1 DESCRIPTION DETERMINING APPARATUS AND DETERMINING METHOD Technical Field
5[0001]The present invention relates to a determining apparatus and a determining method that
determine a contact state of a tip portion of a laser catheter with respect to a therapy-target tissue.
Background Art 10[0002]Atrial fibrillation is known as a kind of tachyarrhythmia. A hyperexcited site,
which generates an electrical 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 15and contracts because of the
electrical pulse stimulation, to thereby cause an atrial fibrillation. [0003]As an atrial fibrillation
therapeutic method, the inventors have been propgégg%gB%' n of photodynamic therapy
(hereinafter, referred to as 20"PDT".) (for example, see Patént Document 1.). In PDT, a

cardiac-muscle tissue, whichhas:aasered phetosensiive phappaceulicakisirkadiatgg with an

excitation light by using a laser catheter, to thereby generate singlet oxygen. The singlet oxygen as a
strong 25oxidizer insults a cardiac-muscle tissue, which surrounds the hyperexcited site, to thereby
form an
Technical Field
5 [0001] The present invention relates to a
determining apparatus and a determining method that
determine a contact state of a tip portion of a laser
catheter with respect to a therapy-target tissue.
Background Art
10 [0002] Atrial fibrillation is known as a kind of
tachyarrhythmia. A hyperexcited site, which generates
an electrical 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
15 and contracts because 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
photodynamic therapy {(hereinafter, referred to as
20 "PDT".) (for example, see Patent Document 1.). In PDT,
a cardiac-muscle tissue, which has absorbed photo-
sensitive pharmaceutical, is irradiated with an
excitation light by using a laser catheter, to thereby
generate singlet oxygen. The singlet oxygen as a strong

25 oxidizer insults a cardiac-muscle tissue, which

surrounds the hyperexcited site, to thereby form an



2 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 10(forpexample, 8 to 48 hours) passes after photo-
sensitive pharmaceutical 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 pharmaceutical

concentration is low }[Sin other tissugs and blogq is stabkilshe}(%j, that i% when tQTe state where a
con Il WIN1C

i
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between the hyperexcited site and the left atrium is

5 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

10 (for example, 8 to 48 hours) passes after photo-
sensitive pharmaceutical 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 pharmaceutical concentration is low

15 in other tissues and blood is established, that is,
when the state where a so-called photo-sensitive
pharmaceutical contrast is high is established,
irradiation with the excitation light is started.
Further, recently, PDT, in which the accumulating

20 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.

25 [0005] Patent Document 1: WIPO Publication No.

2008/066126



3 Disclosure of the Invention Problem to be solved by the Invention [0006]In the field of circulatory
disease therapy, in order to ensure safety and reliability, it is 5important to determine, in real time, the
contact state of a tip portion of a laser catheter, which outputs an excitation light, with respect to a
tissue. Further, in the case where an intended tissue is a movable target such as a cardiac-muscle
tissue, in order to attain 10reliable therapy, it is necessary to determine the contact state in detail, that
is, whether the catheter follows the movement of the tissue. However, it is difficult to determine the
contact state of a tip portion of a catheter in blood in detail. 15[0007]In view of this, in the past, there is
known, for exampl% asrgf(tjhodrig w 'chlzla baﬂg\ggﬁgviged around a catheter blocks a blood vessel to
thereby temporarily bIGck 2 blood ﬁow, in‘which saline or the like is flowed from a catheter tip portion to

thereby 20secure agiraisparenizane, and-ir whigh thecatheter coptact state is observed by using an
angioscope. However, this method may lead to a peripheral-vesselischemia state. Because of this, by

using this method, it i®net] possille ta bbservel i weal tmectiiea2oaontadsiatecof the tip portion of the
catheter for a long time.

in order to ensure safety and reliability, it is

5 important to determine, in real time, the contact state

of a tip portion of a laser catheter, which outputs an

excitation light, with respect to a tissue. Further, in

the case where an intended tissue is a movable target

such as a cardiac-muscle tissue, in order to attain

10 reliable therapy, it is necessary to determine the
contact state in detail, that is, whether the catheter
follows the movement of the tissue. However, it is
difficult to determine the contact state of a tip
portion of a catheter in blood in detail.

15 [0007] In view of this, in the past, there is known,
for example, a method in which a balloon provided
around a catheter blocks a blood vessel to thereby
temporarily block a blood flow, in which saline or the
like is flowed from a catheter tip portion to thereby

20 secure a transparent zone, and in which the catheter
contact state is observed by using an angioscope.
However, this method may lead to a peripheral-vessel-
ischemia state. Because of this, by using this method,
it is not possible to observe, in real time, the

25 contact state of the tip portion of the cathetexr for a

long time.



4 [0008]In view of the above-mentioned circumstances, an object of the present invention is to provide
a determining apparatus and a determining method capable of safely determine the contact state of a
tip portion 50f a catheter with respect to a tissue in real time. Means for solving the Problem [0009]To
attain the above-mentioned object, a determining apparatus according to an embodiment of the
present invention is a determining apparatus for 10irradiaging a tissue having absorbed photo-sensitive
pharmaceutical, the photo-sensitive pharmaceutical absorbing an excitation light and emitting
fluorescence, or a tissue absorbing the excitation light and emitting fluorescence, with the excitation
light emitted from a F1](§6i86%0rtion gf a,\l{a&s&r} ca?eég in(‘llj%q;ng a connector, a li%ht source, and a
detection unit. The lasér cathetér s capa% eo %e%g atfeacﬁgafdle?a{l&\edc tOHTOM the Connector.

The light source outpuits,fhe.excitation lightto.2Qthe laser cathgter via the, copnedtge. , The detection

unit detects intensity or a spectrum of the fluorescence, the fluorescence being entered from the laser
catheter via the confieetarmtondetgrmineaviheiier thedigpadion:af kg lagencathetercopiasts 25the

tissue or not. [0010]By detecting the intensity or the spectrum of 5
of safely determine the contact state of a tip portion
5 of a catheter with respect to a tissue in real time.

Means for solving the Problem
[0009] To attain the above-mentioned object, a
determining apparatus according to an embodiment of the
present invention is a determining apparatus for

10 irradiating a tissue having absorbed photo-sensitive
pharmaceutical, the photo-sensitive pharmaceutical
absorbing an excitation light and emitting fluorescence,
or a tissue absorbing the excitation light and emitting
fluorescence, with the excitation light emitted from a

15 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

20 the laser catheter via the connector.

The detection unit detects intensity or a spectrum
of the fluorescence, the fluorescence being entered
from the laser catheter via the connector, to determine
whether the tip portion of the laser catheter contacts

25 the tissue or not.

[0010] By detecting the intensity or the spectrum of



the fluorescence entered from the laser catheter, it is possible to measure whether the tip portion of
the laser catheter contacts a tissue or not in real time. Further, by using a laser catheter used for
therapy, 5operability is improved. [0011]The determining apparatus may further include a controller for
determining whether the tip portion of the laser catheter contacts the tissue or not, based on intensity
or a spectrum of the detected fluorescence. 10[0012]By detecting the intensity or spectrum of the
fluorescence entered from the laser catheter, it is possible to determine whether the tip portion of the
laser catheter contacts the tissue or not in real time. [0013]The determining apparatus may further
include 15a controller for detetruining a contact angle in a state where the tip portion of the laser
catheter contacts thgehﬁssft;{eu&rc?e?ecr%nlﬁ%get]ﬁ%?%%%tiﬁ% 58%0%%0? tﬁg faser %é)t e egrefgﬂs o contact the

tissue, based on integsity g1 a speciium.efithe detegted fluprescence, 20[0Q141By detecting the

intensity or spectrum of the fluorescence entered from the laser catheter, it is possible to determine, in

real time, a contactiangiar-incdherstaterwheredhe tip portiar stithedaseieathater eantagtsibe tissue or
determine that the tip portion 250f the laser catheter fails to contact the tissue. [0015]The controller
may output a signaFtoioapt @10 tlsdmge a coasrt st bétirrtimpediohaf thétasepyatheter with
respect to the tissue, based on the determination result. [0016]As a result, it is possible to prompt a

Spractitioner to chaA§& TR& tdntatt dtdte BPHRSSer

[0011] The determining apparatus may further include
a controller for determining whether the tip portion of
the laser catheter contacts the tissue or not, based on
intensity or a spectrum of the detected fluorescence.
10 [0012] By detecting the intensity or spectrum of the
fluorescence entered from the laser catheter, it is
possible to determine whether the tip portion of the
laser catheter contacts the tissue or not in real time.
[0013] The determining apparatus may further include
15 a controller for determining a contact angle in a state
where the tip portion of the laser catheter contacts
the tissue or determining that the tip portion of the
laser catheter fails to contact the tissue, based on
intensity or a spectrum of the detected fluorescence.
20 [0014] By detecting the intensity or spectrum of the
fluorescence entered from the laser catheter, it is
possible to determine, in real time, a contact angle in
the state where the tip portion of the laser catheter
contacts the tissue or determine that the tip portion
25 of the laser catheter fails to contact the tissue.

[0015] The controller may output a signal to prompt



catheter in real time, based on the intensity or spectrum of the fluorescence entered from the laser
catheter. Note that to "output a signal” means to output a display instruction including display
10information to a display unit, or to output a sound output instruction to a speaker unit. [0017]The
controller may calculate an excitation-  light-irradiation protocol based on the intensity or the
spectrum of the detected fluorescence, and output a 15calculation result. [0018]As a result, it is
possible to inform a practitioner of the excitation-light-irradiation protocol in real time, based on the
intensity or spectrum of the fluorescence entered from the laser 20catheter. [0019]The light source
may output the excitation light with a first intensity when determining whether the tip pqrtion of the
laser catheter contétc?s ﬁqqeai Sueormo t gﬁf oﬁ%%\g eoégxc% Ao HghPRith %%s%gotﬁ_ ciantensity when

performing a photodynamic thesapy with respectiodbe fissue (Hhe second intepsinebeing 7 jarger than
the first intensity. [0020]Because it is possible to measure whether the  tip portion of the laser
catheter contacts adissdenf netwih the layi-power excitation light, the method is 5minimally-invasive.
[0016] As a result, it is possible to prompt a
5 practitioner to change the contact state of the laser
catheter in real time, based on the intensity or
spectrum of the fluorescence entered from the laser
catheter. Note that to "output a signal" means to
output a display instruction including display
10 information to a display unit, or to output a sound
output instruction to a speaker unit.
[0017] The controller may calculate an excitation-
light-irradiation protocol based on the intensity or
the spectrum of the detected fluorescence, and output a
15 calculation result.
[0018] As a result, it is possible to inform a
practitioner of the excitation-light-irradiation
protocol in real time, based on the intensity or
spectrum of the fluorescence entered from the laser
20 catheter.
[0019] The light source may output the excitation
light with a first intensity when determining whether
the tip portion of the laser catheter contacts the
tissue or not, and output the excitation light with a
25 second intensity when performing a photodynamic therapy

with respect to the tissue, the second intensity being



[0021]The controller may obtain an electrocardiographic signal, and determine a contact angle in a
state where the laser catheter contacts the tissue or determines that the laser catheter fails to
10contact the tissue, based on a correlation between the electrocardiographic signal and the intensity
of the fluorescence. [0022]By calculating the correlation between an electrocardiographic signal and
fluorescence intensity, 15it is possible to determine, in real time, whether the tip portion of the laser
catheter contacts the tissue or not. [0023]The controller may determine an abnormal situation of the tip
portion of the laser catheter, 20based on the intensity or the spectrum of the detected fluorescence.

[0024]By detectingfg(% inet%nsFl o1 s&gaectrggl %ftthe f@é)rrleslcgnce entered from the laser catheter, it is
possible to determine, mrea ime, an abnolmal Z5situationn which the tip portion of the laser

catheter contacts afgpeign substapee,jawhich the tilssinle to measure whether the

tip portion of the laser catheter contacts a tissue or
not with the low-power excitation light, the method is
5 minimally-invasive.
[0021] The controller may obtain an
electrocardiographic signal, and determine a contact
angle in a state where the laser catheter contacts the
tissue or determines that the laser catheter fails to
10 contact the tissue, based on a correlation between the
electrocardiographic signal and the intensity of the
fluorescence.
[0022] By calculating the correlation between an
electrocardiographic signal and fluorescence intensity,
15 it is possible to determine, in real time, whether the
tip portion of the laser catheter contacts the tissue
or not.
[0023] The controller may determine an abnormal

situation of the tip portion of the laser catheter,

20 based on the intensity or the spectrum of the detected
fluorescence.
[0024] By detecting the intensity or spectrum of the

fluorescence entered from the laser catheter, it is
possible to determine, in real time, an abnormal
25 situation in which the tip portion of the laser

catheter contacts a foreign substance, in which the tip



S portion of the laser catheter is broken, or the like [0025]A determining method according to an
embodiment of the present invention includes irradiating a tissue having absorbed photo-sensitive
5pharmaceutical, the photo-sensitive pharmaceutical absorbing an excitation light and emitting
fluorescence, or a tissue absorbing the excitation light and emitting fluorescence, with the excitation
light emitted from a tip portion of a laser catheter. 10The fluorescence corresponding to the irradiated
excitation light is extracted via the laser catheter. Whether the tip portion of the laser catheter
contacts the tissue or not is determined, based on intensity or a spectrum of the extracted

fluorescence. 15[0026 %Ié]detec ng tge }Lntensny or srg)ectrum. of t@e f&yoresce}pcg eer1t%_r§ Efarom the

laser catheter, it is Bcc))ss &'to detelmine ?vﬁ%ﬁe??ﬁe ||5 Ef){)rt'}osn of the Taser Catheter contacts the

tissue or not in real fime, d9027]The sletelmining methed ypay turther include 20cg|culating an

excitation-light-irradiation protocol based on the intensity or the spectrum of the extracted
fluorescence, and astpiditing arpalcidationeresud e028] Aswetesulinit ispassile to inform a practitioner
of an excitation-light-irradiation 25protocol in real time, based on the intensity or spectrum of the
fluorescence extraciete@ithtiaspra tissue having absorbed photo-sensitive

5 pharmaceutical, the photo-sensitive pharmaceutical
absorbing an excitation light and emitting fluorescence,
or a tissue absorbing the excitation light and emitting
fluorescence, with the excitation light emitted from a
tip portion of a laser catheter.

10 The fluorescence corresponding to the irradiated
excitation light is extracted via the laser catheter.

Whether the tip portion of the laser catheter

contacts the tissue or not is determined, based on
intensity or a spectrum of the extracted fluorescence.

15 [0026] By detecting the intensity or spectrum of the
fluorescence entered from the laser catheter, it is
possible to determine whether the tip portion of the
laser catheter contacts the tissue or not in real time.
[0027] The determining method may further include

20 calculating an excitation-light-irradiation protocol
based on the intensity or the spectrum of the extracted
fluorescence, and outputting a calculation result.
[0028] As a result, it is possible to inform a
practitioner of an excitation-light-irradiation

25 protocol in real time, based on the intensity or

spectrum of the fluorescence extracted via the laser



9 catheter. [0029]A determining method according to an embodiment of the present invention is a
determining method using photo-sensitive pharmaceutical absorbing 5an excitation light and emitting a
fluorescence, a laser 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
attached/detached and a light 10source for outputting thevsexcitation light to the laser catheter via the
connector. In a tissue, the photo-sensitive pharmaceutical is absorbed. The tip portion of
the laser catheter is led to 15the tissue having absorbed the photo-sensitive phamaceutical, the laser

catheter being atta%het tg tQ% connector.  The tissue having absorbed the photo-sensitive
phamaceutical is irradia e&wnh the excitation light 20emitted from the tip portion of the laser catheter,

the excitation light bejpg gutput fromythe light SOHECEn e + e HUIESEANES ¢yregponding to the

irradiated excitation light is extracted via the laser catheter.
embodiment of the present invention is a determining

method using photo-sensitive pharmaceutical absorbing
5 an excitation light and emitting a fluorescence, a
laser 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 attached/detached and a light
10 source for outputting the excitation light to the laser
catheter via the connector.
In a tissue, the photo-sensitive pharmaceutical is
absorbed.
The tip portion of the laser catheter is led to
15 the tissue having absorbed the photo-sensitive
pharmaceutical, the laser catheter being attached to
the connector.
The tissue having absorbed the photo-sensitive
pharmaceutical is irradiated with the excitation light
20 emitted from the tip portion of the laser catheter, the
excitation light being output from the light source.
The fluorescence corresponding to the irradiated
excitation light is extracted via the laser catheter.
Whether the tip portion of the laser catheter
25 contactg the tissue or not is determined, based on

intensity or a spectrum of the extracted fluorescence.



Whether the tip portion of the laser catheter 25contacts the tissue or not is determined, based on
intensity or a spectrum of the extracted fluorescence. 10 [0030]The determining method may further
include calculating an excitation-light-irradiation protocol based on the intensity or the spectrum of the
extracted fluorescence, and outputting a calculation result. 5Effect of the Invention [0031]According to
the present invention, it is possible to safely determine the contact state of a tip portion of a catheter
with respect to a tissue in real time. 10Brief Description of Drawings [0032][Fig. 1] A schematic
diagram showing a PDT apparatus according to a first embodiment of the present invention. [Fig.

2] A schematic diag QB‘%%HOWi ng &%ﬁﬁ;ﬁ%%g%tigé%]sﬁ étlte:zgci)g iﬁﬁ{%&%ﬁﬂ[g} Ai:r)%l %%l%$iag ram

i
showing a PDT apparatus main bo 1. VIEW e 1ip po the laser

catheter. 20[Fig. 5] @aﬂ%@ﬁ&ﬁ@mﬁiﬂg&@@{%@{?oq—tmgﬁpc-[irradiation protocol

based on the intensity or the spectrum of the extracted
fluorescence, and outputting a calculation result.

5 Effect of the Invention
[0031] According to the present invention, it is
possible to safely determine the contact state of a tip

portion of a catheter with respect to a tissue in real

time.
10 Brief Description of Drawings
[0032] [Fig. 1] A schematic diagram showing a PDT

apparatus according to a first embodiment of the
present invention.
[Fig. 2] A schematic diagram showing a laser catheter
15 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.
20 [Fig. 5] A flowchart showing operations of the PDT
apparatus.
[Fig. 6] A schematic diagram showing the laser
catheter inserted in a left atrium.
[Fig. 7] A graph showing the temporal change of
25 fluorescence intensity.

[Fig. 8] A graph showing the correlation between the



apparatus. [Fig. 6] A schematic diagram showing the laser catheter inserted in a left atrium. [Fig.
7] A graph showing the temporal change of 25fluorescence intensity. [Fig. 8] A graph showing the
correlation between the 11 fluorescence intensity and pharmaceutical concentration. [Fig. 9] A graph
showing the temporal change of the pharmaceutical concentration. [Figs. 10]Schematic diagrams each
showing a 5contact state of the laser catheter. [Fig. 11] Aagraph showing the temporal change of the
fluorescence intensity. [Fig. 12] Another graph showing the temporal change of the fluorescence
intensity. 10[Fig. 13] A schematic diagram showing a movement track of the laser catheter. [Fig. 14] A

diagram showing thg relation of ECG,.in racardti:ac pre surE, and corogagglood-flow volume, which is
dominant in the blosd- AW VoITMedn & Beardisd-niUstleRRatE2 G S 15FA diagPsHihbRing the

correlation petweenﬁﬁgesgqnceﬁ%qgg}{ aggﬁv-wet\%geq%lg;g&c%tﬁg;%ig the upyight-contact
state.  [Fig. 16] A diagram showing the correlation between
pharmaceutical concentration.
[Figs. 10] Schematic diagrams each showing a
5 contact 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.

10 [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 volume,
which is dominant in the blood-flow volume in a

15 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

20 fluorescence intensity and R-wave when the laser
catheter is in the slanting-contact state.
[Fig. 17] A block diagram showing an optical system, a
detection unit, and the like of a second embodiment of
the present invention.

25 [Figs. 18] Schematic diagrams each showing a

contact state of a laser catheter in an intravascular



20fluorescence intensity and R-wave when the laser catheter is in the slanting-contact state. [Fig. 17]
A block diagram showing an optical system, a detection unit, and the like of a second embodiment of
the present invention. 25[Figs. 18]Schematic diagrams each showing a contact state of a laser
catheter in an intravascular 12 lumen. [Fig. 19] A graph showing the relation between wavelength and
fluorescence intensity. Best Modes for Carrying Out the invention 5[0033]Hereinafter, embodiments of
the present invention will be described with reference to the drawings. In the embodiments, the case
where a photodynamic therapy apparatus (hereinafter referred to as "PDT apparatus".) is used as a
determining apparatus 10will be described. [0034]<First Embodiment> Fig. 1 is a schematic

diagram showing a Iallpparatus according to a first embodiment of the present invention. 15The
PDT apparatus 1 ir;?t!ﬂ’%?? & BT anparatys main:hody, 100, atube 200 sonnected 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 hollowtdhe, 1andisicapadlef luorescence intensity.
Best Modes for Carrying Out the Invention
5 [0033] Hereinafter, embodiments of the present
invention will be described with reference to the
drawings. In the embodiments, the case where a

photodynamic therapy apparatus (hereinafter referred to

as "PDT apparatus".) is used as a determining apparatus
10 will be described.
[0034] <First Embodiments

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

15 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

20 of transmitting light via an inner apparatus-attached
optical fiber 201 (see Fig. 3.).

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

[0035] Photo-sensitive pharmaceutical is
25 administered to a patient 2. 1In the case of being

administered by intravenous injection, the administered



20of transmitting light via an inner apparatus-attached optical fiber 201 (see Fig. 3.).  Alaser
catheter 300 is detachably connected to the connector 210. [0035]Photo-sensitive pharmaceutical is
25administered to a patient 2. In the case of being administered by intravenous injection, the
administered 13 photo-sensitive pharmaceutical diffuses in the blood, and then a tissue such as a
cardiac-muscle tissue absorbs the pharmaceutical. A dose of photo-sensitive pharmaceutical
necessary for therapy may be 5administered 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 ma}/lgg administetrfd |OCZ#!¥. Photosensiti}(e (ﬁ)hg%gwaceuti,cal ishph%g\ac utical that

. o~-Sensil Ve rmaceutic 1 uses 1
absorbs 10light ha\ﬁng a certain Waveleng ISP Stoexcited, and beeomes fluorescent For example,

pharmaceutical called {alaparfin.sqdium (Lasernhyra (cegistered trademark), MeiliQg., Ltd.) is

employed. Because the Q-band absorption wavelength of this pharmaceutical is near 15664 nm, an
excitation light sourgpderthis piharmaceutisalawiti, dan example: £904e §00-1H - praterabhy&60 to 680

nm, or more preferably 664 plus or minus 2 nm is used. [0036]Fig. 2 is a schematic diagram showing a
laser pharmaceutical necessary for therapy may be
5 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 pharmaceutical that absorbs
10 light having a certain wavelength, is photoexcited, and
becomes fluorescent. For example, pharmaceutical called
talaporfin sodium (Laserphyrin (registered trademark),
Meiji Co., Ltd.) is employed. Because the Q-band
absorption wavelength of this pharmaceutical is near
15 664 nm, an excitation light source for this
pharmaceutical with, for example, 600 to 800 nm,
preferably 660 to 680 nm, or more preferably 664 plus
or minus 2 nm is used.
"[0036] Fig. 2 is a schematic diagram showing a laser
20 catheter inserted in a heart.

The laser 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 catheter 300, which
has reached the right atrium 14, penetrates a septum,

25 and is led to a left atrium 13.

[0037] [Configuration of PDT apparatus main body]



20catheter inserted in a heart. The laser 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 catheter 300, which has reached the
right atrium 14, penetrates a septum, 25and is led to a left atrium 13. [0037][Configuration of PDT
apparatus main body] 14 Fig. 3 is a block diagram showing the PDT apparatus main body. The PDT
apparatus main body 100 includes a light source 110, an gptical system 120, a detection unit 130, 5an
electrocardiograph 140, a controller 150, storage 160, a display unit 170, and an operating unit 180.
[0038]The light source 110 outputs an excitation light for photo-sensitive pharmaceutical. The
wavelength of the light output by ghe Iigf(]it %)frceiil 0 10Qis the same as tq:%gl%%r%d absorption

wavelength of the photo-seﬁgﬁve pﬁgrmaceu?i%al. or )rﬁ%p e,clbr‘f the case where photo-sensitive

pharmaceutical whasg Q-hand.absorptiopwavelength is near 664 nm is used, a semiconductor laser
with the emission wavelength of 600 15to 800 nm, preferably 660 to 680 rim, or more preferably
The PDT apparatus main body 100 includes a light

source 110, an optical system 120, a detection unit 130,
5 an electrocardiograph 140, a controller 150, storage

160, a display unit 170, and an operating unit 180.

[0038] The light source 110 outputs an excitation

light for photo-sensitive pharmaceutical. The

wavelength of the light output by the light source 110

10 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 laser with the emission wavelength of 600

15 to 800 nm, preferably 660 to 680 nm, or more preferably
664 plus or minus 2 nm is used as the light source 110.
The excitation light output by the light source 110
enters the laser catheter 300 via the optical system
120.

20 [0039] The optical system 120 allows the excitation
light, which is emitted from the light source 110, to
enter the laser catheter 300, which is connected to the
connector 210 via the apparatus-attached optical fiber
201. The optical system 120 extracts, from the laser

25 catheter 300, fluorescence emitted from photo-sensitive

pharmaceutical, which is irradiated with the excitation



664 plus or minus 2 nm is used as the light source 110. The excitation light output by the light source
110 enters the laser catheter 300 via the optical system 120. 20[0039]The optical system 120 allows
the excitation light, which is emitted from the light source 110, to enter the laser catheter 300, which is
connected to the connector 210 via the apparatus-attached optical fiber 201. The optical system 120
extracts, from the laser 25catheter 300, fluorescence emitted from photo-sensitive pharmaceutical,
which is irradiated with the excitation 15 light, and allows the fluorescence to enter the detection unit
130. The optical system 120 includes a short pass filter 121, a first lens 122, a polarizing beam splitter
(hereinafter referred to sg "PBS&.) 1%;&3%% I%rigep%%s filter 124, and a second Ie@§}125. The short

pass filter 121 isas A0t -vx/av%féng?h ansmission %le?%ﬁ}cg%ﬁ%ntv?/a\?égﬁgth %70 rim, and cuts

long-wavelength ragiation The exgitatiopslight frama t%%kqmépug%% 110 has ghe fadiglipn; 5
10component in the fluorescence observation wavelength range (long-wavelength side of peak
wavelength). In viewref thispthes adiatioa:conmaonent of the-excitasion dight in the lengrwavejength side
is cut at the stage prior to collecting the light in the laser catheter 300. 15The excitation light, which
has passed the shdrepasshillartir entees eHafirfst tansrEfe rredhedirsideti®B22 collddds the
excitation Ig:;ht, which has entered from the short pass filter 121, on one edge of the laser catheter 300.

Further, the first 202D EARRtAUdrBEcermee frGMdné tip§soriich ofns 125.

The short pass filter 121 is a short-wavelength
transmission filter with a cuton wavelength of 670 nm,
and cuts long-wavelength radiation. The excitation
light from the light source 110 has the radiation

10 component in the fluorescence observation wavelength
range (long-wavelength side of peak wavelength). In
view of this, the radiation component of the excitation
light in the long-wavelength side is cut at the stage
prior to collecting the light in the laser catheter 300.

15 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 catheter 300. Further, the first

20 lens 122 collects fluorescence from the tip portion of
the laser 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 apparatus main body 100 side, off

25 the inside of the connector 210, and off the tip

portion of the laser catheter 300, and enters the PBS



the laser 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 apparatus main body 100
side, off 25the inside of the connector 210, and off the tip portion of the laser catheter 300, and enters
the PBS 16 123 as specular reflection light. The specular reflection light is noisy when detecting
fluorescence. By using polarization differences, the RBS 123 allows the specular reflection light,
which has 5reflected off an edge of the optical fiberthe 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 Ii reflected off-the otr% edcgfef 10§nd ggr_]gs% em to a detecting device. The

fluorescence, which has %gsssé)c? ﬁ}%lﬁﬁsrl %een erdsjrt]he ﬁo%g pass ifter™ 54 %ﬁong pass filter 124

causes the specula sfieciipg it whigh has ieflesied alf harinsida oL L5the qopaedlan2Lo and the

tip portion of the laser catheter 300, out of the light entered from the PBS 123, not to pass through,
allows only the fluoresceneg ta passythsough; iattbringsithe fhiosescence tb dhedstecting device. The
fluorescence, which has passed
allows the specular reflection light, which has
5 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,
10 and brings them to a detecting device. The fluorescence,
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
15 the connector 210 and the tip portion of the laser
catheter 300, out of the light entered from the PBS 123,
not to pass through, allows only the fluorescence to
pass through, and brings the fluorescence to the
detecting device. The fluorescence, which has passed
20 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.

25 [0040] The detection unit 130 is, for example, a

linear image sensor, and spectroscopically detects the



20through 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. 25[0040]The
detection unit 130 is, for example, a linear image sensor, and spectroscopically detects the 17
fluorescence entered from the optical system 120. That is, the detection unit 130 detects the light
having the excitation wavelength, and detects the fluorescence from the photo-sensitive
pharmaceutical, which is a 5light 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 controller 150. [0041]An electrode pad 141 is connected to the 10electrocardiograph 140 via an
electrode code (noltgs %Ov%n%.sﬁ“ﬁg Ce?ec?%%%ﬁﬁc%graﬁﬁﬁﬁ%gbtg glfnagleg%gggrraio!ngrgzéphicils?gantal of the
patient 2 via the electrodepadsldls which, is atfachesfodhe patient2,and v the glecligde gode, and
supplies the obtained 15electrocardiographic signal to the controller 150. [0042]The controller 150
controls the respective unis obihesRBDE bppataiusdnd det dbecortiollen 13 ealculates fluorescence

intensity based on the electrical signal obtained from 20the detection unit 130. The controller 150
calculates from the photo-sensitive pharmaceutical, which is a
5 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 controller 150.

[0041] An electrode pad 141 is connected to the
10 electrocardiograph 140 via an electrode code (not
shown). The electrocardiograph 140 obtains an

electrocardiographic signal of the patient 2 wvia the
electrode pad 141, which is attached to the patient 2,
and via the electrode code, and supplies the obtained
15 electrocardiographic signal to the controller 150.
[0042] The controller 150 contreols the respective
units of the PDT apparatus 1.
The controller 150 calculates fluorescence
intensity based on the electrical signal obtained from
20 the detection unit 130. The controller 150 calculates
pharmaceutical concentration in the tissue or in the
blood based on the calculated fluorescence intensity
(pharmaceutical-concentration-monitoring operation) .
The controller 150 determines whether to additionally
25 administer the pharmaceutical or not based on the

calculated pharmaceutical concentration.



pha laceutical concentration in the tissue or in the blood based on the calculated fluorescence intensity
(pharmaceutical-concentration-monitoring operation). The controller 150 determines whether to
additionally 25administer the pharmaceutical or not based on the calculated pharmaceutical
concentration. 18 The controller 150 determines the contact state of the laser catheter 300 with
respect to the tissue based on the electrical signal obtained from the detection unit 130
(contact-monitoring operation). 5The controller 150 determines, based on change of the fluorescence
intensity during excitation light irradiation, whether an abnormal situation such as a foreign substance

or a breakage occurs or not and detemg[rﬂ:s the ¢ t%gidal effect forggn-
10substance/breakage-monitorifig dperation: and Lytcidai efes-detemifing SterSiighy STRE

controller 150 controlsdhe light soureg 140,10 step {rradiating the gxcitation. lighthased op .. 4

determination results. The controller 150 determines whether an electric- 15conduction block is formed

or not based on an gtectiical sighat ebtainedsiomdhe setectioaanit 30 and based en abn
electrocardiographic signal obtained from the electrocardiograph 140

(electric-conductionbiock-foFrAaticrrdéternimiog bperation) RoFhetdantioller 150 outputs, to the
display unit 170, display instructions to display the above- mentioned various calculation results, the
above-mentioned various d&@rafTatbh esdltst aRdIRFBEE e fmatisit B [0tu I tRESRrade 160 is a

nonvolatile memory, and . . , . . .
ytﬁe fluorescence intensity during excitation light

irradiation, whether an abnormal situation such as a
foreign substance or a breakage occurs or not, and
determines the cytocidal effect (foreign-

10 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 results.

The controller 150 determines whether an electric-

15 conduction block is formed or not based on an
electrical signal obtained from the detection unit 130
and based on an electrocardiographic signal obtained
from the electrocardiograph 140 (electric-conduction-
block-formation determining operation).

20 The controller 150 outputs, to the display unit
170, display instructions to display the above-
mentioned various calculation results, the above-
mentioned various determination results, and various
information.

25 [0043] The storage 160 is a nonvolatile memory, and

is set in, for example, a flash memory, an HDD (Hard



is set in, for example, a flash memory, an HDD (Hard 19 Disk Drive), or another solid memory. The
controller 150 records, in the storage 160, temporal change of fluorescence intensity, in which
information on fluorescence intensity obtained from the detection unit 5130 is in relation with time
information obtained from a timing measurement unit (not shown), which measures the elapsed time
after a criterion time such as excitation-light-irradiation stagt time. The controller 150 records, in the
storage 160, electrocardiograms in 10which infonation on an electrocardiographic signal obtained from
the electrocardiograph 140 is in relation with time information. [0044]The display unit 170 is a display
device, which uses, for example, a liquid-crystal display 15device or the like. When th r?is lay unit

P ¥ 119 g dlisp

h eaﬁg%ﬁ%hitf dlcs%%%? e§1display

170 obtains display |rl1§t]Fuc9i16n\§€i‘?dm je ontrolfer 10;
screen, for exampleﬂg@fopggg%gp flugresgence inte ;géity_1 Mgr@gm%gg@ncq{ggé%ca&yographic

signal, time 20information, and the like, based on display information in the display instructions.
[0045]The operating und AS9Jesewes mstrustions, imwhieh are npesthiaugbaperations by a

practitioner, and outputs the received instructions to the controller 25150. The instructions include, for
example, instructioris tootoes oafofetherexeitatidry lighttoutpgtld from the detection unit
5 130 is in relation with time information obtained from
a timing measurement 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
10 which information on an electrocardiographic signal
obtained from the electrocardiograph 140 is in relation
with time information.
[0044] The display unit 170 is a display device,
which uses, for example, a liquid-crystal display
15 device or the like. When the display unit 170 obtains
display instructions from the controller 150, the
display unit 170 displays, on a display screen, for
example, information on fluorescence intensity,
information on an electrocardiographic signal, time
20 information, and the like, based on display information
in the display instructions.
[0045] The operating unit 180 receives instructions,
which are input through operations by a practitioner,
and outputs the received instructions to the controller
25 150. The instructions include, for example,

instructions to turn on/off the excitation light output



20 from the light source 110, to change intensity, and the like. As intensity of the excitation light, it is
possible to select at least one of two levels of intensity including a first intensity, which has a low
5power (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 whepd Omonitoring the pharmaceutical
concentration and the contact state of the laser 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 valgiable. é}\?éool% S{_Eructure of Ials:fag ca hete[;l]l The tp;e lase cathetecg 390 outputs
an excitation light fron the ip pof't n. SOE@?% i5 a sectiond va}él\ﬁ%h%){/lvlr?gn e tYp’ pg'rrﬁon o]flﬁwe laser

catheter. 20The lasey cathetgr 30Q ingludes a atheter twbe 310, a holder 320, an;opfigal fiber 330,
and an optical window 340. [0047]The catheter tube 310 is a soft hollow tube, and is led to the inner
wall of a cardiac-mpsgle tissue 2ookthedieartl0 vttnetpaient 2 Thesatherentabe8310
intensity including a first intensity, which has a low
5 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
10 monitoring the pharmaceutical concentration and the
contact state cof the laser catheter 300 before therapy.
The second intensity i1s selected when therapy is
conducted. Note that the first intensity is a fixed
value, and the second intensity may be variable.
15 [0046] [Structure of laser catheter]
The the laser catheter 300 outputs an excitation
light from the tip portion.
Fig. 4 is a sectional view showing the tip portion
of the laser catheter.
20 The laser catheter 300 includes a catheter tube
310, a holder 320, an optical fiber 330, and an optical
window 340.
[0047] The catheter tube 310 is a soft hollow tube,
and is led to the inner wall of a cardiac-muscle tissue
25 of the heart 10 of the patient 2. The catheter tube 310

has the optical fiber 330 therein.



has the optical fiber 330 therein. 21 [0048]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.
5[0049]The optical fiber 330 is, for example, one quartz step index fiber having a core diameter of 133
pm and an outside diameter of 500 4m. The optical fiber 330 transmits the excitation light from the
PDT apparatus 1. The optical fiber 330 outputs the 10 teamsmitted 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 orked such that the b diameter of the irradiation light 301 appropriately
increases. The optiérgl§ (%de 330 t%%%r%}%%t(ég]ﬁu%?e@scjé%cgl\fv clc)ci:hlgl'so an?fﬁeg ?r%ﬂr}lgﬁﬁdio-%bﬁr%itive

pharmaceutical absprhed inadissye aod iHagiateq with anexciiation light; fo the;RRT 20appaatus 1.
[0050]The optical window 340 is provided on the outermost of the tip portion of the laser catheter 300
such that the opticabpirdevt 34@rsioptically cennecteskipdbe tipof the opticaldiber 38R ENe optical
window 25340 is made from a solid transparent material, for example, a glass material such as BEG.
The optical 22 310.

5 [0049] The optical fiber 330 is, for example, one
quartz step index fiber having a core diameter of 133
pm and an outside diameter of 500 um. The optical fiber
330 transmits the excitation light from the PDT
apparatus 1. The optical fiber 330 outputs the

10 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

15 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
irradiated with an excitation light, to the PDT

20 apparatus 1.

[0o050] The optical window 340 is provided on the
outermost of the tip portion of the laser catheter 300
such that the optical window 340 is optically connected
to the tip of the optical fiber 330. The optical window

25 340 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
5fluorescence, which is emitted from the photo-sensitive pharmaceutical, on the tip of the optical fiber
330. [0051]In order to detect fluorescence with a high SN (Signal-Noise) ratio, there is known a
method of separately providing an irradiation fiber and aZl®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].). 15Meanwhile, in the case of
performing intracardiac herar;% 1g)r diagaposis, irnaggjae{ to increase. the CLﬁature 8(1% laser catheter, it is

desirable that the diametar of a laser cathetér56 smafl fh tﬁ%%%%@%f%roﬁ&'i%g a plurality of optical

fibers in a laser 20cathetgr, £@£Qr9pii§@ﬁ'xf£be§ ﬁpumg%fpl@gd&ﬁ@ﬁgnglyoﬁngﬁégs&ggtg@aving a

necessary intensity may not be transmitted. In view of the above, in diseases requiring intracardiac
approaches such asjspesificaliy1atralbfibridatjor ang yestriculasdigtier, itisedesieddhat one optical

fiber be in a laser catheter. Further,
window 340 as a light-receiving section collects the
5 fluorescence, which is emitted from the photo-sensitive
pharmaceutical, on the tip of the optical fiber 330.
[0051] In order to detect fluorescence with a high
SN (Signal-Noise) ratio, there is known a method of
separately providing an irradiation fiber and a

10 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].).

15 Meanwhile, in the 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 catheter be small. In the case of
providing a plurality of optical fibers in a laser

20 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

25 fibrillation and ventricular flutter, it is desired

that one optical fiber be in a laser catheter. Further,



23 because it is necessary to detect fluorescence at intensity with a low power so as not to affect a
living body, it is necessary to form a measurement system with a high SN (Signal-Noise) ratio by using
one optical 5fiber. [0052]In view of the above, according to the PDT apparatus 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 10filter 121 further removes a lomng-wavelength-side radiation component of a
excitation light. With this structure, in the laser catheter 300, while the one optical fiber 330 doubles an
irradiation fiber and a detection fiber, the detection unit 130 can detect 15fluorescence with a high SN
ratio. As a result, it {)se%ossible to detect fluorescence with a low paower so as not to affect a living body.

Therefore, in the thBfapy aitd diaghSsis of SFEMATr Qistabas fit i poEsii& 8 berfatat

mrimaly-invasive dRdoRsas Wit poedar A0MRe Jaser catisleniin 20 106Teased SURBlG,
[0053][Operations of PDT apparatus]  Next, operations of the PDT apparatus 1 configured as
described above wilde,desctibed. necessalrig. 8ds adlpwcharshowiegmenerations ohthgi2PDT
apparatus. [0054]The operations of the PDT apparatus 1 will be 24 described in the following order of

(1) to (6). a high SN (Signal-Noise) ratio by using one optical
5 fiber.
[0052] In view of the above, according to the PDT

apparatus 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
10 filter 121 further removes a long-wavelength-side
radiation component of a excitation light. With this
structure, in the laser catheter 300, while the one
optical fiber 330 doubles an irradiation fiber and a
detection fiber, the detection unit 130 can detect
15 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, 1t is possible
to perform minimally-invasive diagnoses with an extra-
20 fine laser catheter with an increased curvature.
[0053] [Operations of PDT apparatus]
Next, operations of the PDT apparatus 1 configured
as described above will be described.
Fig. 5 1is a flowchart showing operations of the
25 PDT apparatus.

[0054] The operations of the PDT apparatus 1 will be



(1) Preparation for PDT (Step 5101 to Step 5103) (2) Pharmaceutical-concentration-monitoring
operation (Step 3104 to Step 3105) 5In the phaaceutical-concentration-monitoring operation, the light
source 110 outputs an excitation light with a first intensity, and the controller 150 constantly calculates
the pharmaceutical concentration based on fluorescence intensity detected by the 10detection unit
130, and determines whether to additionally administer glarmaceutical or not based on the calculated
pharmaceutical concentration. (3) Contact-monitoring operation (Step 5106 to Step 5108) 15In the
contact-monitoring operation, the light source 110 outputs the excitation light with the first intensity,
and the controller 150 deterkr)niges thet%ontgc%sltate.of the I%[ser ca eﬁr 300 W(%tg respect to a tissue
inner wall based on u%?gslce%cejﬁensﬁy 8 et%‘?:’f‘er%)gb)(/3 the det8ctio &ni%?LS , ﬁﬁd calculates

excitgtion-light-irradiation qrﬂo%{jg@gﬁg&iggg%%e(Ig(ggp a1 to ste 5103)
Foreign-substance/breakage-monitoring operation (Step 8109 to Step 3112) 25In the

foreign-substance/breakage mopiging epetatieon] theohght:seusae B0 autputstherexcitation 25 light
with a second intensity, and the controller 150 determines whether a foreign substance adheres to the

tip of the laser cathetee 880 fonsdrfitepasorbdr ot aitfurihiep determines whether a breakage occurs
in the vicinity of the tip of the laser catheter 300 or not, during laser-irradiation at appropriate therapy
protocols, Pased on the flubfesdehcBliRtER3RFEHEfCRd FP R AEEREPTNR2BHOr 1ng

operation, the light source 110 outputs an excitation
light with a first intensity, and the controller 150
constantly calculates the pharmaceutical concentration
based on fluorescence intensity detected by the

10 detection unit 130, and determines whether to
additionally administer pharmaceutical or not based on
the calculated pharmaceutical concentration.

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

15 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 catheter 300 with respect to
a tissue inner wall based on fluorescence intensity

20 detected by the detection unit 130, and calculates
excitation-light-irradiation protocols (intensity, time,
and the like).

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

25 In the foreign-substance/breakage-monitoring

operation, the light source 110 outputs the excitation



(5) Cytocidal-effect-determining operation (Step 10S113) 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 15which 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 operatians(Step 8114 to Step 3117) 20An
electric-conduction block is, as described above, a block in which cardiac-muscle tissues surrounding
a hyperexcited site are necrotized, and in which conduction of electrical pulses from the hyperexcited
site to the left atriunl; is blocked. Here, 25it is_ determined whether. an electric-conduction block is

formed or not by ca cufa an‘f’]b?/}%hg c%ﬁﬁ8ﬁ1edr, %tt%ﬁ%?éqicr%ﬁ%et&%ﬁa%?ﬂ%f) %gﬁcelhrﬁ?ensity used
in the oytocidal-effegk:detarminiao ppetaiion (Slep,513), andisledtoqardipgianhic wave gata. In

some cases, the laser catheter may be relocated in the electric- 5 conduction block, the intensity of

the light source 110cmayde elrangegde:the fitstdrtensity @anddhe simiarfrasess mayheerformed,
to thereby determine whether an electric-conduction block is formed or not. [0055][(1) Preparation for

PDT] 10Fig. 6 is a sochénfatictdiagrade showingess |asbe tatheter ibsertdthipen fefcatriomin thiest, a
practitioner such as a doctor inserts the laser catheter 300 in the heart 10 via a femoral vein or a
jugular veirrof the patiehf:2E¥h&fip poftidnier ©f the laser catheter 300 or not,

during laser-irradiation at appropriate therapy
protocols, based on the fluorescence intensity detected
by the detection unit 130.

(5) Cytocidal-effect-determining operation (Step

10 $113)

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

15 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)

20 An electric-conduction block is, as described
above, a block in which cardiac-muscle tissues
surrounding a hyperexcited site are necrotized, and in
which conduction of electrical pulses from the
hyperexcited site to the left atrium is blocked. Here,

25 it is determined whether an electric-conduction block

is formed or not by calculating, by the controller,



15the laser catheter 300 is disposed in the vicinity of a pulmonary vein 12 of an inner wall of a
cardiac-muscle tissue 11 of the left atrium 13 (Step 5101). [0056]Subsequently, with reference to
various referential data (Step 9102), the practitioner 20administers photo-sensitive pharmaceutical to
the patient 2 (Step S103). Here, the case where a dose of photo-sensitive pharmaceutical necessary
for therapy is administered to the patient 2 at one time bydntravenous injection will be described. The
25administered photo-sensitive pharmaceutical is diffused in blood and absorbed in a tissue. 27
[0057][(2) Pharmaceutical-concentration-monitoring operation] Subsequently, the

pharmaceutical-cor%cgntrg%iorirpgﬂggrirég ap gﬂtigg i%feggrng%d.nce Fjrst'g', ethg {)tr;actgitsjn r %perates the
operating unit 180, anragnpt?ts an GXCHation- |ght-outpu%l|ns?rucﬁon With e ﬁlow-p%wer first m?ensity to

the controller 150. The caniraller 450 ehtains.thg excitation: light-auputingfruction. and then, outputs

10the excitation-light-output instruction with the first intensity, o the light source 110. The light source
110 obtains the excitationligbt-output tnstptetion fromvinesceniraller 150, spfdhemgutputstthe

excitation light with the first intensity. Tissues and 15blood are irradiated with the excitation light output
laser catheter may be relocated in the electric-

5 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.

[0055] [ (1) Preparation for PDT]
10 Fig. 6 1s a schematic diagram showing a laser
catheter inserted in a left atrium.

First, a practitioner such as a doctor inserts the
laser catheter 300 in the heart 10 via a femoral vein
or a jugular vein of the patient 2. The tip portion of

15 the laser catheter 300 is disposed in the vicinity of a
pulmonary vein 12 of an inner wall of a cardiac-muscle
tissue 11 of the left atrium 13 (Step S101).

[0056] Subsequently, with reference to various
referential data (Step S102), the practitioner

20 administers photo-sensitive pharmaceutical to the
patient 2 (Step S$103). Here, the case where a dose of
photo-sensitive pharmaceutical necessary for therapy is
administered to the patient 2 at one time by
intravenous injection will be described. The

25 administered photo-sensitive pharmaceutical is diffused

in blood and absorbed in a tissue.



from the light source 110 via the optical system 120 and the laser catheter 300. The photo-sensitive
pharmaceutical, which is absorbed in a tissue and blood, absorbs the excitation light from the laser
catheter 20300, and emits fluorescence. The optical system 120 extracts the fluorescence emitted
from the photosensitive pharmaceutical via the laser catheter 300, and the fluorescence enters the
detection unit 130. The detection unit 130 detects the ertgred fluorescence, 25and outputs the
detected fluorescence intensity to the controller 150 as an electrical signal. 28 [0058]The controller
150 calculates the fluorescence intensity based on the electrical signal obtained from the detection unit

130. The controllertv rtstor d,in the storage 160, the temporal 5change of the fluorescence
intensity as a log in gk%?:sﬁhe calftf%{e(# ﬁ&gr%%&:gﬁgeli%?gnsﬁ?ﬁsc Fnlert:e:faatlt()hovr\}itr%ﬁrrﬁleglﬁ%ﬁ%%tion

obtained from a timipg.measurement unit (not shown.). The controller 150 creates display information
of the temporal change of 10the fluorescence intensity based on the calculated fluorescence intensity

and elapsed time after a catesiondiae suoh asiad ipHavereus-injeciion start imer and eytputs a
display instruction including the created display information to the display unit 170. 15The display unit
170 obtains the displag-itstrigtiondtn e contisllepa 500 ane then displays the temporal

5 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 controller 150 obtains the
excitation-light-output instruction, and then outputs

10 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

15 blood are irradiated with the excitation light output
from the light source 110 via the optical system 120
and the laser catheter 300. The photo-sensitive
pharmaceutical, which is absorbed in a tissue and blood,
absorbs the excitation light from the laser catheter

20 300, and emits fluorescence. The optical system 120
extracts the fluorescence emitted from the photo-
sensitive pharmaceutical via the laser catheter 300,
and the fluorescence enters the detection unit 130. The
detection unit 130 detects the entered fluorescence,

25 and outputs the detected fluorescence intensity to the

controller 150 as an electrical signal.



change of the fluorescence intensity on a display screen based on the display information included in
the display instruction. For example, the display unit 170 20displays the temporal change of the
fluorescence intensity on the display screen in a graph form. [0059]Here, an example of the graph
showing the temporal change of the fluorescence intensity will be described. 25Fig. 7 is a graph
showing a temporal change of fluorescence intensity. 298 Fig. 7 shows the temporal change of
fluorescence intensity in the case where photo-sensitive pharmaceutical (Laserphyrin) is administered
to a pig by intravenous injection (i.v.), and irradiation is 5perfolmed with an excitation light, which is the
same as the Q-ban(floq%gfption ectrum 9&” tO lphrar eutic“Le%3 1g)ertl_jgacsonglﬁgtor laser, emission

wavelength with, for example 60 §858%m, pref%rab y 6010 anm, or more preferably 664 plus or

minus 2, 400 uW). ¥he dipdOportion ofthelaser.catheter 300 is dispesed inthesight atrium of the pig.

The fluorescence intensity in blood monotonically decreases after the pharmaceutical administration.
Meanwhile, the fluasescencedntensity ttha caediae-thiapnuseie tissee increases-tof erjpredetermined
time period after the pharmaceutical administration, and then decreases. Further, the fluorescence
intensity in the blook5i8 higiwer tisart therfhasreScerice intensity dr geeecdrdiac-rabscleasprsal

20[0060]Here, the relation between fluorescence _ . _ ‘
5 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

10 the fluorescence intensity based on the calculated
fluorescence intensity and elapsed time after a
criterion time such as an intravenous-injection start
time, and outputs a display instruction including the
created display information to the display unit 170.

15 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 instruction. For example, the display unit 170

20 displays the temporal change of the fluorescence
intensity on the display screen in a graph form.

[0059] Here, an example of the graph showing the
temporal change of the fluorescence intensity will be
described.

25 Fig. 7 is a graph showing a temporal change of

fluorescence intensity.



intensity and pharmaceutical concentration will be described. Fig. 8 is a graph showing a correlation
between fluorescence intensity and pharmaceutical concentration. 25Fig. 8 shows a correlation
between absolute value of pharmaceutical concentration (PS concentration) 30 obtained 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 ofggharmaceutical concentration is 5almost the
same as the fluorescence intensity. That is, it is possible to monitor pharmaceutical concentration in
real time based on the constantly-calculated fluorescence intensity. [0061]The controller 150
calculates pharmaceutical Pcon?ensti%tiosn in.a tiscsgrg %nlgai{l tgjlﬁo% bgs%%s%g calculated fluorescence
intensity (Step S104). The controlfle" 150" star%%eto recgrd, n thé sator%ge ,Jﬂ%léD {eerﬁf):oerglc&ange of

the pharmaceutical on: ' [ a d naceuytical 15concentration is in
:PHB%%@!@%”&S fileg in;whichihe calgylated pharmageus
0

relation with time information obtained from a timing measurement unit (not shown.). Further, the

controller 150 creatps slispiaieinfarsaationiefshe-tempata) changeiaf thegqiharamcestieal sepcentration
based on the calculated pharmaceutical 20concentration and elapsed time after a criterion time such
as an intravenous-iljgctiornt seretimesandioetpuioa display instrationt irchaiiag thencrasted

5 performed with an excitation 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 uW). The tip

10 portion of the laser catheter 300 is disposed in the
right atrium of the pig.

The fluorescence intensity in blood monotonically
decreases after the pharmaceutical administration.
Meanwhile, the fluorescence intensity in a cardiac-

15 muscle tissue increases for a predetermined time period
after the pharmaceutical administration, and then
decreases. Further, the fluorescence intensity in the
blood is higher than the fluorescence intensity in the
cardiac-muscle tissue.

20 [0060] Here, the relation between fluorescence
intensity and pharmaceutical concentration will be
described.

Fig. 8 is a graph showing a correlation between
fluorescence intensity and pharmaceutical concentration.

25 Fig. 8 shows a correlation between absolute value

of pharmaceutical concentration (PS concentration)



display information to the display unit 170. The display unit 170 obtains the display instruction from
25the controller 150, and then displays the temporal change of the pharmaceutical concentration on a
display 31 screen based on the display information included in the display instruction. For example,
the display unit 170 displays the temporal change of the pharmaceutical concentration on the display
screen in a graph form. 5[0062]Here, an example of a graph showing the temporal change of the
pharmaceutical concentration will be described. Fig. 9 is a graph showing a temporal change of
pharmaceutical concentration. 10As described above, the fluorescence intensity in blood is higher than

the quorescgnce |ntoefk?t§|a{)_1L ing c_ggdlgc-kr)ri%s%%e' tis s & fgb'rrf %decgl%%rgj ,th% gllasor;ceggence intensity
correlates with the pharmaceutical concentration. Therefore, similar to'the ITbtemporal change of the

fluorescence intensty,ip bload. the. Pharmaceuticaliconcgatration inglopd ranignically decreases
after the pharmaceutical administration. Meanwhile, similar to the temporal change of the fluorescence

intensity in a tissue i thesphiarowedewtical 20nencentratianiva tbsud thaieasssdeona predetermined time
period after the pharmaceutical administration,
The absolute value of pharmaceutical concentration is
5 almost the same as the fluorescence intensity. That is,

it is possible to monitor pharmaceutical concentration
in real time based on the constantly-calculated
fluorescence intensity.
[0061] The controller 150 calculates pharmaceutical

10 concentration in a tissue 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

15 concentration is in relation with time information
obtained from a timing measurement unit (not shown.).
Further, the controller 150 creates display information
of the temporal change of the pharmaceutical
concentration based on the calculated pharmaceutical

20 concentration and elapsed time after a criterion 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

25 the controller 150, and then displays the temporal

change of the pharmaceutical concentration on a display



and then decreases. Further, the pharmaceutical concentration in blood is higher in level than the
pharmaceutical concentration in a tissue. 25[0063]The controller 150 determines whether the
calculated pharmaceutical concentration is equal to or 32 more than a threshold (Step S105). If the
controller 150 determines that the pharmaceutical concentration is equal to or more than the threshold,
the controller 150 estimates that the pharmaceutical congentration reaches 5a necessary value, and
moves to the contact-monitoring operation (Step S105, Yes). Meanwhile, if the controller 150
determines that the pharmaceutical concentration is less than the threshold, the controller 150
estimates that the p&pgyggce%ticaé &Oc%n(‘t?éraéiog fzi{_l; toirgggr% th necessar)i[vglu creat%]sqdisplay
information for prompting {0 ac?dsltlonaﬂy administert e%harmacrenﬁtlc%?nanﬂjgu 1ﬁu S h%laisp éey

instruction includingﬂwggeﬁ@gglg&rﬁgmatiggp %QEE@)’ Y170, d gijs;algxgn'g;gﬂo

obtains the display instruction from the controller 150, and then displays, based 0n the display
information includingitbe Tisplayt instruetiom, taformation erampting theprastidener te additionally
administer the photo-sensitive pharmaceutical (Step 20S105, No). [0064]Note that, because the
fluorescence intensitpeofekifes with tha phlemddamical concerration, # tierdisplafamit 170 displays

the fluorescence .
5 [0062] Here, an example of a graph showing the

temporal change of the pharmaceutical concentration
will be described.

Fig. 9 is a graph showing a temporal change of
pharmaceutical concentration.

10 As described above, the fluorescence intensity in
blood is higher than the fluorescence intensity in a
cardiac-muscle tissue, and, in addition, the
fluorescence intensity correlates with the
pharmaceutical concentration. Therefore, similar to the

15 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 a tissue, the pharmaceutical

20 concentration in a tissue increases for a predetermined
time period after the pharmaceutical administration,
and then decreases. Further, the pharmaceutical
concentration in blood is higher in level than the
pharmaceutical concentration in a tissue.

25 [0063] The controller 150 determines whether the

calculated pharmaceutical concentration is equal to or



intensity on the display screen, a practitioner such as 25a doctor may estimate the pharmaceutical
concentration based on the fluorescence intensity, even if the 33 controller 150 does not calculate the
pharmaceutical concentration. [0065]Meanwhile, in general, as a method of monitoring the
pharmaceutical concentration change in 5blood, there is known a method in which absorbance of
blood, which is collected at regular time intervals after psarmaceutical administration, is measured.
However, in this method, the plot number is limited because the collectable blood volume is limited,
and in 10addition, it is not possible to measure the concentration in real time.  Alternatively, there is

known a method in_which ﬁa% %Z rt%%re\/\é%yoif CP“?B%%} %L{{[Big? of allgogj.)%eblooql1 g%%sﬂ%g:hrough the

pathway is irradiated with uorescence Intensity IS observe S there y monitor the
pharmaceutical conceptration shange Hewevermil i;RgcessaLy; (0 pay attepfiamioygigne indhis

method. Further, as a method of monitoring pharmaceutical 20concentration in a tissue, there is
known a method inequal to or more than the threshold, the controller 150
estimates that the pharmaceutical concentration reaches
5 a necessary value, and moves to the contact-monitoring
operation (Step S105, Yes). Meanwhile, 1f the
controller 150 determines that the pharmaceutical
concentration is less than the threshold, the
controller 150 estimates that the pharmaceutical
10 concentration fails to reach the necessary value,
creates display information for prompting to
additionally administer the pharmaceutical, and outputs
the display instruction including the created display
information to the display unit 170. The display unit
15 170 obtains the display instruction from the controller
150, and then displays, based on the display
information including the display instruction,
information prompting the practitioner to additionally
administer the photo-sensitive pharmaceutical (Step
20 S105, No).
[0064] 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
25 a doctor may estimate the pharmaceutical concentration

based on the fluorescence intensity, even if the



which part of carbon in phalLutaceutical is transfoitned into isotope, the isotope is simultaneously
administered, and pharmaceutical concentration in each tissue is monitored based on a radiation
guantity 25(CANCER RESEARCH 50. 3985-3990, July 1, 1990, Tissue Distribution and
Photosensitizing Properties of Mono-L- 34 aspartyl Chlorin €6 in a Mouse Tumor Model, Charles J.
Corner and Angela Ferrario). However, this method involves radiation exposure problems, and
involves a problem in that only a concentration may be monitored 5Smacroscopically. [0066]To the
contrary, according to the pharmaceutical-concentration-monitoring operation of this embodiment, by
calculating the temporchh rhgeeroff orescence intenasliiy, the temggral C §t%%e of 10pharmaceutical

€ &l ?“‘I;ﬁ&t—éfo?g he

concentration, which Coreratas with fPuorescen%cét‘intensﬁ‘f r‘ﬁ&? b
pharmaceutical concgptratien-in.a fissue and blood may be monitored in real time. Further, the
pharmaceutical-concentration-monitoring operation of 15this embodiment is less invasive than the

conventional monitqrings method, aegrisieapableiaf nenitoring temposahehangas ©f pharmaceutical
concentration stably and reproducibly. Further, because the temporal change of pharmaceutical
concentration is mondtpigtbviarzg2 @ batheterinagsing i éxcitatioadighs frorrthetighgsourne 110 of
the PDT apparatus 1, it is not necessary to additionally provide a phalLmaceutical concentration

detecting apparatu® 16 ¥ereby ehabieSa IRREBs CatF$HRd -daviiG AfParRiss iked ekause the

25pharmaseutical gongenaiign gy be meniered  redl (e, delepinadon of addiiona

after pharmaceutical administration, is measured.
However, in this method, the plot number is limited
because the collectable blood volume is limited, and in

10 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,

15 and fluorescence intensity is observed, to thereby
monitor the pharmaceutical concentration change.
However, it 1s necessary to pay attention to hygiene in
this method.

Further, as a method of monitoring pharmaceutical

20 concentration in a tissue, there is known a method in
which part of carbon in pharmaceutical is transformed
into isotope, the isotope is simultaneously
administered, and pharmaceutical concentration in each
tissue is monitored based on a radiation quantity

25 (CANCER RESEARCH 50. 3985-3990, July 1, 1990, Tissue

Distribution and Photosensitizing Properties of Mono-L-



35 administration may be assisted in real time. [0067]Further, the pharmaceutical-concentration-
monitoring operation of this embodiment may be performed not only in PDT but also in therapy or
5diagnosis using a pharmaceutical, which absorbs an excitation light and emits fluorescence. In
therapy or diagnosis using a pharmaceutical, it is important to grasp a pharmaceutical dynamic state
(pharmaceutical delivery). According to the pharmaceutigal- 10concentration-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 pharmaceuticals may be

grasped. Further, because minimally-invasive monitoring 15is nableq}{t e
pharmaceutical-coné%:se%?rfsfl%‘l’grit-mlatgq?iit%()ﬁ%\5l oepéré?onao%{%%%ésgm odimen %%%la’ gr%%?ggj\?asntgge and is

suitable for practicakyse Jurther, ihepharmaceutical:poncentration;monitoringonarafion of this

embodiment may be performed in a system (DDS, Drug 20 Delivery System) in which pharmaceutical
is delivered to only arcestairelocation.anchis usefid 4o estipata-whather pharnaceuticakreaches

actually and locally. [0068] [(3) Contact-monitoring operation] Subsequently, the contact-monitoring
operation is 25perfarnEl $0069}Figsa L0 @nd gchermatic dizigrarns shoning 136 comtadtstatds of the
laser catheter. The laser catheter 300 is preferably disposed such
5 macroscopically.
[0066] To the contrary, according to the
pharmaceutical-concentration-monitoring operation of
this embodiment, by calculating the temporal change of
fluorescence intensity, the temporal change of
10 pharmaceutical concentration, which correlates with
fluorescence intensity, may be calculated. Therefore
the pharmaceutical concentration in a tissue and blood
may be monitored in real time. Further, the
pharmaceutical-concentration-monitoring operation of
15 this embodiment is less invasive than the conventional
monitoring method, and is capable of monitoring
temporal changes of pharmaceutical concentration stably
and reproducibly. Further, because the temporal change
of pharmaceutical concentration is monitored via a
20 catheter by using the excitation light from the light
source 110 of the PDT apparatus 1, it is not necessary
to additionally provide a pharmaceutical concentration
detecting apparatus, to thereby enable a low-cost and
space-saving apparatus. Further, because the

25 pharmaceutical concentration may be monitored in real

time, determination of additional pharmaceutical



that the tip portion as a light-emitting portion contacts the inner wall of the cardiac-muscle tissue 11
Supright (see Fig. 10(a), hereinafter referred to as "upright-contact state".). This state is preferable so
as to remove intraatrial blood 15 from the tip portion of the laser catheter 300, and to prevent activation
of photo-sensitive pharmaceutical in the intraatrial blood 1015. Further, this state is preferable so as to
selectively activate photo-sensitive pharmaceutical absozlsed in a tissue when the tip portion of the
laser catheter 300 directly contacts a tissue. However, it is difficult to recognize the precise 15contact
state of the tip portion of the laser catheter 300 radiographically or tactually. Because of this, actually,
it is not always true %%at.the tip partion of the gbser catheter 300 is in the upright-contact state with
respect to a tissue. %lbr%g’§ %trﬁz%? X2t 205etiiRBhIhe |plpr%)rfi‘nc3:3ré|i of the'laser catheter 300 and a

tissue, and the tip pogtinrymay bedn,the blood (see frg TQA(C). eyeinaftereiated 10 a5 on-contact

state".). Alternatively, the tip portion of the faser catheter 300 may contact a tissue in a slanting
25direction, and thenbleodd:bimay pastially existdr argapsbeesathetip pestiomand the tissue (see
Fig. 37 10(b), hereinafter referred to as "slanting-contact state".). In the contact-monitoring
operation, such corractistates df tied tippoyptiornofiRE |éser callseter 80, Bthapig, the contact states

and the non-contact state, ‘ , _
5 diagnosis using a pharmaceutical, which absorbs an

excitation light and emits fluorescence. In therapy or
diagnosis using a pharmaceutical, it is important to
grasp a pharmaceutical dynamic state (pharmaceutical
delivery). According to the pharmaceutical-

10 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 pharmaceuticals may be
grasped. Further, because minimally-invasive monitoring

15 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 system (DDS, Drug

20 Delivery System) in which pharmaceutical is delivered
to only a certain location, and is useful to estimate
whether pharmaceutical reaches actually and locally.
[0068] [(3) Contact-monitoring operation]

Subsequently, the contact-monitoring operation is

25 performed.

[0069] Figs. 10 are schematic diagrams showing



are monitored, the contact angle (upright-contact state, slanting-contact state) in the case of the
contact states is monitored, and the like. Note that, in this specification, the "contact angle" not only
means a 10narrowly-defined angular value, but also means a widely-defined contact angle, in which
the contact state of the tip portion of the laser catheter 300 with respect to a tissue is upright or
slanting. [0070]Continuously, the light source 110 outputss15the 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 intensity on the

display screen. Forc%oneg(ggplg,ttgg edsi;spg%y g it 1]{%Sdé§pl%%scweetterrnporal change of fluorescence
intensity on the display screen as a graph. [0071]Here, an exampFe of a graph showing the

temporal change of fluoregggnce;intepsity wilk be 25dggcribeds Figblisa,9@p ingtherfemporal
change of 38 fluorescence intensity. Fig. 11 is a graph showing the temporal change of

fluorescence intensityamadein¢he condgitian samesas kigl YghtthengraphnthedinetA shows low
fluorescence
contacts the inner wall of the cardiac-muscle tissue 11
5 upright (see Fig. 10(a), hereinafter referred to as
"upright-contact state".). This state is preferable so
as to remove intraatrial blood 15 from the tip portion
of the laser catheter 300, and to prevent activation of
photo-sensitive pharmaceutical in the intraatrial blood
10 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
catheter 300 directly contacts a tissue.
However, it is difficult to recognize the precise
15 contact state of the tip portion of the laser catheter
300 radiographically or tactually. Because of this,
actually, it is not always true that the tip portion of
the laser catheter 300 is in the upright-contact state
with respect to a tissue. The blood 15 may exist
20 between the tip portion of the laser 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
catheter 300 may contact a tissue in a slanting

25 direction, and the blood 15 may partially exist in a

gap between the tip portion and the tissue (see Fig.



Sintensity, 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 10description clear, the temporal change of fluorescence intensity in the case where
the tip portion of the laser catheter 300 is in the upright-contact state, the temporal change of
fluorescence intensity in the case where the tip portion of the laser catheter 300 is in 15the
slanting-contact state, and the temporal change of fluorescence intensity in the case where the tip
portion of the laser catheter 300 is in the non-contact state are shown in one graph. However, actually,
one of them is displf% acclgrdln %e cont state fthe 20t|p gortlon .of the Iaste[r c%theter 300.
The line A will be revie Sre. 45 Shown in uorescence m%enéﬁy in‘atissue is smaller
than the fluorescenge intgmsity in blood. Therefore, |t is thought that the line A shows the fluorescence
25intensity in the case where the laser catheter 300 irradiates a tissue with the excitation light. So, in
39 the case where the fluaraseegncedsiensity ohthe: line-Ans caleuladed, dtis thoughtdhaiibe t
fluorescence intensity in a tissue is reflected in the result because the tip portion of the laser catheter
300 is in the uprighetertast sttecWith éspart ¢ adissed. th¥heédineC wiltbe reviewdd Here, as

shown in Fig. 7, the fluorescence |nten5|t¥ in blood is larger than the fluorescence intensit |n a tissue.
Therefore that is, the contact states and the non-contact sta

are monitored, the contact angle (upright-contact state,
slanting-contact state) in the case of the contact
states is monitored, and the like. Note that, in this
specification, the "contact angle" not only means a

10 narrowly-defined angular value, but also means a
widely-defined contact angle, in which the contact
state of the tip portion of the laser catheter 300 with
respect to a tissue is upright or slanting.
[0070] Continuously, the light source 110 outputs

15 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 intensity on the display screen. For

20 example, the display unit 170 displays the temporal
change of fluorescence intensity on the display screen
as a graph.
[0071] Here, an example of a graph showing the
temporal change of fluorescence intensity will be

25 described.

Fig. 11 is a graph showing the temporal change of



is thought that the line C shows the fluorescence 10intensity in the case where the laser 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
15the tip portion of the laser catheter 300 is in the non-contact state with respect to a tissue. The
line B will be reviewed. Because the line B is between thegfluorescence intensity of the line A and the
fluorescence intensity of the line C, it is thought 20that the tip portion of the laser catheter 300 is in the
slanting-contact state with respect to a tissue. Further, because a contact-target object of the tip
portion of the laser ﬁi\theter 300.is a mr?\t/ie?g catrdiac- muscle tissue, the laser catheter 300 follows the

25movement of the tissue 1o eenr%By TMove, As d result, in the case where the tip portion of the laser

catheter 40 300 contacts g{issug in a slantingJpannel, it is,likely, that the blaod @{g@%geween the

tip portion of the laser cathetér 300 and a tissue changes during measurément. In addition, the

blood-flow volume inlaubeardiacnngsele dissue ehangesand the diaairtal bloagsfiew yelumeychanges
because of heartbeat. Affected by them, the fluctuation of the fluorescence intensity of the line B is
larger than the line A-andthe lige CrapRurthbe in theecdsesWwhere thewtipfportion of dreclaser catheter
300 contacts a tissue in any state (upright-contact state, slanting-contact state), the laser catheter 300
may be affécted bytRé Fiement ORthelddtfiak-nTHSHE tigstl ThatRT fReEottsctistiens ity

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
10 description clear, the temporal change of fluorescence
intensity in the case where the tip portion of the
laser catheter 300 is in the upright-contact state, the
temporal change of fluorescence intensity in the case
where the tip portion of the laser catheter 300 is in
15 the slanting-contact state, and the temporal change of
fluorescence intensity in the case where the tip
portion of the laser 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
20 tip portion of the laser catheter 300.
The line A will be reviewed. Here, as shown in Fig.
7, the fluorescence intensity in a tissue is smaller
than the fluorescence intensity in blood. Therefore, it
is thought that the line A shows the fluorescence
25 intensity in the case where the laser catheter 300

irradiates a tissue with the excitation light. So, in



150f the tip portion of the laser catheter 300 fluctuates between the contact 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 20catheter 300 follows the movement
of a cardiac-muscle tissue or not based on fluctuation of the fluorescence intensity shown in a
waveform. For example, in the line A of the graph, the high fluorescence intensity after four seconds
after pharmaceutical administration and in 25the vicinity thereof shows that the tip portion of the laser
catheter 300 momentarily moves from the upright- 41 contact state to the non-contact state and
returns to the uprightl;xcontact statr(? a ain.J{OOZﬁ[]Eased on the calctulated quorefscgnce 'ntensi'%/, the
controller 150 determifes fiftScohtadtsstite orthe Jtri%Spcoertrilcc):ﬁE of fﬁeﬁ%g’elrtéfatﬁetergao +he

(contact/non-contact gtq;gz_;mqﬁrg@g&nglet iggas&g%agﬁa&tegg%tepﬁja@gs c eroRecifically, in the

case where the controller 150 determines that the calCulated fluorescence intensity 10is equal to or

larger than a first thiegheld; the contrallerikhi detegminestbe hen-cantactstatedline C). In the case
where the controller 150 determines that the minimum value of the fluorescence intensity is equal to or
smaller than a secorddhreshotthavhiclpisptEsmalierdtfart e fisttrestkoldethecoh&rdllersl 5

5 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 fluorescence intensity in a tissue. Therefore, it
is thought that the line C shows the fluorescence

10 intensity in the case where the laser 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

15 the tip portion of the laser catheter 300 is in the
non-contact state with respect to a tissue.

The line B will be reviewed. Because the line B is
between the fluorescence intensity of the line A and
the fluorescence intensity of the line C, it is thought

20 that the tip portion of the laser catheter 300 is in
the slanting-contact state with respect to a tissue.
Further, because a contact-target object of the tip
portion of the laser catheter 300 is a moving cardiac-
muscle tissue, the laser catheter 300 follows the

25 movement of the tissue to thereby move. As a result, in

the case where the tip portion of the laser catheter



determines the upright-contact state (line A). In the case where the controller 150 determines that the
fluorescence intensity periodically fluctuates between the first threshold and the second threshold, the
20controller 150 determines the slanting-contact state (line B). The controller 150 informs the
practitioner the determined contact state by using the display unit 170. Specifically, when the controller
150 determines the 25slanting-contact state or the non-aantact state, the controller 150 creates display
information for 42 prompting to change the contact state of the tip portion of the laser catheter 300,
and outputs a display instruction including the created display information to the display unit 170. The
display unit 5170 ot%t(%ns the display instruction from the controller 150, and then displays information

for prompting a practltlonce?% ¢ gﬁgea the Eoitactdtate & ﬁ@?ib%rﬂ‘SWBF%e 1ASerGatheter 300
based on the display;ipformafing in the.display nsiuaclien @é%ééﬁ%ﬁ@eéiogof@%@@%&o%%fates a

handpiece or the like (not shown.) provided on the laser catheter 300, to thereby change the contact

state of the tip portion&f theslaser satheter300owith respect iasadissue A8 43| Thecongoller 150
continuously calculates 15fluorescence intensity and pharmaceutical concentration.
measurement. In addition, the blood-flow volume in a

5 cardiac-muscle tissue changes and the intraatrial
blood-flow volume changes because of heartbeat.
Affected by them, the fluctuation of the fluorescence
intensity of the line B is larger than the line A and
the line C.

10 Further, in the case where the tip portion of the
laser catheter 300 contacts a tissue in any state
(upright-contact state, slanting-contact state), the
laser catheter 300 may be affected by the movement of
the cardiac-muscle tissue. That i1s, the contact state

15 of the tip portion of the laser catheter 300 fluctuates
between the contact 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

20 catheter 300 follows the movement of a cardiac-muscle
tissue or not based on fluctuation of the fluorescence
intensity shown in a waveform. For example, in the line
A of the graph, the high fluorescence intensity after
four seconds after pharmaceutical administration and in

25 the vicinity thereof shows that the tip portion of the

laser catheter 300 momentarily moves from the upright-



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 catheter 300 20and a tissue based on the referred fluorescence intensity. The controller 150
calculates excitationlight-irradiation protocols during the therapy, that is, the second intensity of the
excitation light, the irradiation time, and the like, based omthe calculated 25blood volume and the
referred pharmaceutical concentration (Step 5108). 43 For example, in the case where the tip
portion of the laser catheter 300 is in the slanting-contact state or the non-contact state and where
blood exists in the gap, the Joss, of the excitation light (excitation light 5which does not reach tissue) is
considered based c;%ncp%%%%og \tlél*ﬁ?net,%nt ﬁe%%&ifaét?&ﬁﬁlgch%iFrgaﬁa%oﬁrbgotﬁ%férﬁé; SBP in which
the second intensity jg-high-andiip which the iradigtion fime js long. The controller 150 calculates the
excitation-light- 10irradiation protocols, creates display information on the irradiation protocols, and
outputs display instuatmnlincludivgdba ceeated display-infermationtadhe gisplaysunit 170. The display

unit 170 obtains the display instruction from the controller 150, and 15then displays information on the
excitation-light- irradiationpidtocolsi{secont intanisity, irEeliatisretime nbasdthen tendisplay
information in the display instruction. As described above, the controller 150 calculates 20the
pharmaceutical corteRiratict ahfthé BRJAVIMHAR Eellh thaShiorésdereEdatedsiy, and
calculates the excit%tci%r}f\ggrc]tﬁiyr?g}?ﬁggr%g?goIsst%%seeg,Or}:gﬁ:act angle in case of
contact state) (Step $S106).
Specifically, in the case where the controller 150
determines that the calculated fluorescence intensity
10 is equal to or larger than a first threshold, the
controller 150 determines 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
15 smaller than the first threshold, the controller 150
determines the upright-contact state (line A). In the
case where the controller 150 determines that the
fluorescence intensity periodically fluctuates between
the first threshold and the second threshold, the
20 controller 150 determines the slanting-contact state
(line B).
The controller 150 informs the practitioner the
determined contact state by using the display unit 170.
Specifically, when the controller 150 determines the

25 slanting-contact state or the non-contact state, the

controller 150 creates display information for



calculated pharmaceutical concentration and blood volume. That is, the controller 150 is capable of
25calculating the excitation-light-irradiation protocols based on the fluorescence intensity. 44
[0074]Note that, because the temporal change of fluorescence intensity differs depending on the
contact state of the tip portion of the laser catheter 300, if the temporal change of fluorescence
intensity is 5displayed on the display 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. 10(0075]Meanwhile, in the field of circulatory disease, it is
important to deteitinef in retal timeti the ﬁontact t}zilte of thgz ti tportion of a_catheter with respect to the
intended tissue, the" 1308 volume ih & g%rﬁ,ggn p?esce%%e?a Sefics %?a%retf T 1t5js%bstance/breakage

in order to ensure ssgqq and reliaklity. Egglggr, nthecase \g@%rg tgﬁ&ntggggglygs%e is a movable

target such as a cardiac-muscle tissue, it is necessary to deteititine the contact state in detail, in which

a laser catheter follawsghe 20meyvement obthe: igsuedianeeliohly pertarasthesapys nthe past, itis
known to deteittine the contact state of a catheter by, for example, securing a transparent zone by

removing blood, radiogcopye potantinbmeasurEnsentdimpedanceheaslirementypatentiah ifapping,
temperature 25measurement, dynamic measurement (pressure, stress), reflected light measurement
uskm]apo@cmbnuﬁﬁ%gﬁptains the display instruction from the controller
150, and then displays information for prompting a
practitioner to change the contact state of the tip
portion of the laser catheter 300 based on the display
information in the display instruction (Step S107). The
10 practitioner operates a handpiece or the like (not
shown.) provided on the laser catheter 300, to thereby
change the contact state of the tip portion of the
laser catheter 300 with respect to a tissue.
[0073] The controller 150 continuously calculates
15 fluorescence 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 catheter 300
20 and a tissue based on the referred fluorescence
intensity. The controller 150 calculates excitation-
light-irradiation protocols during the therapy, that is,
the second intensity of the excitation light, the
irradiation time, and the like, based on the calculated

25 blood volume and the referred pharmaceutical

concentration (Step S108).



45 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 5detail has not been developed yet. Each of the above- mentioned conventional methods is
capable of determining the contact state roughly, and, in addition, has many problems as follows.
Securing a transparent zone by removing blood is a 10method 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 contact state is observed by using an angioscope. However, this method may

lead to a 15peripheral-vesl§eI-ischemialstate.. With radiosclgl)g¥ b%%aeuste.of Iackinq]aCCUé%cy, itis

difficult to determine the dls?arnceengné)ggp bé{\l/vetglnea%%%eetgr an(?a |ssue,l§n&3fﬁretb 564 Volume in

the gap between thecathefer and the, intendedhiisspe. 2QFurthers in the;case of g moyingdissue, 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 intsacamdéacibarapy) 0 btoadg-wassebwall winccaseraf datravascylas thetapye Further,
the amount of 25energy input in an intended tissue decreases below an estimated amount, and an
enough therapeuticdéffoect by 46 a6t bé achieved cRindlarothelbighést (subleba fsithat drlglatdoctor,
who has a knowledge of anatomy and is well-experienced (tactile impression when touching), can

make a deferminatiBh-§thjeoRR Iy Rlec iffdhesdssue) 1s considered based on the

blood volume, and the excitation-light-irradiation
protocols are set, in which the second intensity is
high and in which the irradiation time is long. The
controller 150 calculates the excitation-light-

10 irradiation protocols, creates display information 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

15 then displays information on the excitation-light-
irradiation protocols (second intensity, irradiation
time) based on the display information in the display
instruction.

As described above, the controller 150 calculates

20 the pharmaceutical concentration and the blood volume
based on the fluorescence intensity, and calculates the
excitation-light-irradiation protocols based on the
calculated pharmaceutical concentration and blood
volume. That is, the controller 150 is capable of

25 calculating the excitation-light-irradiation protocols

based on the fluorescence intensity.



5Patent 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 10tissue is determined by
measuring the potential. However, in the case of performing an optical therapy, the tip portion of a
catheter (contact portion with respect to cardiac-muscle #ssue) is an optical window. Because of this, a
potential-measured site may be 15provided on a portion other than the tip portion of the catheter. As a
result, a light-irradiated site does not coincide with a potential-measured site, a diagnosis-target zone

does not coincide wj lerapy- rget zone, and the ther may not be performed pregisely.
20Further, an electrgéd.'()e%ér ais m%%esr%%ﬁgdr,’ arllrrl)& %%ﬁﬁeede erem%earﬂgﬁ %%gur%l%ﬁ?ﬁaey t%]gs be

decreased. Further eheeause electic measwrementisqeriarmed, these mayhe eRLiiesheh o«

electromagnetic interference (see Japanese Patent Application Laid-open No. 2008-531170).
25Potential mappingtis agnethodra whigh peteniiahmeastitemeant 4& three+dhaeasiopalty, developed.
However, 47 a conventional apparatus lacks a resolution of determining a contact state in detail.
Further, it takes timehe pesfopaeteehiaation, ahdfdnantsopogenic infleeads malysoccur because of
an 5excessive contact pressure (see Japanese Patent Application Laid-open No. 2008-531170).

Further, if & potenti&RBASIHTY CRnEBRisHSHARYY, SCABPRINGYMEYR rMidyFRoEa0indidd with Gn

actual position. Further, hecayse sleetric measuiement s pSomeg. MBS MALPS conact

state based on the temporal change of fluorescence
intensity even 1f the controller 150 does not determine
the contact state.

10 [0075] 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 velume in a
gap, and presence/absence of a foreign-

15 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
tissue, it 1s necessary to determine the contact state
in detail, in which a laser catheter follows the

20 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

25 measurement, dynamic measurement (pressure, stress),

reflected light measurement using a polychromatic light



10an 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 15Japanese 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 zene such as, for example, atrial fibrillation
and ventricular flutter. Further, 20unnecessary 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 on a catheter, and a contact-target object.is 25determined (see.Japanese Patent Application
Latd-open No. 2008545571, GObaran, NG SE06800 DS Pateil 16 ApbTicatbr LaidSpaH e
2008/0009750, WIRQ Publigation No. 01/33165), However, the tippostian o the.catheter may be
larger, and there may be an effect of electromagnetic interference (see Japanese Patent SApplication
Laid-open No. 20085821 #Qne tRefleatpddight measursmaenrizynisiag aipolychsematie tightasource is

a method in which absorption coefficients different from wavelengths are used. Specifically, by using a
polychromatic light 16sbmntela tisspe isléetefmitetsasediomrefleetiopntact state in

5 detail has not been developed yet. Each of the above-
mentioned conventional methods is capable of
determining the contact state roughly, and, in addition,
has many problems as follows.

Securing a transparent zone by removing blood is a
10 method 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 contact state is observed by using an
angioscope. However, this method may lead to a
15 peripheral-vessel-ischemia state.
With radioscopy, because of lacking accuracy, it
is difficult to determine 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.
20 Further, in the case of a moving tissue, it 1s 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). Further, the amount of
25 energy input in an intended tissue decreases below an

estimated amount, and an enough therapeutic effect may



ratio differences of the respective wavelengths (see Japanese Patent No. 4261101). According to this
method, although the blood volume between a catheter and a tissue may be estimated, an optical
system may be 15complicated, an apparatus may be made larger, and the cost may be increased
because a plurality of light sources are provided. [0076]To the contrary, according to the contact-
monitoring operation of this embodiment, by detecting 2@ffuorescence 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, 25because excitation-light-irradiation protocols may be calcula ejmil based on the
determined contactns?éls:teba(lancla ﬁléjtﬁégﬁéé, t?l%%ﬁﬁ é.)ﬁd d?agg%cr)%% ﬁ\%}s/%ep §§'stl|°s ed sé?elyggr?& reliably.

[007_7][(4) Foreign- naceggggg@ge-mi@ggg &pﬁ;@@%%@gr@g tgﬁgpgﬁggygﬁgwiq@erapy, the
foreign- substance/breakage-monitoring operation is performed.

well-experienced (tactile impression when touching),
can make a determination, subjectively (see Japanese

5 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

10 tissue is determined by measuring the potential.
However, in the case of performing an optical therapy,
the tip portion of a catheter (contact portion with
respect to cardiac-muscle tissue) is an optical window.
Because of this, a potential-measured site may be

15 provided on a portion other than the tip portion of the
catheter. As a result, 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 precisely.

20 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).

25 Potential mapping is a method in which potential

measurement is three-dimensionally developed. However,



First, a practitioner refers to excitation-lightirradiation protocols displayed on the display unit 170, and
operates the operating unit 180 to thereby input an 10excitation-light-output instruction with the
high-power second intensity in the controller 150. The controller 150 obtains the excitation-light-output
instruction, and then outputs the excitation-light-output instruction with the second intensity to the light
15source 110. The light source 110 obtains the excitatioaslight-output instruction from the controller
150, and then outputs the excitation light with the second intensity. A tissue is irradiated with the
excitation light output from the light source 110 via 20the optical system 120 and the laser catheter
300, and photodynamic thera .isé}t)jae%formed g..]%elp 3 %%) LOOJSLBas% Qnan el%ctrical signal

obtained from the detection unit 1- ) héRbAtroller150°¢a cuIatese?ﬁj%rélscencecl)ntensity. The

controller 150 creatgsZodisplayipformationQfithe teypporal change of the-flyqrgseencedntensity

based on the calculated 50 fluorescence intensity and elapsed time after a criterion time such as an
intravenous-injectionsstak timeyancdoywputsa-tisplayd psifuctiiononcluding the created display
information to the display unit 170. 5The display unit 170 obtains the display instruction from the
controller 150, and & displygshie tampadragnce may occur because of an

5 excessive contact pressure (see Japanese 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

10 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

15 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,

20 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 on a catheter, and a contact-target object is

25 determined (see Japanese Patent Application Laid-open

No. 2009-542371, US Patent No. 6696808, US Patent



change of the fluorescence intensity on a display screen based on the display information included in
the display instruction. 10[0079]The controller 150 determines whether the calculated 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. 15[0080]Fig. 19 is a graph showing
the relation between wavelength and fluorescence intensity. Fig. 19 shows the relation between
wavelength and fluorescence intensity of a laser catheter, which may contact a foreign substance or
may be broken, and those 200f a normal laser catheter. It is understood that, in the case where the tip

portion of a laser c%%}e r cor#@c%s i;orgi_% seunbs&%n'ce%%tggr %3519% E\é{mg"?fgé tissue or is broken, the
ity Th |sqarg ii y.

. 1Ca
fluorescence intens ereo &f than the hormal Tludrescende mtens 5[0081]The controller

150 determines thapthe, fluorescrnaedntensity is gqyaligprmare t'a@l%t*{eiﬁlp%@&w, Hhatis,

determines that the fluorescence intensity is increased to equal to or more than the multiple of the
previous fluorescencrdnieasity seeh thay the: cugentdfiuorascencrdrtenaily ighoresithespsevious

fluorescence intensity, and then the controller 150 estimates that there is a foreign substance or a
breakage (Step 511, Yk} df taneamediier 150 estifetesittat theere isafomigresiestamde or a

breakage, the controller 150 creates 10display information on generation of a foreign-
5 Application Laid-opéen 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 using a polychromatic light

10 source, a tissue is determined based on reflection
ratio differences of the respective wavelengths (see
Japanese Patent No. 4261101). According to this method,
although the blood volume between a catheter and a
tissue may be estimated, an optical system may be

15 complicated, an apparatus may be made larger, and the
cost may be increased because a plurality of light
sources are provided.

[0076] To the contrary, according to the contact-
monitoring operation of this embodiment, by detecting

20 fluorescence 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,

25 because excitation-light-irradiation protocols may be

calculated based on the determined contact state and



substance/breakage to stop the excitation light irradiation, and outputs display instruction including the
created display information to the display unit 170. The display information on generation of a foreign-
15substance/breakage includes information to stop the excitation light irradiation, to reset irradiation
time, to reset an irradiation power, to prompt to check the laser catheter 300, and the like. When the
display unit 170 obtains the display instruction from the eantroller 20150, based on the display
information in the display instruction, the display unit 170 displays information to stop the excitation
light irradiation (Step S111) and information on generation of a foreign- substance/breakage (Step

S112)to a practitior%%réz \ oée tr}ta%,ein e’{he cgs%wgeée t%esg%ntr%%ller%go dseéect 2 norn%ael intensity
increase of an arbitrary Z Wave engﬁ1 Sthet tan the-fuoresScence Waveafendtﬁg(excifcé%on hght

wavelength or the likgy the conirgller 150 estimates that there is a foreign substance or a breakage
(Step S110, Yes), and may 5perform the similar processing (Step S111, Step 9112).
[0082]Meanwhile, i tie7case wheresthereondroiar 50 does aey Betesmina-thab e luorescence
intensity is equal to or more than the threshold within a predetermined time period, the controller 150
estimates 10 that thewe ihad favkign substance or breakage, and moves to the

cytocidal-effect-determining operation (Step 9110, No). [0083]Note that, because generation of a
foreign uring 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

10 excitation-light-output instruction with the high-power
second intensity in the controller 150. The controller
150 obtains the excitation-light-output instruction,
and then outputs the excitation-light-output
instruction with the second intensity to the light

15 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 intensity. A tissue is irradiated with the
excitation light output from the light source 110 via

20 the optical system 120 and the laser catheter 300, and
photodynamic therapy is performed (Step S109).
[0078] Based on an electrical signal obtained from
the detection unit 130, the controller 150 calculates
fluorescence intensity. The controller 150 creates

25 display information of the temporal change of the

fluorescence intensity based on the calculated



substance or a breakage is estimated when the 15fluorescence intensity exceeds a predetermined
threshold, if the display unit 170 displays the fluorescence intensity on the display screen, a
practitioner may estimate generation of a foreign substance or a breakage based on the fluorescence
20intensity, even if the controller 150 does not estimate generation of a foreign substance or a
breakage. [0084]Further, in the case where a plurality of gcatheters are disposed in a cardiac cavity in
addition to the laser catheter 300, the laser catheter 300 may 25contact another catheter. For
example, if the laser catheter 300 emits a light in the state where the laser 53 catheter 300 contacts
another catheter disfolosed in a cardiac cavit\%,. oth of the Eathet%sgn%%los&their functions. If a
practitioner is keep onuéjrﬁﬁtlsncgegﬁ %x%ﬁlatti%rﬁ ﬁ; without n%ﬁ)cslﬁ'g the BbnSrmat Bsituation of the tip

portion of the laser catheter;300, the tip agion.of the lasar.catheter, 300 may generatecheat to thereby

be in danger of thermally damaging a living body. Further, a catheter being contacted may lose its
function. 10[0085]Aecakdjng tattheferrigr-substaspehyeakagerranitenng epenatianof this
embodiment, because a strong reflected light is measured when the catheter contacts any object other
than a living body tiszee tieid pbssipleto éstimatesdeaneration oha foreigmtay unit 170.

5 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 instruction.

10 [0079] The controller 150 determines whether the
calculated fluorescence intensity is equal to or more
than a threshold (Step S$8110). The threshold is, for
example, a value equal to or more than the multiple of
the normal fluorescence intensity.

15 [0080] Fig. 19 is a graph showing the relation
between wavelength and fluorescence intensity.

Fig. 19 shows the relation between wavelength and
fluorescence intensity of a laser catheter, which may
contact a foreign substance or may be broken, and those

20 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 normal fluorescence intensity.

25 [0081] The controller 150 determines that the

fluorescence intensity is equal to or more than the



15substance/breakage via a catheter in real time. Because of this, it is possible to prompt a
practitioner to check the laser catheter 300, and thus it is possible to perform the therapy very safely
without causing danger to a patient. 20[0086][(5) Cytocidal-effect-determining operation]
Subsequently, the cytocidal-effect-determining operation is performed. In photodynamic therapy,
photo-sensitive pharmaceutical absorbed in a tissue absorbs the 25excitation light from the laser
catheter 300 to gain energy, and changes from the ground state to the 54 singlet excited state. Most
of the energy changes from the singlet excited state to the triplet excited state because of intersystem

crossing, but the re‘%g%@}rl%tfglls f{g@t__t@ Ssin%%ttset%gi}g eth t%%l{indcﬁtgtef a&gj 5emits fluorescence at

this time. Further, when photo- sensitive pharmaceutical in the triplet excite state clashes triplet
oxygen, the photo-sensitiveipRarmaceytical dransfars engrgy to-oxygenyapd crealgs stiang oxidizer
singlet oxygen. The oxidizer breaks a 10tissue, and, in addition, breaks photo-sensitive
pharmaceutical (bleachingy) 1k thef bigaehigeocouts; tiié effeetivsephear macestiedltameuntis decreased,
and thus the fluorescence amount is also decreased. Therefore, decrease of the fluorescence amount
15indicates bleachihf&hdta issUE Iy afdoiRit SHise Bpfcal By siem 170 ExratsshEé Heorescence
emitted from the photo-sensitive gharmaceutical via the laser catheter 300, and the fluorescence

enters the detectioR tifit 1355 The YRtstTioRtnft L30-Gatecistthe 226 1hBRFcEREe entered from the
optical system 120,C@}&ggtﬂlgtthﬁgBteggig)irggggesdq:tﬁgtgdtfﬁjé)%%sclegcg tQ 5!‘11% gggtroller 150 as an

electrical signal.
substance or a breakage (Step $110, Yes). If the

controller 150 estimates that there is a foreign
substance or a breakage, the controller 150 creates

10 display information on generation of a foreign-
substance/breakage to stop the excitation light
irradiation, and outputs display instruction including
the created display information to the display unit 170.
The display information on generation of a foreign-

15 substance/breakage includes information to stop the
excitation light irradiation, to reset irradiation time,
to reset an irradiation power, to prompt to check the
laser catheter 300, and the like. When the display unit
170 obtains the display instruction from the controller

20 150, based on the display information in the display
instruction, the display unit 170 displays information
to stop the excitation light irradiation (Step S111)
and information on generation of a foreign-
substance/breakage (Step S112) to a practitioner.

25 Note that, in the case where the controller 150

detects abnormal intensity increase of an arbitrary



[0087]Continuously, the light source 110 outputs the excitation light with the second intensity to
the 250ptical system 120, the controller 150 calculates the fluorescence intensity, and the display unit
170 55 displays the temporal 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. 5[0088]Here, an example of a graph showing theggmporal change of fluorescence intensity will
be described. Fig. 12 is a graph showing the temporal change of fluorescence intensity. 10Fig. 12
shows the temporal change of fluorescence intensity in the case where the excitation light is emitted
for 20 seconds after 20 rriinuteskpaostshaefter %o&o-gggsitri\i% BQ%rmaceutical is miniggared in a pig by

. . . .wage engt ﬁ scence wav enﬁ .
mtravenous-lnjectlon. Ince crease Or a tioresCence amountindicates bleac ing and a tissue

injury amount as deggribed aboue, by; displaying.an atienuation.gluve of the flygrescence intensity, the
PDT process may be displayed in real time. [0089]The controller 150 determines whether the 20

calculated fluorescengedptensiy iS stterusieadetoy arhresbak(Ster Sd 18pAkthercontroller 150
detetmines that the fluorescence intensity is attenuated below the threshold, the controller 150
estimates that theresigkess Encidlabaffectloreatissise ifdiated With theés<Xbexciratibrimkght (Step 3113,

Yes). Then, the controller o ‘
5 perform the similar processing (Step S111, Step S112).

[0082] Meanwhile, in the case where the controller
150 does not determine that the fluorescence intensity
is equal to or more than the threshold within a
predetermined time period, the controller 150 estimates

10 that there is no foreign substance or breakage, and
moves to the cytocidal-effect-determining operation
(Step S$110, No).
[0083] Note that, because generation of a foreign
substance or a breakage is estimated when the

15 fluorescence intensity exceeds a predetermined
threshold, if the display unit 170 displays the
fluorescence intensity on the display screen, a
practitioner may estimate generation of a foreign
substance or a breakage based on the fluorescence

20 intensity, even if the controller 150 does not estimate
generation of a foreign substance or a breakage.
[0084] Further, in the case where a plurality of
catheters are disposed in a cardiac cavity in addition
to the laser catheter 300, the laser catheter 300 may

25 contact another catheter. For example, if the laser

catheter 300 emits a light in the state where the laser



150 creates display infoimation on an index of a 56 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 5displays 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 effectsdisplayed on the display unit 170, and moves
to the electric- 10conduction-block-formation determining operation. [0090]Meanwhile, if the controller
150 does not determine that the fluorescence intensity is decreased below the threshold within a
predetermined time perjod, the troller 150 creates ch lay information to 15prompt to extend the
excitation light irrad‘lzgafi%f)iﬁ("Ef}ltnedr togﬁeréetc t%relqlaé%%lsntgr?s?ﬁ/ %sec S thedal &5%@% rédtefice intensity,

and outputs displayJpstgyctionJneluding s Greaied display infarmation,fo.the display,uni-170 (Step
5113, No). When the display unit 20170 obtains the display instruction from the controller 150, the

display unit 170 displays trifermsation to preyppta praditiener o exend Hie excitationdightirradiation
and to reset the light intensity based on the display information in the display instruction. 25After a
predetermined timespetiothtasyeslafght without noticing the abnormal

5 situation of the tip portion of the laser catheter 300,
the tip portion of the laser catheter 300 may generate
heat to thereby be in danger of thermally damaging a
living body. Further, a catheter being contacted may
lose its function.

10 [0085] According to the foreign-substance/breakage-
monitoring operation of this embodiment, because a
strong reflected light is measured when the catheter
contacts any object other than a living body tissue, it
is possible to estimate generation of a foreign-

15 substance/breakage via a catheter in real time. Because
of this, it is possible to prompt a practitioner to
check the laser catheter 300, and thus it is possible
to perform the therapy very safely without causing
danger to a patient.

20 [0086] [(5) Cytocidal-effect-determining operation]

Subsequently, the cytocidal-effect-determining
operation is performed.

In photodynamic therapy, photo-sensitive
prharmaceutical absorbed in a tissue absorbs the

25 excitation light from the laser catheter 300 to gain

energy, and changes from the ground state to the



outputting the display instruction, the controller 150 57 moves to the operation of Step 5108.
[0091]Note that, because generation of a cytocidal effect is estimated when the fluorescence intensity
is attenuated 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 intensity, even if the controlles 450 does not estimate whether there is a
cytocidal effect or not. 10[0092]According to the cytocidal-effect-determining operation of this
embodiment, based on fluorescence intensity correlated with pharmaceutical concentration, it is
possible to measure irH'uE\[/ iQ a cardj:o yocgtet, WhicWrggregsggin a tissue irradiated with the
15excitation light, tiYatis, 16 méeasure & hseréape%tic efféct, Vid a catheter 1o real time: and s the

therapy is performegeliably,{0093}(8) Fleglrig;copduetion-Rlock-fopnation.determiping qperation]

20Subsequently, the electric-conduction-block- foxmation determining operation is performed. In
the electric-conductien-block-fermaticr:detesmiing eperating, theufluarascanscedimeaveform used in

the cytocidal effect determination is in 25synchronization with electrocardiogram (ECG. ECG obtaining
method will be deseriadriater)rPhe the singlet state to the ground state, and

5 emits fluorescence at this time. Further, 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

10 tissue, and, in addition, breaks photo-sensitive
pharmaceutical (bleaching). If the bleaching occurs,
the effective pharmaceutical amount is decreased, and
thus the fluorescence amount is also decreased.
Therefore, decrease of the fluorescence amount

15 indicates bleaching and a tissue injury amount. The
optical system 120 extracts the fluorescence emitted
from the photo-sensitive pharmaceutical via the laser
catheter 300, and the fluorescence enters the detection
unit 130. The detection unit 130 detects the

20 fluorescence entered from the optical system 120, and
outputs the intensity of the detected fluorescence to
the controller 150 as an electrical signal.
[0087] Continuously, the light source 110 outputs
the excitation light with the second intensity to the

25 optical system 120, the controller 150 calculates the

fluorescence intensity, and the display unit 170



58 controller 150 analyzes the phase difference between the ECG R-wave and the fluorescence peak
intensity in the interval between R-waves to thereby determine whether an electric-conduction block is
formed. In some 5cases, the laser 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 poyver, may be in 10synchronization with ECG
to thereby perform analysis. The procedure in the case of relocating a laser catheter for measurement
is as follows. [0094]First, a practitioner disposes the tip portion of the laser catheter 300 in an electric-

15conduction block (in dashed-dotted line of Fig. 13) or on an excitation-light-irradiated site. Then, the
practitioner operate Jtﬁﬁo%@?atﬁ%euntﬁe% Foarﬁe?th%%u?gn é{&ﬁﬁiﬁﬁ]@ foutpttShstrucon with

the low-power first igtensity ta the,¢autraller 159. Thfozoecgg&rg!!%r 1%%8%%@5 :

excitation-light-output instruction, and then outputs the excitation-lightoutput 1 rucj{lohl Skvjl'tﬁ the first
intensity to the lightispyireg 1Q.alRe tight sestrer 110 obtaingthe-exdcitatigrdight-gutput instruction

from the controller 25150, and then outputs the excitation light with the first intensity. A tissue is
irradiated with the 5% egoitation ligyht cotpud frmpd the kghtsenrces1 0 ywaph .

5 [0088] Here, an example of a graph showing the
temporal change of fluorescence intensity will be
described.

Fig. 12 is a graph showing the temporal change of
fluorescence intensity.

10 Fig. 12 shows the temporal change of fluorescence
intensity in the case where the excitation light is
emitted for 20 seconds after 20 minutes pass after
photo-sensitive pharmaceutical is administered in a pig
by intravenous-injection. Since decrease of a

15 fluorescence amount indicates bleaching and a tissue
injury amount as described above, by displaying an
attenuation curve of the fluorescence intensity, the

PDT process may be displayed in real time.

[0089] The controller 150 determines whether the
20 calculated fluorescence intensity i1s 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
cytocidal effect on a tissue irradiated with the

25 excitation light (Step $113, Yes). Then, the controller

150 creates display information on an index of a



the optical system 120 and the laser catheter 300. Photo-sensitive pharmaceutical, which is absorbed
in a tissue, absorbs the excitation light from the laser 5catheter 300, and emits fluorescence. The
optical system 120 extracts the fluorescence emitted from the photo-sensitive pharmaceutical via the
laser catheter 300, and the fluorescence enters the detection unit 130. The detection unit 130 detects
the fluorescence entered 10from the optical system 1205and outputs the detected fluorescence
intensity to the controller 150 as an electrical signal. The controller 150 calculates fluorescence
intensity based on the obtained electrical signal. 15(0095]Meanwhile, the electrocardiograph 140
obtains the electrocar(%io tap ic siggal 1E;md su plie%thetobtaingd eltictrocardiolgra hic signal to the
controller 150. The Toritrolter 150" cre%?es’diesip ayclbﬁ}fo?%atslor?l bas&d o the Balchiited fiforescence

intensity and the 20gbtaingd glectrocardiographicsignal,and QuipuEs display igstrygtion including the

created display information to the display unit 170. The display unit 170 obtains the display instruction
from the controller E5G;Enghdisplays the correlationibgiween drg 25fuareseercenintensidy and the
electrocardiogram R-wave on the display screen based on the display information 60 in the display
instruction. [0096]H&te rthacobmetdtiondictweef flooradtencenitensityeand ECG Rawavdwill be

described. Fig. 14 is a diagram showing the relation of ECG, .
5 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-

10 conduction-block-formation determining operation.
[0090] Meanwhile, if the controller 150 does not
determine that the fluorescence intensity is decreased
below the threshold within a predetermined time period,
the controller 150 creates display information to

15 prompt to extend the excitation light irradiation and
to reset the light intensity based on the calculated
fluorescence intensity, and outputs display instruction
including the created display information to the
display unit 170 (Step S113, No). When the display unit

20 170 obtains the display instruction from the controller
150, the display unit 170 displays information 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.

25 After a predetermined time period passes after

outputting the display instruction, the controller 150



Sintracardiac 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 10Medical Shujunsha Co., Ltd., 2001), which is
effective in the following description. As shown in Fig. 14, the temporal change of the intracardiac
blood-flow volume is different from the blood-flow volume-in a cardiac-muscle tissue. While the
15intracardiac blood-flow volume has a peak at the time when it coincides 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 éoeal?lat the time when aPout 400 ms pass after R- 20wave. [0097]Fig. 15
is a diagram showir?gofﬁ%scor?)elg i5h BEGeRh ibréscehcetintehdi y and R-wave when the laser

catheter is in the upfight-gontact gtate, Tg}ga%qrr@gg%%ggt flugrescence iQteg?ig> 25darexample,

irradiation power of 900 mW) and R-wave when the tip portion of the laser catheter 300 i1s In 61 the
upright-contact state #ik 8¢ desceked ratbe UprHght-eoriagtisiate: Suetessenee paaks-greiabserved

after 100 ms pass after R-wave and after 400 ms pass after R-wave. Note that, in the case where the
catheter 5is disposed leftasidég thbdlliorestepredatensityined threshold, if the
5 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 intensity, even 1f the controller 150 does
not estimate whether there is a cytocidal effect or not.
10 [0092] According to the cytocidal-effect-determining
operation of this embodiment, based on fluorescence
intensity correlated with pharmaceutical concentration,
it is possible to measure injury in a cardiomyocyte,
which progresses in a tissue irradiated with the
15 excitation light, that is, to measure a therapeutic
effect, via a catheter in real time, and thus the
therapy is performed reliably.
[0093] [(6) Electric-conduction-block-formation
determining operation]
20 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

25 synchronization with electrocardiogram (ECG. ECG

obtaining method will be described later.). The



changes in proportion to the left coronary blood-flow volume of Fig. 14. A ventricle contracts when
R-wave appears, and blood is supplied to a whole body (including cardiac-muscle tissue). Since blood
includes 10photo-sensitive pharmaceutical, the fluorescence intensity in a cardiac-muscle tissue is
highest when blood is supplied to blood vessels of a cardiac muscle. As a result, the peak of
fluorescence intensity appears for a predetermined timegzeriod after appearance of R- 15wave.
[0098]Fig. 16 is a diagram showing the correlation between fluorescence intensity and R-wave when
the laser catheter is in the slanting-contact state. The correlation between fluorescence intensity 20

(for example, irradiation po rof% mW) and R-wave when the tip_portion of the laser catheter 300
is in the slanting-co%?gl&% a\ﬁ\{g%" %%de%%%gg&.elﬁ tk%%la% |%§?cocr}1g%%1%}f§trelf: FelBUs8%od exists in a

gap and the intracaggiac loodfiguyolume is. daminagt, the 25flugrescence intensityneak,goincides

with R-wave. As described above, the phase difference between 62 R-wave and fluoréscence
intensity peak in the wpright-eantact satesds abvioushrdiffetent fiear-the plrse-gifierence between
R-wave and fluorescence intensity peak in the slanting-contact state, and the phase 5difference is
constant if the contabedthgrisanaiaiaiaed: {0099jhdvieniofithis] twkcatrafler 5@ det@rmiresi@hether

the phase difference between fluorescence intensity and R-wave is constant based on
5 cases, the laser 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

10 synchronization with ECG to thereby perform analysis.
The procedure in the case of relocating a laser
catheter for measurement is as follows.

[0094] First, a practitioner disposes the tip
portion of the laser catheter 300 in an electric-

15 conduction block (in dashed-dotted line of Fig. 13) or
on an excitation-light-irradiated site. Then, the
practitioner operates the operating unit 180 to thereby
input an excitation-light-output instruction with the
low-power first intensity to the controller 150. The

20 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-output instruction from the controller

25 150, and then outputs the excitation light with the

first intensity. A tissue 1is irradiated with the



10the calculated fluorescence intensity and the obtained electrocardiographic signal, to thereby
determine whether an electric-conduction block is formed or not (Step S114). If the controller 150
determines that the phase difference between fluorescence intensity and R- 15wave is constant, the
controller 150 determines that an electric-conduction block is yet to be formed (Step 8114, No), and
causes the display unit 170 to display information to proggt a practitioner to stop the excitation light
irradiation (Step S116) and to move 20the laser catheter 300 (Step S117). The practitioner refers to
the information displayed on the display unit 170, stops excitation light irradiation once, and moves the

laser catheter 300. Then the.proc<ﬁsitpl% of SE%Pui?l%A'r grgd é( ereffteﬁgtlre gerformeilrd%L gain.
g

25[0100]Fig. 13 is ae}s{gﬁetr%gﬁc?aiagrgm showiig a movement trackof thE Taser catheter, 63 A

practitioner moves the.tip,gertion,of the laser catheter 300,50 as 40 surround adlypesexcited site in
pulmonary veins (PV) (dashed-dotted line or dashed line in Fig. 13). 5[0101]Meanwhile, if the

controller 150 deterrrines thairibe phase giterence-betiveen fluatescence intensityédR-Wave is not

constant, the controller 150 determines that an electric-conduction block is formed (Step S114, Yes),

creates a display instrasticn teaGmohpt blysraetitivhe? td stopleéditatidmdightinadiaisnand to remove
the laser catheter 300, and outputs a display instruction including the created display information to the

display uniP170. WReH 5 8isprl unie b 8BthiTs thelRemay FitRictioRrorRRSHédontroller 150,

the(ﬂsmayunnl7Q§¥§%@%sle extracts the fluorescence emitted from the
photo-sensitive pharmaceutical via the laser catheter
300, and the fluorescence enters the detection unit 130.
The detection unit 130 detects the fluorescence entered

10 from the optical system 120, and outputs the detected
fluorescence intensity to the controller 150 as an
electrical signal. The controller 150 calculates
fluorescence intensity based on the obtained electrical
signal.

15 [0095] Meanwhile, the electrocardiograph 140 obtains
the 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

20 obtained electrocardiographic signal, 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 displays the correlation between the

25 fluorescence intensity and the electrocardiogram R-wave

on the display screen based on the display information



information to prompt a practitioner to stop excitation light irradiation and to remove the laser catheter
300 on the display screen based on the display information in the display instruction, and stops the
processing 20(Step S115). [0102]Here, the principle, in which the controller 150 determines that an
electric-conduction block is formed when the phase difference between fluorescence intensity and
R-wave is not constant, will be described. 25When a cargliomyocyte injury progresses, the
cardiomyocyte fails to conduct electricity, and thus 64 the cardiomyocyte fails to contract by itself at
time of heartbeat. An electric-conduction block, which is formed by the injured cardiomyocytes and has
a box shape, fails tq conl)[tact C?%/ itSflf, and n?tovests,uch that 5the electric-conduction block follows the
contraction moveméat of the & JSé)CG%YCéI%ISaCl:H]%S%%nﬁSSUG. As a result, the contact state of the tip

portion of the laser ‘F%‘@Eﬁr 300 igdinstable and chapges eXEMREGON0nAS A 68U JDE phase

difference between tluorescence 10intensity and R-wave becomes unstable. In other words, the
correlation betweeniflitaraseencedntensity andvRwaveimovesbaekyvardiang forward between the
correlation shown in Fig. 15 and the correlation shown in Fig. 16. [0103]In view of this, according to the
electric- 15conduction-blodk-formedion leterdiinigeopesaiioniobthisntembedimtertpit sfpdssible to
determine that an electric-conduction block is formed in real time based on the phase difference
between fltorescentB iFRASHFAAT SRIETR HFRog AT RARAGEZOSfetRRANT HiRYhE €ad@Fhere the

peak of which is dominant in the blood-flow volume in a

cardiac-muscle tissue, and being a prereguisite
knowledge described in "Essential Anatomy and
Physiology (Essensharu Kaibo Seirigaku)" (Gakken

10 Medical Shujunsha Co., Ltd., 2001), which is effective
in the following description.

As shown in Fig. 14, the temporal change of the
intracardiac blood-flow volume is different from the
blood-flow volume in a cardiac-muscle tissue. While the

15 intracardiac blood-flow volume has a peak at the time
when it coincides with R-wave, the blood-flow veolume 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-

20 wave.
[0097] Fig. 15 is a diagram showing the correlation
between fluorescence intensity and R-wave when the
laser catheter is in the upright-contact state.

The correlation between fluorescence intensity

25 (for example, irradiation power of 900 mW) and R-wave

when the tip portion of the laser catheter 300 is in



fluorescence intensity appears for a predetermined time period after appearance of R-wave, it can be
determined that an electric-conduction block is yet to be formed, and that the tip portion of the laser
catheter 300 is 25in the upright-contact state. In the case where the peak of fluorescence intensity and
the R-wave appear 65 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 catheter 300 is in the slanting-contact
state. In the case where the 5phase difference between the peak of fluorescence intensity and R-wave
IS not constant, it can be determined that an electric-conduction block is formed. [0104]Note that,
because it can be deltq%rmined trﬁlact _acnc%lgctéig-(.:ogggcti%r}. 9[{)0{%5 (fjc[)rmed.ig ti&e case Owhere the

phase difference be Ween fluorescence matensfy and R*Wave 7§ notconstan , if the |Spﬂ§/ unit 170

displays the correlatign hetween flugrescence intensity andRawave %’%gﬂ&d@@y&%"e%@d

practitioner may estimate whether an electric- 15conduction block is formed or not based on the
correlation betweersffuerescencenstensiy anddRwaveyaven iithe geatellerdbOrdogssnat estimate
whether an electric-conduction block is formed or not. [0105]<Second Embodiment> 20Next, a PDT
apparatus accordingft enoferansbodirert of tisd present inventice withiser gestrdberk trithesfollowing
description, descriptions of configurations, functions, operations, and the like similar to those of the

PDT apparatus 1 oftheitSPS5SHodGifent WittHe ohftted bHSHs5FRBCSEnd ARfRSAT0INts will mainly

be described. changes in proportion to the left coronary blood-flow

volume of Fig. 14. A ventricle contracts when R-wave
appears, and blood is supplied to a whole body
(including cardiac-muscle tissue). Since blood includes
10 photo-sensitive pharmaceutical, the fluorescence
intensity in a cardiac-muscle tigssue is highest when
blood is supplied to blood vessels of a cardiac muscle.
As a result, the peak of fluorescence intensity appears
for a predetermined time period after appearance of R-
15 wave.
[0098] Fig. 16 is a diagram showing the correlation
between fluorescence intensity and R-wave when the
laser catheter is in the slanting-contact state.
The correlation between fluorescence intensity
20 (for example, irradiation power of 900 mW) and R-wave
when the tip portion of the laser catheter 300 is in
the slanting-contact state will be described. 1In the
slanting-contact state, because blood exists in a gap
and the intracardiac blood-flow volume is dominant, the
25 fluorescence intensity peak coincides with R-wave.

As described above, the phase difference between



66 An optical system and a detection unit according to the second embodiment will be described.
[0106][Structures of optical system and detection unit] 5Fig. 17 is a block diagram showing an optical
system, a detection unit, and the like of the second embodiment of the present invention. An
optical system 120a includes the short pass filter 121, the first lens 122, the PBS 123, a first 10dichroic
mirror (hereinafter referred to as "DM".) 126, and a secosgl DM 127. [0107]A detection unit 130a
includes a first bhotodiode (hereinafter referred to as "PD".) 131, and a second PD 132. 15[0108]The
first DM 126 reflects light having a certain wavelength out of the light entered from the PBS 123, and
causes the light haying the othe velengths to pass through. In_this.manner, the first. DM, 126 reflects
part of quorescencéé fr%?nv%ealgéevr%&%ﬂ%%??g éiLrﬁl a OSV%Z:Yhep ﬁ&cﬁe%geﬁtc}éehél\ﬁﬁglﬁl%toiher
wavelengths from the laser catheler30Q and specular reflegtign dight to.passdharqughThe
fluorescence, which has reflected off the first DM 126, enters the first PD 131. 25The first PD 131
detects the fluoresceintesarderesl between R-wave and fluorescence intensity

peak in the slanting-contact state, and the phase

5 difference is constant if the contact state 1is
maintained.
[0099] In view of this, the controller 150

determines whether the phase difference between
fluorescence intensity and R-wave is constant based on

10 the calculated fluorescence intensity and the obtained
electrocardiographic signal, to thereby determine
whether an electric-conduction block is formed or not
(Step S114). If the controller 150 determines that the
phase difference between fluorescence intensity and R-

15 wave 1is constant, the controller 150 determines that an
electric-conduction block is yet to be formed (Step
S114, No), and causes the display unit 170 to display
information to prompt a practitioner to stop the
excitation light irradiation (Step S116) and to move

20 the laser catheter 300 (Step S117). The practitioner
refers to the information displayed on the display unit
170, stops excitation light irradiation once, and moves
the laser catheter 300. Then, the processing of Step
S104 and thereafter are performed again.

25 [0100] Fig. 13 is a schematic diagram showing a

movement track of the laser catheter.



from the first DM 126. The first PD 131 outputs the 67 detected fluorescence intensity to the controller
150 as an electrical signal. [0109]The second DM 127 reflects light having a certain wavelength out of
the light which has passed 5through 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 flu@escence having the other wavelengths and
specular 10 reflection light to pass thorough. The fluorescence, which has reflected off the second DM
127, enters the second PD 132. The second PD 132 detects the fluorescence entered from the
second DM 127. The secc}gd PD 3§toutgtéts trrﬂg \;ggeggte(%ﬂuoreg%%qcenin(t) s,étpg e;to ihe cq:ntroller
150 as an electrical signal. [(fﬁ%ﬁﬁotejtﬁat the optical sysefemlﬁo% may?urther include DS each

having a structure sigilaeiothe siiyicuye ol eggh af 1he)(irsh DM do6 and the segoad DM 20127. In this

manner, eventually, the plurality of DMs 126, 127 ... reflect the fluorescence from the laser catheter
300, and the pluralipuohiPRa 4317432 s.. detect thimfiuerascencesftomihe laser gatheter 300ad hen,
the plurality of DMs 126, 127 ... causes the 25specular reflection light to pass through. [0111]Note that,
as another embodirh&nE Epuldé) -

5 [0101] Meanwhile, i1f 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 a display instruction to

10 prompt a practitioner to stop excitation light
irradiation and to remove the laser catheter 300, and
outputs a display instruction including the created
display information to the display unit 170. When the
display unit 170 obtains the display instruction from

15 the controller 150, the display unit 170 displays
information to prompt a practitioner to stop excitation
light irradiation and to remove the laser catheter 300
on the display screen based on the display information
in the display instruction, and stops the processing

20 (Step S115).

[0102] Here, the principle, in which the controller
150 determines that an electric-conduction block is
formed when the phase difference between fluorescence
intensity and R-wave is not constant, will be described.

25 When a cardiomyocyte injury progresses, the

cardiomyocyte fails to conduct electricity, and thus



68 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 5length of laser catheter 300). [0112]<Third Embodiment> In the third embodiment, the
contact-monitoring steps are performed based on the phase difference between the peak of
fluorescence intensity, which is in 10the interval betweers R-waves, and R-wave. In the
electric-conduction-block-format on determining operation of the first embodiment, it is determined that
an electric-conduction block is foLElted based on the phase difference between the peak of
15fluorescence intetnrslgy, vghig@ i% in thetinte;[val getween R"Q’%‘é%% a%?d R-Wa\ﬁe This %rinceisple may be

applied to the contact-mocnltrorlna c}f)%?giloen. Tﬁg Iiﬁﬁpsource 176 ojtj%ﬁljets%heattéx0|tﬁrﬂon light with

the first intensity to fye gaucalisystem 201201 Lhe detectin sigit 130 detecis,the flyprgscence entered

from the optical system 120. The detection unit 130 outputs the detected fluorescence intensity to the
controller 150 as arr elestritabsigtnk Thecondiolleaisq calgulajesfucrescence ntensity based on the

250btained electrical signal. [0114]Meanwhile, the electrocardiograph 140 obtains
shape, fails to contract by itself, and moves such that
5 the electric-conduction block follows the contraction
movement of the adjacent cardiac-muscle tissue. As a
result, the contact state of the tip portion of the
laser catheter 300 is unstable and changes every second.
As a result, the phase difference between fluorescence

10 intensity and R-wave becomes unstable. In other words,
the correlation between fluorescence intensity and R-
wave moves backward and forward between the correlation
shown in Fig. 15 and the correlation shown in Fig. 16.
[0103] In view of this, according to the electric-

15 conduction-block-formation determining operation of
this embodiment, it is possible to determine that an
electric-conduction block is formed in real time based
on the phase difference between fluorescence intensity
and electrocardiogram R-wave.

20 Specifically, in the case where the peak of
fluorescence intensity appears for a predetermined time
period after appearance of R-wave, it can be determined
that an electric-conduction block is yet to be formed,
and that the tip portion of the laser catheter 300 is

25 in the upright-contact state. In the case where the

peak of fluorescence intensity and the R-wave appear



69 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 5obtained electrocardiographic signal, 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 displays the correlation betwgen fluorescence 10intensity and
electrocardiogram R-wave on the display screen based on the display information in the display
instruction. [0115]The controller 150 determines the contact state of the tip portion of the laser catheter
300 15based on the ¢ Iclélatetd. f|l.i rescence intensit d the obtained ele tré)cardjo%rgph'c signal
(Step 5106). Speciflsc%%f/‘, ifthe ControlidF 150 datsrmines that the ‘f)%lak of fiTorestentetinte %ﬁy

appears for a predetemined time perigd after apperance of the R: 20waye, thecangroller 150

determines that the tip portion of the laser catheter 300 is in the upright-contact state. If the controller

150 determines that thecpeateoffiyoressencerintensithand ke Rawave appaaksimultaneausly, the
controller 150 determines 25that the tip portion of the laser catheter 300 is in the slanting-contact
state. Further, the bloodbelumea7ding-contact state. In the case where the

5 phase difference between the peak of fluorescence
intensity and R-wave is not constant, it can be
determined that an electric-conduction block is formed.
[0104] Note that, because it can be determined that
an electric-conduction block is formed in the case

10 where the phase difference between fluorescence
intensity and R-wave 1s not constant, if the display
unit 170 displays the correlation between fluorescence
intensity and R-wave on the display screen, a
practitioner may estimate whether an electric-

15 conduction block is formed or not based on the
correlation between fluorescence intensity and R-wave,
even 1f the controller 150 does not estimate whether an
electric-conduction block is formed or not.

[0105] <Second Embodiment:

20 Next, a PDT apparatus according to another
embodiment of the present invention will be described.
In the following description, descriptions of
configurations, functions, operations, and the like
similar to those of the PDT apparatus 1 of the first

25 embodiment will be omitted or simplified, and different

points will mainly be described.



between the tip portion of the laser catheter 300 and the inner wall of a tissue may be estimated based
on fluorescence peak intensity. [0116]<Fourth Embodiment> 5According to the fourth embodiment, the
contact- monitoring steps are performed by using autofluorescence spectrum differences. Note that,
autofluorescence indicates light emitted from a tissue by itself, and does not mean fluorescence from a
10pharmaceutical. That is, the fourth embodiment descrgxes a diagnostic method in which no
pharmaceutical is used. [0117]The light source 110 outputs an excitation light, with which the
difference between the 15autofluorescence spectrum property of a cardiac-muscle tissue and the

autofluorescence spectrurR Ipro%%rt)é oflblood is deterligline%ggsilcy. The ql%gcétion unit 130 detects

entered fluorescence. The detdttion dnit T30 %%Tplfts & defected lidteSEenceintens| ﬁ tPthe

20controller 150 asan elegtrical.signal. Jhs£ontroller 150 calculates.the fluprescence spectrum based

on the obtained electrical signal. The controller 150 determines whether the calculated fluorescence
spectrum shows thg autaffuorescepeespearu@ propegy of a125cpsdiagrnustleitissieardhe

autofluorescence spectrum property of blood. The controller 150 compares the
unit]

5 Fig. 17 is a block diagram showing an optical
system, a detection unit, and the like of the second
embodiment of the present invention.

An optical system 120a includes the short pass

filter 121, the first lens 122, the PBS 123, a first

10 dichroic mirror (hereinafter referred to as "DM".) 126,
and a second DM 127.
[0107] A detection unit 130a includes a first
photodiode (hereinafter referred to as "PD".) 131, and
a second PD 132.

15 [0108] The first DM 126 reflects light having a
certain wavelength out of the light entered from the
PBS 123, and causes the light having the other
wavelengths to pass through. In this manner, the first
DM 126 reflects part of fluorescence from the laser

20 catheter 300, and allows the fluorescence having the
other wavelengths from the laser catheter 300 and
specular reflection light to pass thorough. The
fluorescence, which has reflected off the first DM 126,
enters the first PD 131.

25 The first PD 131 detects the fluorescence entered

from the first DM 126. The first PD 131 outputs the



71 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 5portion of the laser catheter 300 (Step 5106). Specifically, if the controller 150 determines that the
calculated fluorescence spectrum shows the autofluorescence spectrum property of a cardiac-muscle
tissue, the controller 150 determines that the tip 10portiag7of the laser 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

15laser catheter 308 isin %he naQn-contact state. If. the controller 15(?):1(%Ietermir%es t{m t the_calculated
e %C ed uorescence 1P%ens1%% to e contro fé% 1
fluorescence spectrum does not Show the each autofltorescence spectrum property, thé tontroller 150

determines that the tip portion 9f the laser cathetar 20300 is in the slanting-contact state. [0118]The
contact-monitoring using the autofluorescence spectrum difference is also useful for laser-catheter
contact-monitoring ifothesdase ofenthesapytof antisaase Wil paassulat gicelusioniffer 2oexample,
arteriosclerotic disease or the like). Figs. 18 are schematic diagrams each showing a 72 contact state
of a laser catheter insarciatravascigdrelngian. s thdrapyiforld diseast with azasqiased

5 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

10 reflection light to pass thorough. The fluorescence,
which has reflected 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
15 detected fluorescence intensity to the controller 150
as an electrical signal.
[0110] Note that the optical system 120a may further
include DMs each having a structure similar to the
structure of each of the first DM 126 and the second DM
20 127. 1In this manner, eventually, the plurality of DMs
126, 127 ... reflect the fluorescence from the laser
catheter 300, and the plurality of PDs 131, 132
detect the fluorescence from the laser catheter 300.
Then, the plurality of DMs 126, 127 ... causes the
25 specular reflection light to pass through.

[0111] Note that, as another embodiment, a pulse



occlusion, it is desired to determine whether the tip 5portion of the laser catheter 300 contacts a
vascular occlusion (atheromatous 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 10occlusion is different from the composition ratio of a blood-vessel wall. Specifically,
the composition ratio of a vascular occlusion (arterioscles@sis) 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, 156.5% of collagen,
10.5% of elastin, and 1% of lipid. Because of this, the autofluorescence spectrum property of a
vascular occlusion '?.dig;grent from the autgfluores ence spectrum gg])pseor'%/ of a Iﬂgd-vgrsl%el wall. If a

therapy-target site is iiadiafed With ah 20excitation Ii(jahst, with which'the pro]f)(éﬁy difference’is

determined easily, apd flugresgence isdpeasyrednit {s gassible 49 determine whetherthe fip portion of

the laser catheter 300 contacts the vascular occlusion 21 or the blood-vessel wall 22. Note that,

because it can 25be gletermiked wihetherthere is anpatheateds plagieonagidased on the
composition ratio, the contact- 73 monitoring using the autofluorescence spectrum difference can
perform diagnosis rapielpretisehtinahad VS (idtkdVascalas @ltiadovnd), witlewhich it isrdetersnined
whether there is an atheromatous plague or 5not based on the size of the blood vessel diameter.

[0119]The 8mbodim&its of i predBRfinvRhkGT &Fe 300) -

[0112] <Third Embodiments

In the third embodiment, the contact-monitoring
steps are performed based on the phase difference
between the peak of fluorescence intensity, which is in

10 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

15 fluorescence intensity, which is in the interval
between R-waves, and R-wave. This principle may be
applied to the contact-monitoring operation.

[0113] The light source 110 outputs the excitation
light with the first intensity to the optical system

20 120. The detection unit 130 detects the fluorescence
entered from the optical system 120. The detection unit
130 outputs the detected fluorescence intensity to the
controller 150 as an electrical signal. The controller
150 calculates fluorescence intensity based on the

25 obtained electrical signal.

[0114] Meanwhile, the electrocardiograph 140 obtains



not limited to the above-mentioned embodiments, and other various embodiments are conceivable.
[0120]Although in the above-mentioned embodiments, 10the laser catheter 300 is detachably
connected to the connector 210 of the PDT apparatus 1, the laser catheter 300 may be provided on
the PDT apparatus 1 integrally. Although in the above-mentioned embodiments, the 15tube 200 is
provided on the PDT apparatus main body 100 and the ggnnector 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 20PBS 123 is used, a DM may be used instead.
[0121]Although in the abgve-g]entiongd embo imentsi the fclhontroll risoi formst practitioner of
information to prom%]ilthee Sr%dlé?ecr?nrlné&) dontrols %ysus?r?ga e (%glp afllllfr)ﬁ 707 but' s not limited to

this. 25A speaker ugiimay, be pLavided gn the PRL-apparatus; Tyand the qanirollsp 150, may,create a

sound output 74 instruction when prompting a practitioner to pérform the predetertitined controls, may
output the created saund outpeit dstitietion éa-thesspeakes Ui, @idpRycalsedhaspeaker unit to

output sounds, to thereby 5prompt a practitioner to perform the predetermined

based on the calculated fluorescence intensity and the

5 obtained electrocardiographic signal, 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 displays the correlation between fluorescence

10 intensity and electrocardiogram R-wave on the display
screen based on the display information in the display
instruction.
[0115] The controller 150 determines the contact
state of the tip portion of the laser catheter 300

15 based on the calculated fluorescence intensity and the
obtained electrocardiographic signal (Step S106).
Specifically, 1f the controller 150 determines that the
peak of fluorescence intensity appears for a
predetermined time period after appearance of the R-

20 wave, the controller 150 determines that the tip
portion of the laser catheter 300 is in the upright-
contact state. If the controller 150 determines that
the peak of flucrescence intensity and the R-wave
appear simultaneously, the controller 150 determines

25 that the tip portion of the laser catheter 300 is in

the slanting-contact state. Further, the blood volume



controls. Description of Symbols [0122]1phocodynamic therapy (PDT) apparatus 100 PDT apparatus
main body 10110 light source 120, 120a optical system 121 short pass filter 122 first lens 123
polarizing beam splitter (PBS) 15124 long pass filter 125 second lens 126 first dichroic mirror (DM)
127 second dichroic mirror (DM) 130, 130a detection unit 20131 first photodiode (PD) 132 second
photodiode (PD) 140 electrocardiograph 141 electrode padl
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between the tip portion of the laser catheter 300 and
the inner wall of a tissue may be estimated based on
fluorescence peak intensity.
[0116] <Fourth Embodiments

According to the fourth embodiment, the contact-
monitoring steps are performed by using
autofluorescence spectrum differences. Note that,
autofluorescence 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.
[0117] 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 determined easily. The detection unit 130
detects entered fluorescence. The detection unit 130
outputs the detected fluorescence intensity to the
controller 150 as an electrical signal. The controller
150 calculates the fluorescence spectrum based on the
obtained electrical signal. The controller 150
determines whether the calculated fluorescence spectrum
shows the autofluorescence spectrum property of a
cardiac-muscle tissue or the autofluorescence spectrum

property of blood. The controller 150 compares the



150 controller 25160 storage 170 display unit 75 180 200 controller tube 201 apparatus-attached
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calculated fluorescence spectrum with the
autofluocrescence spectrum property of a cardiac-muscle
tissue and the autofluorescence spectrum property of
blood, and determines the contact state of the tip
portion of the laser catheter 300 (Step S106).
Specifically, if the controller 150 determines that the
calculated fluorescence spectrum shows the
autofluorescence spectrum property of a cardiac-muscle
tissue, the controller 150 determines that the tip
portion of the laser 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 catheter 300 is in the non-contact state. If the
controller 150 determines that the calculated
fluorescence spectrum does not show the each
autofluorescence spectrum property, the controller 150
determines that the tip portion of the laser catheter
300 is in the slanting-contact state.

[0118] The contact-monitoring using the
autofluorescence spectrum difference is also useful for
laser-catheter contact-monitoring in the case of a
therapy for a disease with a vascular occlusion (for
example, arteriosclerotic disease or the like).

Figs. 18 are schematic diagrams each showing a



5 300 laser catheter 301 irradiation light 310 catheter tube 320 holder 330
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contact state of a laser catheter in an intravascular
lumen.
In a therapy for a disease with a wvascular
occlusion, it is desired to determine whether the tip
5 portion of the laser catheter 300 contacts a vascular

occlusion (atheromatous 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 wvascular

10 occlusion is different from the composition ratio of a
blood-vessel wall. Specifically, the composition 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,

15 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
autofluorescence spectrum property of a blood-vessel
wall. If a therapy-target site is irradiated with an

20 excitation light, with which the property difference isg
determined easily, and fluorescence is measured, it is
possible to determine whether the tip portion of the
laser catheter 300 contacts the wvascular occlusion 21
or the blood-vessel wall 22. Note that, because it can

25 be determined whether there is an atheromatous plaque

or not based on the composition ratio, the contact-



optical fiber 10 340 optical window 76 Claims [1] A determining apparatus for irradiating a tissue
having absorbed photo-sensitive pharmaceutical, the photo-sensitive pharmaceutical absorbing an
excitation 5light and emitting fluorescence, or a tissue absorbing the excitation light and emitting
fluorescence, with the excitation light emitted from a tip portion of a laser catheter, comprising:

a connector to/from which the laser catheter is 10capable3of 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 or a spectrum of the fluorescence, the fluorescence being 15entered from the

laser catheter via the cannector, to determjcr}le Whettheﬁhe tip gortion of the I%ser catheter contacts the
tissue or not. monitoring using e autorluocrescernce spéctrum

difference can perform diagnosis more precisely than
IVUS {(intravascular ultrasound), with which it 1is
determined whether there is an atheromatous plaque or
5 not based on the size of the blood vessel diameter.
[0119] The embodiments of the present invention are
not limited to the above-mentioned embodiments, and
other various embodiments are conceivable.
[0120] Although in the above-mentioned embodiments,
10 the laser catheter 300 is detachably connected to the
connector 210 of the PDT apparatus 1, the laser
catheter 300 may be provided on the PDT apparatus 1
integrally.
Although in the above-mentioned embodiments, the
15 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
20 PBS 123 is used, a DM may be used instead.
[0121] Although in the above-mentioned embodiments,
the controller 150 informs a practitioner of
information to prompt the predetermined controls by
using the display unit 170, but is not limited to this.
25 A speaker unit may be provided on the PDT apparatus 1,

and the controller 150 may create a sound output



[2] The determining apparatus according to claim 1, further comprising: 20a controller for determining
whether the tip portion of the laser catheter contacts the tissue or not, based on intensity or a spectrum
of the detected fluorescence. [3] The determining apparatus according to claim 1, 25further
comprising: a controller for determining a contact angle in a 77 state where the tip portion of the laser
catheter contacts the tissue or determining that the tip pardion of the laser catheter fails to contact the
tissue, based on intensity or a spectrum of the detected 5fluorescence. [4] The determining apparatus
according to claim 3, wherein the controller outputs a signal to prompt to change a contact state of the
tip portion of the laser 10catheter with respect to the tissue, based,on the determination result. [5] The

determining apparaﬁ?ssggc}%ﬁ&iﬁanfo“é aim é’,rv%né)rté%nnt%eac&ﬁ%ﬁgrlgélgﬁﬁgfest h Béi %5W—Iight-
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the predetermined controls, may output the created
sound output instruction 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

[0122] 1 photodynamic therapy (PDT) apparatus
100 PDT apparatus main body

110 1light 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



15irradiation protocol based on the intensity or the spectrum of the detected fluorescence, and outputs
a calculation result. [6] The determining apparatus according to claim 4, wherein 20the light source
outputs the excitation light with a first intensity when determining whether the tip portion of the laser
catheter contacts the tissue or not, and outputs the excitation light with a second intensity when
performing a photodynamic therapy with 25respect to the tissue, the second intensity being larger than
the first intensity. 78 [7] The determining apparatus according to claim 4, wherein the controller
obtains an electrocardiographic signal, and determines a contact angle in a state where 5the laser
catheter contacts thle t'&ssue or det r{nines that the laser catheter fails to contact the tissue, based on a
correlation betweerithe elg(?trrl&c%??]’io%%:aphic signal and the intensity of the fluorescence. [8] The
determining apparafys,acgqrding to claim 3, 10wherein the controller determines an abnormal
situation of the tip portion of the laser catheter, based on the intensity or the spectrum of the detected
fluorescence. [9] Axeternaipingrnethocs eeaWHSHoptical fiber

210 connector

5 300 laser catheter
301 irradiation light
310 catheter tube
320 holder
330 optical fiber

10 340 optical window



15irradiating a tissue having absorbed photo- sensitive pharmaceutical, the photo-sensitive
pharmaceutical absorbing an excitation light and emitting fluorescence, or a tissue absorbing the
excitation light and emitting fluorescence, with the 20excitation light emitted from a tip portion of a
laser catheter; extracting the fluorescence corresponding to the irradiated excitation light via the
laser catheter; and determining whether the tip portion of the laser 25catheter contacts the tissue or
not, based on intensity or a spectrum of the extracted fluorescence. 79 [10] The determining method
according to claim 9, further comprising: calculating an excitation-light-irradiation protocol based on the
intensity or the spectrum of the 5extracted fluorescengi , and outputting a calculation result. [11] A
determining method using photo-sensitive pharmaceu |c%1fré‘5’sorbing an excitation light and emitting a

fluorescence, a lasenqathgtes capahle,of J0emifling fhe exgitation il from adinpartiqn, and
having absorbed photo-sensitive pharmaceutical, the
photo-sensitive pharmaceutical absorbing an excitation
5 light and emitting fluorescence, or a tissue absorbing
the excitation light and emitting fluorescence, with
the excitation light emitted from a tip portion of a
laser catheter, comprising:
a connector to/from which the laser catheter is

10 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 or a
spectrum of the fluorescence, the fluorescence being

15 entered from the laser catheter via the connector, to
determine whether the tip portion of the laser catheter
contacts the tissue or not.

[2] The determining apparatus according to claim 1,
further comprising:

20 a controller for determining whether the tip
portion of the laser catheter contacts the tissue or
not, based on intensity or a spectrum of the detected
fluorescence.

[3] The determining apparatus according to claim 1,

25 further comprising:

a controller for determining a contact angle in a



an estimating apparatus including a connector to/from which the laser catheter is capable of being
attached/detached and a light source for outputting the excitation light to the laser catheter via the

15connector, comprising: absorbing, in a tissue, the photo-sensitive pharmaceutical; leading
the tip portion of the laser catheter to the tissue having absorbed the photo-sensitive
20pharmaceutical, the laser catheter being attached to the connector; irradiating the tissue having

absorbed the photosensitive pharmaceutical with the excitation light emitted from the tip portion of the
laser catheter, the 25excitation light being output from the light source; extracting the fluorescence
corresponding to the §Q elrr%cﬁgated %{:ltag[on |I§ht yia érllle (I)afseéﬁat ter; and determining whether

the tip portion of thésFaser catheter contactsthd fissue or not, 4Se %ﬁ?ﬁeﬁgﬁyc@)r‘tggpectrum of the

extracted fluorescepeg,3{12): The determining ethod acqording ta-glaim J4 . further gomprising:
calculating an excitation-light-irradiation protocol based on the intensity or the spectrum of the
extracted fluoresceage tard outpattingea haledtation 10sesidt. contact the tissue,

based on intensity or a spectrum of the detected

5 fluorescence.
[4] The determining apparatus according to claim 3,
wherein
the controller outputs a signal to prompt to

change a contact state of the tip portion of the laser

10 catheter with respect to the tissue, based on the
determination result.

[5] The determining apparatus according to claim 3,
wherein
the controller calculates an excitation-light-

15 irradiation protocol based on the intensity or the
spectrum of the detected fluorescence, and outputs a
calculation result.

[6] The determining apparatus according to claim 4,
wherein

20 the light source outputs the excitation light with
a first intensity when determining whether the tip
portion of the laser catheter contacts the tissue or
not, and outputs the excitation light with a second
intensity when performing a photodynamic therapy with

25 respect to the tissue, the second intensity being

larger than the first intensity.
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[7] The determining apparatus according to claim 4,
wherein

the controller obtains an electrocardiographic
signal, and determines a contact angle in a state where
the laser catheter contacts the tissue or determines
that the laser catheter fails to contact the tissue,
based on a correlation between the electrocardiographic
signal and the intensity of the fluorescence.
[8] The determining apparatus according to claim 3,
wherein

the controller determines an abnormal situation of
the tip portion of the laser catheter, based on the
intensity or the spectrum of the detected fluorescence.
[9] A determining method, comprising:

irradiating a tissue having absorbed photo-
sensitive pharmaceutical, the photo-sensitive
pharmaceutical absorbing an excitation light and
emitting fluorescence, or a tissue absorbing the
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

determining whether the tip portion of the laser
catheter contacts the tissue or not, based on intensity

or a spectrum of the extracted fluorescence.
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[10] The determining method according to claim 9,
further comprising:

calculating an excitation-light-irradiation
protocol based on the intensity or the spectrum of the
extracted fluorescence, and outputting a calculation
result.
[11] A determining method using photo-sensitive
pharmaceutical absorbing an excitation light and
emitting a fluorescence, a laser 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
attached/detached and a light source for outputting the
excitation light to the laser catheter via the
connector, comprising:

absorbing, in a tissue, the photo-sensitive
pharmaceutical;

leading the tip portion of the laser catheter to
the tissue having absorbed the photo-sensitive
pharmaceutical, the laser catheter being attached 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
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irradiated excitation light via the laser catheter; and
determining whether the tip portion of the laser
catheter contacts the tissue or not, based on intensity
or a spectrum of the extracted fluorescence.
[12] The determining method according to claim 11,
further comprising:
calculating an excitation-light-irradiation
protocol based on the intensity or the spectrum of the
extracted fluorescence, and outputting a calculation

result.



