1 DESCRI PTI ON CALCULATI ON APPARATUS AND CALCULATI ON METHOD Technical Field
5[0001] The present invention relates to a cal cul ati on apparatus and a

cal cul ati on nethod that cal cul ate pharnaceutical concentration in a tissue
Background Art [0002] Atrial fibrillation is known as a kind of

10t achyarrhythm a. A hyperexcited site, which generates an el ectri cal

pul se, appears in the vicinity of a root portion, in which a pul nobnary vei
and a left atriumare connected, and the left atriummnutely vibrates and
contracts because of the electrical pulse 15stinulation, to thereby cause

an atrial fibrillation. [O0003]As an_atrial fibrillation therapeutic

net hod, the inventors have been propBE@SREBBFpgation of phot odynam c

therapy (hereinafter, referred to as "PDI".) (fo , at ent
Docunent 14, 1 nPDT 6 e i AR R el S Al i 8ibed phot o-
sensitive pharmaceutical, is irradiated wth an excitation |light by using
| aser catheter, to thereby generate singlet oxygen. The singlet oxygen as
strong oxidi zer insult . cardi ac-muscl e tissue, which 25surrounds the
hyper exci t ed sT?%En%?Ffréh%i§'forn1an el ectric-conduction bl ock, which

bl ocks %gndUCttégbfﬁ The present invention relates to a

calculation apparatus and a calculaticn method that
calculate pharmaceutical concentration in a tissue.
Background Art
[0002] Atrial fibrillation is known as a kind of

10 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
and contracts because of the electrical pulse

15 stimulation, to thereby cause an atrial fibrillation.
[0003] As an atrial fibrillation therapeutic methed,
the inventors have been proposed application of
photodynamic therapy (hereinafter, referred to as
"PDT".) (for example, see Patent Document 1.). In PDT,

20 a cardiac-muscle tissue, which has absorbed photo-
sensitive pharmaceutical, is ilrradiated with an
excitation light by using a laser catheter, to thereby
generate singlet oxygen. The singlet oxygen as a strong
oxidizer insults a cardiac-muscle tissue, which

25 surrounds the hyperexcited site, to thereby form an

electric-conduction klock, which blocks conduction of

n

a
a



2 the electrical pulse fromthe hyperexcited site to the left atrium As a
result, an electric conduction between the hyperexcited site and the |eft
atriumis bl ocked, and an abnormal vibration and contraction of 5the |eft
atriumis inhibited. [0004] Photo-sensitive pharnmaceutical has a property of
selectively accunulating in a certain tissue. In view of this, in general,
after a predetermned tinme (for exanple, 8 to 48 hours) passes after photo-
10sensitive pharmaceutical is admnistered in a patient, when the state
where the photo-sensitive pharmaceutical concentration is high in a

t herapy-target tissue and the photo-sensitive pharmaceutical concentration
is lowin other’®iSGELHHRE B i st i@%%?ejfcf'ﬂa?e s*?”i%vﬁ‘%nﬁ?eﬁe state

where a so-cal] ed photo-sensitive phai naceutical contrast is highis
est abl i shed, i%@’giai%i'ﬁldﬂnw £ Phée&&tt’a%ﬁ%c&ﬁtlci §OEERAEE Furt her,

tly, PDT, in whi t ] at | ng, t f to- it
phar macout | calPT &t R q BO H whi TH i ST G i (RELRAT G tat i on
light is start hot o- sensi tive ph tical is deljvered
Lnor apy- tar gors (YSTL By bl 0d IS bpbOBE - 0008 bat SR HUTHont: 1 W PO

Publ i cati on No. 0 @4%%?&%@ f%sgéﬁ§%g§%&ﬁ the Invention 3 Problemto be

sol ved t he ?%%2%?'on
[CC04} Photo-gensitive pharmaceutical has a property
of selectively accumulating in a certain tissue. In
view of this, in general, after a predetermined time
(for example, 8 to 48 hours) passes after photo-

19 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 concentraticn is low
in other tissues and blood is established, that is,

i5 when the state where a so-called photo-sensitive
pharmaceutical contrast is high is established,
irradiation with the excitation light i1s started.
Further, recently, PDT, in which the accumulating
property of photo-sensitive pharmaceutical is not used

20 and in which irradiation with the excitation light is

started when photo-sensitive pharmaceutical is

delivered to a therapy-target tissue by blood, is

propocsed.
[0005] Patent Document 1: WIPO Publication No.
25 2008/066126

Disclosure of the Invention



[0006] I n a therapy, in which pharmaceutical is used, it is inportant to
noni t or pharnmaceutical concentration in a tissue to determ ne optinum
t herapeutic protocols. 5 [0007] In view of this, conventionally, as a
met hod of nonitoring pharmaceutical concentration in blood, a nethod of
measuri ng absorbance of blood collected every predetermned tine after
phar maceuti cal adninistration, and other Aethods are known. However, in
this method, 10the plot nunber is |[imted because the collectabl e bl ood
volune is limted, and in addition, it is not possible to nmeasure the

ohar maceut | cal PEHEh TS Ed TR S TRAE IS known & merhod i n
15whi ch part of ¢ on in pharmaceutical is transforned. i.nto isoto th

i sotope is siriHQ§%ﬁou§b§Eidﬁ?ﬁ?@?%re&? &ﬁ&C%héﬁﬁﬁgﬁﬁﬁ%ﬁﬁc oﬂ@%ﬁ%egyionein
each tissue is, measured hased .on a radiati.,on antity.. Ho | t hod
i nvol ves radi atT of® eXjio% aeneléorp? obTE c‘!,’rill%han%lfqéj%elf%lsés%} n%%mﬁ;%{%%tﬂ%% omengo

o andes bk LRSS L RLIL Shethal Lhe-abarer ROl 00ed o

circunstances,”%ﬁadﬁ? € present 7 nventi on i
cal cul atd on appggatiis and, a, 64 ol alj o0 nEbhed, capabl £, 2900 caheulaiing
phar maceuti cal "tohcentration in a tissue in rea I me. 4 ans for solvi ng
the Problem of monitoring pharmaceutical concentration in blood, a
method of measuring absorbance of blood collected every
predetermined time after pharmaceutical administration,
and other methods are known. However, in this method,
10 the plot number ig limited because the ccllectable
blood volume ig limited, and in addition, it is not
possible to measure the concentration in real time.
Further, as a method of monitoring pharmaceutical
concentration in a tissue, there is known a method in
15 which part of carbon in pharmaceutical is transformed
into isotope, the isotope is simultaneously
administered, and pharmaceutical concentration in each
tissue is measured based on a radiation gquantity.
However, this method involves radiation exposure
20 problems, is not a less-invasive monitoring method, and
is not realistic.
[0008] In view of the above-mentioned circumstances,
an object of the present invention is tc provide a
calculation apparatus and a calculation method capable

25 of calculating pharmaceutical concentration in a tissue

in real time.



[ 0009] To attain the above-nenti oned object, a cal cul ati on appar at us
according to an enbodi nent of the present invention is a cal cul ation
apparatus for 5irradiating a tissue having absorbed photo-sensitive
pharmaceutical, the photo-sensitive phatnaceutical absorbing an excitation
light and emtting fluorescence, with the excitation light emtted froma
tip portion of a |aser catheter, including a connector, a |light source,
10and a detection unit. Note that, in the specification, the term
"tissue" may sonetinmes include bl ood. The | aser catheter is capable
of being attached/ detached to/fromthe connector. 15The |ight source
outputs the exXésanmsierr | Fohind e PreRietat heter via the connector.

The detection unit detects intensity of the fluorescence, the fluorescence
being entered f¢OFt he B3t enthetle® FFpave Heebheird tPI®tcatcul ate
20concentration of the photo-sensitive pharmaceutical in_a tissue, the tip
portion of theFFaSet2bHthetRa AT He $1T t Festre. ST BTy det ectd ng the
intensity of the fluorescence entered fromthe | aser catheter, it is
25possi bl e t 0 REFFFRE el LFRER at T oh oF L TP bHot 02PRJRTEF vEChar naceut i cal
in a tissue, which the ti . portion of the |aser catheter contacts, in

real time. Fur%%‘?l%’f/l%?%gt TR TR RTOTLEY PoPEe TPyt Bperability

I's improved. pharmaceutical, the photo-sensitive pharmaceutical
absorbing an excitation light and emitting fluorescence,
with the excitation light emitted from a tip portion of
a laser catheter, inciuding a connector, a light source,

10 and a detection unit.

Note that, in the specification, the term "tissue®
may sometimes include blood.

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

15 The light source outputs the excitation light to
the laser catheter wvia the connector.

The detection unit detects intensity of the
fiucorescence, the fluorescence being entered from the
laser catheter wvia the connector, to calculate

20 concentration of the photo-sensitive pharmaceutical in
a tigsue, the tip portion of the laser catheter
contaciting the tisgsue.

[0010] By detecting the intensity of the
flucrescence entered from the laser catheter, it is

25 possible to estimate concentration of the photo-

sensitive pharmaceutical in a tissue, which the tip



[ 0011] The cal cul ati on apparatus may further include 5a calculation unit for
cal cul ating the concentration of the photo-sensitive pharmaceutical in the
tissue, the tip portion of the |laser catheter contacting the tissue, based
on intensity of the detected fluorescence. [0012] By detecting the intensity
of the 10fluorescence entered fromthe |aser catheter, it is possible to
cal cul ate concentration of the photosensi®ive pharmaceutical in a tissue,
which the tip portion of the |aser catheter contacts, in real tine.

[ 0013] The cal cul ati on apparatus may further include 15a controller for

outputting a signal to pronpt. to additionally adm nister th .

phot o- sensi ti \Z@WW&%&L&W%&@%&?WR% ?ﬁﬂta?'edlrbd??ca:]nttrjﬂ‘? on.
[0014] As a result, it is possible to pronpt a practitiponer_to additionally
admi ni st er th@ﬂﬂﬂﬁ%ﬁf2@%&%&33&%]ﬁﬁ§%m£2§ﬁ?§: ?%F%égzﬂﬁnﬁf%ﬁ%ed on the
intensity of the fluorescence entered fromthe | aser catheter. Note that to

"output a si giHETIRENEEY - DU E i spl ay i nstruction including di spl ay
information to_a display_unit, or. to output a sound Zﬁggé ut instfu tion to

a_ speaker uni tEO(Fo?oth] ThERT ot O TRy RESHCT AT d'%h BXci e ion-" "

i ght-i 1y adia] on, prot ocel. based 0 the 48l Al Al eeh e RGRIL AL obn A
the photo-sengitive pharmaceutical in the tissue, the
tip portion of the laser catheter contacting the tissue,
based on intensity of the detected fluorescence.

[oo12] By detecting the intensity of the

10 fluorescence entered from the laser catheter, it is
possible to calculate concentration of the photo-
sensitive pharmaceutical in a tissue, which the tip
portion of the laser catheter contacts, in real time.
[0013] The calculation apparatus may further include

15 a controller for outputting a signal to prompt to
additionally administer the photo-sensgitive
pharmaceutical based on the calculated concentration.
[0014] Ag a result, it is possible to prompt a
practitioner to additionally administer the photo-

20 sensitive pharmaceutical in real time based on the
intensity of the fluorescence entered from the laser
catheter. Note that to "output a signal” means to
output a display instruction including display
information to a display unit, or to output a sound

25 output instruction to a speaker unit.

[0015] The controller may calculate an excitation-



[0016] As a result, it is possible to informa practitioner of the
excitation-light-irradiation 5protocol in real time, based on the intensity
of the fluorescence entered fromthe |aser catheter. [0017] A cal cul ation
met hod according to an enbodi ment of the present invention includes
irradiating a tissue having absorbed photo-sensitive 10pharnmaceutical, the
phot o- sensi tive pharmaceuti cal absorbing an excitation light and emtting
fluorescence, with the excitation light emtted froma tip portion of a

| aser cat heter. The fl uorescence corresponding to the irradiated
15excitation light is extracted via the | aser_catheter. Concentration of

t he phot o- sensi4IWe ipHzRMeEretRT CITCTIF A thx%RR, O e | P18t +3 T of t he

| aser catheter contacting the tissue, is calculated based on intensity of
the extract ed FIHHEIENZ? BIOCEIBY FtEFRATHA iTRBHstty of the
fluorescence entered fromthe |aser catheter, it js possible to estimte
concentration df%%He phdtHeriFTHVe pHal Bhddeit iR 0 Fh9<8 e, which the

tip portion of the | aser catheter contacts, |j[1, real . tine, 25[0019] The
cal cul ati on @RSt HeyPREr tHerthh G- DUt Pt A 22 6) LG pronpt to

additioqglly géotocol in real time, based on the intensgity of the
fluorescence entered from the laser catheter.
[0017] A calculation method according to an
embodiment of the present invention includes
irradiating a tissue having absorbed photo-sensitive

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

The fluorescence corregponding to the irradiated

15 excitation light is extracted via the laser catheter.

Concentration of the photo-sensitive
pharmaceutical in a tissue, the tip portion of the
laser catheter contacting the tissue, is calculated
based on intensity of the extracted fluorescence.

20 fooisg] By detecting the intensity of the
fluorescence entered from the laser catheter, it 1g
possible to estimate concentration of the photo-
sensitive pharmaceutical in a tissue, which the tip
portion of the laser catheter contacts, in real time.

25 [cols] The calculation method may further include

outputting a signal tc prompt to additionally



adm ni ster the photo-sensitive pharmaceutical based on the cal cul ated
concentration. [0020]As a result, it is possible to pronpt a practitioner
to additionally adm nister the photo- 5sensitive pharmaceutical in real
time based on the intensity of the fluorescence entered fromthe | aser
catheter. [0021] The cal cul ati on nethod may further include cal cul ating
an excitation-light-irradiation protocol 10based on the cal cul ated
concentration, and outputs a calculation result. [0022]As a result, it is
possible to informa practitioner of the excitation-light-irradiation
protocol in real time, based on the intensity of the 15fl uorescence entered
from the | aserPrdHIHS ST tD0PH T 3Rl Bt D rPHBITHIE Wekat HivRFed h

enbodi ment of the present invention is a cal culation method using

phot o- sensi t i V& HRIRBEARTE FOMFEH R NP excitation Iight and enmitting a
fl uorescence, 20l.aser cat heter capable of emtting the excitation |ight
froma tip porflqoc?rﬁ] and 28 &G At ot Rp kR USRI R P tc Ghnect or
to/fromwhich the | aser cathete is.c%ﬁgfle f, bei ng attached/ detached and
a 11 ght sour cEHRE GUBURY I Ty THE CWEH il AFTI M To o PIRE 25cat het er

via the connector.. . : : .
5 sensitive pharmaceutical in real time based on the

intensity of the flucrescence entered from the laser
catheter.
[0021] The calculation method may further include
calculating an excitation-light-irradiation protocol

10 baged on the calculated concentration, and cutputs a
calculation result.
[0022] As a result, it is possible to inform a
practitioner of the excitation—iight—irradiation
protocol in real time, based on the intensity of the

15 fluorescence entered from the laser catheter.
(00231 A calculation method according.to an
embodiment of the pregent invention ig a calculation
method using photo-sensitive pharmaceutical absorbing
an excitation light and emitting a fluorescence, a

20 laser catheter capable of emitting the excitation light
from a tip portion, and a calculation 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

25 catheter via the connector.

In a tissue, the photo-sensitive pharmaceutical is



In a tissue, the photo-sensitive pharnmaceutical is 8 absorbed. The
tip portion of the laser catheter is led to the tissue having absorbed the
phot o-sensitive pharnaceutical, the | aser catheter being attached to 5the
connect or. The tissue having absorbed the photo-sensitive
pharmaceutical is irradiated wth the excitation light emtted fromthe tip
portion of the | aser catheter, the excitagion |ight being output fromthe

| i ght source. 10The fl uorescence corresponding to the irradiated excitation
light is extracted via the |aser catheter. Concentration of the

phot o-sensitive pharmaceutical in a tissue, the tip portion of the

| aser catheterakﬁﬂﬁéﬁﬁing the tissue, is calcul ated 15based on intensity of
the extracted quorescenpe.‘%%0024] Th%lcqiculatio met hod R, further

i ncl ude cal cul ati ng ¥ SRIR[ TG 19 Ght2S r3RFat T rot otdl ' TasEd on the

cal cul ated concentration, and outputs a.calculation result. 20Effect of the
| nventi on [OOZ@T%CW%“F%&BW&I%%?%%%‘?Q ‘ﬁh%eﬁ‘ﬁ?%‘ﬁ',s??s}%l%%ssi ble to

cal cul ate phar ceuticq!.c nce trg%iqg ig & tissue in real tinme. Brief
Descr i pt i on ofPBERTGE 51 00761T Frer o] A ACHEmetT £ 0T AHShow ng a PDT
apparatg; accogégrg%ﬁééé%ggfst enbodi ment of the
The tigsue having absorbed the photo-sensitive
pharmaceutical is irradiated with the excitation light
emitted from the tip portion of the laser catheter, the
excitation light being ocutput from the light source.
10 The fluorescence corresponding to the irradiated
excitation light is extracted via the laser catheter.
Concentration of the photo-sensitive
pharmaceutical in a tissue, the tip portion of the
lagser catheter contacting the tissue, is calculated
15 based on intensity of the extracted fluorescence.
[0024] The calculation method may further include
calculating an excitation-light-irradiation protocol
based on the calculated concentration, and outputs a
calculation result.
20 Effect of the Invention
[0025] According to the present invention, it is
possible to calculate pharmaceutical concentration in a
tissue in real time.
Brief Descripticn of Drawings
25 [0026] [Fig. 1] A schematic diagram showing a PDT

apparatus according to a first embodiment of the



9 present invention. [Fig. 2] A schematic diagram show ng a | aser catheter
inserted in a heart. [Fig. 3] A block diagram showi ng a PDT
apparatus main 5body. [Fig. 4] A sectional view showing the tip portion of
the | aser catheter. [Fig. 5] A flowhart show ng operations of the PDT
apparatus. 10[Fig. 6] A schematic diagram show ng the | aser catheter
inserted in a left atrium [Fig. 7] A graph show ng the tenporal change of
fluorescence intensity. [Fig. 8 A graph showi ng the correlation between

t he 15fl uorescence intensity and pharmaceutical concentration. [Fig. 9] A
graph showi ng the tenporal change of the pharmaceutical concentration.

[ Fi gs. 10]Schem@@$%n%|%ﬁﬂ%m%l%%ch showi ng a contact state of the |aser

catheter. 20[Fig. 11 graph showi ng the tenporal change of the
fl uor escence i Ff&hsi gchematic diagram showing a laser catheter

ingerted in a heart.
[Fig. 3] A block diagram showing a PDT apparatus main
5 body.
{Fig. 4] A sectional view showing the tip portion of
the laser catheter.
[Fig. 5] & flowchart showing operations cof the PDT
apparatus,
10 [Fig. 6] A schematic diagram showing the laser
catheter inserted in a left atrium.
[Fig. 7] A graph showing the temporal change of
fluorescence intensity.
[Fig. 8] A graph showing the correlation between the
15 fluorescence intensity and pharmaceutical concentration.
[Fig. %] A graph showing the temporal change of the
pharmaceutical concentration.
[Figs. 10] Schematic diagrams each showing a
contact state of the laser catheter.
20 [Fig. 11] A graph showing the temporal change of the
fluorescence intensity.
[Fig. 12] Another graph showing the tempcral change of
the fluorescence intensity.
[Fig. 13] A schematic diagram showing a movement track
25 of the laser catheter.

[Fig. 14] A diagram showing the relation of ECG,



[Fig. 12] Another graph show ng the tenporal change of the fluorescence
intensity. [Fig. 13] A schematic diagram show ng a novenent track
250f the laser catheter. [Fig. 14] A diagram showi ng the relation of ECG
10 intracardiac pressure, and coronary blood-flow vol unme, which is dom nant
in the blood-flow volunme in a cardiac-nuscle tissue. [Fig. 15] A

di agram showi ng the correl ati on between 5f0 uorescence intensity and R-wave
when the |l aser catheter is in the upright-contact state. [Fig. 16] A

di agram showi ng the correl ation between fluorescence intensity and R wave
when the |aser catheter is in the slantjng-contact st%e 10[Fig. 17] A

bl ock dgagraqu}@r%%pﬁ%’%u@st%‘ﬂ PR iU FEORRP T | ke of
a second enbodi nment of the present invention._JFigs. 18] Schenmatic di agrans
each showi ng a'Bich is gt sjt%tteh%febraaocfcg'sdo g‘f%‘fr% h %n °

i ntravascul ar 15Ié|rren. ,
cardiac-muscle tissue.

[Fig. 15] A diagram showing the correlation between
5 flucrescence intensity and R-wave when the laser

catheter is in the upright-contact state.

[Fig. 16] A diagram showing the correlation between

fluorescence intensity and R-wave when the laser

catheter ig in the slanting-contact state.

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

[Figs. 18] Schematic diagrams each showing a
contact state of a laser catheter in an intravascular

15 lumen.

[Fig. 18] A graph showing the relation between
wavelength and fluorescence intensity.

Best Modes for Carrying Out the Invention

[0027] Herelnafter, embodiments of the present

20 invention will be described with reference to the
drawings. In the embodiments, the case where a
photodynamic therapy apparatus (hereinafter referred to
ag "PDT apparatus".} is used as a calculate apparatus
will be described.

25 [0028] <First Embodiment:

Fig. 1 is a schematic diagram showing a PDT



[Fig. 19] A graph showing the relation between wavel ength and fluorescence
intensity. Best Mddes for Carrying Qut the Invention [0027] Hereinafter,
enbodi ments of the present 20invention will be described with reference to
the drawi ngs. In the enbodi nents, the case where a photodynam c therapy
apparatus (hereinafter referred to as "PDT apparatus”.) is used as a
cal cul ate apparatus wi Il be described. 25[10028] <First Enbodinment> Fig. 1 is
a schematic diagramshowing a PDT 11 apparatus according to a first
enbodi ment of the present invention. The PDT apparatus 1 includes a
PDT apparatus main body 100, a tube 200 connected to the PDI apparatus
5mai n body 10GPREHFEIE FRREEGLDRIP G ovidtd THIHESHd tHe tube 200.
The tube 200 is a soft, hollow tube, and is capable of transmtting |ight
via an inner dFRHtustB{IHCHEY optical fiber 201 (see Fig. 3.). 10A Iaser
catheter 300 is detﬁgehabl,ﬁ( connected to, tcgﬁ‘lcﬁonnec%:gf 210. :
[ 0029] Phot o- sensi t i V& phar miEutT T T ST S tRred (PR MEY 1 n the
case of being,adm njsfered fy, 1Nt avenous. 1o getion phhe, gdm. gl er ed
5 main body 100, and a connector 210 provided on the end
of the tube 260.
The tube 200 is a soft hollow tube, and is capable
of transmitting light via an inner apparatus-attached
optical fiber 201 (see Fig. 3.).
19 A laser catheter 300 is detachably connected to
the comnector 210.
[0029] Photo-gsensitive pharmaceutical is
administered to a patient 2. In the case of being
administered by intravenous injection, the administered
15 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
administered at one time by intravenous injection, may
20 be administered continuously by intravenocus drip, may
be administered at one time or continuously wvia the
oral route, or may be administered locally. Photo-
gsensitive pharmaceutical is pharmaceutical that absorbs
light having a certain wavelength, is photoexcited, and

25 becomes flucrescent. For example, pharmaceutical called

talaporfin sodium (Laserphyrin {registered trademark),



15phot o-sensiti ve pharmaceutical diffuses in the blood, and then a tissue
such as a cardiac-nuscle tissue absorbs the phalLtaceutical. A dose of

phot o-sensitive pharnaceutical necessary for therapy nmay be adm ni stered at
one tinme by intravenous injection, may 20be adm nistered continuously by
intravenous drip, may be adm nistered at one tine or continuously via the
oral route, or may be adm ni stered |ocal lny2 Photosensitive pharmaceuti cal

i s pharnmaceutical that absorbs |ight having a certain wavelength, is

phot oexcited, and 25becones fluorescent. For exanple, pharnmaceutical called
tal aporfin sodium (Laserphyrin (registered trademark), 12 Meiji Co., Ltd.)
i s enpl oyed. BEddliseCQ he Igband s ysh WBrsBewgt Fhef ks
pharmaceutical is near 664 nm an excitation |ight source for this

phar maceut i cal2RFIFPTIT WiEpt t s or 1 B0y Bp e erabl 3F 6683 0 680 nm
or nore preferably 664 plus or minus 2 nmis used. [0030]Fig. 2 is a
schemati ¢ di adr&mEhovd hgEE Moot at Hat e rSHEE? t &€ i 7% heart. The | aser
catheter 300 is inserted in a right 10atrium 14 of a heart 10 via a fenoral
vein or a juglR AT SiotCahe' Pt T 2Rl aset0 it @00, which has

reached the right_atrium 14 é)enetrates a septum and is led to a left
atrium 3. preferably 660 to 680 nm, or more pretferably 664 plus

or minus 2 nm is used.
[0030] Fig. 2 is a schematic diagram showing a laser
catheter inserted in a heart.
The laser catheter 300 is inserted in a right

10 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,
and is led to a left atrium 13.
[0031} [Configuration of PDT apparatus main body]

15 ¥Fig. 3 1s a block diagram showing the PDT
apparatus main body.

The PDT apparatus main body 100 includes a light

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

20 166, a display unit 170, and an operating unit 180.
[0032] The light source 110 outputs an excitaticn
light for photo-sensitive pharmaceutical. The
wavelength of the light output by the light source 110
ig the game as the ¢-band sbsorption wavelength of the

25 photo-gengitive pharmaceutical. For example, in the

case where photo-sensitive pharmaceutical whose Q-band



[ 0031] [ Configuration of PDT apparatus main body] 15Fig. 3 is a block

di agram showi ng the PDT apparatus mai n body. The PDT apparatus main
body 100 includes a |ight source 110, an optical system 120, a detection
unit 130, an el ectrocardi ograph 140, a controller 150, storage 20160, a
display unit 170, and an operating unit 180. [0032]The |ight source 110
outputs an excitation light for photo-sensitive pharmaceutical. The

wavel ength of the light output by the light source 110 is the sane as the
Q band absorpti on wavel ength of the 25photo-sensitive pharnaceutical. For
exanple, in the case where photo-sensitive pharnmaceutical whose Q band 13
absorpti on waVAREHRH IS W leBhms saiedth Fem okt 6t | aser with

t he em ssion wavel ength of 600 to 800 nm preferably 660 to 680 nm or nore
preferably 6688 ETHIIGHIUSLFE I usEe el or gavekrte 13D.6Brhe
excitation light output by the light source 110 enters the |aser catheter
300 via the optd 9 dyst diaDeFaRBOFHCTHS dpif cAl: st L - &f SR Y he

excitation light, which is emtted fromthe_light source 110, to
664 plus or minusg 2 nm is used as the light gource 11C.

5 The excitation light output by the light source 110
enters the laser catheter 300 wvia the optical system
120.
[06033] The optical syvstem 120 allows the excitation
light, which is emitted from the light source 110, to

10 enter the laser catheter 200, which is connected to the
connector 210 via the apparatus-attached optical fiber
201. "“The optical system 120 extracts, from the laser
catheter 300, flucrescence emitted from photo-sensitive
pharmaceutical, which ig 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 gplitter (hereinafter referred to as "PBS".} 123,
a long pass filter 124, and a second lens 125.

20 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
component in the fluorescence observaticn wavelength

25 range {long-wavelength side of peak wavelength). In

view of this, the radiation component of the excitation



10enter the |aser catheter 300, which is connected to the connector 210 via
t he apparatus-attached optical fiber 201. The optical system 120 extracts,
fromthe | aser catheter 300, fluorescence enmtted from photo-sensitive
pharmaceutical, which is irradiated with the excitation 15light, and all ows
the fluorescence to enter the detection unit 130. The optical system 120

i ncludes a short pass filter 121, a firstidens 122, a polarizing beam
splitter (hereinafter referred to as "PBS".) 123, a long pass filter 124,
and a second | ens 125. 20The short pass filter 121 is a short-wavel ength
transmssion filter with a cuton wavel ength of 670 nm and cuts

| ong- wavel ength-GtHdi &t i 6 h%@gé%%Y@%ﬁﬂﬁﬁLI$tﬁﬁ 9 ofE et | F it SR ce 110
has the radi ati on conponent in the fluorescence observati on wavel ength
25range (| ong-Rig\@ ergt P51 BetbrIpehR hWavBFeddt HRe ISR waratfs, > the
radi ati on conponent of the excitation 14 light in the | ong-wavel ength side
is cut at the HagEPFTRLID tb¥ect ViR e f i BRESeh the FBQEF RaTheter

300. The excitation light, which has passed the short pass filter 121,
enters the fir%%lq%ﬁuﬁégmlenters e %%?%ﬁ & 422 collects the excitation
l'i ght, which has entergg,fron1the short ss filter 121, on ong edge of the
| aser catheter 300.TurtHest t#RS1174t¢9 Cﬁﬁzt%%l?%%%ga?}%%r%ﬁg%ﬁce from

the ti ti of. the | t 1 300 t he PBS_123. t hat t
oot P onct ol S S T i Bt A%t ToT et | et et 1 an

body 100 o1 do g {44 T har e BoThe COHISct ort 510 "B SHe T4 por 1 on
i ght. The: SperUlar Yo 1R Ton® 1T BRE TR T Sy URbn Hat 6L | P 11700r &b conce.
B U519 Dol arkzaty o 1 LLeneneessot e, AR Iedaaligte e SR AL
the tubﬁ} of the excitation light from the light source 110 ig
reflected off an edge of the apparatus-attached optical
fiber 201 at the PDT apparatus main body 100 side, off
the inside of the connector 210, and coff the tip
portion of the laser catheter 300, and enters the PBS
15 123 as specular reflection light. The specular
reflection light is ncisy when detecting fluorescence.
By using polarization differences, the PBS 123
allows the specular reflection light, which has
reflected off an edge of the optical fiber in the tube
20 200, out of the light entered from the firgt lens 122,
to pasgs through, does not detect the specular
reflection light, reflects fluorescence and the
specular reflection light reflected off the other edges,
and brings them to a detecting device. The fluorescence,

25 which has passed the PBS 123, enters the long pass

filter 124.



20200, out of the light entered fromthe first lens 122, to pass through,
does not detect the specular reflection light, reflects fluorescence and
the specular reflection light reflected off the other edges, and brings
themto a detecting device. The fluorescence, 25which has passed the PBS
123, enters the long pass filter 124. 15 The long pass filter 124 causes
the specular reflection light, which has ¥%=flected off the inside of the
connector 210 and the tip portion of the |aser catheter 300, out of the
light entered fromthe PBS 123, 5not to pass through, allows only the
fluorescence to pass through, and brings the fluorescence to the detecting
devi ce. The fl uor esBehckongpads hbsl s setf t TR etRfh i TR pasSs filter
124, enters the second |lens 125. 10The second |ens_125 collects, the

f1 uorescence, ¥hiEdc e entdrled WRbme t RS | Ghll Pl 191 eFha ks Hie tPre
detection unit 130. [0034] The detection unit 130 is, for. exanple, a linear
i mage sensor, B SPEIGESCopt LA PY et iR RIS ABR | orelT et ent ered from
the optical system 120. That is, the detection unit 130 detects the |ight

havi ng the excFiER§OF Wl efgt hOLahledet8ts SiE Al dredt Fromate

hot o-sensitiv har i [, whi i | j ght. havin vel engt h | onger
Phanotﬁ§32xgiﬂg -d§>§§§§¥ttﬁ§5ﬁgh, g?loﬁsabnig éheagiu rgsgghgéetgt onge

pass through, and brings the flucrescence to the
detecting device. The fluorescence, which has passed
through the long pass filter 124, enters the second
leng 125.

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

{0034} The detection unit 130 isg, for example, a
linear image sensor, and spectroscopically detects the

15 fluorescence entered from the optical system 120. That
ig, the detection unit 130 detects the light having the
excitation wavelength, and detects the fluorescence
from the photo-sensitive pharmaceutical, which is a
light having a wavelength longer than the excitation

20 wavelength. The detection unit 130 outputs an
electrical signal, which shows intensity of the
detected fluocrescence, to the controller 150.

[0035] An electrode pad 141 is connected to the
electrocardiograph 140 via an electrode code {(not

25 shown). The electrocardiograph 140 obtains an

electrocardiographic signal of the patient 2 via the



20wavel ength. The detection unit 130 outputs an electrical signal, which
shows intensity of the detected fluorescence, to the controller 150.

[ 0035] An el ectrode pad 141 is connected to the el ectrocardi ograph 140 via
an el ectrode code (not 25shown). The el ectrocardi ograph 140 obtains an

el ectrocardi ographic signal of the patient 2 via the 16 electrode pad 141,
which is attached to the patient 2, and vi@a the el ectrode code, and
suppl i es the obtained el ectrocardi ographic signal to the controller 150.

[ 0036] The controller 150 controls the respective units of the PDT apparatus
1. The control |l er 150 cal cul ates fluorescence intensity based on the
el ectrical si ghb¢cobeds riearl f¥om tiel det betabbraarrd 930-hTHRaEERRE O er 150
cal cul ates pharmaceutical concentration in the tissue or in the 10bl ood
based on the c%?@UVh%e%P%IQkﬁ@%ﬁﬁ?#%ec@®$en%?@ysu?plles the obtained
(pharmaceuti cal -concentrati on-noni toring operation). The controller 150

det er mi nes whetheFCYQ ki TR RHFRRF stRr CRRcCPharphtetit 1241 or not
based on the calculated harnaceutlcal concentratjon. 15The controller 150
determines thel@®hthct s Qﬁt¥?%@¢€s%$0d%?%%?%%sBE@EMI?%P?%Eb%%t to the
tissue based on the electrlcal s nal obtained fromthe detection unit 130

(cont act noni t ¥R+ 1y DpetE i) .2 %B%?r%iler 150 deternines based on
change of 20t he quorescence iften5|ty dui ripng exckiatlon | i
The controller 150 ca t ucrescen e

intensity based on the electrical signal obtained from
the detection unit 130. The controller 150 calculates
pharmaceutical concentration in the tissue or in the

10 blood based on the calculated fluorescence intensity
(pharmaceutical-concentration-monitoring operation).
The controller 150 determines whether to additionally
administer the pharmaceutical or not based on the
calculated pharmaceutical concentration.

i5 The controller 150 determines the contact state of
the laser catheter 300 with resgspect to the tissue based
on the electrical signal obtained from the detection
unit 130 {contact-monitoring operation).

The controllexr 150 determines, based on change of

20 the 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-
substance/breakage-monitoring operation, and cytocidal-

25 effect-determining operation}. The controller 150

controls the light source 110 to stop irradiating the



irradi ati on, whether an abnormal situation such as a foreign substance or a
breakage occurs or not, and determ nes the cytocidal effect

(forei gnsubst ance/ breakage-nonitoring operation, and cytocidal -

25ef fect-determ ni ng operation). The controller 150 controls the |ight
source 110 to stop irradiating the 17 excitation |light based on

determ nation results. The control | er7 150 det er m nes whet her an

el ectric-conduction block is forned or not based on an el ectrical signal
obtained fromthe detection unit 130 5 and based on an el ectrocardi ographic
signal obtained fromthe el ectrocardi ograph 140

(el ectri c- condiied i torbl @e kL ¥ BT &t A9 HIHRDpErat T s - The
controller 150 outputs, to the display unit 170, display instructions to

di spl ay the above- Aofetiored Sfari UL CUHRET NG e 137 ¢ HeC abbve-
mentioned various_determ nation results, and various_informtion. [0037] The
storage 160 i CAFHvEPARIF FrekforyPTBed 9% 2t P3Eed ot Aanpl e, a flash
menory, an HDD (Hard, 15Di sk Drj vek%, or ngt her solid menpry. The controller
150 records, i$tE¥her st afedHHh,° "ﬁﬁp‘?ﬁ‘gl RN o et—f?%‘b‘r%‘ic‘é?ﬁcte THtensity,
in which information on fluorescence intensity obtained fromthe detection
Unit 130 is | PTRIBATEN TR (A 15 1RE TG T S BT B %Je%n# S ‘?m ng

t it t whi ch t I d ti ft
Cr tor bon ti o SUbNEe ST T ST (1 L B G BT TR e
controller 1539%%: oTrgiwi n, the, storage. 160, el ect rocar di ograns in which

information o %%ja?%i%egtredﬁﬂ 143 g?%?riﬁ%%rtl ai ned fromthe

el ectrocar di ograph %ﬁg éghéfbffgfui§%]outputs, to the display unit

170, display instructions to display the above-

10 mentioned various calculaticn results, the above-
mentioned variocus determination results, and various
information.

[0037] The gstorage 160 is a nonvelatile memory, and
is set in, for example, a flash memory, an HDD (Haxrd

15 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
130 is in relation with time information obtained from

20 a timing measurement unit (not shown), which measures
the elapged time after a criterion time such as
excitation-light-~irradiation start time. The controller
150 records, in the storage 160, electrocardiograms in
which information on an electrocardiographic signal

25 obtained from the electrocardiograph 140 is in relation

with time information.



with tinme information. 18 [0038] The display unit 170 is a display device,
whi ch uses, for exanple, a liquid-crystal display device or the |ike. Wen
the display unit 170 obtains display instructions fromthe controller 150,
the 5display unit 170 displays, on a display screen, for exanple,
information on fluorescence intensity, information on an
el ectrocardi ographic signal, time inforndtd on, and the |i ke, based on
display information in the display instructions. 10[0039] The operating unit
180 receives instructions, which are input through operations by a
practitioner, and outputs the received instructions to the controller 150.
The instructi ofP3%cl udelhs GH B @ 115 nstd et i DM TR O D f t he
excitation light output 15fromthe |ight source 110, to change intensity,
and the |ike. WAELGThtWiRT 1 v UF FHERSG taat%WJt#*g%&,’sﬁatliél ble to
select at least one of two levels of intensity including first .intensity,
L@ g&l ﬁ&ﬁqu

whi ch has a | GiF"pSiRro Fot® exdifpl e 6Pt 8 Soripgay ot té&ﬁ and
Tt ongi y, Wi S GO BT < O L BT D00 mes. i gher
Lhan the f10St IOenstiy., 106 UAfshd t enst Ly 4o seLoct st gben, gont Lort g
catheter 300 before & heyapy... e, segond It saslide | S,081805d when ther apy
information on an electrocardiographic signal, time
information, and the like, based on display information
in the display instructions.
10 [0039] The operating unit 180 receives instructions,
which are input through operations by a practitioner,
and outputs the received instructions to the controller
150. The instructions include, Ifor example,
instructions to turn on/off the excitation light output
15 from the light source 110, to change intensity, and the
like. As intensity of the excitation light, it is
posgible to select at least one of two levels of
intensity including a first intensity, which has a low
power (for example, optical output of 1 mW or less) and
20 ig minimally-invasive with respect to a tissue and
blood, and a second intensity, which has a high power
and is approximately 1,000 times higher than the first
intensity. The first intensity is selected when
monitoring the pharmaceutical concentration and the

25 contact state of the laser catheter 300 before therapy.

The second intensity is selected when therapy is



19 conducted. Note that the first intensity is a fixed value, and the
second intensity may be variable. [0040][ Structure of |aser catheter]

The the | aser catheter 300 outputs an excitation 5light fromthe tip

porti on. Fig. 4 is a sectional view showing the tip portion of the

| aser catheter. The | aser catheter 300 includes a catheter tube
310, a holder 320, an optical fiber 330, 1@nd an optical 10w ndow 340.

[ 0041] The catheter tube 310 is a soft hollow tube, and is led to the inner
wal | of a cardiac-nuscle tissue of the heart 10 of the patient 2. The

cat heter tube 310 has the optical fiber 330 therein. 15[0042] The hol der 320
is fixed to tmenshidiaer tgge 3bet The Rolgdr i3X@NIsGItys ishe dpwiedal fi ber
330 and the optical w ndow 340 with respect to the catheter tube 310.

[ 0043] The opt ivEdive,i Berd 330 i gecdmst iex@ans sy oy Joguatialstep i ndex fiber
having a core dianeter of 133 pm and an outside dianeter of 500 pm The
optical fiber @8 ansmiIsrudiaies @t A3 |$aHe 90 t he PDT apparatus 1.
The optical fiber 330 outputs the transmtted excitation |ight, as an
irradiation |ight ZB0LEhe reeheatEier (P ot s I hdsw 3485 1%Fhe beam
dianeter_ of the irradiation light 301 increases at the 20 angle determ ned
by the rumeri a9 peridit ERNHTRIPIHYpti cal fiber 330. The tip of the
optical fiber 330 is worked such that the beam di aneter, of the irradiation

i ght 301 appropri dtidly 4 ntf easRECIRA bt ¢4l SR the tip portion

of the laser catheter.
The laser catheter 300 includes z catheter tube
310, a holder 320, an optical £fiber 330, and an optical
10 window 340.
[0041] The cathetexr tube 210 is a soft hollow tube,
and is led to the inner wall of a cardiac-muscle tissue
of the heart 10 of the patient 2. The catheter tube 310
has the optical fiber 330 therein.
15 [0042] The holder 320 is fixed to the catheter tube
310. The holder 320 holds the optical fiber 230 and the

optical window 34C with respect to the catheter tube

310.
[0043] The optical fiber 330 ig, for example, one
20 guartz step index fiber having a core diameter of 133

pm and an outside diameter of 50C um. The optical fiber
330 transmits the excitation light from the PDT
apparatus 1. The optical fiber 230 outputs the
transmitted excitation light, ag an irradiation light
25 301, from the tip to the optical window 340. The beam

diameter of the irradiation light 301 increases at the



5330 transmts the fluorescence, which is emtted from photo-sensitive
phar maceuti cal absorbed in a tissue and irradiated with an excitation
light, to the PDT apparatus 1. [0044] The optical w ndow 340 is provided on
the 10outernost 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 340 is nmade fromzo solid transparent material, for
exanple, a glass material such as 3K7. The optical 15w ndow 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 w ndow 340
as a |ight-recHidAnFSHT e oty cets THENT Ciok cdRereere wiith 95 Emf tt ed
fromthe photo-sensitive 20pharmaceutical, on the tip of the optical fiber
330. [0045] | vl tiolkf 10 f | (edd@n®d Wiltth R HiITGH SNDES gdl Roi se)
ratio, there is known a nmethod of separately providing an irradiation fiber
and a det ect i FPHFFHersSYFR a-Pasefhe aptrt i1 3B Het f or if N B35¢+3 2t i on and
| ight-reception, to thereby renpve specular reflection |ight %%L e Japanese
Patent 21 ApptiEatitht L2RREOpeie Nty 20U a8530, T sttty %ﬁ"f).
Meanwhil e, in the case of ‘%erform' ng i ntracardiac ther a%)rx, or%‘gi%?nosi S, In
order to increxd® TFRFHRLEYatf e DI T ST cat hbtRr 1S | $M 5 Hest bl e t hat
the dianmeter of a |laser catheter be s II.Ethn t he case, of providin
plural ity of OGP GaISTTHEr S PHTIRET S ChiHot BrSOBaEh Bhid oat =31 ber Shoul d
be formed extra:flnely.qandfnus &L gt faving.a, negessaryphntensity
apparatus 1.
[0044] The optical window 340 is provided on the
10 outermost of the tip portion of the laser catheter 300
guch that the optical window 340 is optically connected
tc the tip of the optical fibexr 330. The optical window
340 is made from a solid transparent material, for
example, a glass material such as BK7. The optical
15 window 340 as an irradiation section alliows the
irradiation light 301, which ig output from the tip of
the optical fiber 330, to pass through. The optical
window 340 as a light-receiving section collects the
fluorescence, which is emitted from the photo-sensitive
20 pharmaceutical, on the tip of the optical fiber 330.
[0045] In order to detect fluorescence with a high
SN {(Signal-Noise) ratio, there is known a method of
geparately providing an irradiation fiber and a
detection fiber in a laser catheter, and performing

25 irradiation and light-reception, to thereby remove

specular reflection light (see Japanese Patent



10may not be transmtted. In view of the above, in diseases requiring
i ntracardi ac approaches such as, specifically, atrial fibrillation and
ventricular flutter, it is desired that one optical fiber be in a | aser
catheter. Further, 15because it is necessary to detect fluorescence at
intensity with a | ow power so as not to affect a living body, it is
necessary to forma neasurenent system waih a high SN (Signal-Noise) ratio
by using one optical fiber. 20[0046]In view of the above, according to the
PDT apparatus 1 of this enbodinent, the PBS 123 and the |ong pass filter
124 renoves a specular reflection light on the fiber entrance edge, and the
short pass fi |&me®licEt fagr thverd TamRiv e a 3 Ghy- Wel/et ngedray PR 5r adi at i on
conponent of a excitation light. Wth this structure, in the |aser catheter
300, while thel®&he/]l 22. optical fiber 330 doubles an irradiation fiber and a
detection fiber, the detection unit 130 can detect f|uorescence with a high
SN ratio. As a resuf@anyitile phachiig 338 dolt ot T FPIBHRS CEBMCE S TR 2C | ow
power so as 5not to affect a |living body._ Therefore, in the therapy and

di agnosi s of CIRRUARY 5% THAFWRTSS |11 | Y FssF bl ¥ 6T f 0ren

m ni mal | y-i nvasi ve di agnoses with an extra- fjne |aser, catheter wth an

i ncrease% cur VALTFEE LI 02713 Gt el | GHS S PDT bphRr SR TS 6REXE2 T odpd at i ons
of the PDT apparatus 1 configured as described above w || _be described.

Fig. 5is a OV EE Floud réa%%‘ér%i*?%%%@%fb?h%m - apparZtu$ 20 G48] The

operations of égﬁkfgﬁhéwﬁmgfﬁéﬁﬁﬁthéé ég%icai fibers in a laser

catheter, each optical fiber should be formed extra-
finely, and thus a light having a necessary intensity

10 may not be transmitted.

In view of the above, in diseases requiring
intracardiac approaches such as, specifically, atrial
fibrillaticn and wventricular flutter, it is desired
that one optical fiber be in a laser catheter. Fuxther,

15 because it 1s necessary to detect fluorescence at
intensity with a low power so as not to affect a living
body, it ig necessary to form a measurement system with
a high SN (Signal-Noise) ratio by using one optical
fiber.

20 [0046] 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
filter 121 further removes a long-wavelength-side

25 radiation component of a excitation light. With this

structure, in the lager catheter 300, while the cne



15described in the follow ng order of (1) to (6). (1) Preparation
for PDT (Step S101 to Step 5103) (2)

Phar maceuti cal -concentrati on-nonitoring operation (Step S104 to Step 5105)
In the pharmaceutical -concentrati on-nonitoring 20operation, the |ight
source 110 outputs an excitation light with a first intensity, and the
controller 150 constantly cal cul ates the gpharmaceutical concentration based
on fluorescence intensity detected by the detection unit 130, and

determ nes whet her to 25additionally adm nister pharmaceutical or not based
on the cal cul ated pharmaceutical concentration. 23 (3)

Cont act - noni t oPpinfrabel Hrdom (Gt EPuISIos an SrepdH1o8yn fiber |and he
contact-nonitoring operation, the |ight source 110 outputs the excitation
light with theddtestiG ittt yrhardeieret tontwolt ek3q 50 edereithes t he
contact state of the |aser catheter 300 with respect to a tissue inner wall
based on fl uorebeerrecsitensitly adrbeh etV byathe. déiedt isrPWitit 130, and
cal cul ates excitation-light-irradiation protocols (intensity, tinme, 10and
the |ike). possilale My ifi Qb aPEe? BR AR abetProhi +OF | P opefatddn (Step

S109 to Step S112) o i
5 not "to affect & living body. Therefore, in the therapy

and diagnesig of circulatory diseases, it is possible
to perform minimally-invasive diagncses with an extra-
fine laser catheter with an increased curvature.
[0047] [Operations of PDT apparatus]
10 Next, operationsg of the PDT apparatus 1 configured
as described above will be described.
Fig. 5 is a flowchart showing operations of the
PDT apparatus.
[o048] The operations of the PDT apparatus 1 will be
15 described in the following oxrder of (1) to (6).
(1} Preparation for PDT (Step S101 to Siep 8103)
(2} Pharmaceutical-concentration-monitoring
operation (Step 8104 to Step S105)
In the pharmaceutical-concentration-monitoring
20 operation, the light source 110 outputs an excitation
light with a first intensity, and the contrecller iSO
congtantly calculates the pharmaceutical concentration
based on fluorescence intensity detected by the
detection unit 130, and determines whether to
25 additionally administer pharmaceutical or not based on

the calculated pharmaceutical concentration.



In the foreign-substance/ breakage-nonitoring operation, the |ight source
110 outputs the excitation 15light with a second intensity, and the
controller 150 determ nes whether a foreign substance adheres to the tip of
the | aser catheter 300 for sone reason or not and further determ nes

whet her a breakage occurs in the vicinity of the tip of the |aser catheter
300 or not, 20during laser-irradiation atzappropriate therapy protocols,
based on the fluorescence intensity detected by the detection unit 130.
(5) Cytocidal-effect-determ ning operation (Step 5113) 25In the

cytocidal -effect-determ ning operation, the light source 110 outputs the
excitation light wtdh t@ﬂéﬁt@twlﬁi‘ﬂ%@%@at% tHeeR ot tol ter 150
det er m nes whet her there is a cytocidal effect on a tissue, on which the
excitation |ighte® SSHeiing irradiated, or not based on the fluorescence

intensity detected by the 5detection unit 130.
El ect ri c- conduct i ont™| 0¥k -F TRt W%?%?%ﬁ%l?%e%%q dm¢ stEp 5114 to

Step S117) An el ectric-conduction block is, as described apove,
bl ock in whi chPRHEFeR aklnRLIRIEY SR CADSA TRME Ha Ry perdiei t ¥ si te are
necrotized, and in which conduction of electrlcal ul ses fromthe

hyperexd ted siteERD:the 34 tT0f r?%?% ]o?%clx%{ﬂ G HE0S | PYet er ni ned

whet her an el ectri c- conductlo ock is for or by cal cul atin b
t he Contr0||ercontact state o féser cat eter § 5 yt respect ég y

a tissue inner wall based on fluorescence intensity
detected by the detection unit 130, and calculates
excitation-light-irradiation protocols (intensity, time,
10 and the like).
(4) Foreign-substance/breakage-monitoring
operatiocn (Step 8109 to Step S5112)
In the foreign-substance/breakage-monitoring
operation, the light source 110 outputs the excitation
15 light with a second intensity, and the controller 150
determines whether a foreign substance adheres to the
tip of the laser catheter 300 for some reason or nct
and further determines whether a breakage occurs in the
vicinity of the tip of the laser catheter 300 or not,
20 during laser-irradiation at appropriate therapy
protocols, based on the fluorescence intensity detected
by the detection unit 130.
(5) Cytocidal-effect-determining operation (Step
5113)
25 In the cytocidal-effect-determining operation, the

light source 110 outputs the excitation light with the



15t enpor al - change data of fluorescence intensity used in the

cytoci dal -effect-determ ning operation (Step S113), and

el ectrocardi ographi c-wave data. In sonme cases, the |aser catheter may be
relocated in the electric-conduction block, the intensity of the |ight
source 110 20may be changed to the first intensity, and the simlar process
may be perfornmed, to thereby determ ne whst her an el ectric-conduction bl ock
is formed or not. [0049][(1) Preparation for PDT] Fig. 6is
a schematic di agram showi ng a | aser 25catheter inserted in a left atrium
First, a practitioner such as a doctor inserts the 25 |aser catheter 300
in the heart Eend altesmiElY v drhe feRfuraklsei ko ofdeerpri¢ent 2. The
tip portion of the |laser catheter 300 js disposed in the vicinity of a

pul monary vei WHSLRAT dheFhers vl FY BIC B Threh 3Rt |2 5153%%e 94 of the
left atrium 13 (Step 9101). [0050] Subsequently, with reference to various
referential ddfEl g5ty SPERL2 IR phER t 1O 1AM T RE B L PhRDB-Behsi ti ve
pharmaceutical to the patient 2 (Step S103). Here, the case where a dose of
10phot o- sensi tY3REPHE neteut et 2 at Y47 thetas e dani MiStered to
the patient 2 at one tine by intravenous injection will be described. The
admi ni st®r ed d%%ﬁ%ﬁ%%ﬁ%f%?%% PHar maceutical is diffused in blood and

absorbed in a tissue. ) .
ﬁs) Electric~conduction-block-formation

determining opsration (Step 8114 toc Step 8117)
An electric-conduction block is, as described
above, a block in which cardiac-mugscle tissues

10 surrounding a hyperexcited site are necrotized, and in
which conduction of electrical pulses from the
hyperexcited site to the left atrium is blocked. Here,
it is determined whether an electric-conduction block
is formed or not by calculating, by the controller,

15 temporal -change data of fluorescence intensity used in
the cytocidal-effect-determining operation (Step 5113),
and electrocardicographic-wave data. In some cases, the
laser catheter may be relocated in the electric-
conduction block, the intensity of the light source 110

20 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.

[0049] [{(1) Preparation for PDT]
Fig. 6 is a schematic diagram showing a laser

25 catheter inserted in a left atrium.

First, a practitioner such as a doctor inserts the



15[ 0051] [ (2) Pharmaceuti cal -concentration-nonitoring operation]

Subsequent |y, the pharnmaceutical -concentrati onnonitoring operation is
performed. First, the practitioner operates the operating 20unit 180, and

i nputs an excitation-light-output instruction with the | ow power first
intensity to the controller 150. The controller 150 obtains the
excitation-light-output instruction, and Z%hen outputs the
excitation-light-output instruction with the first 25intensity, to the

| i ght source 110. The light source 110 obtains the excitation-I|ight-output
instruction 26 fromthe controller 150, and then outputs the excjtation

i ght with theddantcapieray 300 Hnsihs Rl YOd & & i Feurliat s th t he
excitation light output fromthe |ight source 110 via the optical system
120 5and the [Wser wlhﬁﬂfervw.ofrﬁgﬂ%m%l-%%s?ti V& ep FaPmBCEiLicgalCE whi ch
is absorbed in a tissue and bl ood, absorbs the excitation |jght fromthe

| aser cat het ercfE00La%i SRFRSCIY vt @ seertbSPaFRd ot | ol ‘é%%rg%ﬁiizﬂbge% racts
the fluorescence emtted fromthe photo- 10sensjtive pharpaceuti ca{ via the
| aser cat het erPBHPRERY THE fHHiR et ent ¥l the FetRCETON UHFE 230, The

detection unit 130 detects the entered fluorescence, and outputs the
det ect ed® f | uor'estBtcet n?én%?? ylﬁétt%tér:b%tlr%l el 5B A an el ectri cal

S[gnal. {0050} Subgsequently, with reference to various
referential data {Step 35102), the practitioconer
administers photo-sensitive pharmaceutical to the
patient 2 (Step S103). Here, the case where a dose of

10 photo-sensitive pharmaceutical necessary for therapy is
administered to the patient 2 at one time by
intravenocus injection will be described. The
administered photo-sensitive pharmaceutical is diffused
in blood and absorbed in a tissue.

15 [0051] [{2) Pharmaceutical-concentration-monitoring
operation]

Subsequently, the pharmaceutical-concentration-
monitoring operation is performed.
First, the practitioner operates the operating

20 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
the excitation-light-output instruction with the first

25 intensity, to the light source 110. The light source

110 obtains the excitation-light-ocutput instructicn



15[ 0052] The control l er 150 cal cul ates the fluorescence intensity based on
the electrical signal obtained fromthe detection unit 130. The controller
150 starts to record, in the storage 160, the tenporal change of the
fluorescence intensity as a log in which 20the cal cul ated fl uorescence
intensity is in relation with tine information obtained froma timng
measurenment unit (not shown.). The contrald er 150 creates display
information of the tenporal change of the fluorescence intensity based on
t he cal cul ated 25fl uorescence intensity and el apsed tine after a criterion
time such as an intravenous-injection start 27 tine, and outputs a display
i nstruction i nctendite tdhentrebtesd hG&playd i vHar netionts ocitdhe di splay unit
170. The display unit 170 obtains the display instruction fromthe

control | er 15CGxaiichitirmn Biapt ayisth e eifpestal LBedaniey of Tilseudsuandscence
intensity on a display screen based on the display information included in
t he di spl ay i nsteerttdon. i Forde&am| vl th Hali ept Bia vt 17 epteys t he
tenporal change of the fl|uorescence intensity on the display screen in a
graph form 10f09531Herelghh XM el lof e GgrapPshomt ngyFn teddor al
change of the fluorescence intensity will be described. Fig. 7is a
graph show ng &4 rppredseharfeSieT | Ut esdéifc ®Haferstsit 5 g. 7 shows

t he tenporal change of fluorescence . ) ,
pharmaceutical, which is absorbed in a tissue and blood,

absorbs the excitation light from the laser catheter
300, and emits fluoregcence. The optical system 120
extracts the fluorescence emitted from the photo-

10 gsengitive pharmaceutical via the laser catheter 300,
and the fluorescence enters the detection unit 13C. The
detection unit 130 detects the entered flucrescence,
and outputs the detected fluorescence intensity to the
controller 150 as an electrical signal.

15 [0052] The controller 150 calculztes the
fluorescence intensity based on the electrical signal
obtained from the detection unit 130. The controller
150 starts to record, in the storage 160, the temporal
change of the fluorescence intensity as a log in which

20 the calculated fluorescence intensity is in relation
with time information obtained from a timing
measurement unit (not shown.}. The controller 130
creates display information cof the temporal change of
the fluorescence intensity based on the calculated

25 fluorescence intensity and elapsed time after a

criterion time such as an intravenous-inijection staxt



intensity in the case where photo-sensitive pharmaceutical (Laserphyrin) is
adm nistered to a pig by intravenous injection (i.v.), and irradiation is
performed with an excitation light, which is the sane 20as the Q band
absorption spectrum of the pharmaceutical (sem conductor |aser, em ssion
wavel ength with, for exanple 600 to 800 nm preferably 660 to 680 nm or
nore preferably 664 plus or mnus 2, 4002 . The tip portion of the |aser
catheter 300 is disposed in the 25right atriumof the pig. The fluorescence
intensity in blood nonotonically 28 decreases after the pharnaceuti cal
adm ni stration. Meanwhile, the fluorescence intensity in a cardi ac-nuscle
ti ssue i ncreaddsief,ord pradeitet i riEbrliate Pt o Bieerinheiding rdt®eut i cal
adm ni stration, and then 5 decreases. Further, the fluorescence intensity
in the bl ood isresitgiferdisibmyt HeFqisriesterice Hit hsFRAAY ittHe 170.

cardi ac-nuscle tissue. [0054] Here, the rel ation_between fl uorescence

i ntensity and BifardiEcd@®@y i teont®e i@ ien Mg 19 10edtT i BEE1H g. 8 is a
graph showing a correl ati on between fluorescence_jntensity and

phar maceut i calfxFhdart ol 1y 13 sIfdts Eedrd eTRtdoh Bt weSiP Aol ut e
val ue of pharmaceutical concentration (PS concentration)._ 15obtained by a

bl ood cdl | ect iV tﬂﬁj,t%of%qféqu%‘?smﬁﬁﬁér%‘?t?qwgw case where
bLood 12 Lol ok aieg Win dhe, oxcl Lalon ) A s ST AN Bl L e
fluorescenceié}é%&ﬁ%)&négggcgfgn‘ For example, the display unit 170
displays the temporal change of the fluorescence
intensity on the display screen in a graph form.

10 [6053] Here, an example of the graph showing the
temporal change of the flucrescence intensity will be
described.

Fig, 7 is a graph showing a temporal change of
fluorescence intensity.

15 Fig. 7 shows the temporal change of fluorescence
intensity in the case where photo-sensitive
pharmaceutical (Lagerphyrin) is administered to a pig
by intravenous injection (i.v.), and irradiation is
performed with an excitation light, which is the same

20 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 pW). The tip
portion of the laser catheter 300 1s dispcsed in the

25 right atrium of the pig.

The fluorescence intensity in blood monotonically



20it is possible to nonitor pharmaceutical concentration in real tinme based
on the constantly-cal cul ated fluorescence intensity. [0055] The controller
150 cal cul ates pharmaceutical concentration in a tissue and in bl ood based
on 25cal cul ated fluorescence intensity (Step S104). The controller 150
starts to record, in the storage 160, 29 the tenporal change of the

phar maceuti cal concentration as a |og in2ashich the cal cul ated

pharmaceutical concentration is in relation with tine information obtai ned
froma timng nmeasurenent unit (not shown.). 5Further, the controller 150
creates display information of the tenporal change_of the pharnaceuti cal
concentration P 1 al e R HeeEt | Hr L RoHeent ¥t i on and

el apsed tinme after a criterion time such as an intravenous-injection start
time, and 10oufgamvéridadi sptayfHiRTeRIIGh FHedRrh Hy the® G EF di spl ay
information to the display unit- 170. The display unit 170 optains the

di spl ay i nstr U459 frioHiithet to3 Bt T o150, P FHER RS pF B R¥el Y npor al
change of the phamaceutical concentration on a display 15screen based on
the display irftiorfatiith Biermiaeett Hadhee i apt ey 3 st udton-"Edr  exanpl e,
the display unit 170 displays.the tenparal change of the pharmaceyti cal
concent rat i on GIFISRESH spIFéVtWeeﬁ%en L ugrsst l“[t@é’@g‘]tll‘ferl@, exanpl e

of a gr i . s
graph Shqgﬁéght{gahigher than the fluorescence intensity in the

cardiac-muscle tissue.
[0054] Here, the relation between fluorescence
intensity and pharmaceutical concentration will be

10 described.

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

Fig. 8 shows a correlation between absolute value
of pharmaceutical concentration (PS concentration)

15 obtained by a blood collection method, and the
fluorescence intensgity in the case where blood 1is
irradiated with the excitation light as shown in Fig. 7.
The absolute value of pharmaceutical concentration is
almost the same as the fluorescence intensity. That is,

20 it is possible to monitor pharmaceutical concentration
in real time based on the constantly-caiculated
fluorescence intensity.

[0055] The controller 150 calculates pharmaceutical
concentration in a tissue and in blood based on

25 calculated fluorescence intensity (Step S104). The

controller 150 starts to record, in the storage 160,



20t enporal change of the pharmaceutical concentration will be descri bed.
Fig. 9 is a graph showi ng a tenporal change of pharnaceutica

concentrati on. As descri bed above, the fluorescence intensity in
25bl ood is higher than the fluorescence intensity in a cardi ac-nuscle
tissue, and, in addition, the 30 fluorescence intensity correlates with

t he pharnaceutical concentration. Therefore, simlar to the tenporal change
of the fluorescence intensity in blood, the pharmaceutical concentration in
bl ood nonotoni cally 5decreases after the pharmaceutical adm nistration.
Meanwhile, simlar to the tenporal change of the fluorescence intensity in
a tissue, the pharheneetdtathanieedi roine ophdrmaceisioel | peneasesatbena
predeterm ned tine period after the pharnaceutical adm nistration, 10and

t hen decreasesas Rurid@rin twiel ghatltaceat febd tednekatrraceoni¢albl ood is
higher in level than the pharmaceutical concentration in a tissue.

[ 0057] The cont¢oh¢ertuBDieet B9 mMhese hbidervihe threuiafesmphi®faceuti cal
concentration is equal to or 15nore than a threshold (Step S105). If the
controll er 1500H%%%m%@n%§mﬁh%lt%%bnﬁhﬁ?%%%%%mﬁﬁﬁlu%bﬁcé%@gaﬁh@%nié-equal to
or nore than the threshold, the controller 150 estimates that the

phar maceut i cal FebreeRht rald ofPR e hb’r al heces8ar§S val sl undnAovEat 192t he

contact-nonitoringh200peration (Step 3105, Yes). Meanwhile, if the
of fhe temporal change of the pharmaceutical

concentration based on the calculated pharmaceutical
concentration and elapsed time aftexr a criterion time
such as an intravenous-injection gtart time, and
10 outputs a display instruction including the created
display information to the display unit 170. The
display unit 170 obtains the display instruction from
the controliler 150, and then displays the temporal
change of the pharmaceutical concentration on a display
15 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.
[0056] Here, an example of a graph showing the
20 temporal change of the pharmaceutical concentration
will be described.
Fig. 9 i1s a graph showing a temporal change of
pharmaceutical concentration.
Ag described above, the fluorescence intensity in
25 blood is higher than the fluorescence intensity in a

cardiac-muscle tigsue, and, in addition, the



controller 150 determ nes that the pharmaceutical concentration is |ess
than the threshold, the controller 150 estimates that the pharnaceuti cal
concentration fails to reach the necessary val ue, 25creates display
information for pronpting to additionally adm nister the pharmaceutical,
and outputs 31 the display instruction including the created display
infolmation to the display unit 170. The 3 splay unit 170 obtains the

di splay instruction fromthe controller 150, and then displays, based on
the display 5information including the display instruction, information
pronpting the practitioner to additionally adm nister the photo-sensitive
phar naceut i cal LY\ Sege &5 No)engoussjMNote ated \Whdeaus® the fluorescence
intensity 10correlates with the pharnmaceutical concentration, if the

di spl ay unit IftRElEpdEyscahednqrrestelee. i AEFSioycon e 1@ts f1oayEcr een,
a practitioner such as a doctor_nmay estimate the pharnmaceuti cal
concentrati on RERYDh TPRNIE UoF dstenEBIPFREIRICY, 1RVRRS T EY the Akt rol | er
150 does not cal cul ate the pharnaceutical concentration. [0059] Meanwhil e,
in general, asthRe TR Tt oFPREEHER pHAP nE Rt PeAl PeBAER Mt F3t 16N

change in blood, there is_known a nethod in which absorbance, of
5 decreases after the pharmaceutical administration.

Meanwhile, similar to the temporal change of the
fluorescence intensgity in a tissue, the pharmaceutical
concentration in a tissue increases for a predetermined
time period after the pharmaceutical administration,

10 and then decreases. Further, the pharmaceutical
concentration in blood is higher in level than the
pharmaceutical concentration in a tissue.

[0057] The controller 150 determines whether the
calculated pharmaceutical cencentration is equal to or

15 more than a threshold (Step S8105). If the controller
150 determines that the pharmaceutical concentration is
équal to or more than the threshold, the contrcller 150
estimates that the pharmaceutical concentration reaches
a necessary value, and moves to the contact-monitoring.

20 operation (Step S105, Yes). Meanwhile, 1if the
controller 150 determines that the pharmaceutical
concentration is less than the threshold, the
controller 150 estimates that the pharmaceutical
concentration fails to reach the necessary value,

25 creates display information for prompting to

additionally administer the pharmaceutical, and outputs



20bl ood, which is collected at regular tinme intervals after pharnaceuti cal
adm nistration, is neasured. However, in this nethod, the plot nunber is

i mted because the collectable blood volune is limted, and in addition,

it is not possible to neasure the 25concentration in real tine.
Alternatively, there is knowmn a nethod in which a 32 bypass pathway is
prepared outside of a body, blood passingihrough the pathway is irradiated
with light, and fluorescence intensity is observed, to thereby nonitor the
pharmaceutical concentration change. 5However, it is necessary to pay
attention to hygiene in this method. Further, as a nethod of

noni tori ng phattmmcdiaplay Toncemtan o HEing sshire, crerred | &1 5nb¥N a

met hod in which part of carbon in pharmaceutical is transformed 10into

i sotope, the ikviopeat ol tizmhabiistiAadinht st e ed Thend isRdavadeéutt cal
concentration in each tissue is nonitored based on_a radiation quantity

( CANCER RESEARCH 5eptayss.-Bogolispday 1in999ect 593 steodi ¢ | feront s

Phot osensi ti zi ng Properties of Mono-L- 15aspartyl Chlorin e6 in a Muse
Tunor Model , dﬁ%‘ﬂe%n@.tl@%ﬁlr%%sﬁﬁﬁ’%&éq‘%eie??aw%)@l%er, this method

i nvol ves radi ati on exposure problens, and involves a proplemin that only a
concent rati on %%§p¥%§?&ﬁﬁt%ﬁé§P¢%Rﬁo%%%d?%%?1@¥ P57 9680479t he contrary,
according to the_pharnmpceutical -concentrati on- npnitorjng eration of this
enbodi ment , by AP EIA AL PRETHE | EMbTaF ICH e BYATY UE CCante Tt Bhsi t y,

t he tenporal %Q%QQE-Of gh@ﬁnaceutlcal concentratloqfexgigglc?éégéates W th

niste e photo-sensitive pharma
5105, No).
{OOSs]Vﬁ Note that, because the fluorescence intensity
10 correlates with the pharmaceutical concentration, if

the display unit 170 displays the fluorescence
intensity on the display screen, a practitioner such as
a doctor may estimate the pharmaceutical concentration

baged on the fluorescence intengity, even if the

i5 controller 150 dees not calculate the pharmaceutical
concentration.
{0059] Meanwhile, in general, as a method of

monitoring the pharmaceutical concentration change in
blood, there is known a method in which absorbance of

20 blood, which ig collected at regular time intexvals
after pharmaceutical administration, is measured.
However, in this method, the plot number is limited
because the collectable blood volume is limited, and in
addition, it ig not posgsible to measure the

25 concentration in real time.

Alternatively, there is known a method in which a



25f |l uorescence intensity, may be cal cul ated. Therefore the pharnaceuti cal
concentration in a tissue and blood 33 may be nonitored in real tine.
Further, the pharmaceutical -concentrati on-nonitoring operation of this
enbodi nent is | ess invasive than the conventional nonitoring nethod, and is
capabl e of nonitoring tenporal changes of pharnmaceutical concentration
stably and reproduci bly. Further, becausez he tenporal change of
pharmaceutical concentration is nonitored via a catheter by using the
excitation light fromthe |ight source 110 of the PDT apparatus 1, it is
not necessary 10to additionally provide a pharnmaceutical_ concentration
det ecting appara@ass naFhvwer elfy areied P ks tolaml kyhte-FRA%g
apparatus. Further, because the pharnaceutical concentratjaon my be

noni tored in @S g Rt Alfatiadiv ey ottt fthriwede Ut Hu -

15adm ni stration may be assisted in real tinme. [O00611Further, the

phar maceut i cal2briceFeIT e igHiasiity Therkisordr thi ' LLrddi nent may

be perforned not only in PDT but also in thera&g or, di agnosi s using a

phar maceut i cal®ORHith Hh RIF AT SPSEGt AU Fht 1 Sh 9% f 1 uor escence.

In therggy or diagnosis, using a pharmaceutical, it is iq%grtant to grasp a

phar maceut i calTWmMEH ¢ St ate 7 SIcett QY FEFFRTT MR IFHHSE T t he

pharnaceuticaIconcentra&%on-nnnitoring operation of this enbodi nent,
25pharnac¢utic%ﬂl%d%¥ﬂﬁ? ation in an intended tissue may be neasured

m croscopi cal I'y V'?bé%éﬁ%i?“§% ér%géﬁgdtégmﬁonf%%ring pharmaceutical
concentration in a tissue, there is known a method in
which part of carbon in pharmaceutical is transformed

10 into isotope, the isotope is simultanecusly
administered, and pharmaceutical concentration in each
tissue is monitored based on a radiation quantity
{CANCER RESEARCH 50. 3985-3990, July 1, 1990, Tissue
Distribution and Photosensitizing Properties of Mono-L-

15 aspartyl Chlorin e6 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
macroscopically.

20 [0060] To the contrary, according to the
pharmaceutical-concentration-monitoring operation of
this embodiment, by calculating the temporal change of
filuorescence intensity, the temporal change of
pharmaceutical concentration, which correlates with

25 fluorescence intensity, may be calculated. Therefore

the pharmaceutical concentration in a tissue and blood



and dynam c states of various pharnaceuticals may be grasped. Further,
because m nimally-invasive nonitoring is enabled, the
pharmaceuti cal -concentrati on-nonitoring operation of this enbodi nent has a
great advantage and 5is suitable for practical use. Further, the
phar maceuti cal -concentrati on-nonitoring operation of this enbodi nent may be
performed in a system (DDS, Drug Deliveryz®System) in which pharnmaceuti cal
is delivered to only a certain location, and is useful to estinate
10whet her pharmaceuti cal reaches actually and locally. [0062][(3)
Cont act - noni toring operation] Subsequently, the contact-nonitoring
operation is peaf crhetbniowss] Figstead Hee schamitiar ditagr ans showi ng
15contact states of the |aser catheter. The |aser catheter 300 is
preferably di SPosEtheRH $hat CeOMeR IR HortiernbsoBllg gPReledt 193 el porti on
contacts the inner wall_of the cardiac-nuscle tissue 11 upright (see Fig.
10(a), herei ndftiet $EGIRRNAE olBslePD MRS G - CoHt delte st eenyiompl s state
is preferable so as to renove intraatrial blood 15 fromthe tip portion of
the | aser catHeRErtBOGI dRERYF pravents &R at§ oit PPt HERBnsi ti ve
pharmaceutical in the intraatrial hlood 15. Further, this state is
preferabl e so EERY DEFIGT Sy RRATHARE phot b- CereF Rt vRE Htfar Hetletif i cal
absorbed in a tissue when the tip portion_of the |aser 35 catheter 300
directly cont ﬁ%‘i TRy Iﬂfé%g]ly- FUoWEer , DECFUS i SFP X T &C6gWeze the
preci se contact_state of the tip %grtiton to.f t he | aser, cat heter 300
r adi ogr aphi calt% TR 1A BRI IR HE 15 SR HEPTS Y1213 not al ways
true that the ééfhé%gélégléging the excitation light from the light
source 110 of the PDT apparatus 1, it is not necessary
10 to additionally provide a pharmaceutical concentration
detecting apparatus, to thereby enable a low-cost and
space-saving apparatus. Further, because the
pharmaceutical concentration may be monitcored in real
time, determination of additional pharmaceutical
15 adminigtration may be assisted in real time.
[0061] Further, the pharmaceutical-concentration-
monitoring operation of this embodiment may be
performed not only in PDT but also in therapy or
diagnosis using a pharmaceutical, which absorbs an
20 excitation light and emits fluocrescence. In therapy oxr
diagnosis using a pharmaceutical, it is important to
grasp a pharmaceutical dynamic state (pharmaceutical
delivery). According to the pharmaceutical-
concentration-monitoring operation of this embodiment,

25 pharmaceutical concentration in an intended tissue may

be measured microscopically via a catheter in real time,



the | aser catheter 300 is in the upright-contact state with respect to a
ti ssue. The bl ood 15 may exi st between the tip portion of the | aser
catheter 300 and a tissue, and the tip portion nay be in the bl ood (see
10Fig. 10(c), hereinafter referred to as "non-contact state".).
Alternatively, the tip portion of the |aser catheter 300 may contact a
tissue in a slanting direction, and the BBl4ood 15 may partially exist in a
gap between the tip portion and the tissue (see Fig. 1510(b), hereinafter
referred to as "slanting-contact state".). In the contact-nonitoring
operation, such contact states of the tip portion of the |aser catheter
300, that is, amk GowEe SEies dhdaHOWo kDRI Et@ S Toarks

noni tored, the contact angle (upright-contact state, slanting-contact
state) in the T@EFPSF t FELEHRTac PEARESs N IFSAIYORET2SanE MrE UL ReINot e
that, in this specification, the "contact angle" not only neans a .

narrowl y- def i rietl sigIas V1% RBMECHEG GRelartoR Thin et SR det e C¥ht act
angle, in which the contact state of_the t%@ ortion of éhe | aser ggtheter
300 with 36 repetia of tiysteeTROUMS Yt %Lf 3| Fritdhgavantage an

Wi 30 G ieds i
[0064] Cont [ nuously e |1 9 source 110, out byt the exglation ight wih

pharmaceutical-concentration-monitoring operation of
this embodiment may be performed in a system (DDS, Drug
Delivery System) in which pharmaceutical is delivered
to only a certain location, and is useful to estimate

10 whether pharmaceutical reaches actually and locally.
[0062] [(3) Contact-monitoring operation]

Subsequently, the contact-monitoring operation is

performed.
[0063] Figs. 10 are schematic diagrams showing
15 contact states of the laser catheter.

The laser catheter 300 is preferably disposed such
that the tip portion as a light-emitting portion
contacts the inner wall of the cardiac-muscle tissue 11
upright (see Fig. 10(a}, hereinafter referred to as

20 "upright-contact state®.). This state is preferable so
as to remove intraatrial blcod 15 from the tip portion
of the lager catheter 300, and to prevent activation of
photo-gensitive pharmaceutical in the intraatrial blood
15. Further, this state is preferable so as to

25 selectively activate photo-sensitive pharmaceutical

absorbed in a tissue when the tip portion o©f the laser



optical system 120, the controller 150 cal cul ates 5fl uorescence intensity
and pharnmaceutical concentration, and the display unit 170 displays the

t enpor al
exanpl e,

graph showi ng the tenporal change of fluag=scence intensity wll be

change of fluorescence intensity on the display screen. For

the display unit 170 displays the tenporal change of fluorescence
intensity on the display screen 10as a graph. [0065] Here, an exanple of a

descri bed. Fig. 11 is a graph showi ng the tenporal change of
15f | uorescence intensity. Fig. 11 is a graph showi ng the tenpora

change of fluorescence intensity under the condition sanme as Fig. 7.

In the

graph, the |i nethsirons: )bl iTewt B ceriterdrs easiigsuehe |ine C shows high
fluorescence intensity, 20and the |line 13 fluctuates between the
fl uorescence intensiawewdr t hiet | 1 ped NEBeltthet® | vRreseepe et iatR¥RF15£ of the
line C. Note that, in Fig. 11, in order to nake the descri ption

cl ear, the tenporcife ott f thwrebe arees DBR neEnkie y138°¥ heakagetNher e
the tip portion of the |aser catheter 300 is in the upright-contact state,
the 37 tenpord?0 crretigRs ol ¢t BS cehce? FtrhiY t y Baraure Cdsdhitfere the tip

portion of the laser catheter 300 is in the slanting-contact state,

and t he

t enpor al® chang® B2 ¥} or s cehdeCF mEeway s yeTwe t Had & aske whel ePPRel #F °F

10

15

20

25

the laser catheter 300 is in the upright-contact state

with respect to a tissue. The blood 15 may exist

between the tip portion of the laser catheter 300 and a

tissue, and the tip portion may be in the blcod (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
direction, and the blocod 15 may partially exist in a
gap between the tip portion and the tissue (see Fig.
10(b}, hereinafter referred to as "slanting-contact

state”.) .

In the contact-monitoring operation, such contact

states of the tip portion of the laser catheter 300,

that is, the contact states and the non-contact state,

are monitcred, 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 cnly means a
narrowly-defined angular value, but alsoc means a

widely-defined contact angle, in which the contact

state of the tip portion of the laser catheter 300 with



5 portion of the laser catheter 300 is in the non-contact state are shown
in one graph. However, actually, one of themis displayed according to the
contact state of the tip portion of the |aser catheter 300. The line A wll
be reviewed. Here, as shown in Fig. 107, the fluorescence intensity in a
tissue is smaller than the fluorescence intensity in blood. Therefore, it
is thought that the line A shows the fluarescence intensity in the case
where the | aser catheter 300 irradiates a tissue with the excitation |ight.
So, in 15the case where the fluorescence intensity of the line Ais
calculated, it is thought that the fluorescence intensity in a tissue is
reflected in tyeepesulto Fedaustua hies tupr poit | oh ofanthiend aser cat heter 300
is in the upright-contact state with respect to a tissue. 20The line C will
be reviewed. HE®G4las sHowWH-Imigly 7, théel ¥Thjoredeete el 1t @H¥yS i n bl ood
is larger than the fluorescence intensity in a tissue. Therefore, it is
t hought that tHee ¢l R ishnst tHe: fiioh sttt sht BHssRSL th thetlise where
the | aser catheter 300 25irradi ates blood with the excitation light. So, in
the case wher @RRHeCF] BFERENEE i MEEhsTORERL e 13hecB §81aBeE cal cul at ed,
it is thought that the fluorescence intensity in blood_is reflected in the
resul t Becausef Y HEreF5T55 t 1BRCBE L EHe A4s ERACTETSHE- 9800 TGP RELon,
non-contact state with respect to a tissue. The line BwJll be
revi ewed. BecatRe e FiFRIEY i@ et WER R 3Y U e% ceTERCT it TRFHIE of t he
line A and the fluorescence intensity of the Iig.e §F it is thought that the
ti-p. portion of?? PIRTC T et BrEBHOTY OF el s} Y ngEtontact” State with
respect to a tissue 10RUIther., Decause A, goptact fargel oolest pf the tip
change of fluorescence intensity on the display screen
10 as a graph.
{0065] Here, an example of a graph showing the
temporal change of fluorescence intensgity will be
degcribed.
Fig. 11 is a graph showing the temporal change of
15 fluorescence intensity.
Fig. 11 is a graph showing the temporal change of
fluorescence intensity under the condition same as Fig.
7. In the graph, the line A shows low fluorescence
intensity, the line C shows high fluorescence intensity,
20 and the line B fluctuates between the fluoregcence
intensity of the line A and the fluorescence intensity
of the line C.
Note that, in Fig. 11, in order to make the
description clear, the temporal change of flucrescence
25 intengity in the case where the tip portion of the

laser catheter 300 is in the upright-contact state, the



portion of the |laser catheter 300 is a noving cardiac- nuscle tissue, the

| aser catheter 300 follows the novenent of the tissue to thereby nove. As a
result, in the case where the tip portion of the |aser catheter 15300
contacts a tissue in a slanting manner, it is likely that the bl ood vol une
between the tip portion of the |aser catheter 300 and a tissue changes
during measurenent. In addition, the bl ooz fl ow volune in a cardiac-nuscle
ti ssue changes and the intraatrial 20bl ood-flow vol une changes because of
heartbeat. Affected by them the fluctuation of the fluorescence intensity
of the line Bis larger than the line A and the line C Furt her,
in the case whesmepeirl t¢jRpEs torf BIoreRCOB @ sHt g Hef ekn 300e codacts a
tissue in any state (upright-contact state, slanting-contact state), the

39 | aser cat hetgrg0v eyl ATt cf by'e hea 3w efY t hel cb¥ ditac- nmuscl e
tissue. That is, the contact state of the tip portion of the |aser catheter
300 fl uct uat estiet sEnt 1E coMiact States %%%r?@%tt%ﬁﬁﬁ%%% chapge of

5sl anting-contact state) and the non-contact state. In this case, the

f1 uorescence iAEPREFESERTH kRS Far el P THeFef'orere | #1% sttt er ni ned

whet her the | aser catheter 300 follows the novenent of a cardi ac-nuscle
tissue or not RRSEHCROF IS AT GFRAET | UOP ek ehit AP HPRNSPEYAShown i n
a waveform Fofﬁexaqyle, inthe line A of thecgésph, t he high fluorescence
intensity afteftdotrdEecids! aft 2phar#Hateutt Fdnih Yo Hn@tin the

icinity thereof shows_that the ti rtion of. the | aser cathete 00
homent ati |y movERT f Tt LAY GHCOREE okt CRE AT T ROt HeEioh. Shrtiitt

state and returns to .
t{b portion of the laser catheterxr 300.

The line A will be reviewed. Here, as shown in Fig.

10 7, the fluorescence intensity in a tissue is smaller
than the fluorescence intensity in blood. Therefore, it
ig thought that the line A shows the fluorescence
intensity in the case where the laser catheter 300
irradiates a tissue with the excitation light. So, in

15 the case where the fluorescence intensity of the line A
ig calculated, it is thought that the fluorescence
intensity in a tissue is reflected in the result
because the tip portion of the laser catheter 300 is in
the upright-contact state with respect to a tissue.

20 The line C will be reviewed. Here, as shown in Fig.
7, the fluorescence intensity in blcod is larger than
the flucrescence intensity in a tissue. Therefore, it
ig thought that the line C shows the fluorescence
intensity in the case where the laser catheter 300

25 irradiates blood with the excitation light. So, in the

case where the fluorescence intensity of the line C is



the upright-contact state again. [0066] Based on the cal cul ated fl uorescence
intensity, the controller 150 determ nes the contact state of the tip
portion of the |laser catheter 300 20(contact/non-contact states, contact
angle in case of contact state) (Step S106). Specifically, in the
case where the controller 150 determ nes that the cal cul ated fluorescence
intensity is equal to or larger than a figst threshold, the 25controller
150 determ nes the non-contact state (line C. In the case where the
controller 150 determines 40 that the m ninumval ue of the fluorescence
intensity is equal to or smaller than a second threshold, which is smaller
than the firstcalrwstiotd, itheltomowdhtertli®zo det e WoessegrRCipri ght - cont act
state (line A). In the 5case where the controller 150 determ nes that the
fl uorescence i¥taiity patiloiehlly feileeer@sibethRereIhet fPe&r13%r eshol d
and the second threshold, the controller 150 determ nes the,

sl ant i ng- cont aédte st 9T e B UpThesontsatreren stV nforis e
practitioner the determ ned contact state by using the display unit 170.
Speci fical |y, WHerraHeaeonttdtd ofl W50 eRReF 1i Fes? t hie®¥4ant i ng- cont act state
or the non-contact state, the controller 150 creates display informtion
for 15prionpting to BHankE'® i Coht &8 KRuteed- t fechyse the line B 1s

between the fluorescence intensity of the line A and
the flucrescence intensity of the line C, it is thought
that the tip portion of the laser catheter 300 is in
the glanting-contact state with respect to a tissue.

10 Further, because a contact-target obiect of the tip
portion of the laser catheter 300 is a moving cardiac-
muscle tissue, the laser catheter 300 follows the

- movement of the tissue to thereby move. As a result, in
the cage where the tip portion of the laser catheter

15 300 contacts a tigsue in a slanting manner, it is
likely that the blood volume between the tTip portion of
the laser catheter 300 and a tissue changes during
meagurement. In addition, the blood-flow volume in a
cardiac-muscle tilssue changes and the intraatrial

20 blood-flow volume changes because of heartbeat.
Affected by them, the fiuctuation of the fluorescence
intensity of the line B is larger than the line A and
the line C.

Further, in the case where the tip portion of the

25 laser catheter 300 contacts a tissue in any state

{(upright-contact state, slanting-contact state), the



portion of the |laser catheter 300, and outputs a display instruction
including the created display information to the display unit 170. The
display unit 170 obtains the display instruction fromthe controller 20150,
and then displays information for pronpting a practitioner to change the
contact state of the tip portion of the |aser catheter 300 based on the
display information in the display instraetion (Step S107). The
practitioner operates a handpiece or the like (not 25shown.) provided on
the | aser catheter 300, to thereby change the contact state of the tip
portion of the 41 | aser catheter 300 with respect to a tissue. [0067] The
control | er 150-3E@#t i9ridiRisr e meat & Affsrdstdite Ghn asieneHndet
pharmaceuti cal concentration. The controller 150 refers to fluorescence

i ntensity and Bhatat e Condaficat | A3S8t 6Fed HPR FRETECSEHr &§8T860. The
controller 150 calcul ates the bl ood volume in the gap between the %%f

portion of théd 4 R R I afdis B o the F&ieid
fluorescence intensity. The controller 150 cal cul ates excitation-
101 i ght - i r r adiRR5"6i¢hridto G afir iST@ o HRErERE - 1MW S, 5 13 second
intensity of the excitation light, the iyradiation tinme, and the LiKke,
based or the S RES B viiahte zfﬁH{ttﬁbe T T EH B Harthateut | E§1 .
of the | aser CHUOREE SO0 TR SR (T O St BB the T
nor SONLaCt Stake, Y, MIBLE H0a, 94 8L L0 Uhe 93Py Ll Lo o Lie
cxci tat] on- 1 GRETTIS 1 o proToCHrs BT T Wit Lash
|80t 9 DA At el ) R AL L1 0, PN Tt ol e
| nfoi matj on on gothe . radiati op Prafacels, . a3d.0utaus di SB! @ 1ine
A of the graph, the high fluorescence intensity after
four seconds after pharmaceutical administration and in
the vicinity thereof shows that the tip portion of the
laser catheter 300 momentarily moves from the upright-
15 contact state to the non-contact state and returns to
the upright-contact state again.
(0066l Based on the calculated fluorescence
intengity, the controller 150 determines the contact
state of the tip portion of the laser catheter 300
20 {contact/non-contact states, contact angle in case of
contact state) {Step S106).
Specifically, in the case where the controller 15C
determines that the calculated fluorescence intensity
is equal to or larger than a first threshold, the

25 controiler 1%0 determines the non-contact state (line

). In the case where the controlier 150 determines



instruction including the created display information 42 to the display
unit 170. The display unit 170 obtains the display instruction fromthe
controller 150, and then displays information on the
excitation-lightirradi ati on protocols (second intensity, irradiation 5tine)
based on the display information in the display instruction. As
descri bed above, the controller 150 cal cumtes the pharnaceuti cal
concentration and the bl ood vol une based on the fluorescence intensity, and
cal cul ates the 10excitation-light-irradiation protocols based on the
cal cul at ed pharmaceuti cal concentration and bl ood volune. That is, the
control |l er 15CHast cdpabhionigiun afxutatdhghaef bxereatdnre | ingtand radisat i on
protocol s based on the fluorescence intensity. 15[0068] Note that, because
the tenporal citamge tof g1 uorakbencehdmtemsagndi fieesholkperdiyg ok t he
contact state of the tip portion of the | aser catheter 300, if the tenporal
change of fl uctesldeaice-lian enss tiirst dilypg el ontihecenspp bleBck®en by the
display unit 170, 20it is possible for a practitioner to estimte a contact
state based orfgtifrmigifforidie diang ofc Tt amstlestieried [hivmstty dvertbef the
controller 150 does not determ ne the contact state. [0069] Meanwhile, in
the field of GFTUIRTIY PRI ST 1127 i 59 RFeEM D teterti®e, in real

time, the contact state of the tip portion_of a catheter with
fluorescence intensity periocdically fluctuates between

the first threshold and the second threshcold, the
contreller 150 determines the slanting-contact state
{line B).

10 The contrcller 150 informs the practitioner the
determined contact state by using the display unit 170.
Specifically, when the controller 150 determines the
slanting-contact state or the non-contact state, the
controller 150 creates display information for

15 prompting to change the contact state of the tip
portion of the laser catheter 300, and outputs a
digplay instruction including the created display
information to the display unit 170. The display unit
170 obtains the display instruction from the controller

20 150, 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 digplay instruction (Step S5107). The
practitioner operates a handpiece or the like (not

25 shown.) provided on the laser catheter 300, to thereby

change the contact state of the tip portion of the



43 respect to the intended tissue, the blood volune in a gap, and

presence/ absence of a foreignsubstance/ breakage in order to ensure safety
and reliability. Further, in the case where the intended 5tissue is a
novabl e target such as a cardi ac-nuscle tissue, it is necessary to

determ ne the contact state in detail, in which a |aser catheter follows
the novenent of the tissue, to reliably performtherapy. In the past, it is
known to determ ne the contact state of 10a catheter by, for exanple,
securing a transparent zone by renoving bl ood, radi oscopy, potenti al

measur enent (i npedance neasurenent), potential mapping, tenperature

measur enent , dyawan catdestrenedt (priessesmscitress)tisefieect ed |ight

measur enent using a polychromatic |ight 15source, and the |ike. However, in
the field of thed@apy andihh agposieliga B Catdreteryonsly scalldilatgs to
determne the tip state of the catheter in blood, and a techni que capable
of det ermi ni ngfiderepranee snheesiavdendi Phrashanstuthesn devd Ypetyian - Each
of the above- 20nmentioned conventional nethods is capable of determ ning
the contact stHte evugmlieant;0iretees tiont lhaseseaycor bt enslas 49 | ows.
Securing a transparent zone by renoving blood is_a nmethod in which a bl ood
flow i s T enporrdInatweker] HOPSERF Ayt obaF toerd Hal Fhe e 1&e is
flowed froma catheter tip portion to thereby secure_a transparent 44
zone, and a coPRACEOREEREFS bDHIFIEE YL e%i HYe dhl aPgi BRewpR. 1 oS er, this
met hod may | ead to a peripheral -vessel -i schenmia state. Wth radi oscopy,
because of Iad%ﬂﬁdb%ﬁ%%?%c9?ei¥lp portion of the laser catheter 300

and a tissue based on the referred fluorescence
intensity. The controller 150 calculates excitation-

10 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
blood veolume and the referred pharmaceutical
concentration (Step 5108).

15 For example, in the case whexe 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 loss of the excitation light {excitation light
which doeg not reach tissue) is considered based on the

20 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-
irradiation protocols, creates display information on

25 the irradiation protocols, and outputs display

instruction including the created display information



5is difficult to determ ne the distance of a gap between a catheter and a
ti ssue, and the bl ood volune in the gap between the catheter and the
intended tissue. Further, in the case of a noving tissue, it is not clear
that the tip of a catheter follows the novenent. 10 As a result, the tip
of a catheter may break blood (in case of intracardi ac therapy) or

bl ood-vessel wall (in case of intravasculgs therapy). Further, the anount
of energy input in an intended tissue decreases bel ow an estimted anount,
and an enough therapeutic effect may 15not be achi eved. Further, the

bi ggest problemis that only a doctor, who has a know edge of anatony and
is well-experiencede (dasplde wmpr es30 on Tremispicy ng)it cam miksins

determ nati on, subjectively (see Japanese Patent Application Laid-open No.
2007-525263). 208Potembiay imasunenent {ropedanceonetasuieneht), iznd net hod
in which, since a cardiac-nuscle tissue contracts and noves because of
potenti al propagani dhspidies confarnasianeoni therespetationaltghti ac- nuscl e
tissue is determ ned by neasuring the potential. 25However, in the case of
perform ng an bpridddtiverapytochest (peponrdi ontensityat heredidebptact
portion with 45 respect to cardiac-nuscle tissue) is an optical w ndow.
Because Df thisima) pereed i el - Hpasht edlay t enhaynbelprovidede oRiaPpaYti on
other than the tip portion of the catheter. As a result, a light-irradiated
site does not BRBTHEFEEPMM th a potential -neasured site, a di agnosis- target
zone does not coincide with a therapy-target zone, and the therapy nmay not
be perfoitted preci%%l@?s¢¥ﬁ@%%r?b%ﬁeelEE?r%ﬂ%té@@éeFslﬁﬁd%aéﬁﬁ}ﬁé?$ and
angl e determ nation accuracy, nmay thus be decreased. Further, 10 because
electric neasuF%ﬁeR?a¥@a?%N?%ﬁ%%d?OFﬁ%?Erﬁﬁyoﬁea%ﬁ BReckiogf volume

el ectromagnetic interference Ssee Japanese Pat ent Agplication Lai d-open No.
2008- 531170) . based on the fluorescence intensity, and calculates th

i0 excitation-light-irradiation protocels based on the
calculated pharmaceutical concentration and blood
volume. That is, the controller 150 is capable of
calculating the excitation-light-irradiation protoccls
baged on the fluorescence intensity.

15 fooes] Note that, because the temporal change of
fluoregscence intensity differs depending on the contact
state of the tip portion of the laser catheter 300, if
the temporal change of fluorescence intensity is
displayed on the display screen by the display unit 170,

20 it is possible for a practitioner to estimate a contact
state based on the temporal change of fluoresgcence
intensity even 1f the controller 150 does not determine
the contact state.

[0069] Meanwhile, in the field of circulatory
25 digease, it is important to determine, in real time,

the contact state of the tip portion of a catheter with



Potential mapping is a nethod in which potential neasurenent is

t hree-di nensional | y devel oped. However, 15a conventional apparatus |acks a
resolution of determning a contact state in detail. Further, it takes tine
to performdeterm nation, and an ant hropogenic influence may occur because
of an excessive contact pressure (see Japanese Patent 20Application

Lai d- open No. 2008-531170). Further, if apotential measuring catheter is
di spl aced, a mapping i mage nay not coincide with an actual position.
Further, because electric neasurenent is perforned, there may be an effect
of electromagnetic interference (see Japanese 25Patent Application

Lai d- open No. 799863197 0)he Tanperdedr bl agasur Bhentleed averthd dif i whi ch,
with 46 respect to diseases including a vascul ar occlusion, an occlusion

i s deterni ned B3P meaRUrPTRE S RGHETABEIRES (8Rea JEPERESR- Pat ent Application

Lai d-open No. 2007-525263). However, this is a diagnostic nethod for only
50ccl usi ons, afidPF st/ RippAiadm| Bt DT UPE cBR e3P WEF UBR FRt o2 B cl usi on zone
such as, for exanple, atrial fibrillation and ventricular flutter._ Further,
unnecessary hed®l iyt bECr oFidededn & Thdrifal S35 % starss Séie dtiSRRYbynani ¢
measurenent (pressure, stress) is a nethod in which a pressure sensor or a
stress sensor FESHEBNtRP I RER hete¥et afidch %%n%a%"tlfgé?@éff‘u%%}%ct is
determ ned (see, Japanese Pat ent |icatign Laid-open No. 2009-542371, US
Patent No. 6696898 US Pat@rnteq Y chPi ‘g%tfﬁ‘?‘bl@%p‘élﬁe NoC 2898/ BEB97 50,

W PO Publ i cati on . 01/33165). However, the ti orti of the catheter may
be |arger, and*% h%g ?hﬁy.b% %&Pf%cfa%?re?%té}?&b g%‘éff%w? NtRTf erence (see
‘r]rgggﬂrezremﬁf‘t g{}%%@%? %ﬁgaé of,&al f open No-  2008; p31170) . 20Rellected |1 ght

the past, it is known to determine the contact state of
10 a catheter by, for example, securing a transparent zone
by removing blood, radioscopy, potential measurement
(impedance measurement), potential mapping, temperature
measurement, dynamic measurement {pressure, stress),
réflected light measurement using a polychromatic light
15 source, and the like. However, in the field of therapy
and diagnogis via a catheter, it 1s difficult to
determine the-tip state of the catheter in blood, and a
technigque capable of determining the contact state im
detail has not been developed yet. Each of the above-
20 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
method in which a blood flow is temporarily blocked by
25 using a balloon, saline or the like is flowed from a

catheter tip portion to thereby secure a transparent



pol ychromatic |light source is a nethod in which absorption coefficients
different fromwavel engths are used. Specifically, by using a polychromatic
| ight source, a tissue is determ ned based on reflection 25ratio

di fferences of the respective wavel engths (see Japanese Patent No.

4261101). According to this nmethod, 47 although the bl ood vol une between a
catheter and a tissue nay be estimated, au optical system nay be
conplicated, an apparatus may be made | arger, and the cost may be increased
because a plurality of light 5sources are provided. [0070] To the contrary,
according to the contact- nonitoring operation of this enbodi nent, by
detecting fl uckeseeried intEHsiadt $%2%e bosHhIREed ket et A2 he cont act
state with respect to an intended tissue and 10fol | ow ng- novenents via a
catheter in rel9tP9ROPThi SOFENRSd iTHIM AMSFRIAY Ay dSiAFe Ye@ause it is not
necessary to renove blood and the |ike, Further, because

excitation- i RYIPRIER Bt VO P ot HeF’ I #eS~Pe® cal cul at ed based on the
determ ned contact state and 15the | ke, theragf and diqgnosis ngy be
assisted safely and”%%@i%&ﬁ@QST@@ﬁi]W?%ﬁuse of "lacking accuracy, It

For ei gn- subst ance/ br eakage- nonj toring operation] During the ot odynam ¢
Eher apy 5 the. (0f GHOHE L o0C0bEt It BT LAk ages for 1T g Ber G2 i P et

performed. a catheter and a tissue, and the klced volume in the
gap between the catheter and the intended tissue.
Further, in the case of a moving tissue, it is not
clear that the tip of a catheter follows the movement.

10 As a result, the tip of a catheter may break blood (in
case of intracardiac therapy) or blood-vessel wall (in
cagse of intravascular therapy). Further, the amount of
energy input in an intended tissue decreases below an
estimated amount, and an enough therapeutic effect may

15 not be achieved. Further, the biggest problem ig that
only a doctor, who has a knowledge of anatomy and is
well-experienced (tactile impression when touching),
can make a determination, subjectively {(see Japanese
Patent Application Laid-open No. 2007-525263).

20 Potential measurement (impedance measurement) is a
method in which, since a cardiac-muscle tissue
contracts and moves because of potential propagation,
the contact state with respect to a cardiac-muscle
tissue is determined by measuring the potential.

25 However, in the case of performing an optical therapy,

the tip portion of a catheter (contact portion with



First, a practitioner refers to excitation-lightirradiation protocols

di spl ayed on the display unit 170, and operates the operating unit 180 to
t hereby input an excitation-light-output instruction with the high-power
25second intensity in the controller 150. The controller 150 obtains the
excitation-light-output instruction, 48 and then outputs the
excitation-light-output instruction with 4she second intensity to the |ight
source 110. The light source 110 obtains the excitation-I|ight-output
instruction fromthe controller 5150, and then outputs the excitation |ight
with the second intensity. Atissue is irradiated with the excitation |ight
output from t hedpagit Spuraed T8O wee e tucal isyan apt g nde | aser
catheter 300, and photodynamic therapy is performed (Step S109).

10[ 0072] Based Bnrausel@ltiiionl Sirfid o amraE¥rein 3He deted? on unit 130,
the controller 150 cal cul ates fluorescence intensity. The controller 150
creates di spl ayrdifdrdrer® oh RAXIRD (XHRF Ahatharye t‘03FP B FiRfresceite
intensity based on the cal cul ated _15fl uorescence intensity and el apsed tine
after a criterdaatiem sdéhsagegiliint PavdidblsLitipddRitant st dasfe M4nd
outputs a display instruction includj nlg t he created di splay information to
the di spl ay urfqincAsie THetlyia@eetinma !l TR OBtest nst the ‘%%?W?%‘%Tructi on
20from the controller 150, and then dj splays the te oral change of the
fluorescence iTRIEHET 3P 4P %%f%@?%&gb‘&%@a DNt HEARN s ]’aqf/JE‘? nf or mat i on
included in the displ instruction. [0073] The con roll 150, det er m nes
whet her the Z%T%ul%fi‘%dtkf‘? U eRh Yrﬁ% sl?? ypeg ‘T?Qlt’)e%}s e than a

threshol d (St%gn%%gg, Jﬁ“%ﬁégé¥§§2‘££§a iS made gmaller, and angle

determination accuracy may thus be decreased. Further,
10 because electric measurement is performed, there may be
an effect of electromagnetic interference {(see Japanese
Patent Application Laid-open No. 2008-531170).
Potential mapping is a method in which potential
measurement is three-dimensionally developed. However,
15 a conventional apparatus lacks a resclution of
determining a contact state in detail. Further, it
takes time to perform determination, and an
anthropogenic influence may occur because of an
excessive contact pressure (see Japanese Patent
20 Application Laid-open No. 2008-531170). Further, if a
potential measuring catheter is displaced, a mapping
image may not coincide with an actual position. Further,
because electric measurement is performed, there may be
an effect of electromagnetic interference (see Japanese
25 Patent Application Laid-open No. 2008-531170).

Temperature measurement is a method in which, with



49 exanple, a value equal to or nore than the nmultiple of the nornal
fluorescence intensity. [0074]Fig. 19 is a graph showi ng the relation
bet ween wavel ength and fl uorescence intensity. 5Fig. 19 shows the relation
bet ween wavel ength and fl uorescence intensity of a | aser catheter, which
may contact a foreign substance or nmay be broken, and those of a nornal

| aser catheter. It is understood that, imd&he case where the tip portion of
a |laser catheter 10contacts a foreign substance other than a |iving body
tissue or is broken, the fluorescence intensity thereof is |larger than the
nol mal fluorescence intensity. [0075] The controller 150 determ nes that the
fl uorescence ings@esitt & FiprAces ool WY tharpddelan PAHEsHEd,2% hat i s,
determ nes that the fluorescence intensity is increased to equal to or nore
than the mul tigsicdusfiarhel $radaf sl T9d gk St e 1 SFRJIRSE UL t (ede t he
current fluorescence intensity ignores the previous fluorescence intensity,
and then the 2B6GHast |Ratasp Pﬁtg]l%@%ft Hatid e iNe a 361 P ¥ub'st ance
or a breakage (Step S110, Yes). If the controller_ 150 estinmates that there
is a foreign é%b@tvéﬁ”cfe Brin bt eakdgg aHe T I TPE eFCA 5 EF eat es di spl ay
information on generation of a foreign- 25substance/ br eakage, to]ri%%,o t he
excitation |i GHCiHTiRIA i EFhdPVutHRR st FRbE a5° | HsiFIRIT oS thging

no occlusion zone such as, for example, atrial
fibrillation and ventricular flutter. Further,
unnecessary heat may be provided on a normal bloocd-
vessel wall.

10 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
determined (see Japanese Patent Application.Laid—open
No. 2009-542371, US Patent No. 6696808, US Patent

15 Application Laid-open No. 2008/0009750, WIPO
Publication No. 01/331653) However, the tip portion of
the catheter may be larger, and there may be an effect
of electromagnetic interference (see Japanese Patent
Application Laid-open No. 2008-531170).

20 Reflected light measurement by using a
polychromatic light source is a method in which
abgorption coefficients different from wavelengths are
used. Specifically, by using a polychromatic light
source, a tissue is determined based on reflection

25 ratio differences of the respective wavelengths (see

Japanese Patent No. 4261101). According to this method,



50 the created display information to the display unit 170. The display
informati on on generation of a foreignsubstance/ breakage i ncl udes
information to stop the excitation light irradiation, to reset irradiation
time, 5to reset an irradiation power, to pronpt to check the | aser catheter
300, and the |like. Wen the display unit 170 obtai ns the display
instruction fromthe controller 150, based on the display information in
the display instruction, the display unit 170 displays infoimtion 10to
stop the excitation light irradiation (Step S111) and information on
generation of a foreign- substance/breakage (Step 8112) to a practitioner.
Not e that, inahaxe WrereledrR oo |heiwasD 3 ctichet e st intensity
increase of an arbitrary 15wavel ength other than the fluorescence

wavel engt h (excissits oY ikfhtesteised eyt RbroR ket keystemerzome ol | er 150
estimates that there is a forei gn substance or a breakage (St%E 5110, Yes),
and may perf or¢RMel & ad arapraeksisd HF (BepPsrmade stapisiand the

20[ 0076] Meanwhi l e, in the case where the controller_ 150 does not determ ne
that the fluoreertd’ kR eHsG¥$25e0 RRAVID drehoFeit Farrt et ¥kt eshol d
within a predetermined tinme period, the controller 150 estimates that there
is no forei gn SUHSEEHAE P ek@ge, and 25npves to the

cytoci dal - ef fect -det erm ni ng operation (St%P S110, No).. 51 [0077] Note
that, because HENhEHati on®ftHE fEPRFGFY, according to’the contact=s

monitoring operation of this embodiment, by detecting
fluorescence intengity, it is possible to determine the
contact state with respect to an intended tissue and
10 following-movements via a catheter in real time. This
method is minimally invasive because it is not
neceésary to remove blood and the like. Further,
becausge excitation-light-irradiation protocols may be
calculated based on the determined contact state and
15 the like, therapy and diagnosis may be assisted safely
and reliably.
[0071] [(4) Foreign-substance/breakage-monitoring
operation]
During the photodynamic therapy, the foreign-
20 substance/breakage-monitoring operation is performed.
First, a practitioner refers to excitation-light-
irradiation protocols displayed on the display unit 170,
and operates the operating unit 180 to thereby input an
excitation-light-output instruction with the high-power
25 second intensity in the controller 150. The controller

150 obtains the excitation-light-output instruction,



substance or a breakage is estimated when the fluorescence intensity
exceeds a predeterm ned threshold, if the display unit 170 displays the

5fl uorescence intensity on the display screen, a practitioner nay estimate
generation of a foreign substance or a breakage based on the fluorescence
intensity, even if the controller 150 does not estinmate generation of a
forei gn substance or a breakage. 10[ 0078]4aurther, in the case where a
plurality of catheters are disposed in a cardiac cavity in addition to the
| aser catheter 300, the |aser catheter 300 may contact another catheter.
For exanple, if the |aser catheter 300 emits a light in the state where the
| aser 15cat hetand 300e oyt ss aptot herc tha errer L iR posedrin a cardi ac
cavity, both of the catheters may |ose their functions. If a practitioner
is keep on em insmguemiaxcitid i ore | $ebendi thoerks oy | &P nghe hblgbhor mal
situation of the tip portion of the |laser catheter 300, 20the tip portion
of the | aser ceWeteriBD0 Mdp damdtatewes 1P HE3EB3F 5419 n danger of
thermal | y damaging a |iving body. Further, a catheter being contacted may

| ose its funct$enitdpbro]lakder dPwgPee et orel on- S0Pt BRR 7 PREaRAHES
25moni toring operation of this enbodi nent, because a strong reflected |ight
i s measur ed mhﬁ%oth%ﬂ%a§m%@GQUtEﬁﬁ%oE?%c?%C%E@tb%?e%%g%Fh%%t¥h%%ea li ving

body tissue, it , ) ) o , ,
second intensity. A tissue is irradiated with the

excitation light output from the light source 110 wvia
the optical system 120 and the laser catheter 300, and-
photodynamic therapy is performed (Step 8109).

10 (00721 Based on an electrical signal obtained from
the detection unit 130, the controllexr 150 caiculates
fluoregcence intensity. The controller 150 creates
display information of the temporal change of the
flucrescence intensity based on the calculated

15 fluorescence intensity and elapsed time after a
criterion time guch as an intravenousg-injection start
time, and outputs a display instruction including the
created digplay information to the display unit 170.
The digplay unit 170 obtains the display instruction

20 from the controller 150, and then displays the temporal
change of the fluorescence intensity on a display
screen based on the digplay information included in the
digplay instruction.

[0073] The controller 150 determines whether the

25 calculated flucrescence intensity is equal to or more

than a threshold (Step 8110). The threshold ig, for



is possible to estimate generation of a foreignsubstance/ breakage via a
catheter in real tinme. Because of this, it is possible to pronpt a
practitioner to 5check the | aser catheter 300, and thus it is possible to
performthe therapy very safely w thout causing danger to a patient.
[0080][(5) Cytocidal -effect-determ ning operation]

Subsequently, the cytocidal -effect-determaning 10operation is performned.

I n phot odynam c therapy, photo-sensitive pharmaceutical absorbed in a

ti ssue absorbs the excitation light fromthe | aser catheter 300 to gain
energy, and changes fromthe ground state to the 15singlet excited state.
Mbst of the erefdpPtharye@ivomakrl siagretnese tlean st avabtimee tef pl et
excited state because of intersystemcrossing, but the rest part returns
from the singlete stereat of turrep ormer stat¥SHid- enits fluorescence at this
tinme. Further, when photo- 20sensitive pharmaceutical in the triplet
excited state EP@%hes t T etl Vxiyeh, I¥HRD phieBlaensht i i phatFraceut i cal
transfers energy to oxygen, and creates strong oxidizer singlet oxygen. The
oxi di zer br eakeeBeF S ¥RV e HRRECH PR T +1OTES B eaksipHOEDL Sénsi ti ve

25phar maceuti cal (bl eachi ng%;‘,« | f the bl eaching occurs, the effective

phar maceuti cal amouitdi sl Hethessete aﬁ%la%?@%?ﬁtW%%an%%?Je%%%%ea%unt i's
al so decreased,_ Therefore, decrease of _the fluorescence anount indicates

bl eachi ng and B PERIRERTT IB-GRONY . OThe bptetafesyRtem 1Wht €%t Tatts the

bl eachi ng and & S b 190"k
orescence egiiied 5 rom Lhe, photo; sensi {1 ve, phas TBCSUL cal i g, Lhe | aser

of a normal laser catheter, It is understood that, in
the case where the tip portion of a laser catheter

10 contacts a foreign substance other than a living body
tissue or is broken, the fluorescence intensity thereof
is larger than the normal fluorescence intensity.
[0075] The controller 150 determines that the
fluorescence intensity is egual to or more than the

15 threshold, that is, determines that the fluorescence
intensity is increased to equal to or more than the
multiple of the previous fluorescence intensity such
that the current fluorescence intensity ignoreg the
previous fluorescence intensity, and then the

20 controller 150 estimates that there is a foreign
subgtance or a breakage {(Step 8110, Yesg). If the
controller 150 estimates that there is a foreign
substance or a breakage, the controller 150 creates
digplay information on generation of a foreign-

25 substance/breakage to stop the excitation light

irradiation, and outputs display instruction including



cat heter 300, and the fluorescence enters the detection unit 130. The
detection unit 130 detects the fluorescence entered fromthe optical system
120, and outputs the intensity of the detected fluorescence to 10t he
controller 150 as an electrical signal. [0081] Continuously, the |ight
source 110 outputs the excitation light with the second intensity to the
optical system 120, the controller 150 caaul ates the fluorescence
intensity, and the display unit 170 15di splays the tenporal change of
fluorescence intensity on the display screen. For exanple, the display unit
170 displays the tenporal change of fluorescence intensity on the dizﬁLay

or al

screen as a gridph. cTeos Hékeplay enbaphatepnatyr &K SHAELRY tHe20t%
change of fluorescence intensity will be descri bed. Fig. 12 is a
graph showi ng TR desmbal i 610 fPUFEReHePT Mensi tgreian- Fig.
12 shows the tenporal change of f|uorescence 25intensity in the case where
the excitati orSHrYFRDNGY/ BRFRAL 1191C DPLR ORI ER E B9 28 nf itk e Pass after
54 photo-sensitive pharmaceutical is ,admnistered in a pig. by . .
intravenous-irﬁ%ﬁ&?%ﬁﬁo%ﬁ¥%ﬁﬁﬂeéFE3§éaBFoﬁffFﬁoF@ﬁﬁ&uﬁgiﬁﬂﬁﬁﬁqumﬁ%%ﬁES

bl eaching and a tissue injur nmount as descrj bed above, bghgéﬁpéﬁging an

Sattenuation ctl VESHEL tHe FHURF R TEMR LT ensTE BT TRt +©
laser catheter 300, and the like. When the digplay unit

170 cbtains the display instruction from the controller
150, based on the display information in the display
instruction, the display unit 170 displays information

10 to stop the excitation light irradiation (Step S111)
and information on generation of a foreign-
substance/breakage (Step S$112) to a practitioner.

Note that, in the cage where the controller 150

detects abnormal intensity increase of an arbitrary

15 wavelength other than the fluorescence wavelength
(excitation light wavelength or the like}, the
controller 150 estimates that there is a foreign
substance or a breakage (Step $110, Yes), and may
perform the similar processing (Step S111, Step 5112).

20 [c076] Meanwhile, in the case where the contrecller
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
that there ig no foreign substance or breakage, and

25 moves to the cytocidal-effect-determining operation

(Step S110, No).



PDT process may be displayed in real time. [0083] The controller 150

determ nes whether the calculated fluorescence intensity is attenuated

bel ow a threshold (Step S113). If the controller 150 determ nes 10t hat the
fluorescence intensity is attenuated below the threshold, the controller
150 estimates that there is a cytocidal effect on a tissue irradiated with
the excitation light (Step S113, Yes). Then, the controller 150 creates

di splay informati on on an index of a 15cytocidal effect, and outputs a

di splay instruction including the created display information to the
display unit 170. The display unit 170 obtains the display instruction from
the control | er[A®Y]] and Ndfen hapl dyscavdorensont bn o | hdexrofam
cytocidal effect 20for a practitioner based on the display information in

t he di splay i rstesicdnon. oThe Predtads oneregefegsed ovitere $8# ormati on on an
index of a cytocidal effect displayed on the display unit 170, and noves to
the el ectric- cbiiRITORCHD| Helked ot Hat TETE AT f NP PR HRCDPRt28d on.

25[ 0084] Meanwhi l e, if the control|er 150 does not determ ne that the

f1 uorescence itrENSHPIAi sibeheasEP 38 Welbwt ThediFir eI eP%ithin a
predeterm ned tine period, the controller 150 creates display information
to pronpt to extEEtHRPEXcIRERTONCY i Ght i raHFRIF OGP o Feset the |ight

intensity based on the cal cul ated . , ,
practitioner may estimate generation of a foreign

substance or a breakage based on the flucrescence
intensity, even if the controcller 150 does not estimate
generation of a foreign substance or a breakage.

10 [0078] Further, in the case where a plurality of
catheters are dispoged in a cardiac cavity in addition
to the laser catheter 300, the laser catheter 300 may
contact another catheter. For example, if the laser
catheter 300 emits a light in the state where the laser

15 catheter 300 contacts another catheter disposed in a
cardiac cavity, both of the catheters may lose their
functions. If a practitiocner is keep on emitting an
excitation light without noticing the abnormal
situation of the tip portion of the laser catheter 300,

20 the tip portion of the laser catheter 300 may generate
heat to thereby be in danger of thermally damaging a
iiving body. Further, a catheter being contacted may
ioge its function.

[0079] According to the foreign-substance/breakage-

25 monitoring operation of this embodiment, because a

strong reflected light is measured when the catheter



5fl uorescence intensity, and outputs display instruction including the
created display information to the display unit 170 (Step 5113, No). When
the display unit 170 obtains the display instruction fromthe controller
150, the display unit 170 displays information to 10pronpt a practitioner
to extend the excitation light irradiation and to reset the light intensity
based on the display information in the dsplay instruction. After a
predetetm ned tine period passes after outputting the display instruction,
the controller 150 15npbves to the operation of Step S108. [0085] Note that,
because generation of a cytocidal effect is estinmated when the fluorescence
intensity is atarmeteddel 9w echredeeriiarec thieshm|khdy ftigrueli st ay
unit 170 displays the fluorescence intensity on 20the display screen, a
practitioner ey ReisHaie Wherdamatereensrateyt oof dalL@fdeE- or not based
on the fluorescence intensity, even if the controller 150 does not estinmate
whet her t her e St atopiRAKEdT otta G FOthe {086} AcTdF di HEE t o Baveuse
cytoci dal -effect-determ ning 25operati on of this enbodi rent, based on

fl uorescence % ensity torieIRATU- S H-DHATRERe A | REACEONE@HIT atPon, 56 it
is possible to measure injury in _a cardi onyocyte, which progresses in a
tissue iTradi ZRIFN ERE t HesekFaEG rr 13 Yt | 2RPatPes, 1§ ol FreReF e+

t herapeutic ,
to perform the therapy very safely without causing

danger to a patient.
{00801 [{5) Cytocidal-effect-determining operation]

Subsgequently, the cytocidal-effect-determining

10 operation is performed.

In photodynamic therapy, photo-sensitive
pharmaceutical absorbed in a tissue absorbs the
excitation light from the laser catheter 300 to gain
energy, and changes from the ground state to the

15 singlet excited state. Most of the energy changes from
the singlet excited state to the triplet excited state
becauvge of intersystem crossing, but the rest part
returns from the singlet state to the ground state, and
emits fluorescence at this time. Further, when phote-

20 sensitive pharmaceutical in the triplet excited state
clashes triplet oxygen, the photo-sensitive
pharmaceutical transfers energy to oxygen, and creates
strong coxidizer singlet oxygen. The oxidizer breaks a
tissue, and, in addition, breaks photo-sengitive

25 pharmaceutical (bleaching). If the bleaching occurs,

the effective pharmaceutical amount is decreased, and



effect, via a catheter in real time, and thus the 5therapy is perforned
reliably. [0087][(6) Electric-conduction-block-formation determ ning

oper ati on] Subsequently, the electric-conduction-bl ockformation
determ ning operation is performed. 10In the

el ectric-conduction-bl ock-formati on determ ni ng operation, the fluorescence
ti me-waveformused in the cytocidal effedz determination is in

synchroni zation with el ectrocardi ogram (ECG ECG obtai ning nmethod will be
described later.). The 15controller 150 anal yzes the phase difference

bet ween the ECG R-wave and the fluorescence peak intensity in the interval
bet ween R-wavesiu threriebionka eeig heamdidttheks ahl 29 et ¢T2¥¥hduct i on bl ock
is formed. In sone cases, the |laser catheter 300 nay be relocated in an
20el ect ri c- condig i dl cgc s dazhddhalot e ¢serNet FIGNU3), the
excitation |ight output may be changed to the first intensity, and the

f1 uor escence tHHELGRRART dPIFaeied 33 MedstFEe | H1 oW pyit nay¥5e in
synchroni zation with ECG to thereby perform anal ysis 25The procedure in the

case of rel ocARtgaE. |HEErCTat HetSFEFRft fredeer bhepfe s eonee gt oved 57

5 from the photo-sensitive pharmaceutical via the laser
catheter 300, and the fluorescence enterg the detection
unit 130. The detection unit 130 detects the
fluorescence entered from the optical system 120, and
outputs the intensity cof the detected fluorescence to

10 the controller 150 asg an electrical signal.
[oo81] Continuously, the light source 110 outputs
the excitation light with the second intensity to the
optical system 120, the contrcller 150 calculates the
fluorescence intensity, and the display unit 170

15 digplays the temporal change of fluorescence intensity
on the display screen. For example, the display unit
170 displays the temporal change of fiuorescence

intensity on the display screen as a graph.

[0082] Here, an example of a graph showing the
20 temporal change of fluorescence intensity will be
described.

Fig. 12 is a graph showing the temporal change of
fluorescence intengity.
Fig. 12 shows the temporal change of fluorescence
25 intensity in the case where the excitation light is

emitted for 20 geconds after 20 minutes pass aftex



[0088] First, a practitioner disposes the tip portion of the | aser catheter
300 in an electric-conduction block (in dashed-dotted line of Fig. 13) or
on an excitation-light-irradiated site. Then, the 5practitioner operates
the operating unit 180 to thereby input an excitation-|ight-output
instruction with the | ow power first intensity to the controller 150. The
controller 150 obtains the excitation-|ight-output instruction, and then
outputs the excitation-light- 10output instruction with the first intensity
to the light source 110. The light source 110 obtains the
excitation-light-output instruction fromthe controller 150, and then

out puts the exdiatatissmaitghie wharmdredtistl it eaniiyisyersdsije 4 ig
irradiated with the 15excitation light output fromthe light source 110 via
the optical sysfdmtizysnmisHia]eserorat Béfere IGOrepr6t &fsénsitive

phar maceutical, which is absorbed in a tissue, absorbs the excitation |ight
from t he | aserf RN IDENGHE eIt riekReHEEld RS obt F 683 120syst em
120 extracts the fluorescence emtted fromthe photo-sensitive

phar maceut i cal 1R FanQuslera e AR eiPIDRLAMY the $1ttEstehc@  enters the
detection unit 130. The detection_unit 130 detects the fluorescence entered
fromthe opti cll LR EHRTL T ER P B Ut PRIt SL YIS Rt eth 51T Hof estéfice

intensity to the controller 150 as, an el ectrical signal. The controller 150
cal cul at es 5§¢ﬂ‘process may be digplayed in real {ime.

[0083] The controller 150 determines whether the
calculated fluorescence intensity is attenuated below a
threshold (Step $5113). If the controller 150 determines

10 that the fluorescence intensity 1s attenuated below the
threshold, the controller 150 estimates that there is a
cytocidal effect on a tissue irradiated with the
excitation light (Step 8113, Yes). Then, the controller
150 creates disgplay information on an index of a

15 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 15C, and then
displays information on an index of a cytocidal effect

20 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-
conduction-block-formation determining operation.

25 10084] Meanwhile, if the controller 150 does not

determine that the fluorescence intensity is decreased



fluorescence intensity based on the obtained el ectrical signal.

[ 0089] Meanwhi | e, the el ectrocardi ograph 140 obtains the

el ectrocardi ographi ¢ signal, and supplies the 5obtai ned

el ectrocardi ographic signal to the controller 150. The controller 150
creates display information based on the cal cul ated fl uorescence intensity
and the obtai ned el ectrocardi ographic sigtal, and outputs display
instruction including the created display 10information to the display unit
170. The display unit 170 obtains the display instruction fromthe

control |l er 150, and displays the correlation between the f|uorescence
intensity and 29wl tErd ridemdivg am B ik e T Sptayt 569 e Hibed on
the display information 15in the display instructjon. [0090] Here, the
correl ati on befife PN et it GFREMT t4 NP ECE TR MW 1 1° be

descri bed. Fig. 14 is a_diagram show ng the re|lation of ECG

i ntracardi ac pPES®Rl &0 Stk Yt it Vo URE ¥ Dw VI Ukt TR R i & %Yoni nant

in the blood-flow volunme in a _.cardi ac-nuscle tissue, and bei a
prerequisite Kroweije dischiBed I ehtiaf e AR oye a?ﬁ‘jl@%g%f?%‘? ogy

Essensharu Kajbo Seirigaku)" (Gakken Medical Shuj Co., Ltd.,. 2001),
Wi ch | S of 1 oot 9% T AT ST oy TELAFFRS o, SR CROWT 504, { he

tenporal Changfnéquéggg the created disgsplay information to the

display unit 170 (Step S113, No). When the display unit
170 obtaing the display instruction from the controller
150, the display unit 170 displays information to

10 prompt a practitioner to extend the excitation light
irradiation and to reset the light intensity based on
the display information in the display instruction.
After a predetermined time period passes after
outputting the display instruction, the controller 150

15 moves to the operation of Step S5108.
[0085] 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

20 the display screen, a practitioner may estimate whether
there is a cytocidal effect or not based on the
fluorescence intensity, even if the controller 150 does
not estimate whethex there is a cytocidal effect or not.
[0086] According to the cytocidal-effect-determining

25 operation of this embodiment, based on fluorescence

intensity correlated with pharmaceutical concentratiocn,



59 intracardi ac bl ood-flow volune is different fromthe bl ood-fl ow vol une
in a cardiac-nmuscle tissue. Wiile the intracardi ac bl ood-fl ow vol unme has a
peak at the tine when it coincides with R-wave, the blood-flow volume in 5a
right-sided cardiac-nuscle tissue has a first peak at the tine when about
200 nms pass after R-wave, and a second peak at the tine when about 400 ns
pass after R-wave. [0091]Fig. 15 is a diaggam showi ng the correl ation

10bet ween fl uorescence intensity and R wave when the | aser catheter is in

t he upright-contact state. The correl ation between fl uorescence
intensity (for exanple, irradiation power of 900 MWW and R-wave when the
tip portion ofithes|meesilts Het enel80@re sinjunptie aprdghicnyptae:, state
will be described. In the upright-contact state, fluorescence peaks are
observed aft erwhDo e goisss2d e ek R walvesahdi bf2@+a4ed witaskeafter R-wave.
Note that, in the case where the catheter is disposed |eft-sided, the

fl uorescence igehsttionobiaygesthat pkdpor? i Beesere he teerapebhary

bl ood-fl ow vol une of Fig. 14. A ventricle contracts when R-wave appears,
and bl ood is stpbttled Y17 & viRtke bRyl i HrRdbidE HiE carid aebrsisEr® tissue).

Si nce bl ood includes photo-sensitive pharmaceutical, the fluorescence

25i ntendi ty i ntREEPWi BT -PRISEPEEF s5eei#R8L i ghest when bl ood is supplied to
bl ood vessels of a cardiac nuscle. 60 As_a result, the peak of

f1 uorescence i &SI ty appParEleerriC preudier PRl e el PEFPR bCRf t er

appear ance of R-wave, |, .
determining operation]

Subseqguently, the electric-conduction-block-
formation determining operation is performed.

10 In the electric-conduction-block-formation
determining operation, the fluorescence time-waveform
used in the cytocidal effect determination is in
synchronization with electrocardiogram (ECG. ECG
obtaining method will be described later.). The

15 controller 150 analyzegs 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
cases, the laser catheter 300 may be relocated in an

20 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
gsynchronization with ECG to thereby perform analysis.

25 The procedure in the case of relocating a laser

catheter for measurement is as follows.



[0092] Fig. 16 is a diagram show ng the correl ation 5between fl uorescence
intensity and R-wave when the | aser catheter is in the slanting-contact
state. The correl ati on between fluorescence intensity (for exanple,
irradiation power of 900 mMAN and R-wave when the tip portion of the |aser
catheter 300 is in 10the slanting-contact state will be described. In the
sl anting-contact state, because blood exists in a gap and the intracardiac
bl ood-fl ow volunme is dom nant, the fluorescence intensity peak coincides
with R-wave. As described above, the phase difference between 15R-wave and
fluorescence intensity peak in the upright- contact state is obviously

di fferent from@hE8haselHiFY eraivenPet Wedte R- WO Freok8cence
intensity peak in the slanting-contact state, and the phase difference is
constant if tHeoEoRacRE st el3seROmIrRERNSICC [DDIB} IR ST Sf this, the
controll er 150 determ nes whether the phase difference between f|uorescence
intensity and FeR@Yetien dokrtlant ibaaiem dpletedl titatel Fidoresketice
intensity and the obtai ned 25el ectrocardi ographic, signal, to thereby
det er m ne whet®eraarc®f i el chitiet 1 orP Bt ek | 1 #%r ned* St fdt® 61 (Step
S114). If the controller 150 determ nes that the phase difference between
fluorescence iPERASHEICRRE FRTEREST SCRONVEREIRh DNt +oF | BY 1BBFELY

determ nes that an electric-conductjon block is, yet to pbe forned

St
5S114, No), amtPREns®R THE Gt spPay tHRt 496P T HHeprggrion with {Step

low~power first intensity to the controller 15C. The
controller 150 cbtaing the excitation-light-output
instruction, and then outputs the excitation-light-

10 output instruction with the first intensity to the
light source 110. The light source 110 obtains the
excitation-light-output instruction from the contrecller
150, and then outputs the excitation light with the
first intensgity. A tissue is irradiated with the

i5 excitation light output from the light source 110 via
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
catheter 300, and emits fluorescence. The optical

20 system 120 extracts the fluorescence emitted from the
photo-gensitive pharmaceutical via the laser catheter
300, and the fluorescence enters the detection unit 130.
The detection unit 130 detects the fluorescence entered
from the optical system 12C, and outputs the detected

25 fluorescence intengity to the controller 150 as an

electrical signal. The controller 150 calculates



information to pronpt a practitioner to stop the excitation |ight
irradiation (Step S116) and to nove the | aser catheter 300 (Step S117). The
practitioner refers to the information displayed on the display unit 10170,
stops excitation light irradiation once, and noves the |aser catheter 300.
Then, the processing of Step S104 and thereafter are perfornmed again.

[0094] Fig. 13 is a schematic di agram showiag a novenent track of the |aser
catheter. 15A practitioner noves the tip portion of the | aser catheter 300
so as to surround a hyperexcited site in pul nonary veins (PV)
(dashed-dotted line or dashed line in Fig. 13). [0095] Meanwhile, if the
control | er 150flEregdaerese 20t itie PRRe @ f {29 ke Hetdele it iifescence

intensity is R-wave is not constant, the controller 150 determ nes that an
el ectric-condu®t9wht bl ock is formed (Step S114, Yes), creates a display
instruction to pronpt a practitioner to stop excitation |light 25irradiation
and to renove tHEYlaser ¥eamdire 3061¢ e Bt PRRALIECTH TP alA § i F RS on
including the created 62 display information to the display unit 170. Wen
the display unfiite e IHIEHT IR R 51 IPRt r (RRF oFHER BHE T heont rol | er
150, the display unit_ 170 di s(g%ays,inforrration to pronpt a ract'Li oner to
stop exditati FPBIYE FTFAI LRI TH-SFPRY T eFro¥e?t heP | %rag%\ %i TL 300 on

the display screen hased on tgggdgi spl ay infor rraf.%.;sorlai n itnl}%rgf{ast%l ay
instruction, amf stop$ tREPCIcESsing C&EF FL5)°P 2y ©

based on the calculated fluorescence intensity and the
obtained electrocardiographic signal, and outputs
display instruction including the created display

10 information to the display unit 170. The display unit
170 obtains the display instruction from the controller
150, and displays the correlation between the
fluorescence intensity and the electrocardiogram R-wave
on the display screen based on the display information

15 in the display instruction.
[0090] Here, the correlation between fluoresgscence
intensity and ECG R-wave will be described.

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

intracardiac pressure, and coronary blood-flow volume,

20 which is dominant in the blood-flow volume in a
cardiac-muscle tissue, and being a prereguisite
knowledge described in "Essential Anatomy and
Physioclogy (Essensharu Kaibo Seirigaku)” {(Gakken
Medical Shujunsha Co., Ltd., 2001), which is effective

25 in the following description.

As shown in Fig. 14, the temporal change of the



[ 0096] Here, the principle, in which the controller 10150 determ nes that an
el ectric-conduction block is forned when the phase difference between
fluorescence intensity and R-wave is not constant, w |l be described. Wen
a cardionyocyte injury progresses, the cardionyocyte fails to conduct
electricity, and thus 15the cardi onyocyte fails to contract by itself at
time of heartbeat. An electric-conductiorssdhl ock, which is forned by the

i njured cardi onyocytes and has a box shape, fails to contract by itself,
and noves such that the electric-conduction block follows the contraction
20movenent of the adjacent cardiac-nuscle tissue, As a result, the contact
state of the tinFyssrandimofolansd{fdser wauma ks IDEfaraimstiame Eifl changes
every second. As a result, the phase difference between fl uorescence
intensity and Ramire st grisiimsitabt €adiast HBFS Gt dst S5t he "EAEeF8Ei on
bet ween fl uorescence intensity and P.- wave noves backward and forward

bet ween t he cor¥ertamshiasIInsnt JoV MY U™S B & RETordelEts dnt™hown in
Fig. 16. [0097]In view of this, according to the electric- ,
conduct i on- bl JEETF rinedQ B Tt i vt My e at i RFCHi S RNt it i s
possible to determ ne that_an 5 electric-conduction bl ogk is forned in

real tire baset Grflthes Pt €3l 4 SHtwr Bot et 17 &5 el i?fiEhdty and
el ectrocardi ogram R- wave. Specifically, in the case where the peak of
f1 uor escence igfrﬂeeﬁs’i S FLY o2 Y &%dﬁ%‘? rf’i‘ﬂ_ee?zlr terf‘rf‘%ave’ sad ac P

second peak at the time when about 400 ms pass after R-

wave .
[o091] Fig. 15 is a diagram showing the correlation
10 between fluorescence intensgity and R-wave when the

laser catheter ig in the upright-contact state.
The correlation between f£luorescence intensity

(for example, irradiation power of 900 mW) and R-wave
when the tip portion of the laser catheter 300 is in

15 the upright-contact state will be described. In the
upright-contact state, fluorescence peaks are observed
after 100 mg pass after R-wave and after 400 me pass
after R-wave., Note that, in the case where the catheter
is disposed ieft-sided, the fluorescence intensity

20 changes in proportion to the left coronary blood-flow
volume of Fig. 14. A ventricle contracts when R-wave
appeaxs, and blood is supplied to a whole body
(including cardiac-muscle tissue). Since blood includes
photo-sensitive pharmaceutical, the fluorescence

25 intensity in a cardiac-muscle tissue is highest when

blocd is supplied to blood vessels of a cardiac muscle.



10period after appearance of R-wave, it can be determ ned that an

el ectric-conduction block is yet to be forned, and that the tip portion of
the | aser catheter 300 is in the upright-contact state. In the case where

t he peak of fluorescence intensity and the R wave appear 15substantially
sinmul taneously, it can be determ ned that an el ectric-conduction block is
yet to be fornmed, and that the tip porti@® of the the |laser catheter 300 is
in the slanting-contact state. In the case where the phase difference

bet ween the peak of fluorescence 20intensity and R-wave is not constant, it
can be determned that an el ectric-conduction block is forned. [0098] Note
that, because A% &ditDel detdrenibfad Hatl aIP G TRIRTL - CORIRT HO PRGNS | s
fornmed in the case where the phase difference between fl uorescence

25i ntensity af®PRwREedeEiotinsshdtigin P ahe i el 2BPIHTARAT Phi%pl ays
the correlation between fluorescence 64 intensity and R-wave on the

di spl ay screer’@@practitioner nmay estimate whether an el ectric-conduction
bl ock is forned or not based on the correl ati on between fl uorescence
intensity and FBY%&de, 5&AH i¥° the acd?haf%ar“érsﬁ%‘@l%e&%o‘fm@%?}r%%@ whet her
an el ectric-caonduction_block is forned or, not. [0099] <Second Enbodi nent >

Next, a PDT apparifi®is HAlorefiTiics Hhotheremiydi Feft v or "ttt Yresent

invention will_ be described. . . :
laser catheter ig in the slanting-contact state.

The correlation between fluorescence intensity
{(for example, irradiation power of 900 mW) and R-wave
when the tip portion of the laser catheter 300 is in
10 the slanting-contact state will be described. In the
slanting-contact state, because blood exists in a gap
and the intracardiac blood-flow volume isg dominant, the
fluorescence intensity peak coincides with R-wave.
As described above, the phase difference between
15 R-wave and fluorescence intensity peak in the upright-
contact state is obviously different from the phase
difference between R-wave and fluorescence intensity
peak in the slanting-contact state, and the phase
difference is constant if the contact state is
20 maintained.
[0092] In view of this, the controller 150
determines whether the phase difference between
fluorescence intensity and R-wave i1s constant based on
the calculated fluorescence intensity and the obtained
25 electrocardiographic signal, to thereby determine

whether an electric-conduction block is formed or not



10In the follow ng description, descriptions of configurations, functions,
operations, and the like simlar to those of the PDT apparatus 1 of the
first enmbodinment will be omtted or sinplified, and different points wll
mai nly be described. 15An optical system and a detection unit according to
t he second enbodi nent will be described. [0100][ Structures of optical
system and detection unit] Fi g.6117 is a bl ock diagram show ng an
optical 20system a detection unit, and the like of the second enbodi nent
of the present invention. An optical system 120a includes the short pass
filter 121, the first lens 122, the PBS 123, a first , di chroic
mrror (hereind#iest Fiéferr edft $h&s coproy1ex6 1585 dcdeamdeeondiem £57.
[0101] A detection unit 130a includes a first 65 photodi ode (hereinafter
referred to ahdy JiifFrengr| keseshd PSR 0T THEFTY STPNI 126
reflects light having a certain wavel ength out of the light entered from
the 5PBS 123, Bt dal <&t Rt ghite R P4 HeF ot herdetermines that an

electric~conduction block is yet to be formed (Step

5 8114, 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
the laser catheter 300 {Step 8117). The practitioner
refers to the information displayed on the display unit

10 170, stops excitation light irradiation once, and moves
the laser catheter 300. Then, the processing of Step
5104 and thereafter are performed again.
[0054] Fig. 13 is a schematic diagram showing a
movement track of the laser catheter.

15 A practitioner moves the tip portion of the laser
catheter 300 so as to surround a hyperexcited site in

pulmonary veins (PV) (dashed-dotted line or dashed line

in Fig. 13}).
[00951} Meanwhile, if the controller 150 determines
20 that the phase difference between fluocrescence

intensity is R-wave 1s not constant, the controllexr 150
determines that an electric-conduction block is formed
(Step 8114, Yes), creates a display instruction to
prompt a practitioner to stop excitation light

25 irradiation and tc remove the laser catheter 300, and

outputs a display instruction including the created



wavel engths to pass through. In this manner, the first DM 126 refl ects part
of fluorescence fromthe | aser catheter 300, and allows the fluorescence
havi ng the other wavel engths fromthe | aser catheter 300 and 10specul ar
reflection light to pass thorough. The fluorescence, which has reflected
off the first DM 126, enters the first PD 131. The first PD 131
detects the fluorescence entered fromthesdfirst DM 126. The first PD 131
out puts the 15detected fluorescence intensity to the controller 150 as an
el ectrical signal. [0103] The second DM 127 reflects |light having a certain
wavel ength out of the light which has passed through the first DM 126, and
causes the |i ghishbay ngr X0t behero walve| @hgphay tonpass7¢ hr dlg Une this
manner, the second DM 127 reflects part of fluorescence, which has passed

t hr ough t he fidssobNy 126LE ghtl aplPoasne hiehg IW@%@Ené@S%W‘ﬁ@OIﬂ her &t her
wavel engt hs and specul ar_reflection light to pass thorough. The

f 1 uor escence, Q@Wﬁ%rht%lﬁl’eﬂ%%t e’élh%fgiw@fée%%h'él PP 197spEhfers the
second PD 132. The second PD 132 detects the fluorescence entered
fromthe seconﬁnfﬂﬁﬁ@bloﬁﬁ%O§§€6ﬁﬂtF%)HEEF%&%%@@%rt%% YePRctee FrbPRscence
|nten5|t% to the controller 150 as_an electrical signal. 5[0104] Note that
the optital syst@nr 102MR FOR t et Fﬂc?%mﬁy?mkh%a%%sﬁﬁv?%Bh%t%¥r%%@ure
simlar to the structure of each of the first DM 126 and thg second DM 127.
In this manner®@eVentTFRIAY tFer pFUrSFFEy OF BiE 928P1ap 7 0LloTPRFIeRt the
fl uorescence fron1the | aser 10cat het er 300 gnd t he gluralltgsof PDs 131,

132 . e display instructilon, stops the processing
(Step S115).
o096} Here, the principle, in which the controller
1¢ 150 determines that an electric-conduction block is

formed when the phase difference between fluorescence
intengity and R-wave 1s not constant, will be described.
When a cardiomyocyte injury progresses, the
cardiomyocyte fails to conduct electricity, and thus

15 the cardiomyocyte fails to contract by itself at time
0f heartbeat. An electric-conduction block, which is
formed by the injured cardiomyocytes and has a box
shape, fails tc contract by itself, and moves such that
the electric-conduction block follows the contraction

290 movement of the adjacent cardiac-muscle tissue. As a
regult, 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
intensity and R-wave becomesg unstable. In cother words,

25 the correlation between fluorescence intengity and R-

wave moves backward and forward between the correlation



detect the fluorescence fromthe |aser catheter 300. Then, the plurality of
Dvs 126, 127 ... causes the specular reflection |ight to pass through.

[ 0105] Not e that, as another enbodi ment, a pul se 15light source nmay be used
as the light source 110, and the specular reflection light reflected off
the fiber entrance edge may be tenporally separated based on optical path

| ength difference (about tw ce as |long ass3iength of |aser catheter 300).
20[ 0106] <Third Enbodi ment> In the third enbodi ment, the contact-nonitoring
steps are perforned based on the phase difference between the peak of
fluorescence intensity, which is in the interval between R-waves, and
R-wave. 25| n t¥CWE ekt rFid corid itd ol | GRS bt e ofReiE? et i it g Yoerati on
of the first enbodinent, it is 67 determned that an el ectric-conduction
bl ock is formeddAsed onl® HELGhade HiFT erdricer HEtheth the peaktbic-
fluorescence intensity, which is in the interval pbetween R-waves, and
R-wave. This p?‘i’%‘i“b‘?“eor%m?/l%{m?%ﬂo?od?m%r%%%%%tg%ﬁ?’f:b?@n‘if,)f oper at i on.
[0107] The light source 110 outputs.the excitation_ light with the first
intensity to thetdpT TR/t em 1207 W%Sﬁé%%c??oﬁe%%’f‘f‘lﬁ%oga%‘f etts the

fluorescence enfered fromthe optical system 120. The defection unit 10130
out put s % he de‘?t%?‘éﬁ“ﬁ%‘%‘é%te]rf%é ]?ﬂ?cé}ﬁsﬁ yggt”()m?%el%oﬁ?%l?we ?%%s% an
electrical signal. The controller 150 cal cul at fluorescence intensity
based on the o‘B‘?a‘f%%ope%ﬁ‘%%t#}r%c}aefr%ﬁl%%a??tween FPuoreRtence itens Ity
and electrccardiogram R-wave.
Specifically, in the case where the peak of
fluoregcence intengity appears for a predetermined time
10 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
in the upright-contact state. In the case where the
peak of fluorescence intensity and the R-wave appear
15 substantially simultanecusly, 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 glanting-contact state. In the case where the
phase difference between the peak of fluorescence
20 intensity and R-wave is not constant, it can be
determined that an electric-conduction block is formed.
[0098] Note that, because it can be determined that
an electric-conduction block is formed in the case
where the phase difference between flucrescence

25 intensity and R-wave is not constant, 1f the display

unit 170 displays the correlation between fliuorescence



[ 0108] Meanwhi | e, the el ectrocardi ograph 140 obtai ns 15an

el ectrocardi ographi c signal, and supplies the obtained el ectrocardi ographic
signal to the controller 150. The controller 150 creates display

i nformati on based on the cal cul ated fluorescence intensity and the obtained
el ectrocardi ographi c signal, and outputs 20display instruction including
the created display information to the digplay unit 170. The display unit
170 obtains the display instruction fromthe controller 150, and di spl ays
the correlation between fluorescence intensity and el ectrocardi ogram R-wave
on the display 25screen based on the display information in the display
instruction. WE§OADY B FortF 6 19 B5D HetRFF it eHHe dntact state of
the tip portion of the |laser catheter 300 based on the cal cul at ed

f1 uor escence iRHEHstEYPRET e THAIH BIERF o0& ST Eptic signal (Step
S106). 5Specifically, if the controller 150 determ nes that the peak of

fl uorescence i‘%ﬂré?ié‘%l’ﬂp%dﬂéﬁ%ks Forf A BT N ﬁt?-ﬁ)e? & petT od after
appearance of the R wave, the CO@%roIIer 150 determines that_the tip
portion of {he TEERta CHhREr oD § L OTE T HTH TS 106t S & e, |

th troll 150 det ' that th k of fl i nt it d
he Roweve apiRar shind TArBOUet 9L Thol Eoriret | 27" 150° HE oF HESTh™ t no

tip portion of the |aser catheter .300 .is.in_.the slanting-contact state.
Further, the BTOSE%of L atheter 300 1s; Inthe slanting

[0099] <Second Embodiments
Next, a PDT apparatus according toc another
embodiment of the present invention will be described.
10 In the following description, descriptions of
configurations, functions, operations, and the like
gsimilar to those of the PDT apparatus 1 of the first
embodiment will be omitted or simplified, and different
points will mainly be described.
15 An optical system and a detection unit according
to the second embodiment will be described.
[0100] [Structures of optical system and detection
unit]

Fig. 17 is a block diagram showing an optical

20 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
dichroic mirror {(hereinafter referred to as "DM".) 126,

25 and a second DM 127.

[0101] A detection unit 130a includes a first



15between the tip portion of the | aser catheter 300 and the inner wall of a
ti ssue may be estimated based on fluorescence peak intensity. [0110] <Fourth
Enbodi nment > According to the fourth enbodi nent, the contact-
20moni toring steps are perforned by using autofl uorescence spectrum
differences. Note that, autofluorescence indicates light emtted froma
tissue by itself, and does not nean fl uorégscence from a phaLmaceuti cal .

That is, the fourth enbodi nent 25descri bes a diagnostic nethod in which no
pharmaceutical is used. 69 [0111] The |ight source 110 outputs an
excitation light, with which the difference between the autofl uorescence

spect rum pr opSRGEBHE e afk T RIS E R 48 SEUHEAnd 3 "R 'of | Uotes@ite

spectrum property of 5blood is determ ned easily. The detection unit 130
detects ent er &t TIGRRESERNEE? - The detection unit 130 outputs the detected
fluorescence intensity to the controller 150 as an el ectrical signal. The
control l er 150-Fd <l at €52% Het FHtudPescende Sheets E]rﬁ%%ébawq e 100bt ai ned
el ectrical signal. The controller 150 determ nes whet her the cal.,cul ated

fl uorescence SEECHH UM EhEwSIH: éiﬂ%fqﬁo%?‘e]ré'éts %?eriﬁn%%g?kﬂ? of a

cardi ac-nmuscl e _tissue or_the aut of Ihuore.s%etn e s ectrumcg)gk(lz)&arty of bl ood.

The cont¥ ol | erfB50- comreCIRes the 119 aving the

wavelengthe to pass through. In this manner, the first
DM 126 reflects part of fluorescence from the laser
catheter 300, and allows the fluorescence having the
other wavelengths from the laser catheter 300 and
10 specular reflection light to pass thorough. The
fluorescence, which has reflected off the first DM 126,
enters the first PD 131.
The first PD 131 detects the fluorescence entered
from the first DM 126. The first PD 131 outputs the
15 detected flucrescence intensity to the controller 150
as an electrical signal.
[01031] The second DM 127 reflects light having a
certain wavelength out of the light which has passed
through the first DM 126, and causes the light having
20 the other wavelengths to pass through. In this manner,
the second DM 127 reflects part of fluorescence, which
hags passed through the first DM 126, and allows the
fluorescence having the other wavelengths and specular
reflection light to pass thorough. The fluorescence,
25 which has reflected off the second DM 127, enters the

gecond PD 132.



15cal cul ated fl uorescence spectrumw th the autofl uorescence spectrum
property of a cardiac-nuscle tissue and the autofl uorescence spectrum
property of blood, and determ nes the contact state of the tip portion of
the | aser catheter 300 (Step 5106). 20Specifically, if the controller 150
determ nes that the cal cul ated fl uorescence spectrum shows the

aut of | uorescence spectrum property of a @& di ac-nuscle tissue, the
controller 150 determ nes that the tip portion of the |aser catheter 300 is
in the upright- 25contact state. If the controller 150 determ nes that the
cal cul ated fluorescence spectrum shows the 70 autofluorescence spectrum
property of bl ood, Hfe S&sinnhI Bl 3B edéacdrni s Ry a3 Portsssh

the | aser catheter 300 is in the non-contact state. |f the controller 150

det er ni nes t hdt* FhéhealSaARE P11 or e 388N EESPEC EPUMS0ES EREESs i t he

each aut of | uor escence S ectrum propert the controller 150 determ nes that

the tip porti &% LRGSR IR I i 1P tHE FUHT Hig-Font2tt st at e.
[0112] The cont act m)nl tor| n u5| n the 10aut of | uor escence spectrum
difference is 3 $& SSEUTY Tcatheter contact-monitoring in the case

of a therapy for. a.disease wt scul ar__accl usi on (for exa
arteri oscl er ot i%¢- %ilseasd'Hre tttt@q t&b% Olf?}’saiteé“ %M%%i%d?%s each
showi ng a 15cont aétdcﬁsé) e of a | aser cat eter,_in an. m#ravasc yl ar | unen.

In a therapy foi° 3 W%V%c%l%r%%%qﬂ%lw i de i red to
S:tsglrjlmape whet hcructtrheret ' B eoa{ Ak q:f r’%elrsaé%M émt & ?1‘(1)0 sceocnot\r?c?tﬁvt a
127. In this manner, eventually, the plurality of DMs
126, 127 ... reflect the fluorescence from the laser
10 catheter 300, and the pluraliity of PDs 131, 132
detect the fluorescence from the laser catheter 300.
Then, the plurality of DMs 126, 127 ... causes the
gspecular reflection light to pass through.
[0105] Note that, ag another embodiment, a pulse
15 light source may be used as the light source 110, and
the specular reflection light reflected off the fiber
entrance edge may be temporally separated based on
optical path length difference (about twice as long as
length of laser catheter 300;}.
20 [0106] <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
the interval between R-waveg, and R-wave.

25 In the electric-conduction-block-formation

determining operaticn of the first embodiment, it is



20occl usi on (atheromatous plaque) 21 in a blood vessel 20 (see Fig. 18(a))
or contacts a bl ood-vessel wall 22 (see Fig. 18(b)). Here, the conposition
ratio of collagen, elastin, lipid, and the like of a vascular occlusion is
different fromthe conposition ratio of a 25bl ood-vessel wall.
Specifically, the conposition ratio of a vascul ar occl usion
(arteriosclerosis) is 70% of 71 water, 5% of coll agen, 6% of elastin, and
9% of lipid. The conposition ratio of a blood vessel is 73% of water, 6.5%
of collagen, 10.5%of elastin, and 1% of |ipid. Because of this, the

aut of | uorescence spectrum property 5of a vascul ar occlusion is_different
from the aut ofd’iGrasigeift & e @t Ui FHIIPET 1SPHIVE Mo dk v dsset Rimed | f a
therapy-target site is irradiated with an excitation light, with which the
property diff&3IRE 9% det iR G ISACARP T YRR e Pt Lhreasured, it
is 10possible to determ ne whether the tjcp portjon of the |laser catheter
300 contacts tHEQEERARTHS odtTRRT oY 2176 he® BHO TS eS3 et ™ it | 22. Note
that, because it can he determ ned whether there i s an atheronmatous plaque
or not based JWTIREREOHPFRTES orftatF 0¥ e dohtadt F@rﬁ%& usi ng the

aut of | uor escence spectrumdifference can. performdi agnosis nore precisely

than | VJS (int% & O rESOHE TR P W PR T F 5 Wet er ni ned whet her
there is an ather t ou | ague or not based on the si.ze of the bl ood
vessel diamete 0.1%011%%%%&%?%ajglf(gt%%t%?%%eﬁei?ff/%lnrt% ofare not

1o Lo, e AN pnes nbork TRILS,, o0 LS YaLLous Shpd ront s
| aser Catheterlé%ﬂ) %%ﬁg%ﬁﬁggy§¥5%.%QHQ?QB%Pcﬁéfééy% the fluorescence
entered from the optical system 120. The detection unit
10 130 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.
[0108] Meanwhile, the electrocardiograph 140 cobtains
15 an electrocardiographic signal, and supplies the
obtained electrocardiographic signal to the controliler
150. The controller 150 creates display information
based on the calculated fiuorescence intensity and the
obtained electrocardiographic signal, and outputs
20 digplay instruction including the created display
information to the display unit 170. The display unit
170 cobtains the display instruction from the controller
150, and displays the correlation between fluorescence
intensity and electrocardiogram R-wave on the display
25 screen based on the display information in the display

instruction.



25connector 210 of the PDT apparatus 1, the | aser catheter 300 may be
provi ded on the PDT apparatus 1 72 integrally. Al t hough in the
above-nenti oned enbodi nents, the tube 200 is provided on the PDT apparatus
mai n body 100 and the connector 210 is provided on the end of the 5tube
200, the connector 210 may be provided on the PDT apparatus main body 100.
Al t hough in the above-nenti oned enbodi nerdi&s, the PBS 123 is used, a DM nay
be used instead. [0115] Although in the above-nentioned enbodi nents, 10t he
controller 150 inforns a practitioner of information to pronpt the
predeterm ned controls by using the display_ unit 170, but is not limted to
this. A speakef?ihit maylHe G tetFont T h P BPPRT atite AN t he
controller 150 may create a sound out put_15i nstructi on when pronpting a

practitioner tI-Pet (O mhhe IR KR e Comttdafer Yo Put®t he creat ed

sound output instruction to the speaker. unit, and nmay cause the.  speaker
unit to out putPITMAE T t%%ﬁﬁ%@u%%%ﬁ??iﬁﬁ%?n?btﬁbe"?‘?%r % he

predeter m nied 20000t 1ol Resgrl pALon, Of, boLs, [ 0136l 1ebof ofynan ¢

5 Specifically, if the controller 150 determines that the
peak of fluorescence intensity appears for a
predetermined time period after appearance of the R-
wave, the controller 150 determines that the tip
portion of the laser catheter 300 is in the upright-

10 contact state. If the contrecller 150 determines that
the peak of fluorescence intensity and the R-wave
appear simultaneously, the controller 150 determines
that the tip portion of the laser catheter 300 is in
the glanting-contact state. Further, the blood volume

i5 between the tip portion of the laser catheter 300 and
the inner wall of a tissue may be estimated based on
fluorescence peak intensity.
[0110] <Fourth Embodimentsx
According to the fourth embodiment, the contact-

20 monitoring steps are performed by using
autofluorescence gpectrum differences. Note that,
autoflucrescence indicates light emitted from a tissue
by itself, and does not mean fluorescence from a
pharmaceutical. That is, the fourth embodiment

25 describes a diagnostic method in which no

pharmaceutical is used.



100 PDT apparatus main body 110 |ight source 25120, 120a optical system 121
short pass filter 73 122 123 124 125 first lens pol arizing beam

splitter(PBS)

10

15

20

25

| ong pass filter second lens 5 126 first dichroic mrror (DM

69

[o111] The light source 110 outputs an excitation
light, with which the difference between the
autofluorescence spectrum property of a cardiac-muscle
tissue and the autoflucrescence gpectrum property of
blood ig determined easily. The detection unit 130
detects entered fluorescence. The detection unit 130
outputs the detected fluorescence intensity to the
controller 150 ag an electrical signal. The controller
150 calculates the fluorescence gpectrum based on the
obtained electrical gignal. The controller 150
determines whether the calculated fluorescence spectrum
shows the autcofluorescence spectrum property of a
cardiac-muscle tissue or the autoflucrescence spectrum
propexrty of blood. The controller 150 compares the
calculated fluorescence spectrum with the
autofluorescence gpectrum 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 S5106).
Specifically, if the controller 150 determines that the
calculated fluorescence spectrum shows the
autcfluorescence spectrum property of a cardiac-muscle
tissue, the controller 150 determines that the tip
portion of the laser catheter 300 1s in the upright-
contact state. If the controller 150 determines that

the calculated fluorescence spectrum shows the



127 second dichroic mrror (DM 130, 130a det ection unit 131 first

phot odi ode( PD)

10

15

20

25

132 second phot odi ode (PD) 10

70

autofiuorescence 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
autofiuorescenee spectrum property, the controlier 150
determines that the tip portion of the laser catheter
300 is in the slanting-contact state.

[0112] The contact-monitoring using the
autofluorescence spectrum difference is alsc 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
contact state of a laser catheter in an intravasculaxr
lumen.

In a therapy for a disease with a vascular
occlusion, it is desired to determine whether the tip
portion of the lager catheter 300 contacts a vascular
occlusion (atheromatous plague) 21 in a blood vessel 20
(see Fig. 18(a}} or contacts a blood-vegsel wall 22
(see Fig. 18(b)). Here, the composition ratio of
collagen, elastin, lipid, and the like of a vascular
occlusion is different from the composition ratio of a
blood-vessel wall. Specifically, the compogition ratio

of a vascular occclusion {arteriosclerosis) is 70% of



140 el ectrocardi ograph 141 el ectrode pad 150 controller 160 storage
170 display unit

10

i5

20

25

71

water, 5% of collagen, 6% of elastin, and 9% of lipid.
The composition ratio of a blood vegsel is 73% of water,
6£.5% of collagen, 10.5% of elastin, and 1% of lipid.
Because of this, the autofluorescence spectrum property
cf a vascular occlusion is different from the
autofluorescence spectrum property of a blood-vegsel
wall. If a therapy-target site ig irradiated with an
excitation light, with which the property difference is
determined easily, and fluoregcence is measured, it is
possible to determine whether the tip portion of the
laser catheter 300 contacts the vascular occlusion 21
or the blood-vesgel wall 22. Note that, because it can
be determined whether there is an atheromatous plague
or not based on the composition ratio, the contact-
menitoring using the autofluorescence spectrum
difference can perform diagnosis more precisely than
IVUS ({intravascular ultrasound)}, with which it is
determined whether there is an atheromatous plague or
not based on the size of the blood vessel diameter.
[0113] The embodiments of the present invention are
not limited to the above-mentioned embodiments, and
other various embodiments are conceivable.

fo114] Although in the above-mentioned embodiments,
the lager 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



15 180 controller 200 tube 201 apparatus-attached optical fiber

connect or

1¢

i5

20

25

72

integrally.

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

Although in the above-mentioned embodiments, the
PBS 123 ig used, a DM may be used instead.
[0115] Although in the above-mentioned embodiments,
the contrecller 15C informs a practitioner of
information tc prompt the predetermined controls by
using the display unit 170, but is not limited to this.
A gpeaker unit may be provided on the PDT apparatus 1,
and the controller 150 may create a sound output
instruction when prompting a practitioner to perform
the 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
{0116] 1 photodynamic therapy {PDT) apparatus
100 PDT apparatus main body
110 light source
120, 120a optical system

121 short pass filter

210



300 | aser

hol der

10

15

20

cat het er

20 301 irradiation |ight 310 cat heter tube

330 optical fiber

122
123
124
125
126
127
13¢,
131
132
140
141
150
i60
170
180
200
201
210
300
301
31¢
320
330

240

73

first lens

polarizing beam spiitter (PBS)
long pasg filter

second lens

firet dichroic mirror (DM)
second dichrocic mirrcr (DM
130a detection unit

first photodiode (PD}
second photodiode (PD)
electrocardiograph
electrode pad

controller

storage

display unit

controiler

tube

apparatus-attached optical fiber
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340 optical wndow 74 Clainms [1] A calculation apparatus for irradiating
a tissue having absorbed photo-sensitive pharmaceutical, the

phot o-sensitive pharnaceuti cal absorbing an excitation 5 light and emtting
fluorescence, with the excitation light emtted froma tip portion of a

| aser catheter, conprising: a connector to/fromwhich the |aser
catheter is capable of being attached/ detmched; 10a |ight source for
outputting the excitation light to the |aser catheter via the connector;
and a detection unit for detecting intensity of the fluorescence, the
fluorescence being entered fromthe | aser catheter via the connector, to
cal cul ate 15concentration of the photo-Eexigigive pharmaceutical in a
tissue, the tip portion of the |aser catheter contacting the tjssue. [2]
The calcuIatio&ﬁapﬂbﬁ%ﬁkﬁ¥¥ﬂiﬂﬁ¥ﬁ#EP%%%QH%H@@@”l?%ﬁ@*ﬁﬁl%%ﬁbrﬁ%ﬁ$ﬁﬁ 20a

controller for calculating the concentration of
having absorbed photo-sensitive pharmaceutical, the

photo-sensitive pharmaceutical absorbing an excitation
5 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
capable of being attached/detached;

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

a detection unit for detecting intensity of the
fluorescence, the fluorescence being entered from the
laser catheter via the connector, to calculate

15 concentration of the photo-sensitive pharmaceutical in
a tissue, the tip portion of the laser catheter
contacting the tissue.

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

20 a controller for calculating the concentration of
the photo-sgensitive pharmaceutical in the tissue, the
tip portion of the laser catheter contacting the tissue,
based on intensity of the detected fluorescence.

[3] The calculation apparatus according o claim 2,

25 wherein

the controller outputs a signal to prompt Lo



t he photo-sensitive pharmaceutical in the tissue, the tip portion of the

| aser catheter contacting the tissue, based on intensity of the detected

fl uorescence. [ 3] The cal cul ati on apparatus according to claim 2,
25wherein the controller outputs a signal to pronpt to 75 additionally
adm ni ster the photo-sensitive pharmaceutical based on the cal cul ated
concentration. [4] The cal cul ati on apparat us according to claim2, wherein
5the controller calculates an excitation-light- irradiation protocol based
on the cal cul ated concentration, and outputs a calculation result. [5] A
cal cul ati on nethod, conprising: irradiating a tissue having absorbed photo-
10sensitive pledducieutsdlciat ,adniten phiot0- Hengiltdo e gergmicetit i cal absor bi ng an
excitation light and emtting fluorescence, with the excitation |ight

em tted from ehdmgporutiiom bfbasedser wa hotkrylasad aeenerptirt fomor escence
corresponding to the 15irradi ated excitation light via the |aser catheter;
and cal cld lat iTitp corcantatbt e mrpa 1D R GPBEY th Y e et ceut i cal

in a tissue, the tip portion of the |laser catheter contacting the tissue,
based on intemﬁ@%&xﬁ the extracted fluorescence. 20[6] The cal cul ation

met hod according to claimb5,
5 the controller calculates an excitation-light-

irradiation protocol based on the calculated

concentration, and ocutputs a calculation result.

[5] A calculation method, comprising:
irradiating a tissue having absorbed photo-

10 gensitive pharmaceutical, the photo-sensitive
‘pharmaceutical absorbing an excitation light and
emitting fluorescence, with the excitation light
emitted from a tip portion of a laser catheter;

extracting the fluorescence corresponding to the

15 irradiated excitation light via the laser catheter; and

calculating concentration of the photo-sensitive
pharmaceutical in a tissue, the tip portion of the
laser catheter contacting the tissue, based on
intensity of the extracted fluorescence.

20 [6] The calculation method according to claim 5,
further comprising:

calculating an excitation-light-irradiation
protocol based on the calculated concentration, and
outputs a calculation result.

25 [7] A calculation method using photo-sensitive

pharmaceutical absorbing an excitation light and



further conprising: calculating an excitation-light-irradiation
prot ocol based on the cal cul ated concentrati on, and outputs a cal cul at
result. 25[7] A calculation nmethod using photo-sensitive pharnaceuti cal
absorbing an excitation light and 76 emtting a fluorescence, a |aser
cat heter capable of emtting the excitation light froma tip portion,
cal cul ati on apparatus including a connectpg to/fromwhich the | aser
catheter is capable of being 5attached/ detached and a |ight source for
outputting the excitation light to the |aser catheter via the connector,

conpri si ng:

phar maceut i cal emi16t eagli angf Therdsqepos | i anladet heatlasesr cadpebbe oD t he

absorbing, in a tissue, the photo-sensitive

ti ssue having absorbed the photo-sensitive pharmaceutical, the |aser
cat heter bei ngemttathedth® ¢heltconhect bright rfadnati ngethertissueahdvd ng
absorbed the photo- 15sensitive pharnmaceutical with the excitation |ight
emtted from téeltipapbrtiappafatihe imckbrdiag het epnneheoexedt &tdon |ight

bei ng output fromthe |ight source;

extracting the fluorescence

i on

and a

correspondi ng wbithethe roaben ethidxeient ioncdpyhte voh bdengaser catheter;
and 20cal cul ating concentration of the photo-sensitive pharnmaceuti cal
ti ssue, The tiptparhe¢diiotached |areéracht et epOebRE ab®T nguEpet £183 uehe based
on intensity of the extracted fluorescence.

10

i5

20

25

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 flucrescence corresponding to the
irradiated excitation light via the laser catheter; and

calculating concentration of the photo-sensitive
pharmaceutical in a tissue, the tip portion of the
laser catheter contacting the tigsue, based on
intengity of the extracted fluorescence.
[8] The calculation method according to claim 7,
further comprising:

calculating an excitation-light-irradiation

in a



[8] The cal cul ation nethod according to claim7, 25further conpri sing:
cal culating an excitation-light-irradiation 77 protocol based on the
cal cul ated concentration, and outputs a cal culation result.

77

protocol based on the calculated concentration, and

outputs a calculation result.



