of excitation-light-
irradiation times (for example, n=1 is indicative of irradi-
ation after 15 minutes after pharmaceutical administra-
tion, n=2 is indicative of the same after 16 minutes, and
n=3 is indicative of the same after 16 minutes 30 sec-
onds...), and tis a variable indicative of an irradiation time
period. For example, P41(0) is indicative of the state
where the first (i.e., n=1) excitation-light irradiation is
started (i.e., t=0), that s, of an initial value of fluorescence
intensity (P;) before excitation-light irradiation. Prefis in-
dicative of an average intensity (background) of a fluo-
rescence waveform in the case where the excitation light
is emitted before pharmaceutical administration. Thatis,
P;(0)-Prefis indicative of fluorescence intensity ata pre-
determined time after pharmaceutical administration and
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before excitation-light irradiation, which is an initial value
(in this example, 100). Further, X (mg/kg) is a variable
indicative of a pharmaceutical-administration amount,
and P (W/cm2) is a variable indicative of an excitation-
light-irradiation power.

[0146] This estimating method continuously calculates
the amount of attenuation of fluorescence intensity every
irradiation immediately after starting irradiation, in the
case where the fluorescence intensity difference before
and after pharmaceutical administration is 100 under cer-
tain referential conditions (for example, the pharmaceu-
tical-administration amount is 10 mg/kg, and the irradia-
tion power is 40 W/cm2). Here, 10 mg/kg is an arbitrarily-
selected value as a peak value in a range, in which there
is no toxicity to a living body, and 40 W/cm2 is an arbi-
trarily-selected value as a peak value of an irradiation
power in a range, in which extremely small or no burning
occurs. As such a correlation between concentration and
irradiation power during pharmaceutical administration,
a standard condition, which is determined by experimen-
tally searching for a condition, may be used. Further, also
in the case of a condition other than a referential condi-
tion, in order to relatively compare the amount of gener-
ated singlet oxygen, which affects therapeutic effects, it
is possible to perform calculation in view of factors of a
pharmaceutical-administration amountand anirradiation
power.

[0147] Alternatively, the correlation between concen-
tration and irradiation power during pharmaceutical ad-
ministration may be set as follows, instead of using a
standard condition, which is determined by experimen-
tally searching for a condition.

[0148] Fig. 24 is a diagram for explaining a method of
calculating PDT process level.

It is necessary to set the concentration (PS dose) and
the irradiation power | during pharmaceutical administra-
tion such that the amount of singlet oxygen generated in
the lowermost layer of a therapy-target tissue (in ellipse
of Fig. 25) per volume unit exceeds a threshold of the
amount of generated singlet oxygen, which induces cell-
death. In the formulae of Fig. 24 and Fig. 25, k, is indic-
ative of reaction rate constant, 1, is indicative of longevity
of T, under a no-oxygen atmosphere, o is indicative of
absorption cross-section, v is indicative of light speed in
a medium, [X] is indicative of concentration of a sub-
stance X, and T is indicative of the total irradiation time
of a therapeutic light in each irradiated site.

[0149] Fig. 25 shows formulae for setting concentra-
tion and an irradiation power during pharmaceutical ad-
ministration.

In the formulae, tis indicative of an irradiation time period
in each site, t' is indicative of an elapsed time after phar-
maceutical administration, and p is indicative of a light
density at depth d. Pharmaceutical concentration in a
tissue [S,]i(t) is a function of PS dose, time t, and time t’,
in which PS dose is concentration during pharmaceutical
administration (pharmaceutical amount with respect to
body weight). However, in general, pharmaceutical con-
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centration is unknown without actual measurement, most
of the time. However, at present, there is no useful meth-
od of actually measuring a temporal change of pharma-
ceutical concentration in a tissue of the same individual.
According to this embodiment, it is possible to actually
measure a temporal change of pharmaceutical concen-
tration in a tissue of the same individual.

[0150] Fig. 26 is a graph showing a PDT process level
calculated based on the formulae of Fig. 23.

By using the formulae of Fig. 23, itis possible to transform
fluorescence intensity (see Fig. 21) into PDT process lev-
el (PDT progress). The controller 150 starts to record, in
the storage 160, the temporal change ofthe PDT process
level as a log in which the calculated PDT process level
is in relation with time information obtained from a timing
measurement unit (not shown.). Further, the controller
150 records the peak value out of the recorded PDT proc-
ess level in the storage 160 as the peak-process-level.
Further, the controller 150 may create display information
of the temporal change of the PDT process level based
on the calculated PDT process level and the elapsed time
after the criterion time, which is the irradiation-start time
in each irradiated-site, and may output display instruction
including the created display information to the display
unit 170. The display unit 170 obtains the display instruc-
tion from the controller 150, and then displays the tem-
poral change of the PDT process level on the display
screen based on the display information included in the
display instruction. For example, the display unit 170 dis-
plays the temporal change of the PDT process level on
the display screen in a graph form shown in Fig. 26 or
Fig. 27.

[0151] Fig. 27 is a graph showing a modified example
of the graph of Fig. 26.

As shown in Fig. 27, the scale of the temporal change of
PDT process level may be fixed to 0 to 100. Here, O is
indicative of the background before pharmaceutical ad-
ministration, and 100 is indicative of the maximum fluo-
rescence intensity immediately after irradiation is started
at the time of high-power irradiation at a certain criterion
time.

[0152] With reference to Fig. 22 again, the controller
150 calculates the current-process-level (Step S201),
and then starts an estimating operation of the contact
state of the tip portion of the laser catheter (Step S202
to Step S205) .

[0153] The contact state is estimated based on the dif-
ference between the peak-process-level and the current-
process-level. Here, the principle will be described. In
the case of pinpoint-irradiating a cardiac-muscle tissue
by using a laser catheter, pharmaceutical is consumed
in the site (cardiac-muscle tissue), and, as a result, flu-
orescence intensity is decreased. Because PDT process
level is increased temporally as fluorescence intensity is
decreased, the current-process-level may be continu-
ously updated with the peak value (peak-process-level).
However, if the laser catheter is removed from a cardiac-
muscle tissue and drifts in blood, a fluorescence signal



41 EP 2 548 616 A1 42

in blood, whose pharmaceutical concentration is higher
than the pharmaceutical concentration in a cardiac-mus-
cle tissue, is added, and the fluorescence intensity is in-
creased. As the fluorescence intensity is increased, the
PDT process level is decreased. As a result, in the case
where the laser catheter drifts in blood, a difference be-
tween the current-process-level and the peak-process-
level, which should not be generated essentially, may be
generated. In this embodiment, the difference is used to
estimate a contact state.

[0154] First, the controller 150 compares the current-
process-level, which is calculated based on the formulae
of Fig. 23 in Step S201, with the peak-process-level re-
corded in the storage 160 (Step S202) . If the controller
150 determines that the current-process-level is equal to
or larger than the peak-process-level (Step S202, Yes),
the controller 150 updates the peak-process-level re-
corded in the storage 160 with the current-process-level
(Step S203) .

[0155] Meanwhile, if the controller 150 determines that
the current-process-level is less than the peak-process-
level (Step S202, No), the value of the current-process-
level, which should be the peak-process-level essential-
ly, is decreased below the peak-process-level. Specifi-
cally, the laser catheter is removed from a cardiac-mus-
cle tissue and drifts in blood, the fluorescence signal in
blood is added, and the fluorescence intensity is in-
creased.

[0156] Subsequently, the controller 150 subtracts the
current-process-level from the peak-process-level (Step
S204) . In the case where the peak-process-level is up-
dated with the current-process-level (Step S203), the
subtractionresultis 0, which means thatthe contact state,
which is confirmed at the low power (first intensity) before
the laser catheter starts therapeutic-light irradiation (Step
S106), is maintained, or means that the contact state
immediately after irradiation is started is maintained.
Meanwhile, in the case where the value of the current-
process-levelis decreased below the peak-process-level
(Step S202, No), the subtraction result is larger than 0,
which means that there is a gap between the laser cath-
eterand a cardiac-muscle tissue, thatis, means the slant-
ing-contact state or means that the laser catheter is
changed to the state where it drifts in blood.

[0157] The controller 150 creates display information
of the contact state of the tip portion of the laser catheter
based on the subtraction result, and outputs display in-
struction including the created display information to the
display unit 170. Specifically, the controller 150 visually
reflects the peak-process-level in the current-process-
level to thereby create display information for informing
of the contact state of the tip portion of the laser catheter,
based on the difference between the current-process-
level and the peak-process-level, and outputs display in-
struction including the created display information to the
display unit 170 (Step S205) . The display unit 170 ob-
tains the display instruction from the controller 150, and
then displays information of the contact state of the tip
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portion of the laser catheter on the display screen, based
on the display information included in the display instruc-
tion. For example, the display unit 170 displays informa-
tion of the PDT process level and of the contact state of
the tip portion of the laser catheter on the display screen.
[0158] Here, a display mode of information of the PDT
process level and of the contact state of the tip portion
of the laser catheter will be described.

Fig. 28 is a display window displaying the PDT process
level and the contact state of the tip portion of the laser
catheter.

[0159] The left graph in Fig. 28 (hereinafter, referred
to as time-waveform display) shows the temporal change
of PDT process level, and the scale is fixed to 0-100. The
right index in Fig. 28 (hereinafter, referred to as level-
meter display) simultaneously shows the current-proc-
ess-level and the peak-process-level, and shows the dif-
ference between the current-process-level and the peak-
process-level. Further, the numerical value (51 a.u.)
showing the current-process-level is simultaneously dis-
played.

[0160] Fig. 28 shows an example in which the peak-
process-level coincides with the current-process-level.
In the case where the peak-process-level coincides with
the current-process-level, there is no difference between
the peak-process-level and the current-process-level,
and difference is thus not displayed. In view of this, a
practitioner may recognize that the contact state of the
tip portion of the laser catheter is not changed from the
contact state, which is confirmed at the low power (first
intensity) before therapeutic-light irradiation is started
(Step S106), or from the contact state immediately after
irradiation is started.

[0161] Fig. 29is another display window displaying the
PDT process level and the contact state of the tip portion
of the laser catheter.

Fig. 29 is an example in which there is a difference be-
tween the peak-process-level and the current-process-
level. In the time-waveform display, the solid line shows
the temporal change of PDT process level, and the
dashed line shows the peak-process-level. In the exam-
ple shown in Fig. 29, after therapy is started, the controller
105 continuously updates the peak-process-level for
about 3 seconds, the current-process-level is decreased
after that, and the difference between the current-proc-
ess-level and the peak-process-level is generated.
[0162] In the level-meter display, the current-process-
level (27 a.u.) is displayed on the peak-process-level
(about 51 a.u.) in an overlapped manner. In view of this,
a practitioner may recognize the difference between the
peak-process-level and the current-process-level, which
is the hatched range in Fig. 29, as the change of the
contact state of the tip portion of the laser catheter. Spe-
cifically, the practitioner may recognize that the contact
state of the tip portion of the laser catheter has changed
from the contact state, which is confirmed at the low pow-
er (first intensity) before therapeutic-light irradiation is
started (Step S106), or from the contact state immedi-
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ately after irradiation is started, and that the tip portion
of the laser catheter is in a further-slanting-contact state
or in the non-contact state.

[0163] Fig. 30 is another display window displaying the
PDT process level and the contact state of the tip portion
of the laser catheter.

In the time-waveform display, after therapy is started, the
controller 105 continuously updates the peak-process-
level for about 1 second (arrow A). It means that PDT
progresses while maintaining the contact state, which is
confirmed atthe low power (firstintensity) before the laser
catheter starts therapeutic-light irradiation (Step S106),
or maintaining the contact state immediately after irradi-
ation is started. After that, the current-process-level is
decreased for a while (arrow B). It means that the laser
catheter is removed from a cardiac-muscle tissue grad-
ually, and the area of the tip portion of the laser catheter,
which contacts blood, is increased. During this period,
the controller 105 does not update the peak-process-lev-
el, and keeps on displaying, as the peak-process-level,
the peak-process-level immediately before the current-
process-level starts to be decreased (arrow C). A prac-
titioner refers to the display screen, recognizes that the
contact state of the tip portion of the laser catheter has
changed from the contact state, which is confirmed at
the low power (first intensity) before therapeutic-light ir-
radiation is started (Step S106), or from the contact state
immediately after irradiation is started, and then controls
the posture of the tip portion of the laser catheter. As a
result, when the laser catheter returns to the upright-con-
tact state, the current-process-level is continuously in-
creased for a while again (arrow D). When the current-
process-level exceeds the peak-process-level, the con-
troller 105 continuously updates the peak-process-level
with the current-process-level (arrow E). Fig. 30 shows
the case where the above-mentioned operations are re-
peated.

[0164] In the level-meter display, the current-process-
level (73 a.u.) is displayed on the peak-process-level
(about 80 a.u.) in an overlapped manner. As a result, a
practitioner may recognize the difference between the
peak-process-level and the current-process-level, which
is shown as the hatched range in Fig. 30, as the change
of the contact state of the tip portion of the laser catheter,
intuitively. Specifically, a practitioner may recognize in-
tuitively that the contact state of the tip portion of the laser
catheter has changed from the contact state, which is
confirmed at the low power (first intensity) before thera-
peutic-light irradiation is started (Step S106), or from the
contact state immediately after irradiation is started, and
that the laser catheter is removed from a cardiac-muscle
tissue and drifts in blood.

[0165] With reference to Fig. 22 again, a practitioner
refers to the PDT process level and the contact state of
the tip portion of the laser catheter, which are displayed
in Step S205, and determines whether to stop the mon-
itoring operation of PDT process level and a contact state,
or not. In the case of stopping the monitoring operation
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of PDT process level and a contact state, the practitioner
performs a predetermined input operation in the operat-
ing unit 180 to stop the monitoring operation. The oper-
ating unit 180 receives the instruction to stop the moni-
toring operation, which is input through the input opera-
tion by the practitioner, and outputs the received instruc-
tion to the controller 150. Based on the instruction from
the operating unit 180, the controller 150 stops the mon-
itoring operation (Step S206, Yes). Meanwhile, if the
practitioner does not perform the input operation in the
operating unit 180, the controller 150 continuously per-
forms the monitoring operation of PDT process level and
a contact state (Step S206, No).

[0166] According to this embodiment, the controller
150 visually reflects a peak-estimated-result (peak-proc-
ess-level) of a change of a tissue in a current-estimated-
result (current-process-level) of a change of a tissue, and
simultaneously informs a practitioner of the estimated
result of a change of a tissue and the contact state of the
tip portion of the laser catheter. As a result, a practitioner
may recognize the current-estimated-result (current-
process-level) of a change of a tissue and the contact
state of the tip portion of the laser catheter simultaneously
and intuitively. As a result, during therapeutic-light irra-
diation, a practitioner may recognize that the tip portion
of the laser catheter has been removed affected by heart-
beator breathinginreal time, and may control the posture
promptly. Simultaneously, a practitioner may understand
the PDT process level, which may vary according to in-
dividual variability and therapy-target sites, accurately in
real time, and perform the operation. A practitioner such
as adoctor needs to determine everything with reference
to a plurality of screens displaying, for example, radio-
scopic images and the like during an operation. So it is
helpful for a trouble-free operation by a practitioner to
display the current-estimated-result (current-process-
level) of a change of a tissue and the contact state of the
tip portion of the laser catheter in an intuitively-recogniz-
able mode.

<Seventh Embodiment>

[0167] The display mode of PDT process level and the
contact state of the tip portion of a laser catheter may be
a display mode different from the display mode shown in
each of the above-mentioned Fig. 28 to Fig. 30. Accord-
ing to the above-mentioned sixth embodiment, the peak-
process-levelis visually reflected in the current-process-
level, and a display window, which informs a practitioner
of the contact state of the tip portion of the laser catheter,
is displayed. Meanwhile, according to a seventh embod-
iment, a display window, which displays the current-proc-
ess-level and information to inform of the contact state
of the tip portion of a laser catheter separately, is dis-
played.

[0168] Fig. 31 is another display window displaying
PDT process level and the contact state of the tip portion
of a laser catheter.
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In the upper area of Fig. 31, the time-waveform display
showing the temporal change of PDT process level, the
level-meter display showing the current-process-level,
and the numerical value (51) showing the current-proc-
ess-level are displayed. In the lower area of Fig. 31, the
time-waveform display, which shows the temporal
change of the difference between the peak-process-level
and the current-process-level as the contact state of the
tip portion of a laser catheter, the level-meter display,
which shows the difference between the current-proc-
ess-level and the peak-process-level (51) as the current
contact state of the tip portion of the the laser catheter,
and the numerical value (0=51-51), which shows the con-
tact state, are displayed. Here, it is understood that, as
the numerical value showing the contact state is smaller,
the contact state of the tip portion of the laser catheter
changes less, and as the numerical value is larger, the
contact state of the tip portion of the laser catheter chang-
es more, and a gap between the laser catheter and a
cardiac-muscle tissue is larger. Because the numerical
value showing the contact state is 0, a practitioner may
recognize that the contact state of the tip portion of the
laser catheter has not changed.

[0169] Fig. 32 is another display window displaying
PDT process level and the contact state of the tip portion
of a laser catheter.

In the upper area of Fig. 32, the time-waveform display
showing the temporal change of PDT process level, the
level-meter display showing the current-process-level,
and the numerical value (27) showing the current-proc-
ess-level are displayed. In the lower area of Fig. 32, the
time-waveform display, which shows the temporal
change of the difference between the peak-process-level
(51) and the current-process-level as contact states of
the tip portion of the laser catheter, the level-meter dis-
play, which shows the difference between the current-
process-level and the peak-process-level as the current
contact state of the tip portion of the laser catheter, and
the numerical value (24=51-27), which shows the contact
state, are displayed. Because the numerical value show-
ing the contact state is 24, a practitioner may recognize
that the contact state of the tip portion of the laser catheter
has changed to the slanting-contact state.

<Eighth Embodiment>

[0170] According to the above-mentioned sixth em-
bodiment, as an index showing the contact state of the
tip portion of the catheter 300, the difference between
the peak-process-level and the current-process-level of
PDT is used. To the contrary, according to the eighth
embodiment, as an index showing the contact state of
the tip portion of the catheter 300, the difference between
the minimum value and the present value of fluorescence
intensity is used.

[0171] In this case, in the flowchart of Fig. 22, Step
S201 is omitted, and first, the controller 150 compares
the present value with the minimum value of fluorescence
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intensity (Step S202) . The controller 150 determines that
the present value of fluorescence intensity is equal to or
smaller than the minimum value (Step S202, Yes), and
then updates the minimum value of fluorescence inten-
sity with the present value (Step S203) .

[0172] Meanwhile, inthe case where the controller 150
determines that the present value of fluorescence inten-
sity is larger than the minimum value (Step S202, No),
the present value of fluorescence intensity, which ought
to be the minimum value essentially, rises above the min-
imum value.

Specifically, the laser catheter is removed from a cardiac-
muscle tissue and drifts in blood, and a fluorescence sig-
nal from blood is added to increase the fluorescence in-
tensity.

[0173] Subsequently, the controller 150 subtracts the
minimum value from the present value of fluorescence
intensity (Step S204). If the subtraction result is 0, the
laser catheter is in the identical contact state (upright-
contact state). Meanwhile, if the subtraction resultis larg-
er than 0, the laser catheter is removed from a cardiac-
muscle tissue and drifts in blood.

[0174] Subsequently, the controller 150 visually re-
flects the minimum value in the present value of fluores-
cence intensity, creates display information to inform of
the contact state of the tip portion of the laser catheter,
and outputs display instruction including the created dis-
play information to the display unit 170 (Step S205) .

<Ninth Embodiment>

[0175] According to the above-mentioned sixth em-
bodiment, during the excitation light is output with the
high-power second intensity, which is used for therapy,
the contact state of the tip portion of the laser catheter
with respect to an inner wall of a tissue is displayed in-
tuitively. To the contrary, according to the ninth embod-
iment, during the excitation light is output with the low-
power first intensity, the contact state of the tip portion
of the laser catheter with respect to an inner wall of a
tissue is displayed intuitively.

[0176] The low-power contact-monitoring operation is
performed in a waiting time (interval time) between ad-
ministration of pharmaceutical by intravenous injection
and the start of therapy by outputting the excitation light
with the second intensity. For example, the low-power
contact-monitoring operation is performed in Step S104
(pharmaceutical-concentration-monitoring operation) or
in Step S106 or S107 (contact-monitoring operation) in
the flowchart of Fig. 5 or Fig. 20. Further, the low-power
contact-monitoring operation may be performed every
time the excitation lightis output with the second intensity,
that is, every time before therapy is performed, or may
be omitted. Further, in the case where a patient is a hu-
man, if a therapy time period is long such as 3 hours, the
low-power contact-monitoring operation may be per-
formed again as correction. However, because it is con-
sidered that the pharmaceutical concentration is approx-
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imately constant in a basically-assumed average opera-
tion time, the low-power contact-monitoring operation is
performed in a waiting time (interval time) between ad-
ministration of pharmaceutical by intravenous injection
and the start of therapy by outputting the excitation light
with the second intensity.

[0177] Fig. 33 shows a formula for calculating the con-
tact level of the tip portion of the laser catheter with re-
spect to an inner wall of a tissue. Fig. 34 is a diagram for
explaining a method of calculating the contact level.

In Fig. 33, P4P is indicative of the fluorescence intensity
in the non-contact state, thatis, the fluorescence intensity
in blood, P4 is indicative of the fluorescence intensity in
the upright-contact state, that is, the fluorescence inten-
sity in a tissue, and P(t) is indicative of the fluorescence
intensity in an arbitrary contact state.

[0178] First, after pharmaceutical administration, a
practitioner disposes the tip portion of the laser catheter
in the non-contact state with respect to a tissue. When
the controller 150 obtains an excitation-light-output in-
struction from a practitioner via the operating unit 180,
the controller 150 outputs an excitation-light-output in-
struction with the first intensity to the light source 110,
and calculates the fluorescence intensity in the non-con-
tact state, that is, the fluorescence intensity Pﬂb in blood
(Fig. 34, point A), based on an electrical signal obtained
from the detection unit 130. Subsequently, the practition-
er disposes the tip portion of the laser catheter in the
upright-contact state with respect to a tissue. Similar to
the above, the controller 150 calculates the fluorescence
intensity in the upright-contact state, that is, the fluores-
cence intensity Pyt in a tissue (Fig. 34, point B). The con-
troller 150 subtracts the fluorescence intensity Pyt in a
tissue from the calculated fluorescence intensity Pgb in
blood, and sets the calculated value (PgP-Pgt) as the peak
value of the contact level.

[0179] Subsequently, a practitioner causes the tip por-
tion of the laser catheter to contact a tissue in an arbitrary
posture for therapy. The controller 150 obtains the exci-
tation-light-output instruction from a practitioner through
the operating unit 180, then outputs an excitation-light-
output instruction with the first intensity to the light source
110, and calculates the fluorescence intensity P(t) in the
arbitrary-posture contact state (Fig. 34, point C), based
on the electrical signal obtained from the detection unit
130.

The controller 150 starts to record, in the storage 160,
the temporal change of the fluorescence intensity as a
log in which the calculated fluorescence intensity is in
relation with time information obtained from the timing
measurement unit (not shown.). The controller 150 sub-
tracts the calculated fluorescence intensity P(t) from the
above-mentioned fluorescence intensity PgP in blood,
and sets the calculated value (Pg°-P(t)) as the current
contact level, which is a contact level with respect to the
peak value.

[0180] The controller 150 displays the contact level of
the tip portion of the laser catheter, which is calculated
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based on the formula of Fig. 33, in an intuitively-recog-
nizable mode.

For example, as shown in Fig. 34, the controller 150 may
cause the display unit 170 to display a display window,
in which the range up to the current-contact-level value
is displayed on the band showing the peak value of the
contact level in an overlapped manner, in a mode with
which a practitioner is capable of intuitively recognizing
the contact level (level-meter display).

[0181] Alternatively, the controller 150 may cause the
display unit 170 to display the time-waveform display and
the level-meter display in the display window in a mode
with which a practitioner is capable of intuitively recog-
nizing the temporal change of the contact level and the
current contact level. Further, the contact level calculated
by using the formula of Fig. 33 may be displayed as a
numerical value.

Fig. 35 is a display window showing a time-waveform
display and a level-meter display of a contact level.
[0182] Inthe time-waveform display, by displaying the
temporal change of the contact level of the tip portion of
the laser catheter with respect to a tissue with a scale of
0-100, a practitioner may recognize whether the tip por-
tion of the laser catheter is displaced affected by heart-
beat or breathing, and may control the posture promptly.
Further, in the level-meter display, by displaying the cur-
rent contact level of the tip portion of the laser catheter
in the intuitively-recognizable mode, a practitioner may
intuitively recognize the current contact state of the tip
portion of the laser catheter, which the practitioner cannot
see with the eyes actually. Note that, in the case where
the contact level exceeds the peak value (in this example,
100), it may be displayed that the contact level equals to
the peak value. Note that the current contact level may
only be displayed.

[0183] Here,the relation between the contact level and
the contact state of the tip portion of the laser catheter
with respect to a tissue will be described.

Fig. 36 is a schematic diagram showing contact states
of a laser catheter in a plurality of different contact levels
shown in Fig. 35.

[0184] As shown in Fig. 36, in the non-contact state,
in which the blood 15 exists between the tip portion of
the laser catheter and a tissue and in which the tip portion
is in blood, the contact level of the tip portion of the laser
catheter calculated by using the formula of Fig. 33 is, for
example, 12. In the slanting-contact state, in which the
tip portion of the laser catheter contacts a tissue in a
slanting manner and in which the blood 15 partially exists
in agap between the tip portion and the tissue, the contact
level is, for example, 55. In the upright-contact state, in
which the tip portion of the laser catheter contacts the
inner wall of the cardiac-muscle tissue 11 in an upright
manner, the contact level is, for example, 100. A practi-
tioner visually recognizes those contact-level values on
the time-waveform display and the level-meter display,
and, as a result, may intuitively recognize the current
contact state of the tip portion of the laser catheter. Fur-
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ther, a practitioner may recognize that the tip portion of
the laser catheter is displaced affected by heartbeat or
breathing, and may control the posture promptly.
[0185] The embodiments of the present invention are
not limited to the above-mentioned embodiments, and
other various embodiments are conceivable.

[0186] Although in the above-mentioned embodi-
ments, the laser the catheter 300 is detachably connect-
ed tothe connector 210 of the PDT apparatus 1, the laser
the catheter 300 may be provided on the PDT apparatus
1 integrally.

Although in the above-mentioned embodiments, the tube
200 is provided on the PDT apparatus main body 100
and the connector 210 is provided on the end of the tube
200, the connector 210 may be provided on the PDT
apparatus main body 100.

Although in the above-mentioned embodiments, the PBS
123 is used, a DM may be used instead.

[0187] Although in the above-mentioned embodi-
ments, the controller 150 informs a practitioner of infor-
mation to prompt the predetermined controls by using
the display unit 170, but is not limited to this. A speaker
unit may be provided on the PDT apparatus 1, and the
controller 150 may create a sound output instruction
when prompting a practitioner to perform the predeter-
mined controls, may output the created sound output in-
struction to the speaker unit, and may cause the speaker
unit to output sounds, to thereby prompt a practitioner to
perform the predetermined controls.

Description of Symbols

[0188]

1 photodynamic therapy (PDT) apparatus
100 PDT apparatus main body
110 light source

120, 120a  optical system

121 short pass filter

122 first lens

123 polarizing beam splitter (PBS)
124 long pass filter

125 second lens

126 first dichroic mirror (DM)

127 second dichroic mirror (DM)
130, 130a  detection unit

131 first photodiode (PD)

132 second photodiode (PD)

140 electrocardiograph

141 electrode pad

150 controller

160 storage

170 display unit

180 controller

200 tube

201 apparatus-attached optical fiber
210 connector

300 laser catheter
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301 irradiation light

310 catheter tube

320 holder

330 optical fiber

340 optical window

Claims

1. An estimating apparatus for irradiating a tissue hav-

ing absorbed photo-sensitive pharmaceutical, the
photo-sensitive pharmaceutical absorbing an exci-
tation light and emitting fluorescence, with the exci-
tation light emitted from a tip portion of a laser cath-
eter, comprising:

a connector to/from which the laser catheter is
capable of being attached/detached;

a light source for outputting the excitation light
to the laser catheter via the connector; and

a detection unit for detecting intensity of the flu-
orescence, the fluorescence being entered from
the laser catheter via the connector, to estimate
whether the tissue has changed because of re-
action between the excitation light emitted from
the tip portion of the laser catheter and the photo-
sensitive pharmaceutical absorbed in the tissue.

The estimating apparatus according to claim 1,
wherein

the detection unit detects intensity of the fluores-
cence, the fluorescence being entered from the laser
catheter via the connector, to simultaneously esti-
mate whether the tissue has changed because of
reaction between an excitation light emitted from the
tip portion of the laser catheter and the photo-sensi-
tive pharmaceutical absorbed in the tissue, and
whether a contact state of the tip portion of the laser
catheter with respect to the tissue has changed.

The estimating apparatus according to claim 2, fur-
ther comprising:

a controller for simultaneously estimating
whether the tissue has changed because of re-
action between an excitation light emitted from
the tip portion of the laser catheter and the photo-
sensitive pharmaceutical absorbed in the tissue,
and a contact state of the tip portion of the laser
catheter with respect to the tissue, based on the
detected intensity of the fluorescence.

The estimating apparatus according to claim 3,
wherein

the controller visually reflects a current-estimated-
resultofthe change of the tissue in a peak-estimated-
result of the change of the tissue, and outputs a sig-
nal for simultaneously informing of the estimated re-
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sult of the change of the tissue and the estimated
result of the contact state.

The estimating apparatus according to claim 4, fur-
ther comprising

storage for storing the peak-estimated-result of the
change of the tissue, wherein

the controller records the current-estimated-result of
the change of the tissue in the storage, updates, in
a case where the current-estimated-result of the
change of the tissue is equal to or larger than the
peak-estimated-result of the change of the tissue re-
corded in the storage, the peak-estimated-result of
the change of the tissue recorded in the storage with
the current-estimated-result of the change of the tis-
sue, and outputs a signal for simultaneously inform-
ing of the estimated result of the change of the tissue
and the estimated result of the contact state, by dis-
playing the current-estimated-result of the change
of the tissue on the updated peak-estimated-result
of the change of the tissue in an overlapped manner.

The estimating apparatus according to claim 1, fur-
ther comprising:

acontroller for estimating whether the tissue has
changed because of reaction between the exci-
tation light emitted from the tip portion of the la-
ser catheter and the photo-sensitive pharma-
ceutical absorbed in the tissue, based on inten-
sity of the detected fluorescence.

The estimating apparatus according to claim 6,
wherein

the controller outputs a signal for informing whether
the tissue has changed, based on the estimated re-
sult.

The estimating apparatus according to claim 6,
wherein

the controller outputs a signal to prompt to change
an irradiation condition of the excitation light, based
on the estimated result.

The estimating apparatus according to claim 6,
wherein

the controller obtains an electrocardiographic signal,
and estimates whether the tissue has changed,
based on a correlation between the electrocardio-
graphic signal and the intensity of the fluorescence.

An estimating apparatus for therapy for atrial fibril-
lation, for irradiating a cardiac-muscle tissue having
absorbed photo-sensitive pharmaceutical, the pho-
to-sensitive pharmaceutical absorbing an excitation
light and emitting fluorescence, with the excitation
light emitted from a tip portion of a laser catheter,
comprising:
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a connector to/from which the laser catheter is
capable of being attached/detached;

a light source for outputting the excitation light
to the laser catheter via the connector; and

a detection unit for detecting intensity of the flu-
orescence, the fluorescence being entered from
the laser catheter via the connector, to estimate
whether the cardiac-muscle tissue is changed
because of reaction between the excitation light
emitted from the tip portion of the laser catheter
and the photo-sensitive pharmaceutical ab-
sorbed in the cardiac-muscle tissue.

The estimating apparatus according to claim 10,
wherein

the detection unit detects intensity of the fluores-
cence, the fluorescence being entered from the laser
catheter via the connector, to simultaneously esti-
mate whether the cardiac-muscle tissue has
changed because of reaction between an excitation
light emitted from the tip portion of the laser catheter
and the photo-sensitive pharmaceutical absorbed in
the cardiac-muscle tissue, and whether a contact
state of the tip portion of the laser catheter with re-
spect to the cardiac-muscle tissue has changed.

The estimating apparatus according to claim 11, fur-
ther comprising:

a controller for simultaneously estimating
whether the cardiac-muscle tissue has changed
because of reaction between an excitation light
emitted from the tip portion of the laser catheter
and the photo-sensitive pharmaceutical ab-
sorbed in the cardiac-muscle tissue, and a con-
tact state of the tip portion of the laser catheter
with respect to the cardiac-muscle tissue, based
on the detected intensity of the fluorescence.

The estimating apparatus according to claim 12,
wherein

the controller visually reflects a peak-estimated-re-
sult of the change of the cardiac-muscle tissue in a
current-estimated-result of the change of the cardi-
ac-muscle tissue, and outputs a signal for simulta-
neously informing of the estimated result of the
change of the cardiac-muscle tissue and the esti-
mated result of the contact state.

The estimating apparatus according to claim 13, fur-
ther comprising

storage for storing the peak-estimated-result of the
change of the cardiac-muscle tissue, wherein

the controller records the current-estimated-result of
the change of the cardiac-muscle tissue in the stor-
age, updates, in acase where the current-estimated-
result of the change of the cardiac-muscle tissue is
equal to or larger than the peak-estimated-result of
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the change of the cardiac-muscle tissue recorded in
the storage, the peak-estimated-result of the change
of the cardiac-muscle tissue recorded in the storage
with the current-estimated-result of the change of
the cardiac-muscle tissue, and outputs a signal for
simultaneously informing of the estimated result of
the change of the cardiac-muscle tissue and the es-
timated result of the contact state, by displaying the
current-estimated-result of the change of the cardi-
ac-muscle tissue on the updated peak-estimated-re-
sult of the change of the cardiac-muscle tissue in an
overlapped manner.

15. An estimating method, comprising:

irradiating a tissue having absorbed photo-sen-
sitive pharmaceutical, the photo-sensitive phar-
maceutical absorbing an excitation light and
emitting fluorescence, with the excitation light
emitted from a tip portion of a laser catheter;
extracting the fluorescence corresponding to the
irradiated excitation light via the laser catheter;
and

estimating whether the tissue has changed be-
cause of reaction between the excitation light
emitted from the tip portion of the laser catheter
and the photo-sensitive pharmaceutical ab-
sorbed in the tissue, based on intensity of the
extracted fluorescence.

16. The estimating method according to claim 15, further

comprising:

simultaneously estimating whether the tissue
has changed because of reaction between an
excitation light emitted from the tip portion of the
laser catheter and the photo-sensitive pharma-
ceutical absorbed in the tissue, and a contact
state of the tip portion of the laser catheter with
respect to the tissue, based on the extracted in-
tensity of the fluorescence.

17. The estimating method according to claim 16, further

comprising:

visually reflecting a current-estimated-result of
the change of the tissue in a peak-estimated-
result of the change of the tissue, and outputting
a signal for simultaneously informing of the es-
timated result of the change of the tissue and
the estimated result of the contact state.

18. The estimating method according to claim 17, further

comprising:

recording the current-estimated-result of the
change of the tissue in storage, updating, in a
case where the current-estimated-result of the
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change of the tissue is equal to or larger than
the peak-estimated-result of the change of the
tissue recorded in the storage, the peak-estimat-
ed-result of the change of the tissue recorded in
the storage with the current-estimated-result of
the change of the tissue, and outputting a signal
for simultaneously informing of the estimated re-
sultof the change of the tissue and the estimated
result of the contact state, by displaying the cur-
rent-estimated-result of the change of the tissue
on the updated peak-estimated-result of the
change of the tissue in an overlapped manner.

The estimating method according to claim 15, further
comprising:

obtaining an electrocardiographic signal, and
estimating whether the tissue has changed,
based on a correlation between the electrocar-
diographic signal and the intensity of the fluo-
rescence.

An estimating method using photo-sensitive phar-
maceutical absorbing an excitation light and emitting
a fluorescence, a laser catheter capable of emitting
the excitation light from a tip portion, and an estimat-
ing apparatus including a connector to/from which
the laser catheter is capable of being attached/de-
tached and a light source for outputting the excitation
light to the laser catheter via the connector, compris-

ing:

absorbing, in a tissue, the photo-sensitive phar-
maceutical;

leading the tip portion of the laser catheter to the
tissue having absorbed the photo-sensitive
pharmaceutical, the laser catheter being at-
tached to the connector;

irradiating the tissue having absorbed the photo-
sensitive pharmaceutical with the excitation light
emitted from the tip portion of the laser catheter,
the excitation light being output from the light
source;

extracting the fluorescence corresponding to the
irradiated excitation light via the laser catheter;
and

estimating whether the tissue has changed be-
cause of reaction between the excitation light
emitted from the tip portion of the laser catheter
and the photo-sensitive pharmaceutical ab-
sorbed in the tissue, based on intensity of the
extracted fluorescence.

The estimating method according to claim 20, further
comprising:

simultaneously estimating whether the tissue
has changed because of reaction between an
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excitation light emitted from the tip portion of the
laser catheter and the photo-sensitive pharma-
ceutical absorbed in the tissue, and a contact
state of the tip portion of the laser catheter with
respect to the tissue, based on the extracted in- 5
tensity of the fluorescence.

22. The estimating method according to claim 21, further
comprising:
10
visually reflecting a current-estimated-result of
the change of the tissue in a peak-estimated-
result of the change of the tissue, and outputting
a signal for simultaneously informing of the es-
timated result of the change of the tissue and 75
the estimated result of the contact state.

23. The estimating method according to claim 22, further
comprising:

20
recording the current-estimated-result of the
change of the tissue in storage, updating, in a
case where the current-estimated-result of the
change of the tissue is equal to or larger than
the peak-estimated-result of the change of the 25
tissuerecorded in the storage, the peak-estimat-
ed-result of the change of the tissue recorded in
the storage with the current-estimated-result of
the change of the tissue, and outputting a signal
for simultaneously informing of the estimatedre- 30
sultofthe change ofthe tissue and the estimated
result of the contact state, by displaying the cur-
rent-estimated-result of the change of the tissue
on the updated peak-estimated-result of the
change of the tissue in an overlapped manner. 35

24. The estimating method according to claim 20, further
comprising:

obtaining an electrocardiographic signal, and 40
estimating whether the tissue has changed,
based on a correlation between the electrocar-
diographic signal and the intensity of the fluo-

rescence.
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FIG.32
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