DESCRI PTI ON ESTI MATI NG APPARATUS AND ESTI MATI NG METHOD Techni cal Field

5[ 0001] The present invention relates to an estinmating apparatus and an
estimating method that estinate process of therapy using a | aser catheter.
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 nonary vein
and a left atriumare connected, and the left atriummnutely vibrates and
contracts because of the electrical pulse 15stinulation, to thereby cause
an atrial fibrillation. [0003]As aanggkng&bgrlllatlon t herapeutic

nmet hod, the inventors have been proposed application of photodynam c

therapy (hereinafter pdahalRe: Ok TR D ESFnReTt eae Pat ent
Docunent 1.). In PDT, 20a cardiac-nuscle tissue, which has absorbed phot o-

sensitive pharnaceutlcal is irradiated with an excitation [ight by using a
| aser catheter, to thereby generate singlet oxygen. The singlet oxygen as a
strong oxi di zefoditsds B Ly di ac-nmuscl e tissue, which 25surrounds the
hyperexcited site, to thereby forman el ectric-conduction block, which

bl ocks cpnducti@b0f 2 The present invention relates to an

estimating apparatus and an estimating method that
estimate process of therapy using a laser catheter.
Background Art
[0002] Atrial fibrillation is known as a kind of

10 rachyarrhythmia. 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 method,
the inventors have been proposed application of
photodynamic therapy (hereinafter, referred to as
"ppT",.) (for example, see Patent Document 1.). In PDT,

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

25 gurrounds the hyperexcited site, to thereby form an

electric-conduction block, which blocks conduction cf



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
sel ectively accunulating in a certain tissue. In view of this, in general,
after a predeternmined time (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

th 1 e o . ti
{her apy tar et L sshsc andLANS,Bhol orsspsLLl v, pLACERORUL! SRk cOnca T al] on
where a so-cal| g phof fifensid iV 6 RNANTRCEUL GAl GANI AR, d S i gh 1S
established, irradiation wt the eXC|Fat|on}l|éht Is started. Further,

recently, PDT,pdn, w0 chyd Q?%%@%‘%@éﬁpgh@é %?&t&’hé’flé’f‘@t%ﬁfﬁu%i five

phar maceutical 1s not use Irradiation wt e excitation

light is startigd spen pliohossenshbiye PRAsARCeUL | £3h LSndphivesed£0 a
t herapy-target tissue by blood, is proposed. [0005]Patent Docunment 1. W PO

Publ i catd on Nox1,2520P8/ 066146 Dk schesyye-@f the Invention 3 Problemto be
sol ved by the Invention [0006] As a nethod of estinmating whether a tissue of

[0004] Photo-zensitive 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-

10 sensitive pharmaceutical is administered in a patient,
when the state where the photo-sensitive pharmaceutical
concentration is high in a therapy-target tissue and
the photo-sensitive pharmaceutical concentration is low
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 is started.
Further, recently, PDT, in which the accumulating
property of photo-sensitive pharmaceutical 1s not used

20 and in which irradiation with the excitation light is
started when photo-sensitive pharmaceutical is

delivered to a therapy-target tigsue by blood, is

proposed.
{00051 Patent Document 1: WIPO Publication No.
25 2008/066126

Digclosure of the Invention



an excitation-light-irradiated site is broken, whether an

el ectric-conduction block is forned, and the like, 5 there is known a

nmet hod of | eading a device such as a catheter having a detection means such
as an electrode to an excitation-light-irradiated site, and performng
estimation by using the catheter. However, because an irradi ated site does
not coincide with a potential- 10measured3site precisely in therapy using a
light, it is desired to provide nmeans for estinmating therapeutic effects
nore accurately in real tinme. [0007]1n view of the above-nentioned

circunstances,pggbfg%egé @fg%gﬁggiﬁifn%héﬁ%ﬁ??ﬁé{bﬂs to provide an

15esti mati ng appara?us an i AQ od capabl e of estimting
process of the sin cat het Ly eal 1] ans
For sol ving e BrShT emtoGbRTT8 S 5 reF i Sbot T Ehen sb8%t, “an
20estimting apparalis, ACGOrAidg 104 cH00digral oL Lha-osesgnlciaventi on
is an apparatus for 1rra |at|ﬁgg% ti'ssue havi ng absorbed photo-sensitive

phar maceutical .t - Y} g&ﬂ%&@nytf bs i a; exci tation
| i ght and en1t%?ﬁ%f?$€€%§§€encé%dV§?h t he 25exc§féﬁ?%ﬁ£$?g t emtied froma

tip portdon of ;5. ]aser LALREL LM med MG Uk NE Sa £ONNECIOE; & shghtasoMrce, and
a 4 detection unit.

catheter having a detection means such as an electrode
to an excitation-light-irradiated site, and performing
estimation by using the catheter. However, because an
irradiated site doeg not coincide with a potential- |

10 measured site precisely in therapy using a light, it is
desired to provide means for estimating therapeutic
effects more accurately in real time.
{0007] In view of the above-mentioned circumstances,
an object of the present invention is to provide an

i5 estimating apparatus and an estimating method capable
0f estimating process of therapy using a laser catheter
accurately in real time.
Means for solving the Problem
[0008] To attain the above-mentioned object, an

20 estimating apparatus according to an embodiment of the
present invention is an apparatus for irradiating a
tisgsue having absorbed photo-sensitive pharmaceutical,
the photo-sensitive pharmaceutical absorbing an
excitation light and emitting fluorescence, with the

25 excitation light emitted from a tip portion of a laser

catheter, inciuding a connector, a light source, and a



The | aser catheter is capable of being attached/ detached to/fromthe
connect or. The light source outputs the excitation light to
5the | aser catheter via the connector. The detection unit detects
intensity of the fluorescence, the fluorescence being entered fromthe

| aser catheter via the connector, to estimate whether the tissue has
changed because of reaction between the 18exci tation light emtted fromthe
tip portion of the |aser catheter and the photo-sensitive pharmaceuti cal
absorbed in the tissue. [0009] By detecting the intensity of the

fl uorescence qﬂéggéﬁkéﬁ tihe laser catheter, it is 15possible to estinate
whet her the tissue has changed because of the reaction between the

excitation |ight ar@thféggptégéﬁgggfiyg ggg%g?%eg%iﬁgdn'n real tine. As a

result, it is poss e to estimate process erapy using a | aser

catheter. Further, jygHeldd-fed ass/ s s athet ssnhisedyf or therapy,

operability is 1nproved. Note that the phrase "tissue is changed" neans,

for exanple, insultrto B dhSsugsuch@so@ceytnei dalieffast andhan,g
el ectric-conduction bl ock] damage, thermal denaturation, and the |iKke.

25[ 0010]sThe defigctq OfeHnkd By defactrhdt enshdyr-&f . the fluorescence, the
fluorescence being entered from S the |laser catheter via the connector, to

si mul t aneously estifmt eqahet hedn tihe: £ | sstec-hasi ehanged, begause of reaction
bet ween an excitation light emtted fromthe tip portion of the |aser
catheter and t#f,PPROtOence, the fluorescence being entered from the
lagser catheter via the connector, to estimate whether
the tissue has changed because of reaction between the
10 excitation light emitted from the tip portion of the
laser catheter and the photo-sensitive pharmaceutical
abgsorbed in the tissue.
[0009] By detecting the intensity of the
fluorescence entered from the laser catheter, it is
15 possible to estimate whether the tissue has changed
because of the reaction between the excitation light
and the photo-sensitive pharmaceutical in real time. As
a result, it is possible to estimate process of therapy
using a laseyr catheter. Further, by using a laser
20 catheter used for therapy, operability is improved.
Note that the phrase "tissue is changed" means, for
example, insult to a tissue such as a cytocidal effect
and an electric-conduction block, damage, thermal
denaturation, and the like.

25 [c010] The detection unit may detect intensity of

the fluorescence, the fluorescence being entered from



5sensitive pharmaceutical absorbed in the tissue, and whether a contact
state of the tip portion of the |aser catheter with respect to the tissue
has changed. [0011] Specifically in intracardiac therapy using a | aser
catheter, the |aser catheter noves affected by 10breathing or heartbeat,
and the contact state with respect to a therapy-target tissue nmay change.
According to this enbodi nent, the change ®f a cardiac-nuscle tissue and the
contact state of the tip portion of the |aser catheter are nonitored in
real time, and 15an irradi ation condition nmay be set/changed according to

t he ﬂtumiontﬂéﬂ%géw%a é&@“{ﬁi%%@Q%ﬁﬁﬁgﬁﬁf%3E@ﬁ¢ﬂ%£§%ﬁ;@ed

controller for sinmultaneously estimati ng W ‘he"ti'ssue

because of re i e exci i i j t he tip
portion of t hgec%eége&r&c%gheerapa%% ﬁeéﬁéo%ése%% ve %%Jn%egregu%i cal
absorbed i n { Beddcssye ndifbdh CONAL: Shals of s dilie dnf 0l (4.0 dind he | aser

catheter with respect to the tissue, based on the detected intensity of the

25f | uorescence.; ] QO3B det qatd ng e datrnadt i f dldiqgscance

5 sengitive pharmaceutical absorbed in the tissue, and
whether a contact state of the tip portion of the laser
catheter with respect to the tissue has changed.

[0011] Specifically in intracardiac therapy using a
laser catheter, the laser catheter moves affected by

10 breathing or heartbeat, and the contact state with
respect to a therapy-target tissue may change.
Accoxrding to this embodiment, the change of a cardiac-
mugcle tissue and the contact state of the tip portion
of the laser catheter are monitored in real time, and

15 an irradiation condition may be set/changed according
to the situation.
[0012] The estimating apparatus may further include
a controller for simultaneously estimating whether the
tissue has changed because of reaction between an

20 excitation light emitted from the tip portion of the
laser catheter and the photo-sensitive pharmaceutical
absorbed in the tissue, and a contact state of the tip
porticn of the laser catheter with respect to the
tissue, based on the detected intensity of the

25 flucrescence.

[0013] By detecting the intensity of fluorescence



6 entered fromthe |aser catheter, the change of the tissue because of
reacti on between the excitation |ight and the photo-sensitive
pharmaceutical, and the contact state of the tip portion of the |aser
catheter with 5respect to a tissue may be estimated in real tinme. [0014] The
controller may visually reflect a current-estimated-result of the change of
the tissue in a peak-estimted-result of $he change of the tissue, and
output a signal for simultaneously informng of the 10estinmated result of

t he change of the tissue and the estimated result of the contact state.

[0015] Here, tq "toeg}e%l“f&%n?itgf{éa!f é@a%tﬂe@eﬁx%g}’é eqhéﬁjeo%@%&é‘ di spl ay
instruction including display infornation to ‘a display unit. aresult, a
15practitioner-gﬁx r | 28 ; Idmt ed; Q%HJI : gﬁgﬂge of
the tissue ancfjt eep%(r;et ac{_szestéa{%ecﬁf%%lﬁée}} Ea%;tt&portﬁg}léo tlhteé){lac%srgsl% at heter
si mul taneous! L, and nidtidd YRl dns AS A Itptiiacditi g {NAANSH | Godd AR
irradiation, a practitioner may recognize, in real tine, 20that the tip

portion of th eaac%erofcaéﬂbetﬁ{%i%oofﬂéﬁﬁl aed af fected by haart heaty or

breathing, and may control t sture pronptly. Simultaneously, a
practitigoner %é};}é%q_ert% and ths estdied S dePfid heLhange of the

tissue, which may vary according to’individual 25variability and .
therapy-targetfjes, acgiy at@lsrdindedlat WBsuand, pesfedam the operation. A

practitioner 7

current-estimated-result of the change of the tissue in
a peak-estimated-result of the change of the tissue,
and output a signal for simultanecusly informing of the

10 estimated result of the change of the tissue and the
egtimated result of the contact state.
[0015] Here, to "output a signal" means, for example,
to output a display instruction including display
information to a display unit. As a result, a

15 practitioner may recognize the current-estimated-result
of the change of the tissue and the contact state of
the tip portion of the laser catheter simultaneously
and intuitively. As a result, during therapeutic-light
irradiation, a practitioner may recognize, in real time,

20 that the tip portion of the laser catheter is displaced
affected by heartbeat or breathing, and may control the
posture promptly. Simultaneously, a practitioner may
understand the estimated result of the change of the
tissue, which may vary according to individual

25 variability and therapy-target sites, accurately in

real time, and perform the operation. A practitioner



needs to determ ne everything with reference to a plurality of screens
during an operation. So it is helpful for a trouble-free operation by a
practitioner to display the current-estinmated-result of the change 5of the
ti ssue and the contact state of the tip portion of the |laser catheter in an
intuitively-recogni zabl e node. [0016] The esti mati ng apparatus may further

i ncl ude storage for storing the 5eak-estinated-resu|t of the
10change of the tissue. The controller may record the
current-estimatedresult of the change of the tissue in the storage,

updates, in a eae'stfs%er&eg%%qﬁga%lﬁ%{%gtmﬂgﬁs&érg{cé%ccgange of the

tissue is equal to or larger k-estimated-result of the change

of the tlssue freardad IdE the-shal afler i ddiepescaal idm! edd agulil of the

change of the "tissue recorded in the storage

current -esti mtedsnesud, of ¢hgchange ofodditadiSsus, and-out puicesi gnal

for sinmultaneous 20informng of the estimated result of the change of the

tissue and the esiidpitad esullrAint NesCOMACE - siale: by disphaviag the

current-estimated-reésult of the change of the tissue on the updated

peak- estd mat edsesild Ofsdiie Ghanges ddothe- | Ssaee | dr ahoOVer) appedi gbmanner .
[0017] By displaying the current-estinmated-result of 8 the change of the

tissue on the peaknestddmt edhtiestdt o dheichangeyofyihecddssuepia an
over| apped manner, a practitioner may recogni ze the difference between the

peak- esti mat edpg@@sult and the current-estimated-result 5intuitively as the
change of the contact state of the
{oole6] The esgstimating apparatus may further include
storage for storing the peak-estimated-result of the
10 change of the tissue.

The controller may record the current-estimated-
result of the change of the tissue in the storage,
updates, in a case where the current-estimated-result
of the change of the tissue is equal to or larxrger than

15 the peak-estimated-result of the change of the tissue
recorded in the storage, the peak-estimated-result of
the change of the tissue recorded in the storage with
the current-egtimated-result of the change of the
tisgue, and output & signal for simultaneously

20 informing of the estimated result of the change of the
tissue and the estimated result of the contact state,
by digplaying the current-estimated-result of the
change of the tissue on the updated peak-estimated-
result of the change of the tissue in an overlapped

25 mannex.

[0017] By displaying the current-estimated-result of



tip portion of the |aser catheter. For exanple, a practitioner may
intuitively recognize that the contact state of the tip portion of the

| aser cat heter has changed fromthe identical contact state, and that the
10tip portion of the |laser catheter is renmoved froma tissue and drifts in
bl ood. [0018] The estimating apparatus may further include a controller for
estimating whether the tissue has changed8because of reaction between the
excitation 15light emtted fromthe tip portion of the |aser catheter and
t he photo-sensitive pharmaceutical absorbed in the tissue, based on

intensity of the d&,tlc_iecgté@edO | uor e‘islﬁ%n £ ol O%O%?Q]rg%ae]?jeéﬁirwgeéh&%ﬁ@nsi ty of

the 20fl uorescénceentered from aser I's possiblée to

estimite whether ifie tiasue has ghanged because ol thg,reachign betyeen the

excitation lig and 0-SensiTive pharnaceutl inrea

[0020]  The cony ol e, JmY: i Pllc 850981 1,07 25} ag i N whetheryd e

ti ssue has changed, base he estimated res aresult, it

5 2l L g e e o a2,

time, based o e Intensity o orescence entere rom aser

cathetery Note;} tfx%dﬁgygﬁsg‘;%h@ ShARR "o OMBANS: 4,0 QU PUL 4 B db SPLIRY

i nstruction including
tip portion of the laser catheter. For example, a

practitioner may intuitively recognize that the contact
state of the tip portion c¢f the laser catheter has
changed from the identical contact state, and that the

10 tip portion of the laser catheter is removed from a
tissue and drifts in blood.
[0018] The estimating apparatus may further include
a controller for egtimating whether the tissue has
changed because of reaction between the excitation

15 light emitted from the tip portion of the laserxr
catheter and the photo-sensitive pharmaceutical
absgorbed in the tissue, based on intensity of the
detected fluorescence.
[0019j By detecting the intensity of the

20 flucrescence entered from the laser catheter, it is
possible to estimate whether the tissue has changed
because of the reaction between the excitation light
and the photo-sensitive pharmaceutical in real time.
[0020] The controller may output a gsignal for

25 informing whether the tissue has changed, based on the

estimated result.



information to a display unit, or to output a sound output instruction to a
speaker unit. [0022] The controller may output a signal to pronpt

to change an irradiation condition of the excitation 10light, based on the
estimated result. [0023]As a result, it is possible to pronpt a
practitioner to change an irradiation condition of the excitation light in
real time, based on the intensity of the fluorescence entered fromthe

| aser catheter. 15[0024] The controller may obtain an el ectrocardi ographic
signal, and estimates whether the tissue has changed, based on a

correlation be t he .e| ect rdi o i i : i ntensity of
the fl uorescen@(e&ﬁgm 002”5% %ly Ifzea cu‘?’at%\?%“rﬁao%olrre a@glnﬁ%grtd\lmr@gen tlhey

el ectrocardio i . Si I i nt it f nce, it is
possi bl e 1o adraiel SR it & CHAER el el O S 6] e
estimating app@é}@éaisoﬁ ond hefany. f.ar hatid af fdhrdldatd on,accqrding to an

enbodi nent of the present invention is an apparatus for irradiating a 10

car di ac- nuscl e i ssue. havi g ahsor ket phole- sensidi-yepharmregyti cal , the

phot o-sensitive pharnaceuti cal absorbing an excitation |ight and emtting

fluoreseence, wmith the exgitatd opdiohy enddied f5H0ma-ti@iRerdigmpf Sa
| aser catheter, 1 ncluding a connector,” a |light source,

information to a display unit, or to output a sound

output instruction to a speaker unit.

[0022] The controller may output a signal to prompt

to change an irradiation condition of thé excltation

10 light, based on the estimated result.

[0023] As a result, it is possible to prompt a
practitioner to change an irradiation condition of the
excitation light in real time, based on the intensity
of the fluorescence entered from the laser catheter.

15 [0024] The controller may obtain an
electrocardiographic signal, and estimates whether the
tigsue has changed, based on a correlation between the
electrocardiographic signal and the intensity of the
fluorescence.

20 [0025] By calculating the correlation between the
electrocardiographic signal and the intensity of the
filuorescence, it is possible to determine whether a
tissue has changed in real time.

[0026] An estimating apparatus for therapy for
25 atrial fibrillation according to an embodiment of the

pregent invention is an apparatus for irradiating a



and a detection unit. The | aser catheter is capable of being
attached/ det ached to/fromthe connector. The light source
outputs the excitation light to 10the | aser catheter via the connector.

The detection unit detects intensity of the fluorescence, the fluorescence
being entered fromthe | aser catheter via the connector, to estinate

whet her the cardiac-nuscle tissue is chariged because of 15reacti on between
the excitation light emtted fromthe tip portion of the |aser catheter and
t he photosensitive pharnmaceutical absorbed in the cardiac-nuscle tissue.

[ 0027] By detecting the intensity of .the 20fl.uorescence .entered fromthe
| aser cat het ercfa?‘?larcs"rﬁb%cs]iaolstelgtls S dtdidte %ﬁfecf%eerfﬁc'nneo q<5us Jhtals\}:)ec hanged

because of the reaction betwe th xcitatian |i e

phot o- sensi t i \Félaﬁﬂréarcf%@ieltﬁa}]c’aﬁtq}en pﬁleogioEél@n%%%déa%%%d?é%l?%l possible to
estimate process of. therapy ial fibrililati.qn.usi aser

cat heter. FuHﬁ%ﬁ?rQﬁw%s?%ge%éigé%fééa %g%érahge %Elt e?gﬁg?lopeﬁﬁﬁWity

11 is inproved,. 4}9]912&34 Télgc:ﬂ%teﬁ%ﬂ on e'nt%ng%%t#tﬁ%%iglt& eirlg%rﬁOﬁ he:

fluorescence,vphe uor éscence bein omthe | a atheter via

the comector o ! P, slpullanepus] vineshhiBbeaiebhetdbl? eandiff Beale,
ti ssue has change
and a detection unit.

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

The light source outputs the excitation light to

10 the laser catheter via the connector.

The detection unit detects intensity of the
fluorescence, the fluorescence being entered from the
laser catheter via the connector, to estimate whether
the cardiac-muscle tissue is changed because of

ib reaction between the excitation light emitted from the

tip portion of the laser catheter and the photo-

sensitive pharmaceutical absorbed in the cardiac-muscle

tissue.
(00271 By detecting the intensity of the

20 fluoregscence entered from the laser catheter, it is
possible to estimate whether the tissué has changed
because of the reaction between the excitation light
and the photo-gensitive pharmaceutical in real time. As
a result, it is possible to estimate process of therapy

25 for atrial fibrillation using a laser catheter. Further,

by using a laser catheter used for therapy, operability



because of reaction between an excitation light emtted fromthe tip
portion of the |aser catheter and the photo-sensitive pharnaceuti cal
absorbed in the cardiac-nuscle tissue, and whether a contact state of the
tip 1lOportion of the laser catheter with respect to the cardi ac-nuscle

ti ssue has changed. [0029] The estimating apparatus may further include a
controller for sinultaneously estimating Mhet her the cardiac-nuscle tissue
has changed because of reaction 15between an excitation light emtted from
the tip portion of the | aser catheter and the photo-sensitive
pharnaceutical.absorbed in the cardiac-nmuscle tissue, and a contact state
of the tip poﬁfidﬂ“d?oYﬁl'l aser catheter with respect to the cardi ac-nuscle

ti , 20b th t 030] Th
cgﬁf?gller aseﬂb aIFy ré?ﬁgqi gnﬁggﬁgéf%né%%dfres tldfqgﬁ t%ha%ge Lf tﬁe
cardi ac- nuscl S:k%é % ré‘s & 8t Rl %ﬁé‘é% i rrCL %ﬂ%f@&”@ﬁ ff the

car di ac- nuscl i SSUE, u S a st gna aneously 1 nformng

of the estimtag reauld cg%tﬁé@@ hange of eécﬂﬁ)% %ﬁ%%ﬁ%&ééﬁé&@ d the

estimated 12 Tesu e con act st at e est1nafing appar atus

may further inglug %éé%@%&ﬁqé?rtﬁéoééag%héé‘%d?& eéiéé@é%éeéﬁ%ﬁ%é’é the

change of the car e tissue e cont |l er may record t

current -esti matads Lesyft, of .4 he, change..of 4 F&&ﬁ{&l&f&n Mische dhssuesin

from the tip portion of the laser catheter and the
photo-gengitive pharmaceutical absorbed in the cardiac-
muscle tissue, and whether a contact state of the tip

10 portion of the laser catheter with respect to the
cardiac-muscle tissue has changed.

10029] The estimating apparatus may further include
a controller for gsimultaneously estimating whether the
cardiac-muscle tissue has changed because of reaction

15 between an excitation light emitted from the tip
portion of the laser catheter and the photo-sensitive
pharmaceutical absorbed in the cardiac-muscle tissue,
and a contact state of the tip portion of the laser
catheter with respect to the cardiac-muscle tissue,

20 based on the detected intensity of the fluorescence.
[0030] The controller may visually reflect a peak-
estimated-result of the change of the cardiac-muscle
tissue in a current-estimated-result of the change of
the cardiac-muscle tissue, and outputs a signal for

25 simultaneously informing of the estimated result of the

change of the cardiac-muscle tissue and the estimated



the storage, update, in a case where the currentestimated-result of the
change of the cardiac-nuscle tissue is equal to or larger than the
peak-estinmated- 10result of the change of the cardiac-nuscle tissue
recorded in the storage, the peak-estinmated-result of the change of the
cardi ac-nuscle tissue recorded in the storage with the
current-estimated-result of the change ofia he cardi ac-nuscle tissue, and
output a signal for 15sinultaneously informng of the estinmated result of
t he change of the cardiac-nuscle tissue and the estimted result of the

contact state, by displaying the currentestimated-result of the change of
t he cardi ac-m]%egueltti%s%%r??%%o%ﬁa&?'peak-esti mat ed-result of the

20change of th rdi ac-puscl e tissue in _an overl appe nner._[.0032] An
cot 1 b ng. et B Hecor ARy T4 SR oo AT o (T preaanes TR o

i ncludes irradiatin t.i ssue havi absar be hat 0: sensit.ive

25phar maceut i CHOT AT %otscs)t-%rejr%q tqr}%e %%ag?'r%%éﬁ?ar A HbsH b fg Pl

excitation |i q% and em tting fluorescence, .13 with the excitation |ight
emtted fromg: ain|5:'[epoor itohneo %A Hser-ca %61%16535_11@. The fl uorescence

roma tip portion er” catheter. = escence
e ey Tl (LA NGl a0 | G deRMcadlethalg o | acer
excitation 11 allq e tded{d o LNg e Bol tdansole the. dasel; catdeter and the

o S
phot o- sensi tive phar maceutic e tissue 1s estinmated,
the storage, update, in a case where the current-

estimated-result of the change of the cardiac-muscle
tisgue isg equal to or larger than the peak-estimated-
10 result of the change of the cardiac-muscle tissue
recorded in the storage, the peak-estimated-result of
the change of the cardiac-muscle tissue recorded in the
storage with the current-estimated-result of the change
of the cardiac-muscle tissue, and output a signal for
15 gimultaneously informing of the estimated result of the
change of the cardiac-muscle tissue and the estimated
result of the contact state, by displaying the current-
estimated-result of the change of the cardiac-muscle

tissue on the updated peak-estimated-result of the

20 change of the cardiac-muscle tissue in an overlapped
manner.
[0032] An estimating method according tc an

embodiment of the present invention includes
irradiating a tissue having absorbed photo-sensitive
25 pharmaceutical, the photo-sensitive pharmaceutical

absorbing an excitation light and emitting flucrescence,



based on intensity of the extracted fluorescence. 10[0033] By detecting the
intensity of the fluorescence entered fromthe |aser catheter, it is
possible to estinmate whether the tissue has changed because of the reaction
bet ween the excitation |light and the photo-sensitive pharmaceutical in real
time. As 15a result, it is possible to estimate process of therapy using a
| aser catheter. [0034] The estinmating metHod may further include

si mul t aneously estimting whether the tissue has changed because of
reacti on between an excitation light 20emtted fromthe tip portion of the
| aser catheter,

. e ?9?1 -.sensiti RhArBg Lcal qugr i n. t
tissue, and a clﬁatg{!& sta eto%‘?l%geﬁt p por |on§£f<%ﬁeal ase cat]‘hctga}% eJrEevm'th
respect to the ti o ﬁg&g% n the extracted intensity of the
fluorescence.%bg[éogg] e esf?hating met hod may further include visually
reflecting a currenf; | §§§ Ssul t..0f égghdﬁn qﬂgq%%gﬁ the ddssue in a
peak- esti mat ed-resﬁ%ézél\%% C éénge oof ﬁ'u ti SSLA%, an outrputti ng a signal
For si mul t anequgly dnf ey M nghof 5 & heoestdimd edi 4 e t1 o heyahange of the

ti ssue and the estinated result of the 5contact state. [0036] The esti mating

met hod ngy further jmnolhde necording thes oM estédmedss estllde fn t he

change of the tissue in storage, updating, in a case where the

current - esti ndadsdasWie ofxd heschanage ple tdigi ¢ SSULS the tip

portion of the laser catheter and the photo-sensitive
pharmaceutical absorbed in the tissue is estimated,
based on intensity of the extracted flucrescence.

10 [0G33] By detecting the intensity of the
fluorescence entered from the laser catheter, it is
possible to estimate whether the tissue has changed
because of the reaction between the excitation light
and the photo-sensitive pharmaceutical in real time. As

15 a result, it is possible to estimate process of therapy
using a laser catheter.

[0034] The estimating method may further include
simultaneously egtimating whether the tissue has
changed because of reaction between an excitation light

20 emitted from the tip portion of the lager catheter and
the photo-sensitive pharmaceutical absorbed in the
tissue, and a contact state of the tip portion of the
laser catheter with respect to the tissue, based on the
extracted intengity of the fluorescence.

25 [0035] The estimating method may further include

visually reflecting a current-estimated-result of the



10equal to or larger than the peak-estimated-result of the change of the
tissue recorded in the storage, the peak-estimted-result of the change of
the tissue recorded in the storage with the current-estinmatedresult of the
change of the tissue, and outputting a 15signal for sinultaneously
informng of the estimated result of the _change of the tissue and the
estimated result of the contact state, b 4'displaying t he

currentesti mated-result of the change of the tissue on the updated
peak-estimated-result of the change of the 20tissue in an overl apped

manner. [0037]] tamﬂg&i;f%l@diw ddunthere imel dde-ohtal ning an

el ectrocardi ographic signa est1 mati ng whether the tissue has

changed, based. ol cor fialati o, bet vegn diie, el eald ocal digr aphi ¢ signal and

25the intensity of" the fluorescence. By calculatihg the correl ati on between

the 15 el ectrocardinqaphic signali At hnd uensidveal-dhe { luprascence,

it is possible to determn e tissue has changed because of

reaction betwegn,the excidati ook hd Hitg anck tde- PROt &4 Seashi4 VEE the
pharmaceutical 5in real tinme. [0038] An estimating nethod according to an

enbodi ment of the- presadcd nvention is an estimating nmethod using
phot o- sensi tive pharmaceutical absorbing an excitation light and emtting a
fluorescence, podDijaser gat heterntopableio®md i Nerther exediwdé on | i ght
recording the current-estimated-result of the change of
the tisgsue in storage, updating, in a case where the
current-estimated-result of the change of the tissue is
10 equal to or larger than the p@ak—eétimated—xesult of
the change of the tissue recorded in the storage, the
peak-estimated-result of the change of the tissue
recorded in the storage with the current-estimated-
result of the change of the tissue, and outputting a
15 signal for simultaneously informing of the estimated
result of the change of the tissue and the estimated
result of the contact state, by displaying the current-
estimated-result of the change of the tissue on the
updated peak-estimated-result of the change of the
20 tiggue in an overlapped manner.
[0037] The estimating method may further include
obtaining an electrocardiographic signal, and
estimating whether the tissue has changed, based on a
correlation between the electrocardiographic signal and

25 the intensgity of the fluorescence.

By calculating the correlation between the



froma tip portion, and an estinmating apparatus including a connector
to/fromwhich the |aser catheter is capable of being attached/ detached and
e for outputting the excitation light to the | aser 15catheter

a light sourc

via the connector. In a tissue, the photo-sensitive pharnaceutica

absor bed.

havi ng absorbed t he photo-sensitive 20phatiaceutical, the |aser catheter

is

The tip portion of the |laser catheter is led to the tissue

bei ng attached to the connector. The tissue having absorbed the

phot o- sensi ti
emtted from
bei ng out put

Whet her the t

ve pharmaceutical is irradiated with the excitation |ight

;%]%?ﬁttitrg%gorré%fgrs%hfcpesﬁea é:r?é h@ﬁgrinéggs%ggx&% t\‘?llié on Iight

rce. | UOT eSCence corr

g

irradiated 16 excliation |ight.ds,exiracl ed, via Lhelassiccathel e

light emtted
phot o- sensi ti
on intensity
further inclu
because of re

1a

15

20

25

i 'SSUE has ¢ nged use of reaction ween

Vée { ! dhed iﬁ%aggi%& g;gesg%%weof aéﬁéc&féﬁ%géwé&q the

arnace edint

ponding to the

€ excitation

e ftIssue 1s estimted, based

ST R T o aoutry BoTi TRt P het ar The oy eene raer TR cea ™

actipn petyeen an excitation |ight

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

In a tissue, the photo-sensitive pharmaceutical is
absorbed.

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

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

The fluorescence corresponding to the irradiated



10emtted fromthe tip portion of the |laser catheter and the

phot o- sensi tive pharmaceutical absorbed in the tissue, and a contact state
of the tip portion of the |laser catheter with respect to the tissue, based
on the extracted intensity of the fluorescence. 15[0040] The estimating

met hod may further include visually reflecting a current-estinmated-result
of the change of the tissue in a peak-esﬂﬁn&ted-result of the change of the
ti ssue, and outputting a signal for sinmultaneously informng of the
estimated result of the 20change of the tissue and the estimted result of

the contact state., 004115 -%}[tegtsj @gt}fg%o%g%t hod, may furdder. dnglude

recordi ng the current-esti ed-result t he change of the tissue in

storage, updating, D&ﬂg&&ﬁﬁﬁéfﬂ%@%&éﬁ%ﬁ%ﬂéﬁ@a gld ML Lds# 6stl e Qfn the

change of the tissue is eql to or larger than the peak-estimated-result
of 17 the ch i the téx%si‘{%tri%Prldngﬁlﬂ e & Fage cideip

peak-estimated-result of the change of The tissue recorded inthe storage

with the curr ﬁf&%ﬂ it qd{esi de10fc 416 hanges afnd ?ﬁ;{éﬂ&%&is?{%e

outputting a 5signal for sinmultaneously informng o he estimted result

of the ghange pfs-tihe-disiiie apbdheestd nated faal ti dfeddmmpant act state,
by di splaying the currentesti mted-result of the change of the tissue on

the updated paaks&stidratatdasy) toofridasehangaofs therddid:ssdle in an
over | apped manner.

[0039] The estimating method may further include
simultanecugly estimating whether the tissue has
changed because of reaction between an excitation light

10 emitted from the tip portion cof the laser catheter and
the photo-gengitive pharmaceutical absorbed in the
tissue, and a contact state of the tip portion of the
laser catheter with respect to the tissue, based on the
extracted intensity of the fluorescence.

15 [0040] The estimating method may further include
visually reflecting a current-estimated-result of the
change of the tissue in a peak-estimated-result of the
change of the tissue, and outputting a sgignal for
simultaneously informing of the estimated result of the

20 change of the tissue and the estimated result of the
contact state.

{0041] The estimating method may further include
recording the current-estimated-result of the change of
the tissue in storage, updating, in a case where the

25 current-estimated-result of the change of the tissue is

equal to or larger than the peak-estimated-result of



[ 0042] The estimating nethod may further include obtaining an

el ectrocardi ographi c signal, and estimating whether the tissue has changed,
based on a correl ati on between the el ectrocardi ographic signal and 15t he
intensity of the fluorescence. Effect of the Invention [0043] According to
the present invention, it is possible to estinmate process of therapy
using a laser catheter accurately in realttine, and to performthe

20t herapy reliably. Brief Description of Drawings [0044][Fig. 1] A
schemati c di agram showi ng a PDT apparatus according to a first enbodi nent

of L1 PTSeT A INAIEARD o 25 0 Al SEUSIRA 0,00 A0 S0 | 250
appar at us mai n,hody. . {F 6. Al AseCld anal K awshenng tha Lip portion of
the | aser catheter. %ﬁfﬁé.c%] ﬁéploméaggﬁiéﬁgﬁﬁ%g operations of the PDT
apparat us. recorded in the storage with the current-estimated-
result of the change of the tissue, and outputting a
5 signal for simultaneously informing of the estimated
result of the change of the tissue and the estimated
result of the contact state, by displaying the current-
estimated-result of the change c¢f the tissue on the
updated peak-estimated-result of the change of the
io tissue in an overlapped manner.
[0042] The estimating method may further include
obtaining an electrocardicographic signal, and
estimating whether the tissue has changed, based on a
correlation between the electrocardiographic gignal and
15 the intensity of the fluorescence.
Effect of the Invention
(6043} According to the presgent invention, it is
possible to estimate process of therapy using a laser
catheter accurately in real time, and to perform the
20 therapy reliably.
Brief Description of Drawings
(o044} [Fig. 1] A schematic diagram showing a PDT
apparatus according to a first embodiment of the
present invention.
25 [Fig. 2] A schematic diagram showing a laser catheter

inserted in a heart.



[Fig. 6] A schematic diagramshow ng the |aser catheter inserted in a |eft
atrium [Fig. 7] A graph show ng the tenporal change of

10f l uorescence intensity. [Fig. 8 A graph showi ng the correlation between
the fluorescence intensity and pharmaceutical concentration. [Fig. 9] A
graph showi ng the tenporal change of the pharnaceutical concentration.

15[ Fi gs. 10] Schenmatic di agranms each showidfy a contact state of the |aser
catheter. [Fig. 11] A graph showi ng the tenporal change of the
fluorescence intensity. [ Fig. 12] Anot her graph show ng the

t enporal change., .of t he f.luor.escen int.ensity. i 3 tic
di agram showi n w ‘nozs\?]eng‘ﬁr‘]tb#?%]%k&lo gcfa}'nme %%“erﬁ%a% hILeIﬁér pgﬁ\%é&é%{%

di agram show J:he relation of ECG intracardiac pressure, and coronary
bl ood-fl ow volune,” 25which is dom nant in the blood-flow volune in a

cardi ac- nuscl e; £ ssug, 9 ' ] iﬁ# h@{\% : delation

bet ween fl uore['sEE:le(i'cgﬁi nt%nsé%{%/goarh%ﬁ \Ij\%av\ge Vgir?@he gtgleé h%%]?ﬂ{et er@% s in the
upright-contact, state.,. ~oeh&EiY- 16] A diagram showi ng the correlation

bet ween 5fl uoréscence intensity and R-wave when the |aser catheter is in

the Sla@iing'cﬂﬂﬂfptSPtaﬁeflowchart showing operations of the PDT

apparatus.
[Fig. 6] A schematic diagram showing the laser
catheter inserted in a left atrium.
[Fig. 7] A graph showing the temporal change of

10 fluorescence intensity.
[Fig. 8] A graph showing the correlation between the
fluorescence intensity and pharmaceutical concentration.
[Fig. 9] A graph showing the temporal change of the
pharmaceutical concentration.

15 [Figs. 10]Schematic diagrams each showing a contact
state of the laser catheter.
[Fig. 11] A graph showing the temporal change of the
fluorescence intensity.
[Fig. 12] Another graph showing the temporal change of

20 the fluorescence intensity.
[Fig. 13] A schematic diagram showing a movement track
of the laser catheter.
{Fig. 14] A dilagram showing the relation of ECG,
intracardiac pressure, and corocnary blood-fiow volume,

25 which is dominant in the blood-flow volume in a

cardiac-muscle tissgue.



[Fig. 17] A block diagram show ng an optical system a detection unit, and
the Ii ke of a second enbodi nent of the present invention. 10[Fi gs.

18] Schemati ¢ di agranms each showi ng a contact state of a |laser catheter in
an intravascular lunmen. [Fig. 19] A graph showi ng the relation between
wavel ength and fl uorescence intensity. [Fig. 20] A flowchart
showi ng operations of the PDT 15apparatu§9 [Fig. 21] A graph showing a
tenporal change of fluorescence intensity. [Fig. 22] A flowhart showi ng a
nmoni toring operation of PDI process |level and a contact state. 20[Fig. 23]

A di agram for @3(;.'1 aif ']n%fﬂ %E?t%kg{aﬁgﬁ %gt%g&ﬁ%@&gmé&yel . [Fig.

24] A di agram for” ‘expl-ai ni ng ul at1 ng process | evel.

[Fig. 25] A(ﬁfgugyggé§ﬁégq§ﬁﬁgﬂggéj%Hgn%ﬂ%ggg Setd ing 2bconcentration and
uring p

an irradiation power armaceutical admnistration. 20 [Fig. 26] A

graph show ng &@F&Eé&r%@%lm@uﬁ@wﬁé&&@@@%@mhe formul ae of Fig.
23. [Fig. 27] A graph show ng a dified exanple of the graph of Fig. 26.
S[Fig. 28] A djpsp}ay i ndoyw Lispl adg e ROl PFACesSion between
5 fluorescence intensity and R-wave when the laser
catheter is in the sianting-contact state.
[Fig. 17] A block diagram showing an optical system, a
detection unit, and the like of a seccond embodiment of
the present invention.
i0 [Figs. 18] Schematic diagrams each showing a contact
state of a laser catheter in an intravascular lumen.
[Fig. 19] A graph showing the relation between
wavelength and fluorescence intensity.
[Fig. 20} A flowchart showing operations of the PDT
15 apparatus.
[Fig. 21] A graph showing a temporal change of
fluorescence intensity.
{Fig. 22] A flowchart showing a monitoring operation of
PDT process level and a contact state.
20 [Fig. 221 A diagram for explaining formulae for
calculating PDT process level.
[Fig. 24] A diagram for explaining a method of
calculating PDT process level.
[Fig. 25] A diagram for explaining formulae for setting
25 concentration and an irradiation power during

pharmaceutical administration.



| evel and the contact state of the tip portion of the |aser catheter.

[Fig. 29] Another display w ndow di splaying the PDT process |evel and the
contact state of the tip portion 100of the |aser catheter. [Fig. 30]

Anot her di spl ay wi ndow di spl ayi ng the PDT process |evel and the contact
state of the tip portion of the laser catheter. [Fig. 31] Another display
wi ndow di spl ayi ng the PDT 15process |evel2fnd the contact state of the tip
portion of the laser catheter. [Fig. 32] Another display w ndow displ ayi ng
t he PDT process Ievel and the contact state of the tip portion of the |aser

cat heter. 20[F£[glﬁ_:Ia éérfgfid%rgru%a Sfl,gcgwc Iculﬁ.ﬁ, ntg{(we gopé‘gecf | evel of the
a

tip portion of et Wt respect 0" an inher wall of

tissue. [Fig. o] t cul ating the
contact |evel c%g"{]%%t%cgg{aa%%é%%% aﬂ&dow%ocgm@g%l% ?érre wavef or m di spl ay
and a | evel - I, displ gy C I [ B6] Sehenatic

di agr am show ngﬁc%ntzz@t stgzi(?':taeéjn %ﬂ%a% ae@a(% eJ'EZ%? é:}!: u?’fg 1ty of

di fferent cont h in Fig. 35. Best l\/bdes for Carrying Qut the
| nventi on 5[00(%%%r el nPsJ’f%S oé’@'ﬁerrbodl ments of the present
[Fig.

g 28] A display window displaving the PDT process
level and the contact state of the tip portion cf the
laser catheter.

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

10 of the laser catheter.

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

[Fig. 31] Another display window displaying the PDT

15 process level and the contact state of the tip portion
of the laser catheter.

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

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

[Fig. 34] A diagram for explaining method of
calculating the contact level.

25 [Fig. 35] A display window showing a time-waveform

display and a level-meter display of a contact level.



invention will be described with reference to the drawings. In the

enbodi nents, the case where a photodynam c therapy apparatus (hereinafter
referred to as "PDT apparatus”.) is used as an estimting apparatus 10w ||
be described. [0046] <First Enbodi nent > Fig. 1 is a schematic diagram
showi ng a PDT apparatus according to a first enbodi ment of the present

i nvention. 15The PDT apparatus 1 includes2®a PDT apparatus main body 100, a
tube 200 connected to the PDT apparatus main body 100, and a connector 210
provi ded on the end of the tube 200. The tube 200 is a soft

hol | ow tube, anpd.is capable 200of tra snlttl | i ght via an_inner
appar at us- at t ached’ dﬁ% d%JS?W?Eﬁtﬁﬁl %%%%9%4%% g contach $Laess Gk
catheter 300 is etachab conngect ed %ge con e

[0047] Phot o- sehsi T15%6. SHEHuCeULT chl P S SB0th T <Tof B T3 CHRTSh 2. I
the case of bei % dnlnlstere Q¥ $$ravenous i njection, the adm nistered
22 phot o- sensi tfVe h%?%%%eﬁ? diffuses in the blood, and then a tissue
such as a cars% S es %ISS grabsgrb %hEth é@gﬁgg&ﬁcal A dose of

phot o-sensiti %%a ceutTearthet s%ary for therapy nmay be 5adm ni stered

at one téne by{b@&éfvenq%gréﬂﬁgféégp efBddiments of the present

inventicon will be desgcribed with reference to the
drawings. In the embodiments, the case where a

photodynamic therapy apparatus (hereinafter referred to

ag "PDT apparatus".) is used as an estimating apparatus
i0 will be described.
[0046] <First Embodiments

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

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

The tube 200 is a soft hollow tube, and is capable

20 of transmitting_light via an inner apparatus-attached
optical fiber 201 {see Fig. 3.).

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

[0047] Photo-sensitive pharmaceutical is
25 administered to a patient 2. In the case of being

administered by intravenous injection, the administered



be adm ni stered continuously by intravenous drip, may be adm nistered at
one tinme or continuously via the oral route, or may be adm ni stered

| ocal ly. Photosensitive pharnmaceutical is pharnaceutical that absorbs 10
i ght having a certain wavel ength, is photoexcited, and becones
fluorescent. For exanple, pharnmaceutical called talaporfin sodium
(Laserphyrin (registered trademark), 22 Co., Ltd.) is enployed. Because
the Q band absorption wavel ength of this pharnmaceutical is near 15664 nm
an excitation |ight source for this pharmaceutical with, for exanple, 600

to 800 nm preferably 660 to 680 nm or pore preferably 664 plus or mnus 2
nmis used. t}clt‘%‘?n%lqjsv% @Hﬂ@%‘f?‘éth?%r‘ghgs%w n%“aull%ské CYdcat het er

inserted in a heart.. . The Iaggg the catheter 300 js inserted in a
right atrium 2P0f “2Fheart S0 %i G 12t af2 Jr?'ncb"Pu%Ci%g’ﬁJr%?’u?/ei n of the

tient 2. The | t t het 300 i ¢h th i.ght at
Pl ont 7 St s CALTBLELL 300, 115D D% Lsacied S 1] a0 1
0049] [ Confi ti f_ PDT. t i d 23 Fig. 3
00491 Cont gl o . EPT, SoBeLal o D BREMLey B e 18, 315 0
body 100Q. i ncl udes. a. | i ght 110 tical 120..a d ti
oy 190 T e, 8, LLabla S . e 30, OBLL 68 UG 128, 8,87 O

display unit M0 - SRLAN PSS AL MO 1%y [90PRLINGLL! @I, Saptpe 110
be administered at one time or continucusly via the
oral route, or may be administered locally. Photo-
sensitive pharmaceutical is pharmaceutical that absorbs

10 light having a certain wavelength, is photoexcited, and
becomes fluorescent. For example, pharmaceutical called
talaporfin sodium {(Laserphyrin (registered trademark),
Meidji Co., Ltd.) is employed. Because the Q-band
absorption wavelength of this pharmaceutical is near

15 664 nm, an excitation light source for this
pharmaceutical with, for example, 600 to 800 nm,
preferably 660 to 680 nm, or more preferably 664 plus
or minus 2 nm is used.

[co48] Fig. 2 is a schematic diagram showing a laser

20 catheter inserted in a heart.

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

25 geptum, and is led to a left atrium 1i3.

[0049] [Configuration of PDT apparatus main body!



| i ght for photo-sensitive pharmaceutical. The wavel ength of the Iight

out put by the light source 110 10is the sane as the Q band absorption

wavel engt h of the photo-sensitive pharmaceutical. For exanple, in the case
wher e photo-sensitive pharnmaceutical whose Q band absorption wavel ength is
near 664 nmis used, a sem conductor |laser with the em ssion wavel ength of
600 15to0 800 nm preferably 660 to 680 mg3 or nore preferably 664 plus or
mnus 2 nmis used as the light source 110. The excitation |ight output by
the Iight source 110 enters the | aser the catheter 300 via the optical
system 120. 20[ 0051] The optical, system 120 allows. the excitation |ight,
which is enitted frioh¥the 1% gEhths% CEHATFRT T HRR If[%ger t he catheter

300, which is connected to, tgt? Cgonnector 210 via the apparatus-attached
optical fiber SFHATHRE JPRTHEaOS st em 120 extracts, fromthe 25l aser the

t het 300, fl itted f t O- it h tical,
Chi O TS brradi ot oS Ras TN S TALT ROTT ohts iabrae St o2
fl uorescence to enterlige det ecﬁi.on uni t . 130. Z'Bhe o;gi caltiscxlsjtem 12l03

eam’

i ncl udes a shoft pass t71taF BT a1t PreFlens 128 % 5561%rT%iHy b

splitter. (herejnafter referred to .as 5 PBS".) 123 I P filter 124,
and a second |ens %%.rocarél%}ea%lﬁolr O’paas‘sc ?‘f}f%%l%]@lf?{g’ agégraéé

short - wavel eng}[elpo tr nég%ﬁ?fa%fg%ﬁ“rtﬁoWél@da&ﬁu&ﬁ‘%{’%{%@% e&g{@ ﬁgo 670 nm and

cuts | ong-wavelength 1 he excitation fromthe [ight

110 h di at, ' f ti
source as{écﬁhetffa ' %ﬁ&%ﬁ%ﬁo cd nﬁ@e‘ﬁ”%ﬁsﬁn‘%’?‘?g SE[ YAt on

wavel engt h range (long-wave si de of pea engt n view of

ons: e ook P46 FOROREEL Slak e SxchhatiAtet ol [ ot
wavelength of the light output by the light source 110

10 ig the same as the Q-band absorption wavelength of the
photo-sensitive pharmaceutical. For example, in the
case where photo-sensitive pharmaceutical whose Q-band
absorption wavelength is near 664 nm is used, a
semiconductor laser with the emission wavelength of 6¢0

15 to 800 nm, preferably 660 to 68C nm, or more preferably
664 plus or minus 2 nm is used as the light source 1160.
The excitation light output by the light source 110
enters the laser the catheter 300 via the optical
system 120.

20 [0051] The cptical system 120 allows the excitation
light, which ig emitted from the light gource 110, to
enter the laser the catheter 300, which is connected to
the connector 210 via the apparatus-attached optical
fiber 201. The optical system 120 extracts, from the

25 lasgser the catheter 300, fluorescence emitted from

photo-sensitive pharmaceutical, which is irradiated



15prior to collecting the light in the laser the catheter 300. The
excitation light, which has passed the short pass filter 121, enters the
first lens 122. The first lens 122 collects the excitation |ight,
whi ch has entered fromthe short pass filter 121, on 20one edge of the

| aser the catheter 300. Further, the first lens 122 collects fluorescence
fromthe tip portion of the |aser the catdfeter 300 on the PBS 123. Note
that part of the excitation light fromthe |ight source 110 is reflected
of f an edge of the apparatus- 25attached optical fiber 201 at t he PDT

appar at d 00 S%P g%?% d 25
OFP {ﬁeuflgabgfgﬁ%% o) ]ﬁéqﬁggg%{fﬁgﬁg%?ﬁhﬁgr and enters t CE%g 123
as specul ar &l el on é%;ﬁete@.{%o%p%@rlf@flgﬁ%f% t'l'c%*it b/% g{Byo"‘he“

detecting fluorescence. usi ng polarization erences, 123

allous the spegularagel] eaidon Lahte: Wich hes 4 o ent ekt fan edge of

the opti cal Inthe tu e light 'entered fromthe first

lens 122, to pass, iy g@tﬂpeipzm%&et@%réﬂ@a%%@f@é%@fd@%on light,

reflects fluo escenc ecular reflection light reflected off the

other edges, afwhé)f'ngﬁzﬁheénlt&f Setecti ng. deyi£e.arihe,; fddlonescance, which
has passed the PBS 123, enters the | ong pass filter 124. 15The | ong pass

filter 124 causgs the specul ar

The short pass filter 121 is a short-wavelength
transmission filter with a cuton wavelength <f 670 nm,
and cutg long-wavelength radiation. The excitation

10 light from the light source 110 has the radiation
component in the fluorescence observation wavelength
range (long-wavelength side of peak wavelength). In
view of thisg, the radiation component of the excitation
light in the long-wavelength side is cut at the stage

15 prior to collecting the light in the laser the catheter
300. The excitation light, which has passed the short
pass filter 121, enters the first lens 122.

The first leng 122 collects the excitation light,
which has entered from the short pass filter 121, on

20 one edge of the laser the catheter 300. Further, the
first lens 122 collects fluorescence from the tip
portion of the laser the catheter 300 on the PBS 123.
Note that part of the excitation light from the light
gsource 110 is reflected off an edge of the apparatus-

25 attached optical fiber 201 at the PDT apparatus main

body 100 side, off the inside of the connector 210, and



reflection light, which has reflected off the inside of the connector 210
and the tip portion of the laser the catheter 300, out of the |light entered
fromthe PBS 123, not to pass through, allows only the fluorescence to
20pass through, and brings the fluorescence to the detecting device. The

fl uorescence, which has passed through the long pass filter 124, enters the
second | ens 125. The second |l ens 125 col I%cts the fluorescence, 25whi ch has
entered fromthe long pass filter 124, on the detection unit 130. 26

[ 0052] The detection unit 130 is, for exanple, a |linear inmge sensor, and

spect r oscopi caltlnfye tgqgett etcj#;)s(éoh&jfcl{nui%scg]encleatseé% ﬁ%ﬁ%‘%}%&&e 3qﬂ)t’i calg system

120. That is,c% ec n uni et ect’s avi ng the

5excitation v t t e. fl.uor - ]

phot o- sensi t;/\%eneép%;’?n%icee%c?f%$c |CSJ1aaq{)i g%&%%%olaq%\%'el eT%llget h | onger
than the excitat,i . . The Gt 100 uni ts. an

el ectrical si g%ﬁ&&%é%@hr%&?nnﬁgrﬁﬁ ?%;@h%ph@d%?g%ﬁg orescence, to

the control | erg «dQ003] An el ectrode pad 141 is connected to the
el ectrocardi ograph 140 via an el ectrode code (not shown). The

el ect r ocar di ograph glAQ, ohiqifls) Aty Ll G e AlLGiAD! Cosd G Of5 t he
patient 2 via the 15el ectrode pad 141, which Is attached to the patient 2,

and via the electdpde 0de, and;suppiies: the obhal negh glieatdocar di ographic
signal to the controller I50.

reflected off an edge of the optical fiber in the tube

200, out of the light entered from the first lens 122,

to pass through, does not detect the specular

10 reflection light, reflects fluorescence and the
specular reflection light reflected off the other edges,
and brings them to a detecting device. The fluorescence,
which has pagsed the PBS 123, enters the long pass
filter 124.

15 The long pass filter 124 causes the specular
reflection light, which has reflected off the inside of
the connector 210 and the tip portion of the laser the
catheter 300, out of the light entered from the PBS 123,
not to pass through, allows only the fluorescence to

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

The second lens 125 collects the fluoregcence,
25 which has entered from the long pass filter 124, on the

detection unit 130.



[ 0054] The controller 150 controls the respective units of the PDT apparatus
1. 20The controller 150 cal cul ates fluorescence intensity based on the

el ectrical signal obtained fromthe detection unit 130. The controller 150
cal cul at es pharmaceutical concentration in the tissue or in the bl ood based
on the cal cul ated fluorescence intensity

25( phar maceuti cal - concentrati on-nonitori i operation). The controller 150
determ nes whether to additionally 27 adm nister the pharnaceutical or not
based on the cal cul at ed pharnmaceutical concentration. The controller

150 determ nes_the .contagt state of the |a the catheter 300 with respect
to the tissue %Og’géd on cgﬁa%%cﬁ]i%rélurgitgﬁgo obt ai ned T8 tHe Yet ecti on

it 130 tact - i tori ti Th I 50
ot er i nes. _bAatFn HIGE B Tho TR TR et ¥y R TG it ati on
i ght i di atj whet h b it ' j
ngstahzgao:aéhﬁgggﬁgggk%%éﬁ}§%§%9Eg%%nZ%Hyg%é%ﬁﬁgﬁggy$%%§6§%%g{gg%&9ffect
(f orei gnsubst a.nce/%t:}{@ez;\é[(éa\é;éec-,{’r_{)(gyl t%%%%ﬁ)e eaééé){'% r%?%elri%%to hav’n%ltshc? e

cytocidaleffec%%de er m ni ng oper at e con _ : contr
et €2 MR SaR Liretlaiing dhe davicl] shionel abucdaned o
oot o o G Aol LGSR pelbasaoney sle g 5ol
si gnal Obtain%%ght having a wavelength longer than the excitation
wavelength. The detection unit 130 outputs an
electrical signral, which shows intensity of the

10 detected fluorescence, to the controcller 150.

[0053] An electrode pad 141 is connected to the
electrocardicgraph 140 via an electrode code (not
shown) . The electrocardiograph 140 obtains an
electrocardiographic signal of the patient 2 via the

15 electrode pad 141, which is attached to the patient 2,
and via the electrode code, and supplies the obtained
electrocardiographic signal to the controlier 150.
[0054] The controller 150 controls the respective
units of the PDT apparatus 1.

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

25 {pharmaceutical-concentration-monitoring operation).

The controller 150 determines whether to additionally



20from t he el ectrocardi ograph 140 (el ectric-conduction- bl ock-formation
determ ning operation). The controller 150 outputs, to the display unit
170, display instructions to display the above-nentioned vari ous
calculation results, the above- 25nentioned various deteimnation results,
and various information. 28 [0055]The storage 160 is a nonvol atile nenory,
and is set in, for exanple, a flash nenn@y, an HDD (Hard Di sk Drive), or
anot her solid nenory. The controller 150 records, in the storage 160,
tenporal change of 5fluorescence intensity, in which informati on on

fl uorescence iar%"%t -isl%rotgl,@ g)ggfgﬂaqu&ﬂ%aqet&ctﬂw VTR ]&9_&% in relation

with tinme information obtain roma timng neasurenent unit (not shown),

whi ch easur es. e, ), a0s o LI Al a2 SHASILAL {die such as

10exci tation-light-irradifation start tine. The controller 150 records, in
the storage 160, el@el rQGANI0QLAMEd i MU G W QTHBLE QI D8k At ate of

el ectrocardi ographi c signal obtalned fromthe el ectrocardi ograph 140 is in

relation with djdre jof.ordvmt i 0nndbl,0088] The i splaveunid &0 4 Ssdudi spl ay

device, which uses, for exanple, a liquid-crystal” display device or the
like. Wien the,display W te 11efO 00t nsi HH=SPl e d Nsdd Uetd@nsnd rom t he

controller 150, the display unit 170 di splays, on a display screen, for
20exanpl e, i nfQuamtd o ahfd uosEscenee dtensitdring operation) .

. The controllier 150 determines, based on change of
the fluorescence intensity during excitation light
irradiation, whether an abnormal gituation such as a

10 foreign gubstance or a breakage occurs or not, and
determines the cytocidal effect (foreign-
substance/breakage-monitoring operaition, and cytocidal-
effect-determining operation). The controller 150
controls the light source 110 to stop irradiating the

15 excitation light based on determination results.

The controller 150 determines whether an electric-
conduction block is formed or not based on an
electrical signal obtained from the detection unit 130
and based on an electrocardicgraphic signal obtained

20 from the electrocardiograph 140 (electric-conduction-
block-formation determining operation).

The controller 150 outputs, to the display unit
170, display instructions to display the above-
mentioned various calculation results, the above-

25 mentioned various determination results, and various

information.



i nformation on an el ectrocardi ographic signal, tine infolmation, and the

| i ke, based on display information in the display instructions. [0057] The
operating unit 180 receives instructions, 25which are input through
operations by a practitioner, and outputs the received instructions to the
controller 29 150. The instructions include, for exanple, instructions to
turn on/off the excitation |ight output f¥omthe |ight source 110, to
change intensity, and the like. As intensity of the excitation light, it is
5possible to select at |east one of two levels of intensity including a

first intensit O%%’gr;ji(:h has, %4%\,‘%@%‘%{%({9&‘ %@Féfat éirﬁ&ko%,t B%%ST 1 nW

or less) and i i mal | 'y-1 nvasi respec 0 a trssue a and
a second intengjt i C ) i p is.ap. i 1, 000

ti mes higher t %u?§%2ﬂ§1P%?@i%§%ﬂ§?$y.£¥§%a%gﬁggw?ﬁ¥én§§?@bﬁg¥§% %cted when
moni tori ng theyphar tic rati pn fod-fhe cout act,state.of the

| aser the cathet%? 3 eTS?% t %?@%%.é%%e secon intensitilis sel ected

when therapy 15is £ ediy Note thatadde i stedpb O8] LYahSe aof i xed
val ue, and the second intensity may be variabl e. 0058] [ Structure of |aser

catheterd The the lasai,dde cadhierer 300 Hu Pyt snPhEXCis@then 1ight from
the tip portion. 20Fig. 4 is a sectional view showng the tip portion of
the laser cathet@rescence intensity obtained from the detection unit

130 is in relation with time information obtained Ifrom

a timing measurement unit (not shown), which measures

the elapsed time after a criterion time such as

10 excitation-light-irradiation start time. The controller
150 records, in the storage 160, electrocardiograms in
which information on an electrocardiographic signal
obtained from the electrocardiograph 140 is in relation
with time information.

15 [005¢6] The display unit 170 is a display device,
which uses, for example, a liguid-crystal display
device or the like. When the display unit 170 obtains
display instructions from the contrecller 150, the
display unit 170 displays, on a display screen, for

20 example, information on fluorescence intensity,
information on an electrocardiographic signal, time
information, and the like, based on display information
in the display instructions.

[0057] The operating unit 18C receives instructions,

25 which are input through operations by a practitioner,

and outputs the received instructions to the controller



The | aser the catheter 300 includes a catheter tube 310, a hol der 320, an
optical fiber 330, and an optical w ndow 340. 25[0059] The cat heter tube 310
is a soft hollow tube, and is led to the inner wall of a cardiac-nuscle
tissue 30 of the heart 10 of the patient 2. The catheter tube 310 has the
optical fiber 330 therein. [0060] The holder 320 is fixed to the catheter

t ube 310. The hol der 320 holds the optdcal fiber 330 and the 5optical

wi ndow 340 with respect to the catheter tube 310. [0061] The optical fiber
330 is, for exanple, one quartz step index fiber having a core dianeter of

133 pm and an Si di. r..qQft. 20 he [ fiber 10330 transmts
ré%% 1%@%&%cﬁ%?n§ QHqudE,lﬁg%Lg%%%Ple

the excitatio i ght "fromthe appar at us ical fiber 330
outputs the tr ] i i i i i ati i , from
the tip to the" op%%%‘f‘ldovﬂ%r(lgdoc\%vq%di%p %%%aﬁ%%%{%ﬁo@t%éé %%%?%on
l'ight 301 increase . 5&9% rm hunerd.cal re
(NA) of the opti caist i blel:ber}éo. Cge '?ﬁ)@bﬁélﬁ%l%%%% 232? fi beﬂrféﬁﬁcip?%r ked
such that the jpaam di}ﬁ%”?l&x%ren%fit e iadialdion diight 1391 apprapriately

[

i ncreases. The optica er 330 transmts the fluorescence, which is

em tteddrom wrsensidd ve-phay meceut i sl apsopbeddm @ 44 ssue and
irradiated wit'h an excitation light, to the PDT apparatus 1.

intensity including a first intensity, which has a low
power (for example, optical output of 1 mW or less) and
is minimally-invasive with respect to a tissue and
blood, and a second intensity, which has a high power

10 and ig approximately 1,000 times higher than the first
intensgity. The first intensity is selected when
monitoring the pharmaceutical concentration and the
contact state of the laser the catheter 300 before
therapy. The second intensity is selected when therapy

15 is conducted. Note that the first intensity is a fixed
value, and the second intensity may be variable.
[0058] [Structure of laser catheter] The the laser
the catheter 300 outputs an excitation light £from the
tip portion.

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

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

25 [0059] The catheter tube 310 is a soft hollow tube,

and is led to the inner wall of a cardiac-muscle tissue



[ 0062] The optical w ndow 340 is provided on the outernost of the tip
portion of the | aser the catheter 25300 such that the optical w ndow 340 is
optically connected to the tip of the optical fiber 330. The 31 optical

wi ndow 340 is made froma solid transparent material, for exanple, a glass
mat erial such as BK7. The optical w ndow 340 as an irradiation section
allows the irradiation |ight 301, which iX0 output fromthe tip 5of the
optical fiber 330, to pass through. The optical w ndow 340 as a

i ght-receiving section collects the fluorescence, which is emtted from

th hot t 30.

[0862]?n00$32fh%|%%%ﬁg%%q?ﬁﬁgfggggﬁ% \M*é%glﬁlg h%o%ﬁ%?%F%%;F %%?gé%

ratio, there is % 5b€§%4¥“¥f§e§ E%ﬁ%ﬁ%%FOVIdlng an |rrad|at|on fiber
a

and a detection I'na lTaser cat eter performing irradiation and

light-receptio ther lect panese
Pat ent 15App| i {:bate'lt(g]n Lalﬁliyop%%r%\()&e %jéggltgl?s%}%%é %gr%}é%]aép%%%%ﬁe&b]@

Meanwhile, in 4he casg ef,1Rekf any BY iRt raearfiaciherhaRy o odid@Nesks, in
order to increase the curvature of a laser catheter, it is desirable that

the 20diamet ery,0f; &1 ageraSAtes afidie SdBbdet o thes casendfeprovhai ng a
plurality of optical fibers in a |aser catheter, each optical fiber should

be formed extrardinely, and thus a |ight having a necessary intensity may
not be transmtted. 25In view of the above, in diseases requiring

fooe1] The optical fiber 330 is, for example, one
quartz step index fiber having a core diameter of 133
um and an outside diameter of 500 um. The optical fiber
10 330 transmits the excitation light from the PDT
apparatus 1. The optical fiber 330 outputs the
transmitted excitation light, as an irradiation light
301, from the tip to the optical window 340. The beam
diameter of the irradiation light 301 increases at the
i5 angle determined by the numerical aperture (NA) of the
optical fiber 330. The tip of the optical fiber 330 is
worked such that the beam diameter of the irradiation
light 301 appropriately increases. The optical fiber
330 transmits the fluorescence, which is emitted from
20 photo-sensitive pharmaceutical absorbed in a tissue and
irradiated with an excitation light, to the PDT
apparatus 1.
[0062] The optical window 340 is provided on the
outermost of the tip portion of the laser the catheter
25 300 such that the optical window 340 is optically

connected to the tip of the optical fiber 330. The



i ntracardi ac approaches such as, specifically, atrial 32 fibrillation and
ventricular flutter, it is desired that one optical fiber be in a |aser
catheter. Further, because it is necessary to detect fluorescence at
intensity with a | ow power so as not to affect a living 5body, it is
necessary to forma neasurenent systemw th a high SN (Signal-Noise) ratio
by using one optical fiber. [0064]1n view®f the above, according to the
PDT apparatus 1 of this enbodi nent, the PBS 123 and the 10l ong pass filter
124 renoves a specul ar reflection light on the fiber entrance edge, and the
short pass filter. 1 fur r | ong- wavel engt.h-si de radi ation
conponent of aOp%lc?‘%%t‘f%%é?‘?g%{(f%Sﬁa%]igrcg‘fk\r,\%c%e%f}éc? %lf]alﬁdmpea dser the

cat heter 300, ile the ical_f] 3 e | Lradiation
fiber and a derét{ge%%yielognﬂfi%%f,é’?%@id&g‘t eacté%ﬁé%nr? t%%%a%u%gtée%tgﬁ uor escence
with a high S tig. . ty,dtyd 0S5S] 0. de : nce
wth a |l ow po%e%@s%%éa%%fw %rgéc?ﬂf:ae%(% aéé %r\gi%f%%%.lofgeéﬁﬁlr%% uﬁﬁ%ﬁ%

therapy 20and diagnosis; of; Gir @éosrcyl,di@%f?ﬁsisiéué@ﬁgﬁw&é%ﬁ&rform

m ni mal | y-i nvasi ve di agnoses wth an extra- fine |as eter with an

i ncreased curvatung, {,0065]1 (parations of s RIapparatdis] Next optical
operations of the PDT ‘apparatus 1 confi gure%gas 25desé(‘:§?| bed ab6ve wll be
descri bed. window 340 as a light-receiving section collects the

fluorescence, which is emitted from the photo-sensitive
pharmaceutical, on the tip of the optical fiber 330.
[0063] In order to detect fluocrescence with a high

10 SN (Signal-Noise) ratio, there is known a method of
separately providing an irradiation fiber and a
detection fiber in a laser catheter, and performing
irradiation and light-reception, tc thereby remove
specular reflection light (see Japanese Patent

15 Application Laid-open No. 2009-148550, paragraph
[0037].).

Meanwhile, in the case o0f performing intracardiac
therapy or diagnosis, in order to increase the
curvature of a laser catheter, 1t is desirable that the

20 diameter cf a laser catheter be small. In the case of
providing a plurality of optical fibers in a laser
catheter, each optical fiber should be formed extra-
finely, and thus a light having a necessary intensity
may not be transmitted.

25 In view of the above, in diseases requiring

intracardiac approaches such asg, specifically, atrial



Fig. 5is a flowhart showi ng operations of the 33 PDT apparatus.
[ 0066] The operations of the PDT apparatus 1 will be described in the

foll owi ng order of (1) to (6). (1) Preparation for PDT (Step
S101 to Step S103) 5(2) Pharmaceutical -concentrati on-nonitoring operation
(Step S104 to Step S105) In the

phar maceuti cal -concentrati on-nonitoring Gﬁération, the light source 110
outputs an excitation light with a first intensity, and the controller 150
10constantly cal cul ates the pharmaceutical concentration based on

f1 uor escence intensi iy gef ealed, due.tihe, del gotiauni £ 130, aand.det er i nes

whet her to additionally adm ni ster pharnaceutical or not based on the

cal cul ated phanaceytd Q@tﬁpﬂceﬂtﬂ&t -1 nl Y 3)a LONt gtz t ORiAG, Qper ation
(Step 5106 to Step 5108 In the contact-nonitoring operation, the

i ght source L0 QUIDULS {e,exGidat) G i widhdhesdidsd datensity, and

t he cpntroller 150 deteynlnes_the 20contact state of the Iaser.the catheter
300 with respegl-di -} psue 4 e Waldr baseds anod luoreseence intengfty

detected by the detection unit 130, and cal cul ates
excitatipn-Ii gia rriadiad i-PEOeAS (dAt enshddsutdi®nt angkddie idke) .

a high SN (Signal-Noise) ratic by using one optical
fiber.
[0064] In view cf the above, according to the PDT
apparatus 1 of this embodiment, the PBS 123 and the

190 long pass filter 124 removes a specular reflection
light on the fiber entrance edge, and the short pass
filter 121 further removes a long-wavelength-side
radiation component of a excitation light. With this
structure, in the laser the catheter 300, while the one

15 optical fiber 330 doubles an irradiation fiber and a
detection fiber, the detection unit 130 can detect
fluorescence with a high SN ratio. As a result, it is
possible to detect fluorescence with a low power so as
not to affect a living body. Therefore, in the therapy

20 and diagnosis of circulatory diseases, it is possible
teo perform minimally-invasive diagnoses with an extra-
fine laser catheter with an increased cuxvétuxe.
{0065] [Operations of PDT apparatus] Next,
operations of the PDT apparatus 1 configured as

25 described above will be described.

Fig. 5 is a flowchart showing operations of the



25(4) Foreign-substance/ breakage-nonitoring operation (Step S109 to Step
In the foreign-substance/breakage-nonitoring operation, the
| i ght source 110 outputs the excitation light with a second intensity, and

S112) 34

the controller

not and further

150 determ nes whether a foreign substance adheres to the
5tip of the laser the catheter 300 for sone reason or

det ermi nes whet her a breakage occurs in tie vicinity of the tip of the
| aser the catheter 300 or not, during laser-irradiation at appropriate
t herapy protocols, based on the fluorescence intensity detected 10by

detection uni
In the cytoci

égﬁ?%%¥%ct-

%g%u%%tocidal-effect-deternining operation (Step

t he
9113)

%érnining operation, the light source 110 outputs

th itati jght w t |t [ t
detorm nee. whol It nor 1% Spoei it Sl Tntih e

150
t he

excitation |i gﬁts (f%bk%%% hrlgl ic]%,[eaogc?ﬂ@ﬁgﬂi %?Pgéo’?gsﬂn &pe(g)l uor escence

intensity detecte

El ectri c- conducti on~hl - t i t 1 nd td 14
Bl a5k ﬂé&éﬁg%nﬁgﬂoﬁ% OPES A wrstieg;se ?a‘%’

ve,

Step 9117)

tection uni

An el ectric-con , as descr

to
a

bl ock in, which cardg§§a$%ﬁgﬁébédg§%g§_égﬂgéﬁgggggbﬁp$b%§%5yggéed site are

necrotized, and in i conduction of electrical pulses fromthe
hyperexcited sigs 4o dhedifd tdd wa is 4 acked, Here,

10

15

20

25

In the pharmaceutical-concentration-monitoring
operation, the light source 110 outputs an excitation
light with a first intensity, and the controcller 150
constantly calculates the pharmaceutical concentration
based on fluorescence intensity detected by the
detection unit 130, and determines whether to
additionally administer pharmaceutical or not based on
the calculated pharmaceutical concentration.

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

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

(4) Foreign-substance/breakage-monitoring

operaticon (Step S109 to Step S112)



35 it is deteimned whether an electric-conduction block is formed or not
by calculating, by the controller, tenporal-change data of fluorescence
intensity used in the cytocidal-effect-determ ning operation (Step S113),
5and el ectrocardi ographi c-wave data. In sonme cases, the |aser catheter may
be relocated in the electric-conduction block, the intensity of the Iight
source 110 may be changed to the first im%nsity, and the simlar process
may be perforned, to thereby determ ne whether 10an el ectric-conducti on
block is formed or not. [0067][(1) Preparation for PDT]Fig. 6 is a

schemati c di agram show.n | aser catheter inserted in a left atrium
First, a practitiorflét?‘@Ef%‘?a = ottt t??ﬁﬁj?ﬁ??ﬁﬁgﬂEﬂeﬂﬁﬁo¥+ﬁgcatheter 300

in the heart 10 vi f |, vei ' [ f.th tient 2. Th
Li'p por {1 on ol RHET BB Tife LiHe 7 Gob 15 APEpoLEn Vit (RC TRy of 5
I in 12 of [ | . of t.h i.ac- j 1 of th
et atr] um 13- 567 86 Torb By C O06HT SIBE ety CIF (h T Ear Kee 1 var ous
f tial d St S102)... th i L] 1, i = iti
phar maceut i cal CETRE BaLT IS (B Ee Sty rEr et e e PG ot

25phot o-pensh i ue PPALIBCRU S AL, DeCEERELY: | 960 L ASE Bind S-@8BL st ered to
not and further determines whether a breakage occurs in
the vicinity of the tip of the laser the catheter 300
or not, during laser-irradiation at appropriate therapy
protocols, based on the fluorescence intensity detected
10 by the detection unit 130.

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

In the cytocidal—effect«determining cperation, the
light source 110 outputs the excitation light with the

15 second intensity, and the controller 150 determines
whether there is a cytocidal effect on a tissue, on
which the excitation light is being irradiated, or not
based on the fluorescence intensity detected by the
detection unit 130.

20 {6) Electric-conduction-block-formation
determining operation (Step 8114 to Step S8117)

An electric-conduction block iz, as described
above, a block in which cardiac-muscle tissues
surrounding a hyperexcited site are necrotized, and in

25 which conduction of electrical pulses from the

hyperexcited site to the left atrium is blocked. Here,



intravenous injection wll be described. The adm ni stered photo-sensitive
phar maceutical is diffused in blood and absorbed in a tissue. [0069][(2)
Phar maceuti cal -concentrati on-nonitoring 5operation] Subsequently, the
pharmaceutical - concentrati on-nonitoring operation is perforned.

First, the practitioner operates the operating unit 180, and inputs an
excitation-light-output instruction with3he |ow power first intensity to
the 10controller 150. The controller 150 obtains the
excitation-light-output instruction, and then outputs the

t at I ht t St ith t f t t t t he | ht
Sour o 150, ol 1 ¥E R e féwﬁr&%“mnt S et
t t 15f th t I 1 dth t.put t t
[ght i th'therd emEhienaidly S don 4 f?fﬁ%ﬂﬁofté% i tﬁ”t he
t at I ht t t t t t t
excitation Ili out put a%gqrgerétagﬁo C%II' ff\g Céacé,}ge |velIg%O%II dsc@& System

120 and the | a eer?p?lﬁ 0- Séensi armaceuti cal ,

which is absor%? nt&%%ﬁnf}&mb(Iép%M%% b?sT%ée &(rgl g{éggnsﬁ:ght from

the | aser the uore e opti syst’em 120

extracts the f r N Qﬂgﬁ sensidi\e @@rnag tical

Vi a the% aser ‘ItrIFI& %gecce{lﬁ Cta:rIHJBCIO%da t‘I]AI%I uorée)scgn@lcetdén\r%t g%s t he ?Iet ection
unit 130. The fetec nIa}P E@t%iécé%e{ﬁeiﬁéj eﬁgcgtﬁpr escence, and

outputs the det ecte oresc ce Intensity to the controller 150 as an

el ectrical si gﬁéﬁdutzgpdr&)]gl%@mm@liﬁteéépc§%§utﬁé epidive fduprescance

intensity based on t el’'ectri‘cal signal
may be changed to the first intensity, and the similax

process may be performed, to thereby determine whether
10 an electric-conduction block is formed or not.

[0067] [(1) Preparation for PDT]Fig. 6 is a

schematic diagram showing a laser catheter inserted in

a left atrium.

First, a practitioner such as a doctor inserts the

15 laser the catheter 300 in the heart 10 via a femoral

vein or a jugular vein of the patient 2. The tip

portion of the laser the catheter 300 is disposed in

the vicinity of a pulmonary vein 12 of an inner wall of

a the cardiac-muscle tissue 11 of the left atrium 13
20 (Step S101).

[0068] Subsequently, with reference to various

referential data (Step 8102), the practitioner

administers photo-gsensitive pharmaceutical to the

patient 2 (Step S103). Here, the case where a dose of
25 photo-~sensitive pharmaceutical necessary for therapy is

administered to the patient 2 at one time by



5obtained 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 the cal cul ated fluorescence intensity is inrelation with tine
information obtained froma timng 10measurenment unit (not shown.). The
controller 150 creates display information of the tenporal change of the
fluorescence intensity based on the cal clH@ted fl uorescence intensity and
el apsed tine after a criterion time such as an intravenous-injection start
15time, and outputs a display instruction including the created display

information to the display unit 170. T dIS | ay_uni obt ai ns the
di spl ay |nstnﬁﬁ§¥ﬁyﬁqéﬁﬁt%ﬂ9%:QﬁQQﬂW% %%#bl% di"sPl ays the tenpora

change of (he LLunteacence oiensiy ;‘paeawr'% pieendekond e,

di splay i nforr# ITIStTuUct i on.  FOor exanpl e

di splay unit 170 .di splays.t r f the fl uorescence |nten5|ty
on the dlsplafjﬁégé{%ﬁlﬁ“%eg?aﬁﬁﬁ¥orﬂ% an exanpl e of the graph

showi ng the 2ot symef a CP@g%@r&ﬁeﬁéyﬁﬁ%&@&%ﬁg@tnx i dd- e,

descri bed. i's'a OW ng a ange

fluoresgpnce i ?H?&tgh 5u?$ﬁ§{§§§}ﬂ%2@%¥§ﬁ% Jemporal; change of

fl uorescence fﬂ%en5| to-sensitive 5pharmaceuti cal

(Laser phyri n) &55&%“%{géﬁéﬂfﬁbﬁf£6%fﬂg operation is performed.

First, the practitioner operates the operating
unit 180, and inputs an excitation-light-output
instruction with the low-power first intensity to the

10 controller 150. The contrcoller 150 obtains the
excitation-light-output instruction, and then outputs
the excitation-light-output instruction with the first
intensity, to the light source 110. The light source
110 obtains the excitation-light-output instruction

15 from the controliler 15C¢, and then outputs the
excitation light with the first intensity. Tissues and
blood are irradiated with the excitation light output
from the light source 110 via the optical system 120
and the laser the catheter 300. The photo-sensitive

20 pharmaceutical, which is absorbed in a tissue and blood,
abgorbs the excitation light from the laser the
catheter 300, and emits fluorescence. The optical
system 120 extracts the fluorescence emitted from the
photo-sengitive pharmaceutical via the laser the

25 catheter 300, and the fluocrescence enters the detection

unit 130. The detection unit 130 detects the entered



by intravenous injection (i.v.), and irradiation is perforned with an
excitation light, which is the sane as the Q band absorption spectrum of

t he pharnaceutical (sem conductor |aser, em ssion wavelength with, for
10exanpl e 600 to 800 nm preferably 660 to 680 nm or nore preferably 664
plus or mnus 2, 400 uW. The tip portion of the |aser the catheter 300 is
di sposed in the right atriumof the pig. 3The fluorescence intensity in

bl ood nonotoni cal ly 15decreases after the pharmaceutical adm nistration.
Meanwhi | e, the fluorescence intensity in a cardiac-nuscle tissue increases

for a det ined ti ft t h [ d trat
and thon deor Eadbe SHHEr 2 é»awaae}bqsr eﬁkﬁrﬁ?c@eﬁ%‘i‘ﬁé’é!ﬁ%ﬁe#‘%e&%%?ozé’”.s
hi gher than the quorescence |nten ¥ %%g car di ac- M cIe H!ssue
[ 0072] Her e, tkﬁ?q%ﬁ%ﬁ %e?ﬂ%eﬁo? %@Ee aﬁt@ﬁ%@ﬁf nd Bharteceuti ca

concentration ld: 7IO(Jbe de@%:%}%& oCZjLEfL 19,818 fc raatphS showi ng a correl ation

bet ween fl uore e int arnaceu concentrati on. 39 Fig. 8
(RS Soncin; O AL A algpgst) ool pasgent st on
quoresggncelég tar @g froﬁrgﬁ EE%%%%E%&EtﬂﬁE%ii§%. The controller
150 starts to record, in the storage 160, the temporal
change of the fluorescence intensity as a log in which
the calculated fluorescence intensity is in relation
with time information obtained from a timing
190 measurement unit (not shown.). The controller 150
creates display information of the temporal change of
the fluorescence intensity based on the calculated
fluorescence intensity and elapsed time after a
criterion time such ag an intravenous-injection start
15 time, and outputs a display instruction including the
created display information to the display unit 170.
The display unit 170 cobtains the display instruction
from the controller 150, and then displays the temporal
change of the fluorescence intensity on a display
20 screen based on the digplay information included in the
display instruction. For example, the display unit 170
digplays the temporal change of the fluorescence
intensity on the display screen in a graph form.
[0071] Here, an example of the graph showing the
25 temporal change of the flucrescence intensity will be

described.



Sirradiated with the excitation light as showm in Fig. 7. The absol ute

val ue of pharmaceutical concentration is alnost the sane as the
fluorescence intensity. That is, it is possible to nonitor pharnaceuti cal
concentration in real time based on the constantly-cal cul ated

10f l uorescence intensity. [0073] The controller 150 cal cul ates

phar maceutical concentration in a tissue3@nd in bl ood based on cal cul at ed
fluorescence intensity (Step S104). The controller 150 starts to record, in
the storage 160, 15the tenporal change of the pharnmaceutical concentration

as alo 'nwh'chtec cul at ed armaceut i cal_conce tion is.in
relatlog:/mth!tlrreElh rraltjﬁc?n g] "‘fllrjrb#nadtﬁ%%@amne Eg[ﬂ%err:ac?ﬁlunlt (not

shown. ). Furt&gL thececontrol | er ]t50 creates display informati on 200f the
tenporal chande ‘6 ST Ib%arlrf:é i'¢al concentratl on based on the cal cul ated

phar maceut i cal con%ejr‘%;ectI S%O"{agq[ Iaﬁpe%n Oﬁarglﬁeer Oafdﬂ-' ésoc%l{c%ém such

as an intravenous-in on s II'TE an Sp ay 1 ns ruction

i ncl udi ng jthef%eeq}jt 47 q%sﬁ{eayca f%[{@é[ 3{&%' onélﬁel}éjiélm unit 170. The

di splay unit he display 1n the controller

150, and thenpc},lst;?[{g:yeg~1 he em%lqgeq{?@% %] c@ﬁr&f@{ Cf
concentration®on a display screen on 't splay 1n ormatl ongl ncl uded
in the display, JUGEd Rals examp! e.; the digpl ayunit, 170, 5di splays the
t enpor al changé}r}$TP ]%gmrracejutl crq}l concentratl on on the d&k%lay screen
in a graph fo@@rformed with an excitation light, which is the same
ag the Q-band absorption spectrum of the pharmaceutical
(semiconductor laser, emission wavelength with, for
10 example 600 to 800 nm, preferably 660 to 680 nm, or
more preferably 664 plus or minus 2, 400 uW). The tip
pertion of the laser the catheter 300 is disposed in
the right atrium of the pig.
The fluorescence intensity in blood monotonically
15 decreases after the pharmaceutical administration.
Meanwhile, the fluorescence intensity in a cardiac-
muscle tissue increases for a predetermined time period
after the pharmaceutical administration, and then
decreases. Further, the fluorescence intensity in the
20 blood is higher than the fluorescence intensity in the
cardiac-muscle tissue.
[c072] Here, the relation between fluorescence
intensity and pharmaceutical concentration will be
described.
25 Fig. 8 1s a graph showing a correlation between

fluorescence intengity and pharmaceutical concentration.



[0074] Here, an exanple of a graph show ng the tenporal change of the

phar maceuti cal concentration will be described. 10Fig. 9 is a graph show ng
a tenporal change of pharnaceutical concentration. As descri bed
above, the fluorescence intensity in blood is higher than the fluorescence
intensity in a cardiac-nuscle tissue, and, in addition, the 15fl uorescence
intensity correlates with the pharnmaceuti3®al concentration. Therefore,
simlar to the tenporal change of the fluorescence intensity in blood, the
pharmaceuti cal concentration in bl ood nonotonically decreases after the
phar maceuti cal adm nistration. 20Meanwhile, simlar to the tenporal change
of the fluorescenc&iht ehsTASHS i LI THhPHHFFRGRIT EHE BhcEht rat i on
in a tissue increases for a predetermined tinme, period after ﬁﬂg

phar maceut i cal®adHaaTH T oL HFRATHET e eabes. BT Her2 by
pharmaceutical 25concentration in blood is higher in | eyel than the

phar maceut i calom:}%}f i%r‘]of‘?f)‘g ?‘?Jsjs‘?fé“:.mrhlr%f%ﬁ%') ﬁ%a/cg?ﬁ roller 150
determ nes whet her the cal cul at ed. harnq:eutical onceq&gat'on is equal to
or nore than a YtHEHAYES §tpetp‘31§fd%5 2 Cl}ehecac%ehtw T er %Cﬁéd]és[errri nes t hat

t he pharmaceut.i cal ..concen ion is _be re than the &pres@pld,

the contt ol | err 5t 8515 %iﬁ%t?@f ?ﬁ%lgﬁgiﬁégégéngﬁscﬁ C&Ht At ifor? T eaches
210e00vealY Yot AR IRER A0 N QULACCINY L D QRRRAL O (7 o
almost the same as the fluorescence intensity. That is,
it i1s possible to monitor pharmaceutical concentration
in real time based on the constantly-calculated

10 fluorescence intensity.
f0073] The contrcoller 150 calculates pharmaceutical
concentration in a tissue and in blood based on
calculated fluorescence intensity (Step 8104). The
controller 150 starts to record, in the sgtorage 160,

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

20 of the temporal change of the pharmaceutical
concentration based on the calculated pharmaceutical
concentration and elapsed time after a criterion time
such as an intravenous-injection start time, and
outputs a display instruction including the created

25 display information to the display unit 170. The

display unit 170 obtains the display instruction from



controller 150 determ nes that the pharmaceutical 10concentration is |ess
than the threshold, the controller 150 estimates that the pharnaceuti cal
concentration fails to reach the necessary val ue, creates display
information for pronpting to additionally adm nister the pharmaceutical,
and outputs 15the display instruction in%luding t he created display
information to the display unit 170. The éﬁsplay unit 170 obtains the

di splay instruction fromthe controller 150, and then displays, based on
the display information including the display instruction, 20information

pronpting the practdtd,oneret o fddidionaldy Rdpnad arind heedihtor sensitive
phar maceutical (Step 5105, No). [00761Note that, 'because the fluorescence

intensity chand@ld et oM bk dde: phar mageidn s £ Loncantd ati @may f
25t he display unit” 170 di splays the fluorescence intensity on the display

screen, a pracddtdNais e bras he 23 B ¥Ies) o LSt drived e Tldephiat naeeut i cal
concentration based on the fluorescence intensity, even if the controller

150 does not c@d G at e dde-yhal s c e sorC alkae@nesntohal idarplal0AdtMaanwhi | e,
in general, as a nethod of nonitoring the pharmaceutical concentration

change i: bl oagh sghefe dise kiowsode Teitathd roMhiteh whsanbencei @fl bl ood,

which is collected at regular tinme intervals after phal maceuti cal

admi ni strati ongonGemeasii®d.on the display screen in a graph form.
[0074] Here, an example of a graph showing the
temporal change of the pharmaceutical concentration
will be described.

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

As described above, the fluorescence intensity in
blood is higher than the fluorescence intensity in a
cardiac-muscle tissue, and, in addition, the

15 fluorescence intensity correlates with the
pharmaceutical concentration. Therefcre, similar to the
temporal change of the fluorescence intensity in blood,
the pharmaceutical concentration in blood monotonically
decreases after the pharmaceutical administration.

20 Meanwhile, similar to the temporal change of the
fluorescence intensity in a tissue, the pharmaceutical
concentration in a tissue increases for a predetermined
time period after the pharmaceutical administration,
and then decreases. Further, the pharmaceutical

25 concentration in blood is higher in level than the

pharmaceutical concentration in a tissue.



10However, in this nmethod, the plot nunber is |imted because the

col l ectable blood volune is [imted, and in addition, it is not possible to
nmeasure the concentration in real tinme. Alternatively, there is known a

met hod in which a 15bypass pathway is prepared outside of a body, blood
passing through the pathway is irradiated with light, and fl uorescence
intensity is observed, to thereby noni t or*} he phar maceuti cal concentration
change. However, it is necessary to pay attention to hygiene in 20this

met hod. Further, as a nethod of nonitoring pharnaceutical

concentration L(g?%}ti Ssug, télﬁ{%é}?lé@% adé’@éltqﬁgné'g mtgge@agﬁe of carbon

i n pharnaceuti I's transforned 1 nto isotope, e 1sotope IS

sl taneous! Y. 2RAGTL NS LRAha AN A2l @&%A&@&f&g@fg&\é 4 Pnd nyeach

tissue i s noni ased radiation quantity 4 NCER RESEARCH 50.
3985- 3990, Julpy,le 4380 o Hrosus Dt 14 i@y and RRot-ezensdi.zing-

Properties of Mono-Lasparty orin e6in a Muse Tunor Model, Charles J.

Corner and Angel @ FerdafiQls (INeVele ﬁsmﬁna@éma@i NVOh V&S £ 201 &t T an

exposure problems, and involves a problemin that only a concentration may
be moni t:pred rBGEOSCAPi Caldde [G0£8] 9 the LOM TN VenACEH Si01d 0 1he

phar maceuti cal -Concentrati on-nonitoring operation of 10this enbodi nent, by
cal cul ating thest 8Pl t6aNg€e Ofharmaceutical concentration reaches

a necegsary value, and moves to the contact-monitoring
operation (Step 8105, Yes). Meanwhile, 1f the
controller 150 determines that the pharmaceutical

10 concentration is less than the threshold, the
controcller 150 estimates that the pharmaceutical
concentratiocon fails to reach the necegsary value,
creates display information for prompting to
additionally administer the pharmaceutical, and outputs

ib the display instruction including the created display
information to the display unit 170. The display unit
170 cobtains the display instruction from the controller
150, and then displays, based on the display
information including the display instruction,

20 information prompting the practitioner to additionally
administer the photo-sensitive pharmaceutical (Step
5105, No).
[C076] Note that, because the fluocrescence intensity
correlategs with the pharmaceutical concentration, if

25 the display unit 170 displays the fluorescence

intengity on the display screen, a practitioner such as



fluorescence intensity, the tenporal change of pharnmaceuti cal
concentration, which correlates with fluorescence intensity, nay be

cal cul ated. Therefore the pharmaceutical concentration in a tissue and
bl ood 15rmay be nonitored in real tinme. Further, the
pharmaceuti cal -concentrati on-nonitoring operation of this enbodinent is
| ess i nvasive than the conventi onal nnniﬁ&?ing net hod, and is capabl e of
nonitoring tenporal changes of pharnaceutical concentration stably 20and
reproduci bly. Further, because the tenmporal change of pharnmaceuti cal

concentration J sy mnit gred ad:a i (CAtNR! 65 sl g dhe &xedd:alionidd ght

fromthe light source 110 of the PDT apparatus 1, It IS not necessary to

addi tional ly provide,a phardmeaud caloLongentdal) onwadeteciidg apparat us,
to thereby enable a | ow cost and space-savi ng apparatus. Further, because

the 44 phar macauli CaleCONEEMdA] It Moy e 0N di eshd nd @bt ¢4,
determ nation of additional pharnmaceutical adm nistration may be assisted

inreal time. JOQO]FEHdher, the pharnmaceutical -concentration- 5nonitoring
operation of this enbodi nent may be performed not only in PDT but also in

t herapy sor di agnpsis UusiMihasRg MeGeWd eada1 WH £ asaids &n excitation
| ight and emts fluorescence. In therapy or diagnhosis using a

phar maceut i calgor it dSindPpid PHarne:dOg as0 acdqhadmmesiidcathaynanc state
(pharmaceutical delivery). According to the

phar maceut i caligioms®nt et +On-droaidwat | gnefiesdat ironsiofci hiiss @riboctsrent |
phar maceuti cal concentration in an intended tissue nmay be neasured
m croscopi cal lyladd, avicatihetercolNgeadd tatmesedibond ymanccstedes of
vari ous pharnmaceuticals may be

after pharmaceutical administration, is measured.

10 However, in this method, the plot number is limited
because the collectable blood volume is limited, and in
addition, it is not possible to measure the
concentration in real time.

Alternatively, there is known a method in which a

15 bypass pathway is prepared outside of a body, blood
passing through the pathway is irradiated with light,
and fluorescence intensity is observed, to thereby
monitor the pharmaceutical concentration change.
However, it is necessary to pay attention te hygiene in

20 this method.

Further, as a method of monitoring pharmaceutical
concentration in a tisgsue, there is known a method in
which part of carbon in pharmaceutical is transformed
into isotope, the isotope is simultaneously

25 administered, and pharmaceutical concentration in each

tigsue i1s monitored based on a radiation quantity



grasped. Further, because mnimally-invasive nonitoring is enabled, the
phar maceuti cal -concentrati on-nonitoring operation of this enbodi nent has a
great advantage and is suitable for practical use. Further, the

20phar maceut i cal -concentrati on-nonitoring operation of this enbodi nrent may
be perforned in a system (DDS, Drug Delivery System in which
pharmaceutical is delivered to only a cert3ain location, and is useful to
esti mat e whet her pharnaceutical reaches actually and | ocally. 25[0080][(3)
Cont act-noni tori ng operation] Subsequently, the contact-nonitoring

operation is @f“&f‘f{]ﬁ q{ rdiPO8L] F ._hié)%@r engRpeMat £ i agr k. show ng

contact states © e [aser catheter. aser t'he ‘cathet'er 300 is

preferably di snosed Aauch, that die dddhparti o, asdbdighis i bidng.mor ti on

contacts the inner wa the cardi ac-nustcle tissue 11 upright (see
Fig. 10(a), herginafiercdrhernt e ti9) as vdRd FRinSONAEd 1 StalLr1ds Jhis

state is preferable 'so as to renpove intraatrial the blood 15 10fromthe tip

portion of thed.assr ihe catdhe! 6723001 and tRWRAAYENE HAGE inkatoen of
phot o- sensi tive pharmaceutical in the intraatrial the blood 15 . Further,

this state is prefBrable SR EHT @:58l86td walabaaid vales pheteosensid i ve
phar maceuti cal absorbed in a tissue when the 15tip portion of the |aser the
catheter 300 i#®¢tdwy in that only a concentration may be monitored
macroscopically.
[0078] To the contrary, according to the
pharmaceutical-concentration-monitoring operation of
10 this embodiment, by calculating the temporal change of
fluorescence intensity, the temporal change of
pharmaceutical concentration, which correlates with
fluorescence intensity, may be calculated. Therefore
the pharmaceutical concentration in a tissue and blood
15 may be monitored in real time. Further, the
pharmaceutical-concentration-monitoring operation of
this embodiment is less invasive than the conventional
monitoring method, and is capable of monitoring
temporal changes of pharmaceutical concentration stably
20 and reproducibly. PFurther, because the temporal change
of pharmaceutical concentration is monitored via a
catheter by using the excitation light from the light
source 110 of the PDT apparatus 1, it is not necessary
to additionally provide a pharmaceutical concentration
25 detecting apparatus, to thereby enable a low-cost and

space-saving apparatus. Further, because the



contacts a tissue. However, it is difficult to recognize the precise
contact state of the tip portion of the:laser the catheter 300

radi ographically or tactually. Because of 20this, actually, it is not

al ways true that the tip portion of the |laser the catheter 300 is in the
upright-contact state with respect to a tissue. The the blood 15 may exi st
between the tip portion of the | aser t he %¢at heter 300 and a tissue, and the
tip portion may 25be in the blood (see Fig. 10(c), hereinafter referred to
as "non-contact state".). Alternatively, the tip 46 portion of the |aser

the catheter %g%l{%gemcaﬂ rldeHRU oA AN Ml Ad A%, 2204 Lhe the

bl ood 15 may y exist 1n a gap between the tip portion and the

tissue (see Fign 0 Horelinal ofe Lefeiiemhd0 Sasrlaniag: contact

state".). _ e contact-nonitoring operation, such contact states of
the tip portiqnofithe d:asel (e atheliert 300, thal isimd he contact states

and the non-contact state, are nonitored, the contact angle

(upright-cont agipsfjat e, AOslAM | NGrL YA &hat@al edfiefass @fn t he

contact states is nonitored, and thelike. Note that, in this

speci fi gati onpddie 016y aflea00l@) JOt N briRalisnah a0 Wey/ - def i ned
angul ar val ue, but also neans a w del y-defined contact angle, in which the

contact 15t atif okl tidk ROTTy O afott heud aseio the walhehero:300 with
respect to a tissue is upright or slanting. [0082]Continuously, the |ight
source 110 outPHdhosis using a pharmaceutical, which absorbs an
excitation light and emits fluorescence. In therapy or
diagnosis using a pharmaceutical, it is important to
10 grasp a pharmaceutical dynamic state (pharmaceutical
delivery). According tc the pharmaceutical-
concentration-monitoring operation of this embodiment,
pharmaceutical concentration in an intended tissue may
be measured microscopically via a catheter in real time,
15 and dynamic states of various pharmaceuticals may be
grasped. Further, because minimally-invasive monitoring
is enabled, the pharmaceutical-concentration-monitoring
operation of this embodiment has a great advantage and
is suitable for practical use. Further, the
20 pharmaceutical-concentration-monitoring operation of
this embodiment may be performed in a system (DDS, Drug
Delivery System) 1in which pharmaceutical is delivered
to only a certain location, and is useful to estimate
whether pharmaceutical reaches actually and locally.
25 [0080] [(3) Contact-monitoring operation]

Subsequently, the contact-monitoring operation is



the excitation light wwth the first intensity to the optical system 120,
the controller 150 cal cul ates 20fl uorescence intensity and pharmaceuti cal
concentration, and the display unit 170 di splays the tenporal change of
fluorescence intensity on the display screen. For exanple, the display unit
170 di spl ays the tenmporal change of fluorescence intensity on the display
screen 25as a graph. [0083] Here, an exanpl® of a graph showi ng the 47
tenporal change of fluorescence intensity will be described. Fig 11
is a graph showi ng the tenporal change of fluorescence intensity. 5Fig. 11
is a graph show%gg t he tenporal change of fluorescence intensity under the
condition san®HSHEHYL7. In the graph, the line A shows |ow fl uorescence

intensity, the |] C shows hi fluorescence intensity, .and.the line B
1ot uat &5 bet Wk e (3 1RA eotbith® TA TRBHSH Ty TS HEY | TR Aiand t he
fluorescence intensity of. the line C_Note that. in Fig. 11, in order to
make t he descr??ﬂ'%ﬁ#cﬁ%ﬁﬁ?st%% @%%g%%%frdﬁ%%%%t%ﬁ'fluorescence

The laser the catheter 300 is preferably disposed

5 such that the tip portion as a light-emitting portion
contacts the inner wall of the the cardiac-muscle
tissue 11 wupright (see Fig. 10(a), hereinafter referred
to as "upright-contact state”.). This state is
preferable go as to remove intraatrial the blood 15

10 from the tip portion of the laser the catheter 300, and
to prevent activation cof photo-sensitive pharmaceutical
in the intraatrial the blocd 15 . Further, this state
is preferable so as to selectively activate photo-
sensitive pharmaceutical absorbed in a tissue when the

15 tip portion of the laser the cathetexr 300 directly
contacts a tissue.

However, it is difficult to recognize the precise
contact state of the tip portion of the laser the
catheter 300 radiographically or tactually. Because of

20 this, actually, it is not always true that the tip
portion of the laser the catheter 300 isg in the
upright-contact state with respect to a tissue. The the
blood 15 may exist between the tip porticn of the laser
the catheter 300 and a tissue, and the tip portion may

25 be in the blood {see Fig. 10(c), hereinafter referred

tc as "non-contact state".). Alternatively, the tip



intensity in the case where the tip portion of the 15l aser the catheter 300
is in the upright-contact state, the tenporal change of fluorescence
intensity in the case where the tip portion of the |aser the catheter 300
is in the slanting-contact state, and the tenporal change of fluorescence
intensity in the case where the 20tip portion of the |aser the catheter 300
is in the non-contact state are shown in %ne graph. However, actually, one
of themis displayed according to the contact state of the tip portion of
the | aser the catheter 300. 25The line A wll be reviewed. Here, as shown

in Fg. 7, thepéﬂt%rﬁ%e UENS e IdLihdd S U d SrRidRlac i han the

fl uorescence i'ntensi in herefore, 1t is thought that the line A

shows the f|uqreseence, intensidshd mbhe.case, WISl ecddieldssioddie gat het er

300 irradiates a tissue W e excitation light. So, 1n 5the case where

the {1 uor escenge, ILANSI Qbcthe 11 e dbl Seakaul il c 44 dorithauont t hat

the fluorescence intensity in a tissues reflected in the rTesult because

the tip portiophofeddelasar the cathetar (1300 hsrd Md e Hprd gty Loniact
state with respect to a 10ti ssue. The line Cwll be reviewed. Here,

as showy in Figy niy1dihefd uanescenca.dadensity in blood is larger than the
fluorescence intensity in a tissue. Therefore, it
In the contact-monitoring operation, such contact

gstates of the tip portion of the laser the catheter 300,
that is, the contact states and the non-contact state,
are monitored, the contact angle {upright-contact state,

10 slanting-contact state) in the case of the contact
states is monitored, and the 1ike. Note that, in this
specification, the "contact angle” not only means a
narrowly-defined angular value, but also means a
widely-~defined contact angle, in which the contact

15 state of the tip porticon of the laser the catheter 300
with respect to a tissue is upright or slanting.
[00R2Z] Continuously, the light source 110 outputs
the excitation light with the first intensity to the
optical system 120, the controller 150 calculates

20 fluorescence intensity and pharmaceutical concentration,
and the display unit 170 displays the temporal change
of fluorescence intensity on the display screen. For
example, the display unit 170 displays the temporal
change of fluorescence intensity on the display screen

25 as a graph.

[0083] Here, an example of a graph showing the



is thought that the line C shows the fluorescence 15intensity in the case
where the | aser the catheter 300 irradiates blood with the excitation
light. So, in the case where the fluorescence intensity of the line Cis
calculated, it is thought that the fluorescence intensity in blood is
reflected in the result because 20the tip portion of the | aser the catheter
300 is in the non-contact state with resﬁ%ﬁt to a tissue. The line B
will be reviewed. Because the line Bis between the fluorescence intensity
of the line A and the fluorescence intensity of the line C, it is thought

25that the tip atdion Gfadde daserudhe calhet 81300 i i1 e

i ¢
sl anting-contact 'state wmth respect to a tissue. 49 Further, because a
contact -t argetyohj.egl.pf the tip portion of the laser the catheter 300 is a
nmovi ng cardi ac-nuscle tissue, the |laser the catheter 300 follows the

novement of the tissue to therehy: dDyesnAsi R f1esWdmpdibl NenLage where the
tip portion of the |aser the catheter 300 contacts a tissue in a slanting

manner, it.is #ikeldeddipte thebhopd,vol ume between the tip portion of the
| aser the catheter 300 and a tissue changes during neasurenent. In

addi tion; the bl oodrfd ow 110vH| dnerdph 516k HAC-HRISE R d+ S5 Uehahpdges and
the intraatrial blood-flow vol unme changes because of heartbeat. Affected by

them the fluctuasisrdrfcd henddmor ep conter i tHensdhyi ©f o heathé nes Brig. | arger
than the line A and the line C. 15Further, in the case where the tip
portion of thes. iIn the graph, the line A shows low fluorescence
intensity, the line C shows high fluorescence intensity,
and the line B fluctuates between the fluorescence
10 intensity of the line A and the fluorescence intensity
of the line C.

Note that, in Fig. 11, in order to make the
description clear, the temporal change of fluorescence
intengity in the case where the tip portion of the

15 laser the catheter 300 is in the upright-contact state,
the temporal change of fluorescence intensity in the
case where the tip porticn of the laser the catheter
300 ig in the slanting-contact state, and the temporal
change of fluocrescence intensity in the case where the

20 tip portion of the laser the catheter 300 is in the
non-contact state are shoWn in one graph. However,
actually, one of them is displayed according to the
contact state of the tip portion of the laser the
catheter 30C.

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

7, the fluorescence intensity in a tissue is smaller



| aser the catheter 300 contacts a tissue in any state (upright-contact
state, slanting-contact state), the |laser the catheter 300 nay be affected
by the novenent of the cardiac-nuscle tissue. That is, the contact 20state
of the tip portion of the |laser the catheter 300 fluctuates between the
contact states (upright-contact state, slanting-contact state) and the
non-contact state. In this case, the fludt®scence intensity fluctuates

| argely. Therefore, it is determ ned whether 25the |aser the catheter 300
foll ows the novenent of a cardiac- nuscle ti ssue or not based on fluctuation

of 50 the flu resc nce nten5|t n, a wayv |n t he
- %"? ’%F‘%“i‘%o esce nSlﬂﬁtJeIﬁgiJf?/oaft%rhefreafg)

line A of the our séconds

e, R A o S RGBT o
uBright-pontaci éég%et%galn {0 (%Bas h%£%3¥ €$ e%t¢$5%$2%%%npe
porti on of 't heif SEOr e Zathatss ‘”‘%%%ﬁ“%%eﬁt%%ﬁﬁ%ﬁféﬁtn%%t St s, Foont act
323L2 !thecgz(:tt?'}fl T1er 1§%Pé%d;§%?g§%%£r at 1 e ca féig%ff$%%££§%%§%g
intensity is calculated, it is thought that the fluorescence

intengity in a tissue is reflected in the result
because the tip portion of the laser the catheter 300
is in the upright-contact state with respect to a

10 tissue.

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

7, the fluorescence intensity in blood is larger than
the fluorescence intensity in a tissue. Therefore, it
is thought that the line C shows the fluorescence

15 intensity in the case where the laser the catheter 300
irradiategs blocod with the excitation light. 8o, in the
cage where the fluorescence intensity of the line C is
calculated, it is thought that the fluorescence
intensity in blood is reflected in the result because

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

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

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

in the slanting-contact state with respect to a tissue.



is equal to or larger than a first threshold, the controller 150 determ nes
the non-contact state (line C. In the case where the controller 150
determ nes that the mninmum value of the fluorescence intensity is 20equal
to or smaller than a second threshold, which is snmaller than the first
threshold, the controller 150 determ nes the upright-contact state (line
A). In the case where the controller 150 et erni nes that the fluorescence
intensity periodically fluctuates between 25the first threshold and the
second threshold, the controller 150 determ nes the slanting-contact state

51 (line B). puyrnelhe wonhiol !aercc;lrﬁpaé-@jlfg%%eé N actdd igner, he

determ ned contact state by using the displ unit™ 170. Specifically, when

the control | er, 150 detgr ines 408- Sglantd g contacd S8 af endfidde
non-contact state, the controller 150 creates display infornmation for

pronpting to changedhg Lot acls flat e fhet imdaddueof ide |aser the
cat heter 300, and outputs a display instruction including the created

di spl ay 10i nf ordmetd e 41 e sl ayr Whd dif@sud hes disdbans, Udde 17@s0bt ai ns
the display instruction fromthe controller 150, and then displays

informats on fof APt Ny aHY asldd ipnefe thhehan@edhe Godacihst ate of the
tip portion of the |l aser the catheter 300 based on the 15 displ ay

information inddwe ditspl@ridsdy uWdd abldSieps S107)ssuhei pracdidhones
operates a handpiece or the like (not shown.) provided on the |aser the

cat heter 300, wanridier ehy ichange hhecontiaed Siad® wildde e tpedat tirgn of the
| aser the catheter 300 with respect to a 20tissue. [0085] The controller 150
conti nuously calgu@teison of the laser the catheter 300 and a tissue
changes during measurement. In addition, the bloocd-flow
10 volume in a cardiac-muscle tisgsue changes and the
intraatrial blood-flow volume changes because of
heartbeat. Affected by them, the fluctuation of the
fluorescence intensity of the line B is larger than the
line A and the line C.
15 Further, in the case where the tip portion of the
laser the catheter 300 contacts a tissue in any state
(upright-contact state, slanting-contact state), the
laser the catheter 300 may bhe affected by the movement
of the cardiac-muscle tissue. That is, the contact
20 state of the tip portion of the laser the catheter 300
fluctuates beéween the contact stateg (upright-contact
state, slanting-contact state) and the non-contact
state. In this case, the fluorescence intensity
fluctuates largely. Therefore, it is determined whether

25 the laser the catheter 300 follows the movement cf a

cardiac-muscle tissue or not based on fluctuation of



fluorescence intensity and pharmaceuti cal concentration. The controller 150
refers to fluorescence intensity and pharmaceutical concentration stored in
t he storage 160. 25The controller 150 cal cul ates the bl ood volune in the
gap between the tip portion of the |laser the catheter 52 300 and a tissue
based on the referred fluorescence intensity. The controller 150 cal cul ates
excitationlight-irradi ati on protocols duﬁﬁhg the therapy, that is, the
second intensity of the excitation light, the 5Sirradiation tinme, and the

| i ke, based on the cal cul ated bl ood volunme and the referred pharnmaceuti cal

concentration t(l'f% P Q) cence inths XA S 11 e LfaseMber eckhe tip
portion of the [aser the catheter 300 i's in the slanting-contact 10state or

the non-contact, gtate and whene Rl eod, X! Sidbd hergamidhe 1 oss of the
excitation light “(excitation Iight which does 'not reach tissue) is

consi dered based; R dde,dl 0ot okl urp 2 And thauexsd datdonddaht - | rradiation

protocols are set, in 15which the second intensity is high and in which the

i rradiation tidgh s ditt calN il dari doGcal culwies tdinicy
excitation-light-irradiation protocols, creates display information on the

irradi atg on prifoend s, siases HHPUtE ISR ot trsdd Ust | O | Tidandidigs t he
created 20di splay information to the display unit 170. The
catheter 300 momentarily moves from the upright-contact
gtate to the non-contact state and returns to the
upright-contact state again.
[0084] Based on the calculated fluorescence
10 intensity, the controller 150 determines the contact
state of the tip portion of the laser the catheter 300
(contact/non-contact states, contact angle in case of
contact state) (Step S106).
Specifically, in the case where the controller 150
15 determines that the calculated fluorescence intensity
ig equal to or larger than a first threshold, the
controller 150 determines the non-contact state {line
C}. 1In the case where the controller 150 determines
that the minimum value of the fluorescence intensity is
20 equal to or smaller than a second threshold, which is
smaller than the first threshold, the controller 150
determinesg the upright-contact state (line A). In the
case where the controller 150 determines that the
fluorescence intengity periodically fluctuates between
25 the first threshold and the second threshold, the

controller 150 determines the slanting-contact state



di splay unit 170 obtains the display instruction fromthe controller 150,
and then displays information on the excitation-light-irradiation protocols
(second intensity, irradiation tine) based on the display 25information in
the display instruction. As described above, the controller 150 cal cul ates
53 the pharmaceutical concentration and the bl ood vol une based on the

fl uorescence intensity, and cal cul ates the!excitation-light-irradiation
protocol s based on the cal cul ated pharnaceutical concentration and bl ood
5volune. That is, the controller 150 is capable of calculating the
excitation- Iigp{ érg.lation protocol s based on the fluorescence intensity.
[ 0086] Not e t ha ecause the tenporal change of fluorescence intensity

differs depending ap,Lhe,contacl. 108t ateofnthenlip portion of ihe |aser

t he catheter 300, he tenpor ange o Iuor cence Thténsity is

displ ayed on the dl.zplay SGLeen. by the k%t{sxﬁ’%fﬂ%é@%n h%l%%puﬁlt?ofﬁé ble for

a practitioner to estinate a contact st ora ange of

fl uor escence ahatenstiy pvennds the control ler 100 dogs potedetgrmne the

contact state e, inth circ tor
5 slantlng—contact state or the non-contact state, the

controller 150 creates display information for
prompting to change the contact state of the tip
portion of the laser the catheter 300, and outputs a
display instruction inciuding the created digplay

10 information to the display unit 170. The display unit
170 obtains the display instruction from the controller
150, and then displays information for prompting a
practitioner to change the contact state of the tip
portion of the laser the catheter 300 based on the

15 display information in the display instruction (Step
8107). The practitioner operates a handpiece or the
like (not shown.} provided on the laser the catheter
300, to thereby change the contact state of the tip
portion of the laser the catheter 300 with resgpect to a

20 tissue.
[6085] The controller 150 continucusly calculates
fluorescence intensity and pharmaceutical concentration.
The controller 150 refers to fluorescence intensgity and
pharmaceutical concentration stored in the storage 160.

25 The controller 156 calculates the blood volume in the

gap between the tip portion of the laser the catheter



di sease, it is inportant to determne, in real time, the contact state of
the tip portion of a catheter with 20respect to the intended tissue, the
bl ood volunme in a gap, and presence/ absence of a foreign-
subst ance/ breakage in order to ensure safety and reliability. Further, in
the case where the intended tissue is a g?vable target such as a

cardi ac-nuscl e 25tissue, it is necessary to determne the contact state in
detail, in which a |laser catheter follows the 54 novenent of the tissue,
toreliably performtherapy. In the past, it is known to determ ne the

contact statesefy arcathelels Y baldlg SARe rREHING 1dreaepricent zone by
renmovi ng bl ood, radioscopy, potential neasurenent 5(inpedance neasurenent),

potential napRIRGnL@RPEr @hdr ecRBasUIeFENE o d¥NallerBBaAsSUHECRBRAL OGP essure,
stress), reflected |ight neasurenent using a polychromatic |ight source,

and the |ike. jHeuevam rddi dthed iwlst ot ef@pinangndi ageesps, vicaad is,
catheter, it is difficult to 10determne the tip state of the catheter in

bl ood, and a teehri-gue:Capalssiafy det s rRixg ddhe pntiagic Staadee in detail
has not been devel oped yet. Each of the above-nentioned conventi onal

met hods g s capablseiiefcion time defreY riHd ngdehe leoddein sitat eralaughited and,
in addition, 15has nmany problens as foll ows. Securing a transparent
zone by renoviglgda eedunke anetdied naf edrieeh whebdneedfdiowl s tenporarily
bl ocked by using a balloon, saline or the Iike is flowed froma catheter
tip portion tadherehsSieaur EStaed rsansgdar ent 20zone, and a contact state is
observed by using an angi oscope. However, this nethod may lead to a
peri pheral - vessel - imohemanstat en the case where the tip portion of
the laser the catheter 300 is in the slanting-contact
10 state or the non-contact state and where blood exists
in the gap, the loss of the excitation light
{excitation light which does not reach tissue) is
congidered based on the blood volume, and the
excitation-light-irradiation protocols are set, in
15 which the second intengity is high and in which the
irradiation time is long. The controller 15C calculates
the excitation-light-irradiation protoccls, creates
display information on the irradiation protocols, and
outputs display instruction including the created
20 digplay information to the display unit 170. The
display unit 170 obtains the display instruction from
the controller 150, and then displays information on
the excitation-light-irradiation protocols (second
intensity, irradiation time) based on the display

25 information in the display instruction.

Ag described above, the controller 150 calculates



Wth radi oscopy, because of |acking accuracy, it is difficult to detelLLnine
the di stance of a gap between 25a catheter and a tissue, and the bl ood
volune in the gap between the catheter and the intended tissue. 55
Further, in the case of a noving tissue, it is not clear that the tip of a
catheter follows the novenent. As a resulg, the tip of a catheter may break
bl ood (in case of intracardi ac therapy) 6r blood-vessel wall (in 5 case of
i ntravascul ar therapy). Further, the anount of energy input in an intended
ti ssue decreases bel ow an estimated anmount, and an enough therapeutic

effect may notrihe BAehiRved: kW hefncdite iiggeHndro emdss thaturenl y a
doctor, who has a know edge of anatony and is 10 well-experienced (tactile

| npressi on wWhendQUEH e ARk tdattidRdial} Ohnd i ealliaely dinee
Japanese Patent Application Laid-open No. 2007-525263). Potenti a

measur ement (idRedanGeIEaASIHeBM)d izt iddTgiatbddl sMbadsd simaghea
cardi ac-nuscl e tissue 1l5contracts and noves because of potenti al

propagati on, thaconitael iaie ot d=ds peaicdre: v iagmdiant misel® tissue is
determ ned by neasuring the potential. However, in the case of perform ng
an opti gal therdpyne t hehakp ipor thencohtaotakthetien (sortaeilpowtti on with
20respect to cardiac-mnmuscle tissue) is an optical w ndow. Because of this,
a potenti al - neasiundctsirtee ey e ipreovicded igrhta jporddimt otthgyrdtrarmise tip
portion of the catheter. As a result, a light-irradiated site does not
coi nci de wit h zegxat ent idle nElasurasbesidee, irg aisignosi s- 25t arget zone does
not coincide with a therapy-target zone, and the therapy nay not be
performed preciegl. 56cte that, because the temporal change of
fluorescence intengity differs depending on the contact
10 state of the tip portion of the laser the catheter 300,
if the temporal change of fluorescence intensity is
displayed on the display screen by the display unit 170,
it is possible for a practitioner to estimate a contact
state based on the temporal change of fluorescence
15 intensity even if the controller 150 does not determine
the contact state.
[o087] Meanwhile, in the field of circulatory
disease, it is important to determine, in real time,
the contact state of the tip portion of a catheter with
20 respect to the intended tissue, the blood volume in a
gap, and presence/absence of a foreign-
substance/breakage in order to ensure safety and
reliability. Further, in the case where the intended
tissue is a movable target such as a cardiac-muscle

25 tissue, it is necessary toc determine the contact state

in detail, in which a laser catheter follows the



Further, an electrode area is nmade smaller, and angle determ nation
accuracy may thus be decreased. Further, because electric neasurenent is
performed, there may be an effect of electronmagnetic interference (see
Japanese 5Pat ent Application Laid-open No. 2008-531170). Potenti a
mapping is a nethod in which potential measurenent is three-dinensionally
devel oped. However, a conventi onal apparé?%s | acks a resol ution of

determ ning a contact state in detail. Further, it 10takes tinme to perform
determ nati on, and an ant hropogeni c i nfluence may occur because of an
excessi ve cont - n { j ' 1,00 No.
2005 531170) . TOrTREr Tt B Dot al neacir g et [5G ol aced.
MEPPI NG o] Mg, N dio! GoInchde, W th, afLactiiale POl i O fFurddier. pecause
el ectric measurenent 1's peﬁforned, there may be an effect of

el ectromagnetig NLEIIor ence £ See dapanesefal ey ApptiLalioretal gs,apen No.
2008-531170). Tenperature “measurenent i s a nethodgln whi ch, with 20respect

to diseases ingludig, &y aSCBEr LGl MO8, AQ0et Us Ofled Sudai&idn ned by
measuring tenperature (see Japanese Patent” Application Laid-open No.

2007-525263) . {'Qﬂﬁ‘é/&a[ncé e d1r Bn &l AONOSE & 184 DO H9In N Yempe rLE&HdIST ONS,
| Ca

and is not applicable to diseases including 25n0 occlusion zone such as,
for exanple, atddalrdidid| |@ihon anteyontdnont alpféabtes, Surdder, 57
unnecessary heat may be provided on a normal bl ood-vessel wall. Dynamc

measur ement ( pFESEAEEad SETGHS )méSodr SREMO A1 Ty Cho By P £564M o SENEOE Oor a
stress sensor 1S

source, and the like. However, in the field of therapy
and diagnosis via a catheter, it is difficult to

10 determine the tip state of the catheter in blood, and a
technique capable of determining the contact state in
detail has not been developed yet. Each of the above-
mentioned conventional methods is capable of
determining the contact state roughly, and, in addition,

15 has many problems as follows.

Securing a transparent zone by removing blood is a

method in which a blood flow is temporarily blocked by
using a balloon, saline or the like is flowed from a
catheter tip portion to thereby secure a trangparent

20 zone, and a contact state is observed by using an
angioscope. However, this method may lead to a
peripheral-vessel-ischemia state.

With radioscopy, because of lacking accuracy, it

is difficult to determine the distance of a gap between

25 a catheter and a tissue, and the blood volume in the

gap between the catheter and the intended tissue.



5nmounted on a catheter, and a contact-target object is determ ned (see
Japanese Patent Application Laid-open No. 2009-542371, US Patent No.
6696808, US Patent Application Laid-open No. 2008/ 0009750, W PO Publication
No. 01/33165) However, the tip portion of 10the catheter nay be | arger, and
there may be an effect of eIectronagneti%ﬁ;nterference (see Japanese Patent
Application Laid-open No. 2008-531170). Retlected |ight neasurenent by
using a polychromatic Iight source is a nethod in which 15absorption
coefficients different fromwavel engths are used. Specifically, by using a

pol ychromati ¢ fhiahte S0URE&hA ddfSUsE I8 n@&i@iﬂi&%d@se& ofy redd ection
ratio differences of the respective wavel engths (see Japanese Patent No.

4261101) . Accordidg dind hirge nethaosks 208 drhough ddie dtpache ahdirandret ween a

catheter and a tissue may be estimated, an optical system nmay be

conplicated, afyappasalius, nae heprase d ageietandndheeast wryode(imcr eased
because a plurality of light sources are provided. 25[0088] To the contrary,

according to thes€aht agicramitdiold nghopasat ion Wioddi e erdiodiaEnt (iby
detecting 58 fluorescence intensity, it Is possible to determ ne the

cont act sst at e wdd sespectatps@r dntEnsedb) Sswarans f, oldhewangumy efent s
via a catheter in real tinme. This nmethod is mnimlly invasive because it
IS not 5necessatgrdw Irgpoveiblaodimnshdde 4ikene Mediwrse bevaluse an
excitation-light-irradi ation protocols may be cal cul ated based on the
determ ned condsicimstad earaneht hearhd keen dlargip v raands ek agino s@ 57 exaty ey
assi sted safely and reliably.
not be achieved. Further, the biggest problem is that
only a doctor, who has a knowledge of anatomy and is
10 well-experienced (tactile impression when touching},
can make a determination, subjectively {(see Japanese
Patent Application Laid-open No. 2007-525263).
Potential measurement (impedance measurement) is a
method in which, since a cardiac-muscle tissue
15 contracts and moveg because of potential propagation,
the contact state with respect to a cardiac-muscle
tigsue is determined by measuring the potential.
However, in the case of performing an optical therapy,
the tip portion of a catheter (contact portion with
20 regpect to cardiac-muscle tissue) is an optical window.
Because of thisg, a potential-measured site may be
provided on a portion other than the tip portion of the
catheter. As a result, a licght-irradiated site does not
coincide with a potential-measured site, a diagnosis-

25 target zone does not coincide with a therapy-target

zone, and the therapy may not be performed precisely.



10[ 0089] [ (4) Foreign-substance/ breakage-nonitoring operation]During the
phot odynam ¢ t herapy, the foreignsubstance/ breakage-nonitoring operation is
per f or med. First, a practitioner refers to
excitation-lightirradi ati on protocols displayed on the display unit 170,
15and operates the operating unit 180 to thereby input an
excitation-light-output instruction with the hi gh- power second intensity in
the controller 150. The controller 150 obtains the excitation-Iight-output
instruction, and then outputs the excitation-light-output 20instruction

wi th the Seconﬁli&&p’si o4 Peé%c&é- gﬂ‘eéoﬁ Crﬁa&é'osmérff%i‘,i ggﬁds%ﬁJg% 110

obtains the excitation-light-output instruction fromthe contr 150,
and then out puis IR excldald Al tm%t&ﬁge}oée&&f@eé ENSihy-c At 1 ssue
is irradiated with the 25excitation |ight output fromthe [ight source 110

via the opticabe Systen 120 and el Aseint Nes GRDEL BF 300 he PO R pe
phot odynam ¢ therapy is perfornmed (Step 9109). [ 0090] Based on an el ectrical

si gnal obt ai negh, f& orathe, fled Bedd namidt 130 ni bercantsol | 8Le 15980 sl at es

fluorescence intensity. The controller 150 creates 5display information of

the tenporal Q@@ﬂﬂ@tQipﬁiEbéﬂ$6ﬁeﬁ&f&m@pé@t@@SiiUo@a§§ﬁh@@)fhe cal cul at ed
fluorescence intensity and elapsed tinme after a criterion tinme such as an

i ntravenous-inj ectipd-Shedd1 thdfp i di ® Ui b Shad s plidych NSé £ &gt 1 H1
i ncluding the 10created display information to the display unit 170.
measurement is three-dimensicnally developed. However,
a conventional apparatus lacks a resolution of
determining a contact state in detail. PFurther, it
10 takegs time to perform determination, and an
anthropogenic influence may occur because of an
excessive contact pressure (see Japanege Patent
Application Laid-open No. 2008-531170). Further, if a
potential measuring catheter is displaced, a mapping
15 image may not coincide with an actual position. Further,
because electric measurement is performed, there may be
an effect of electromagnetic interference (see Japanese
Patent Application Laid-open No. 2008-531170).
Temperature measurement ig a method in which, with
20 respect to diseases including a vascular occlusion, an
occlusion 1s determined by measuring temperature (see
Japanese Patent Application Laid-open No. 2007-525263).
However, this is a diagnostic methoed for only
occlusions, and ig not applicable to digseases including
25 no occliusion zone such as, for example, atrial

fibrililation and ventricular flutter. Further,



The display unit 170 obtains the display instruction fromthe controller
150, and then displays the tenporal change of the fluorescence intensity on
a display screen based on the display information included in the 15di spl ay
instruction. [0091] The controller 150 determ nes whether the cal cul at ed
fluorescence intensity is equal to or nore than a threshold (Step S110).
The threshold is, for exanple, a value edqual to or nore than the nultiple
of 20t he nornmal fluorescence intensity. [0092]Fig. 19 is a graph show ng
the relation between wavel ength and fl uorescence intensity. Fig. 19

shows the rel aﬁﬂr@&é&a&%ﬁm@we&agngiéﬂ e fdDras cenca-rdit ensidgs of a | aser
cat heter, which may 25contact a foreign substance or nmay be broken, and

t hose of a normpmdadiasgricatheter. It is understood that, in 60 the case
where the tip portion of a |aser catheter contacts a foreign substance
other than a |iving-hedy d inssiR@mdrs biakaisutde dfdryescaence natersi ty
thereof is larger than the normal fluorescence intensity. 5[0093] The
control |l er 15Qrdefrerdi neptdetutdesdanr escence radensdrtsgod sisequal to or
nore than the threshold, that is, determnes that the fluorescence
intensity is inmarraasedrd o egitdiettaa oramdre ddramdheaaddt pilej eaft tie
previous fluorescence intensity such 10that the current fluorescence
intensity i gnategethiced (see Japanese Patent Application Laid-open
No. 2009-542371, US Patent No. 66268C8, U5 Patent
Application Laid-open No. 2008/0009750, WIPO
Publication No. 01/33165) However, the tip portion of
10 the catheter may be larger, and there may be an effect
of electromagnetic interference (see Japanese Patent
Application Laid-open No. 2008-531170).
Reflected light measurement by using a
polychromatic light source is a method in which
15 abscrption coefficients different from wavelengths are
used. Specifically, by using a polychromatic light
source, a tissue is determined based on reflection
ratio differences of the respective wavelengths (see
Japanege Patent No. 4261101). According to this method,
20 although the blood volume between a catheter and a
tissue may be estimated, an optical system may be
complicated, an apparatus may be made larger, and the
cost may be increased because a plurality of light
gources are provided.

25 jooss] To the contrary, according to the contact-

monitoring operation of this embodiment, by detecting



previ ous fluorescence intensity, and then the controller 150 estimtes that
there is a foreign substance or a breakage (Step 5110, Yes). If the
controller 150 estimates that there is a foreign 15substance or a breakage,
the controller 150 creates display information on generation of a

f or ei gnsubst ance/ breakage to stop the ex%%tation light irradiation, and

out puts display instruction including thé created display information to
the display unit 170. 20The display information on generation of a foreign-
subst ance/ breakage includes information to stop the excitation |ight

irradiation, t0JfR%elcdddadialdy i M tig nesaliwne idd atiaimoheowes, to
pronmpt to check the |laser the catheter 300, and the |ike. Wen the display

25unit 170 obtaidisdhe wdisplayn nsddpesdd o faromithendantydder ahiD, based
on the display information in the 61 display instruction, the display unit

170 di spl ays isf1ardbitdicpmdensdrofs thie exaidtatd oy lirghted T raiieat | aniESt ep
S111) and information on generation of a foreign- substance/ breakage (Step
S112) to a pragitHddnes wiaNote Lhatnvaddi wehéeasesavhier eid heotcontrol [ er 150
detects abnormal intensity increase of an arbitrary wavel ength other than
t he fl ug escengeampeehengt hrdnexecd tiatawh dridghthavavigtengtlurahetrhe |i ke), the
controller 150 estimates that there is a foreign 10substance or a breakage
(Step S110, Yescawared avayi qrerfori idte siyvddiatprot gsshrmr 1St eprSlded, Step
>ii2). calculated based on the determined contact state and

the like, therapy and diagnosis may be assisted safely

and reliably.

10 [0089] [(4) Foreign-substance/breakage-monitoring
operation]During the photodynamic therapy, the foreign-
substance/breakage-monitoring coperation is performed.

First, a practitioner refers to excitation-light-
irradiation protocols displayed on the display unit 170,

15 and operates the operating unit 180 to thereby input an
excitation-light-output instruction with the high-power
second intensity in the controller 150. The controller
150 cbtains the excitation-light-output instruction,
and then outputs the excitation-light-output

20 instruction with the second intensity to the light
source 110. The light source 110 obtains the
excitation-light-output instruction from the controllexr
150, and then outputs the excitation light with the
second intensity. .A tissue ig irradiated with the

25 excitation light output from the light source 110 via

the optical system 120 and the laser the catheter 300,



[ 0094] Meanwhi |l e, in the case where the controller 150 does not determ ne
that the fluorescence intensity is equal to or nore than the threshol d
within a 15predeternmned tinme period, the controller 150 estinates that
there is no foreign substance or breakage, and noves to the

cytocidal -effect-determ ning operation (Egep 5110, No). [0095] Note that,
because generation of a foreign 20substance or a breakage is estimted when
the fluorescence intensity exceeds a predeterm ned threshold, if the

di splay unit 170 displays the fluorescence intensity on the display screen,

a practiti oner, IRy 1St dTRiH GeNSiAtdQn of ok arghan féféi@séﬁ%e- or a

breakage based on“the fl'uorescence intensity, even i he control l er 150

does not estingi0162 gengad ign Hf & darelgm SYNStANcsH0f i dedreakage.
[ 0096] Further, in the case where a plurality of catheters are disposed in a

cardi ac cavit yid RAdIdih hihe d@sarmd heswatdeier B899, cdha:1ases the
cat heter 5300 may contact another catheter. For exanple, if the |aser the

catheter 300 efidsrebddriel ddtdhe s} at enehecertla lasars o heeakhet er 300
contacts another catheter disposed in a cardiac cavity, both of the

cat heterss may d:0s6 dheidfdtmctionsor |fha prasdidl ofieings kEeghon 10enmi tting
an excitation light w thout noticing the
fluorescence intengity based on the calculated
fluorescence intensity and elapsed time after a
criterion time such as an intravenous-injection start
time, and outputs a display instruction including the
10 created display information to the display unit 170.
The display unit 170 cobtains the display instruction
from the controller 150, and then displays the temporal
change of the fluorescence intensity on a display
screen based on the display information included in the
15 display instruction.
{0091} The controller 150 determines whethexr the
calculated fluorescence intensity is equal to or more
than a threshold (Step S1i10). The threshold is, for
examnple, a vaiue equal to or more than the multiple of
20 the normal fluorescence intensity.
[0092] Fig. 12 is a graph showing the relation
between wavelength and fluorescence intensity.
Fig. 19 shows the relation between wavelength and
fluorescence intensity of a laser catheter, which may
25 contact a foreign substance or may be broken, and those

of a normal laser catheter. It is understood that, in



abnormal situation of the tip portion of the |aser the catheter 300, the
tip portion of the |laser the catheter 300 may generate heat to thereby be
in danger of thermally damaging a living body. Further, a catheter 15being
contacted may lose its function. [0097] According to the

f or ei gn- subst ance/ br eakage- nonitoring operation of this enbodi nent,
because a strong reflected light is nmeasured when the catheter contacts any
obj ect other than a living body tissue, it 20is possible to estimte
generation of a foreign- substance/breakage via a catheter in real tine.

Because of this,sidads passd bliee 1O Prodmtich A | tdanercdonsheek the laser
the catheter 300, and thus it is possible to performthe therapy very

safely without-Zdcausd ng dangein touds PdLMend 9098 (D) 1iving body

Cyt oci dal -effect-determ ni ng operation] 63 Subsequent |y, the

cytoci dal - ef f ectggled e 1H ng-QRes ati0n  sudedd @i, 1 hifeRhotP dymare o
t herapy, photo-sensitive pharnaceutical absorbed in a tissue absorbs the

Sexcitation |ight1d+pm thed ases ddengptimiefeshdo Datenenefgy, and
changes fromthe ground state to the singlet excited state. Mdst of the

ener gy changes[ddom t he miagt@irexTided st aie-d:omimes tehapt ethexcited state
because of intersystemcrossing, but the rest part 10returns fromthe
singlet state ttudhes@rroundirsiaieitAnts equal to or more than the
threshold, that is, determines that the flucrescence
intengity is increased to egqual to or more than the
multiple of the previous flucrescence intensity such
10 that the current fluorescence intensity ignores the
previous fluorescence intensity, and then the
controller 150 egtimatesg that there is a foreign
substance or a breakage (Step 8110, Yesg). If the
controller 150 estimates that there is a foreign
15 substance or a breakage, the controller 150 creates
display information on generation of a foreign-
substance/breakage to stop the excitation light
irradiation, and outputs display instruction including
the created display information to the display unit 170.
20 The display information on generation of a foreign-
substance/breakage includes information to stop the
excitation light irradiation, to reset irradiation time,
to reset an irradiation power, to prompt to check the
lager the catheter 300, and the like. When the display

25 unit 170 obtains the display instruction from the

controller 150, based on the display information in the



emts fluorescence at this tine. Further, when photosensitive
pharmaceutical in the triplet excited state clashes triplet oxygen, the
phot o-sensitive pharnaceutical transfers energy to oxygen, and creates
15strong oxi di zer singlet oxygen. The oxidizer breaks a tissue, and, in
addi tion, breaks photo-sensitive pharmaceutical (bleaching). If the

bl eachi ng occurs, the effective pharnacedf%cal anount is decreased, and
thus the fluorescence anmount is al so decreased. 20Therefore, decrease of

t he fl uorescence anDunt indicates bl eaching and a tissue injury amount. The

opti cal systec%%%ﬁl ceut|c {%bﬁ'UQE@S?P%%?af”&ﬁI@d1$5Oﬂlégféys

phot o- sensi ti via the he cat het er 0,” and the

fluorescence enfersnte,25detacs c#%é'”éﬁ:c lszelggeﬁ@C£f9£dy£'&£o&3g4

detects the fluorescence entered fromthe optical system 120, and

outputs the intepsity;of) the; detestg {bNOLESEEREEaE Dok Nor CONE 50 &5 - 150 as

an electrical signal. 0099 ] Conti nuously, the light source 110 outputs the

excitation ||9£'ub¥‘t£ﬁcéh§r§£@%l? (Btepstiyafocshe Soptical osyst em 120, the

controller 150 calculates th uorescence intensity, and the display unit

170 displays the tegpesatnghange ©he fL40L egicensechat @ostty108rtheo di spl ay
screen. For exanple, the display unit 170 displays the tenporal change of

fluorescence 1§iptensi An®@nnd heighspt ayy Schiepsads af Giaphrbi 0296 Here, an
exanpl e of a graph show ng the

wavelength other than the fluorescence wavelength
(excitation light wavelength or the like), the
controller 150 estimates that there is a foreign

10 gubstance or a breakage (Step 8110, Yes), and may
perform the similar processing (Step S111, Step S112}.
[CCo4] Meanwhile, in the case where the controller
150 does not determine that the fluorescence intensity
is equal to or more than the threshold within a

is predetermined time period, the controller 150 estimates
that there is no foreign substance or breakage, and
moves to the cytocidal-effect-determining operation
{Step S110, No).
[0095] Note that, because generation of a foreign

20 gubstance ¢r a breakage is estimated when the
fluocrescence intensity exceeds a predetermined
threshold, if the display unit 170 displays the
fluorescence intensity on the display screen, a
practitioner may estimate generation of a foreign

25 substance oxr a breakage based on the fluoregcence

intensity, even if the controller 150 does not estimate



tenporal change of fluorescence intensity will be described.

Fig. 12 is a graph show ng the tenporal change of 15fl uorescence intensity.
Fig. 12 shows the tenporal change of fluorescence intensity in the case
where the excitation light is emtted for 20 seconds after 20 m nutes pass
after photo-sensitive pharmaceutical is admnistered in a pig 20by

i ntravenous-injection. Since decrease of fl uorescence anount indicates

bl eaching and a tissue injury anount as described above, by displaying an
attenuation curve of the fluorescence intensity, the PDT process |evel may

be di spl ayed ig1al: tdime,e 25[04QLIIhe eantold s, 150 datietgs nes whet her

the cal cul ated fluorescence intensity is attenuated below a 65 threshold

(Step S113). '[Iodefbﬁj contgpldiary 150, dateraifesidad 4 hedtdiorescence
intensity is attenuated bel ow the threshold, the controller 150 estinmates

that there i S_@a@&/ér_@éﬂae{r@féia;cyﬁoscga airt | $suerdIdadialed, Wi hddiecion
S5excitation light (Step S113, Yes). Then, the controller 150 creates

di splay infornafioe oy indexnfha oyton dadheffaeds and @impisr a
di splay instruction including the created display information to the

display sunit Lifh ohe dhslay damidned? b obiadias. t e rlRdiasipllay iiFstdnect i on
fromthe controller 150, and then displays information on an index of a

cytoci dal effecdsdortige pragidddomaro hasets an 1hehdi spltaye | sforamtihere i n t he
di splay instruction. The practitioner refers to the information on an index
of a cytoci daltied fecéed sipd ayecheizon 1de dbhsphays wndtidsd, catritemares to the

el ectric- conduction-bl ock-formati on determ ning operation.
[ 0102] Meanwhi | & spdsddeicantaotdiere 160 does moth of the catheters may
lose their functions. If a practitioner is keep on
10 emitting an excitation light without noticing the
abnormal situation of the tip portion of the laser the
catheter 300, the tip portion of the laser the catheter
300 may generate heat to thereby be in danger of
thermally damaging a living body. Further, a catheter
15 being contacted may lose its function.
[0097] According to the foreign-substance/breakage-
monitoring operation of this embodiment, because a
strong reflected light is measured when the catheter
contacts any object other than a living body tissue, it
20 is possible to estimate generation of a foreign-
substance/breakage via a catheter in real time. Because
of this, it is posgsible to prompti a practitioner to
check the laser the catheter 300, and thus it is
possible to perform the therapy very safely without

25 cauging danger to a patient.

[0C98] [(5) Cytocidal-effect-determining operation!



determ ne that the fluorescence intensity is decreased bel ow the threshold
within a predetermned tinme period, 20the controller 150 creates displ ay
information to pronpt to extend the excitation light irradiation and to
reset the light intensity based on the cal cul ated fluorescence intensity,
and outputs display instruction includin% the created display information
to the 25display unit 170 (Step S113, No)~.~ When the display unit 170
obtains the display instruction fromthe controller 66 150, the display
unit 170 displays information to pronpt a practitioner to extend the

excitation |ight irg.asiahiqn@and di I8s&lcide 1dghicd ansidyhased on the
display information in the display instruction. S5After a predetermned time

peri od passesdgéfgtfgﬂ[ggggégggﬂMédhsplay instruction, the controller 150
noves to the operation of Step 5108 [0103]hbte t hat, because generation of

a cytocidal effect ;5 @sddd@hethiwhendhef | yHescanaesintansity is
10at t enuat ed bel ow a predet erm ned threshold, if the di splay unit 170

di spl ays the fliigreseance-4d Ntansdtnednid he i salayasedaan, tige practiti oner
may estimate whether there is a cytocidal effect or not based on the

fluoresgence idicensition evafmt fEridie wanirnldereHs - Hoes brato esd i mat e
whet her there is a cytocidal effect or not.
gain energy, and changes from the ground state to the
gsinglet excited state. Most of the energy changes from
the singlet excited state to the triplet excited state
bE¢ause of intersystem crossing, but the rest part

10 returng from the singlet state to the ground state, and
emits fluorescence at this time. Further, when photo-
sensitive pharmaceutical in the triplet excited state
clashes triplet oxygen, the photo-sensitive
pharmaceutical transfers energy to oxygen, and creates

15 strong oxidizer singlet oxygen. The oxidizer breaks a
tisgue, and, in addition, breaks photo-sensitive
pharmaceutical (bleaching). If the bleaching occurs,
the effective pharmaceutical amount is decreased, and
thug the fluorescence amount i1s also decreased.

290 Therefore, decrease of the flucrescence amount
indicates bleaching and a tissue injury amount. The
optical system 120 extracts the fluorescence emitted
from the photo-sensitive pharmaceutical via the laser
the catheter 300, and the fluorescence enters the

25 detecticn unit 130. The detection unit 130 detects the

fluorescence entered from the optical system 120, and



[ 0104] According to the cytocidal -effect-deteuining operation of this

enbodi nent, based on fluorescence intensity correlated with pharnmaceutica
concentration, it is possible to nmeasure injury in a cardi onmyocyte, 20which
progresses in a tissue irradiated with the excitation light, that is, to
nmeasure a therapeutic effect, via a cath%%gr inreal tinme, and thus the
therapy is perforned reliably. [0105][(6)

El ectri c-conducti on- bl ock-formati on 25det erm ni ng operati on] Subsequently,
the el ectric- conduction-block-formation determ ning operation is 67

per f oed. oddpuddie 18l ClddGrtandunt itan: acdedal nedian fel-aidnidd ng
operation, the fluorescence tine-waveformused in the cytocidal effect

determ nation die idbRSEICHH 0N ZAtdOHEAM IR Bl ecdd Dcargiogr am (ECG ECG
obtaining nethod will be described later.). The controller 150 anal yzes the

phase differengsdgt memdﬂt&tzﬁ%ﬁw@@mdgm ddarescencafgaks i ntensity
in the interval between R-waves to thereby determ ne 10whet her an

el ectric-condugld ecdilteaki d:s fioHedii d B @a5es, iddehd asercd hehecat het er
300 may be relocated in an el ectric-conduction block (in dashed-dotted |ine

of Fig. s13), tdieiexqi tatdtosn [1ght i pudngmyl ber chenged dua ddwes fidest

intensity, and the fluorescence tine-waveform
fluorescence intensity, and the display unit 170
displays the temporal change of fluorescence intensity
on the display screen. For example, the display unit
170 displays the temporal change of fluorescence

10 intensity on the display screen as a graph.

[0100] Here, an example of a graph showing the
temporal change of fluorescence intensity will be
desc#ibed.

Fig. 12 is a graph showing the temporal change of

15 fluorescence intensity.

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

20 by intravenous-iniection. Since decrease of a
fluorescence amount indicates bleaching and a tissue
injury amount as described above, by displaying an
attenuation curve of the fluorescence intengity, the
PDT process level may be displayed in real time.

25 [c101] The controller 150 determines whether the

calculated flucorescence intensity is attenuated below a



15which is neasured in | ow power, may be in synchronization with ECGto

t hereby perform anal ysis. The procedure in the case of relocating a | aser
catheter for measurenment is as follows. [0106] First, a practitioner

di sposes the tip 20portion of the |aser the catheter 300 in an electric-
conduction block (in dashed-dotted Iline of Fig. 13) or on an
excitation-light-irradiated site. Then, e practitioner operates the
operating unit 180 to thereby input an excitation-light-output instruction
with the 251 owpower first intensity to the controller 150. The controller

150 obt ai ns t%ﬁx@g@{&ﬁi@wﬂ ghtr0ut pet 68 RskLUetkens sandetheRigutputs

the excitatio i ghtoutput Irnstruction with the first intensity to the

light source 110 the ldgh-sounce L Lhtains d he @xaidddd opaldwhieout put
instruction fromthe controller 5150, and then outputs the excitation |ight

with the firstoensidy. i tdssueiised nrRdiaiedmdd dhe exddation |ight
output fromthe Iight source 110 via the optical system 120 and the | aser

the catheter 3QQoRht0-sensid ide Phardmeeuthaalsatdi G dis whsorbed in a
10t i ssue, absorbs the excitation light fromthe | aser the catheter 300, and

em ts flsuor eseenceathig optdreal (st emiB20 wxdr actipebhe cheuetaseencer
emtted fromthe photo-sensitive pharmaceutical via the | aser the catheter

300, and the filguorascanae ®@MHEIS, tirer detacidond smiindsdd.ofThe detection
unit 130 detects the fluorescence entered fromthe optical system 120, and
out puts the deheciddidl urRseenctd hentidy 4 adidelconinodhertikh0 as an
electrical signal. The controller 150 cal cul ates fluorescence intensity
based on the including the created display information to the
digplay unit 170. The display unit 170 obtains the
10 display instruction from the controller 150, and then
displays information on an index of a cytocidal effect
for a practitioner based on the display information in
the display instruction. The practitioner refers to the
information on an index of a cytocidal effect displayed
15 on the display unit 170, and moves to the electric-
conducticn-block-formation determining operation.
[0102] Meanwhile, if the controller 150 does not
determine that the fluorescence intensity is decreased
below the threshold within a predetermined time period,
20 the controller 150 creates display information to
prompt to extend the excitation light irradiation and
to reset the light intensity based on the calculated
fluorescence intensity, and outputs display imstruction
including the created display information to the

25 display unit 170 (Step S113, No). When the display unit

170 obtains the display instruction from the controller



20obt ai ned el ectrical signal. [0107] Meanwhil e, the el ectrocardi ograph 140
obt ai ns the el ectrocardi ographi c signal, and supplies the obtained

el ectrocardi ographic signal to the controller 150. The controller 150
creates display informati on 25based on the cal cul ated fl uorescence
intensity and the obtai ned electrocardio%%aphic signal, and outputs 69

di splay instruction including the created display information to the
display unit 170. The display unit 170 obtains the display instruction from
the controller 150, and displays the correlation between the 5

fluorescence imdensidy @nrgithe electiroc aidicagham iRiwave wiord he di spl ay
screen based on the display information in the display instruction.
[0108] Here, thawgy el aiviaen ihetoman dd uareseente: igdEnsidiomrnd FEG R-wave
wi |l be described. 10Fig. 14 is a diagram show ng the relation of ECG
i ntracardi ac presslirsg,iandredrionaresdyd aod- 1l igytv altee s Wi dades] dom nant in
the bl ood-fl ow volunme in a cardi ac-nuscle tissue, and being a prerequisite
know edge desattdbett dpi avEsisefixynad t Anatiomt rendiiqPleysi iotsogyuqiEssenshar u
Kai bo Seirigaku)" (Gakken Medical Shujunsha Co., Ltd., 2001), which is
effective in tdiceiold quianedescnigd itme periodpasdrmmm aftdx g. 14, the
tenporal change of the intracardi ac bl ood-flow volune is different fromthe
20bl ood- f | ow \eoltye tiimen ey dlisap Imis clies tritssuienn Wiilke adreciontreacarsdl ac
bl ood-fl ow volunme has a peak at the tine when it coincides with R wave, the
bl ood- f | ow volmgmes - thigghtpesiateidore aridigemBlde. ti ssue has a first peak
at the tinme when about 200 ns pass after R-wave, and a
[0103] Note that, because generation of a cytocidal
effect is estimated when the fluorescence intensity is
i0 attenuated below a predetermined threshold, if the
display unit 170 displays the fluorescence intensity on
the display screen, a practitioner may estimate whether
there is a cytocidal effect or not based on the
fluorescence intensity, even if the controller 150 does
15 not estimate whether there is a cytocidal effect or not.
[0104] According to the cytocidal-effect-determining
operation of this embodiment, based on fluorescence
intensity correlated with pharmaceutical concentration,
it is posgible to measure injury in a cardiomyocyte,
20 which progresses in a tissue irradiated with the
excitation light, that is, to measure a therapeutic
effect, via a catheter in real time, and thus the
therapy is performed reliably.
[0105] [{6) Electric-cenduction-block-formation

25 determining operation] Subsequently, the electric-

conduction-block-formation determining coperation is



25second peak at the tinme when about 400 ns pass after R wave. 70
[01091Fig. 15 is a diagramshowi ng the correl ati on between fl uorescence
intensity and R-wave when the |aser catheter is in the upright-contact
state. The correlation between fluorescence intensity 5(for exanple,
irradiation power of 900 mMA and R-wave when the tip portion of the |aser
the catheter 300 is in the upright-contact’state will be described. In the
upright-contact state, fluorescence peaks are observed after 100 ns pass
after R-wave and after 400 ns pass 10after R-wave. Note that, in the case
where the Catg%é§¥°£ﬁé i sposed left-sided, the fluorescence intensity
changes in pr ionto the left coronary blood-flow volune of Fig. 14. A

ventricle contracts wﬂgg - p @gg k i ied to a whole
body 15(i ncl udi ng G%r |ac§ﬁ%%%$%ﬁ$i§€%%?? |n?%9%$%0§0?ﬁ%?%6es :

phot o-sensitiv tl f r i VA
cardiac-nuscleg??ggﬂgﬂﬁgyﬁ%d%%%%i énéﬁgoggg?gggﬁ%%+?ggi%% ﬁéﬁéﬁﬁﬁ%ssels of

a cardiac nuscl g, Ay & €S léoci%&ipgf“ke@{ &é@@fﬁgﬁo £&ni NLeNsi ty appears

20for a predetermned tinme period after appearanc R- wave. [0110]Fi g.

16 is a 4i agr am showing, dhe. £ on] €h ation: PSLIBELELA0T eS6ENCEdNt ensity and
R-wave when the | aser catheter is in the slanting-contact state.

obtaining method will be described later.). The
controller 150 analyzes the phase difference between
the ECG R-wave and the fluorescence peak intengity in
the interval between R-waves to thereby determine

10 whether an electric-conduction block is formed. In some
cages, the laser the catheter 300 may be relocated in
an electric-conduction block {in dashed-dotted line of
Fig. 13}, the excitation light output may be changed to
the first intensity, and the fluorescence time-waveform,

15 which is measured in low power, may be in
gynchronization with ECG to thereby perform analysis.
The procedure in the case of relocating a laser
catheter for measurement is as follows.
[0106] First, a practitioner disposes the tip

20 porticn of the laser the catheter 300 in an electric-
conduction block (in dashed-dotted line of Fig. 13) or
on an excitaticon-light-irradiated site. Then, the
practitioner operates the operating unit 180 to thereby
input an excitation-light-output instruction with the

25 low-power first intensity to the controller 150. The

controiler 150 obtains the excitation-liight-output



25The correl ati on between fluorescence intensity (for exanple, irradiation
power of 900 nW and R-wave 71 when the tip portion of the |aser the
catheter 300 is in the 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 volune is dom nant, the 5fluorescence intensity peak coincides
wth R wave. As descri bed above, tﬁg phase difference between R-wave
and fluorescence intensity peak in the upright-contact state is obviously
different fromthe phase difference between R-wave and fl uorescence

intensity 10peale i thers! aild RecoRhAGu st &l and dhe phasedifference is

constant if the contact state is maintained. [0111]In view of this, the

control | er 15Q,det&r MiRes-shalRelyitdie dphasa +did fierence dietieame
15f l uorescence intensity and R-wave is constant based on the cal cul ated

fluorescence intpRsidyn-anrd e obhai negnel getreeandioogbaphne shenal , to
t hereby determ ne whether an el ectric-conduction block is formed or not

(Step 5114). Idxdiheco-naldrer- etiglgtimes itdmats ddie 2Qphasea «bififear ence
bet ween fl uorescence intensity and R- wave is constant, the controller 150
det er mi mes t hats@n oleaidc ot iR ek dtsi oretl tgntbeavifrar e (St ep
S114, No), and causes the display unit 170 to display information to pronpt
a practitionercistiopdhigty. A tissue is irradiated with the
excitation light output from the light source 110 via
the optical system 120 and the laser the catheter 300.
Photo-sensitive pharmaceutical, which is absorbed in a
10 tissue, absorbs the excitation light from the laser the
catheter 300, and emits fluorescence. The optical
system 120 extracts the flucrescence emitted from the
photo-gensitive pharmaceutical via the laser the
catheter 300, and the fluorescence enters the detection
15 unit 130. The detection unit 130 detects the
fiuorescence entered from the optical system 120, and
outputs the detected flucrescence intensity to the
controller 150 ag an electrical signal. The controller
150 calculates fluorescence intensity based on the
20 obtained electrical signal.
[0107] Meanwhile, the electrocardiograph 140 obtains
the electrocardiographic signal, and supplies the
obtained electrocardiographic signal to the controller
150. The controller 150 creates display information

25 based on the calculated fluorescence intensity and the

obtained electrocardiographic signal, and outputs



25excitation light irradiation (Step 5116) and to nove the | aser the
catheter 300 (Step S117). The 72 practitioner refers to the information

di spl ayed on the display unit 170, stops excitation light irradiation once,
and noves the | aser the catheter 300. Then, the processing of Step 3104 and
thereafter are perforned 5again. [0112]Fi_g. 13 is a schematic di agram
showi ng a novenent track of the | aser catheter. A practitioner noves
the tip portion of the laser the catheter 300 so as to surround a
hyperexcited site 10in pul nonary veins (PV) (dashed-dotted |ine or dashed

line in Fig 1B)apilf1L3]dVeapwhidrethe eentdpldr helidel etiiges, t hat the

phase difference between fluorescence intensity is Rwave is not constant,

the control | er; fiRQ-RdeieME neR halpialh, elrgad ri conduciiiepibhoekiis formed
(Step S114, Yes), creates a display instruction to pronpt a practitioner to

stop excitatiomd icgtaidd adicatdiepiand it dermysed erdaseie tdencadtieirer 300,
and outputs a display instruction including the created 20di spl ay

information todgde Hisplapiid ched.comer ddieriisqdweruiniie 170 obtains the
di splay instruction fromthe controller 150, the display unit 170 di spl ays

i nf or mats on t I cendy acitdrionsr 4ol strop ededtimidaordddogidm i rwadieat i on
and to renove the | aser the catheter

on the display screen based on the display information
in the digplay instruction.
[0108] Here, the correlation between fluorescence
intensity and ECG R-wave will be described.

10 Fig. 14 is a diagram showing the relation of ECG,
intracardiac pressure, and coronary blood-flow volume,
which is dominant in the blood-flow volume in a
cardiac-muscle tissue, and being a prerequisite
knowledge described in "Essential Anatomy and

15 Physiology (Essensharu Kaibo Seirigaku)® (Gakken
Medical Shujunsha Co., Ltd., 2001), which is effective
in the following description.

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

intracardiac blood-flow volume is different from the

20 blood-flow volume in a carxdiac-muscle tissue. While the
intracardiac blood-flow volume has a peak at the time
when it coincides with R-wave, the blood-flow volume in
a right-sided cardiac-muscle tissue has a first peak at
the time when about 200 ms pass after R-wave, and a

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

wave.



25300 on the display screen based on the display information in the display
instruction, and stops the 73 processing (Step S115). [0114] Here, the
principle, in which the controller 150 determ nes that an

el ectric-conduction block is forned when the phase difference between
fluorescence S5intensity and R-wave is not_ _constant, will be described. Wen
a cardi onyocyte injury progresses, the cdardi onyocyte fails to conduct
electricity, and thus the cardionyocyte fails to contract by itself at tinme
of heartbeat. An electric-conduction block, which is 10formed by the

i njured cardi omyemtes and has & box Shanen f@idwide Qantdaste it idsel f

and noves such that the electric-conduction block follows the contraction

movenent of the qdiacent, sardiatdustadiSsuga A whvEesidn dhe contact
state of the tip portion of the 15l aser thé catheter 300 is unstable and

changes every 138cond.o Ak 65lin dihe Bhasmdiddarancesdaiaeen
fluorescence intensity and R-wave becones unstable. In other words, the

correl ation betweenrfd uosescenced Mansddy aNnhRyeae-dovesehackwnar d and
forward between 20the correlation showmn in Fig. 15 and the correl ation
shown i Fig. (Gr [kl Viewdfadits, paeoorsl pd antheared ettwa e
when the tip portion of the laser the catheter 300 is
in the upright-contact state will be described. In the
upright-contact state, fluorescence peaks are observed
after 100 ms pass after R-wave and after 400 ms pass
10 after R-wave. Note that, in the case where the catheter
is disposed left-sided, the fluorescence intensity
changeg in proportion to the left coronary blood-flow
velume of Fig. 14. A ventricle contracts when R-wave
appears, and blood is supplied to a whole body
15 (including cardiac-muscle tissue). Since blood includes
photo-gensitive pharmaceutical, the fluorescence
intensity in a cardiac-muscle tissue is highest when
blood is supplied to blood vessels of a cardiac muscle.

As a result, the peak of fluorescence intensity appears

20 for a predetermined time period after appearance of R-
wave.
[0110] Fig. 16 ig a diagram showing the correlation

between fluorescence intensity and R-wave when the
laser catheter is in the slanting-contact state.
25 The correlation between fluoresgcence intensity

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



conducti on- bl ock-formati on determ ni ng operation of this enbodinent, it is
possible to determ ne that an 25el ectric-conduction block is forned in real
ti me based on the phase difference between fluorescence intensity 74 and
el ectrocar di ogram R-wave. Specifically, in the case where the peak of
fluorescence intensity appears for a prquﬁernined time period after
appearance of R-wave, it can be determ ned 5that an el ectric-conduction
block is yet to be fornmed, and that the tip portion of the |aser the
catheter 300 is in the upright-contact state. In the case where the peak of

fluorescence iplensiHey @nd Rrveyre rappaals suhsiantdaldnesiyng tianeousl y,
it can be determ ned that” I0an el ectric-conduction block is yet to be

formed, and tha difee diighdiofdiQmicd hedthe Wasend satieier 300chs in
t he slanting-contact state. 1n the case where the phase difference between

the peak of fllQrASGRNCE HTH AN dat cBNthaRaWae HiodiDlexgotsd ant 2 idaxcan be
15determ ned that an electric-conduction block is formed. [0116] Note that,

because it camrhe (I eninehidialc AN RIBEHIGWE eanductizomiduiotiat s dier med in
t he case where the phase difference between fluorescence intensity and

R-wave izs not manstcandd ddieerdiispl ae=20uwn tndidkdivsipliays-wahes .correl ation
bet ween fl uorescence intensity and R-wave on the display screen, a

practitioner may esid ndsmheidhebar eltdet pitaeeontiutidemdd dekeweserf or ned or
not based on the correlation between fluorescence intensity and R-wave,
25even if the rontvolder AbMdoesmet jestdmatey wetiheim athe upright-
contact state ig obviously different from the phase
difference between R-wave and fluorescence intensity
10 peak in the slanting-contact state, and the phase
difference is constant if the contact state is
maintained.
o111} In view of this, the controller 150
determines whether the phase difference between
15 fluorescence intengity and R-wave is constant based on
the calculated flucorescence intensity and the obtained
electrocardiographic signal, to thereby determine
whether an electric-conduction block is formed or not
(Step 8114). If the controller 150 determines that the
20 phase difference between flucrescence intensity and R-
wave ig constant, the contreller 150 determines that an
electric-conduction block is yet to be formed {(Step
S114, No), and causes the display unit 170 fo display
information to prompt a practitioner to stop the
25 excitation light irradiation (Step 5116) and to move

the laser the catheter 300 (Step S117}. The



el ectric-conduction block is formed or not. 75 [0117] <Second Enbodi nent >
Next, a PDT apparatus according to another enbodi ment of the present
| be described. In the follow ng description, descriptions of
5configurations, functions, operations, and the like simlar to those of

i nvention w |

t he PDT appar
and different
system and a

described. [0118][Structures of opti cal

is a block di
|i ke of the s
120a i ncl udes

atus 1 of the first enbodinent will be omtted or sinpli
points will mainly be descri%ed. An opt i
detection unit according 10to the second enbodi nent will

fied,
cal
be

system and detection unit]Fig. 17

AT Sl A g o o e e o el e

he
system
123, a

, : il it fi - j%gg? e PBS
first dichroi célm%eprlr rrl%rhlgleﬁn%’; t%ﬁ%%]%%le%#%;h%ﬁ% 1 l,at%% a second
DM 127. [0119]&*&?} %S{d YU t%ﬂéolaaéé}cclt}ffgascétﬁét{éf Zophoiediode
eferred to as "PD".

(hereinafter
first DM 126

5

10

15

20

25

r

refd &l sidd WY haw M & and thereafter are performed
again.

[0112] Fig. 13 is a schematic diagram showing a
movement track of the laser catheter. -

A practitioner moves the tip portion of the laser
the catheter 3200 so as to surround a hyperexcited site
in pulmonary veins (PV) {(dashed-dotted line or dashed
line in Fig. 13).

[0113] Meanwhile, if the controller 150 determines
that the phase difference between fliluorescence
intengity is R-wave 1s not constant, the controller 150
determines that an electric-conduction block is formed
(Step S114, Yes), creates a display instruction to
prompt a practitioner to stop excitation light
irradiation and to remove the laser the catheter 300,
and outputs a display instruction including the created
display information to the display unit 170. When the
display unit 170 obtains the display instruction from
the controller 150, the display unit 170 displays
information to prompt a practitioner to stop excitation
light irradiation and to remove the laser the catheter
300 on the display screen based on the display

information in the display instruction, and stops the

) 131, and a second PD 132. [0120] The



certain wavel ength out of the light entered fromthe PBS 123, and causes
the light having the other 25wavel engths to pass through. In this manner,
the first DM 126 reflects part of fluorescence fromthe |aser the 76

cat heter 300, and allows the fluorescence having the other wavel engths from
the | aser the catheter 300 and specul ar H%flection i ght to pass thorough.
The fluorescence, which has reflected off the first DM 126, 5enters the
first PD 131. The first PD 131 detects the fluorescence entered from
the first DM 126. The first PD 131 outputs the detected fl uorescence

intensity to the,conin® | @rddk@ss)an el ectrical signal. 10[0121] The second
DM 127 reflects light having a certain wavel ength out of the |ight which

has passed thraoughithe fid:sd, DMl 261 aih1cauUsas sl i g Aaving tde ot her
wavel engt hs to pass through. In this manner, the second DM 127 reflects

part of fl uorespentte it khas fpassedt 3 oughhdie: fo4 st1dM 1326, and
all ows the fluorescence having the other wavel engths and specul ar

reflection |i gidrile® passs: tdioy augse Tdver ffd eai@es aenoss emhf Dloescdeid ect ed
off the second DM 127, enters the second PD 132. 20The second PD 132

detects 4 he flirmescanceehteredvér om hbe secendnby 12711 Hee cegonidbD 132
out puts the detected fluorescence intensity to the controller 150 as an

el ectrical sigmalen [(0L22fNetweddyate tig ot iroalgrsassteem ¥20a may furt her
25i ncl ude DMs each having a structure simlar to the structure of each of
the first DM 126 dingntdweytsectmdlDMo conduct electricity, and thus
the cardiomyocyte fails to contract by itself at time
of heartbeat. An electric-conduction block, which is
10 formed by the injured cardiomyocytes and has a box
shape, fails to contract by itself, and moves such that
the electric-conduction block follows the contraction
movement of the adjacent cardiac-muscle tissue. As a
result, the contact state of the tip portion of the
15 laser the catheter 300 is unstable and changes every
second. As a result, the phase difference between
fluorescence intensity and R-wave becomes unstable. In
other words, the correlation between flucrescence
intensity and R-wave moves backward and forward between
20 the correlation shown in Fig. 15 and the correlation
shown in Fig. 16.
[0115] In view of this, according to the electric-
conduction-block-formation determining operation of
this embodiment, it is possible to determine that an

25 electric-conduction block is formed in real time based

on the phase difference between fluorescence intensity



77 127. In this manner, eventually, the plurality of DvMs 126, 127 ..

reflect the fluorescence fromthe |aser the catheter 300, and the plurality
of PDs 131, 132 ... detect the fluorescence fromthe |aser the catheter

300. 5Then, the plurality of DMs 126, 127 ... causes the specul ar
reflection light to pass through. [OlZS]N&te that, as another enbodi nent, a
pul se Iight source nmay be used as the light source 110, and the specul ar
reflection light reflected off the fiber 10entrance edge nay be tenporally
separated based on optical path length difference (about twice as |ong as

l'engt h of | aseind he Lathlara308-an HO0%2AH <Third Enbodiment> In the third
enbodi nent, the contact-nonitoring 15steps are perforned based on the phase

di fference betweengﬂgtﬂggﬁggﬂyjlﬂﬂngﬁgeﬁg%iwﬁéﬁgﬁgﬁ@ Mddiehois in the
i nterval between R-waves, and R-wave. In the

el ectri c- condueti®redlatde fardmtdon, dajRididi Mg apesvddaneafidde fimest
enbodi nent, it is 20determ ned that an el ectric-conduction block is forned
period after appearance of R-wave, it can be determined
5 that an electric-conduction block is yet to be formed,
and that the tip portion of the laser the catheter 300
is in the upright-contact state. 1In the case where the
peak of fluorescence intensity and the R-wave appear
substantially simultaneously, it can be determined that
10 an electric-conduction block is yet to be formed, and
that the tip portion of the the laser the catheter 300
is in the sglanting-contact state. In the case where the
phase difference between the peak of flucorescence
intensity and R-wave 1s not constant, it can be
15 determined that an electric-conduction bklock is formed.
[Cc116] Note that, because it can be determined that
an electric-conduction block is formed in the case
where the phase difference between fluorescence
intensity and R-wave 1s not constant, if the display
20 unit 170 displays the correlation between fluorescence
intensity and R-wave on the display screen, a
practitioner may estimate whether an electric-
conduction block is formed or not based on the
correlation between fluorescence intensity and R-wave,
25 even if the controller 150 does not estimate whether an

electric-conduction block is formed or not.



based on the phase difference between the peak of fluorescence intensity,
which is in the interval between R-waves, and Ft-wave. This principle my
be applied to the contact-nonitoring operation. 25[0125] The |ight source
110 outputs the excitation light with the first intensity to the optical
system 78 120. The detection unit 130 detects the fluorescence entered
fromthe optical system 120. The detectiofr unit 130 outputs the detected
fluorescence intensity to the controller 150 as an electrical signal. The
controller 5150 cal cul ates fluorescence intensity based on the obtained

el ectrical signi ;71 0126]deatyhid@yod iR gt €ctrocardi ograph 140 obtains an
el ectrocardi ographic signal, and supplies the obtained el ectrocardi ographic

signal to the contrgller J0I50.Jhercontrolderqidnd €5 eatosnédi-spl ay

i nformati on based on the cal cul ated fl uorescence Tintensity and the obtained

el ectrocar di ogkAph SISy | £ 3G Pk it 1.8 St By | 51T USd | @BsdApbadi ng the
created display information to the display unit 170. The display unit 15170

obtains the displayei AstTdeidiomdsom pheogonteottescddfs @nd di splays the
correlation between fluorescence intensity and el ectrocardi ogram R-wave on

the display scéeen hasee: o | heuwstspbay, | doraetded, | andhendi sptay
instruction. 20[0127] The controller 150 determ nes the contact state of the
tip portion ofsiheldases thescathetios 800 hasehons theotaticsl Al ek

fluorescence intensity and the obtained el ectrocardi ographic signal (Step
5106). Speci fi@mbdyimaiitc tunel L amt rahl eted 58r deimsmi fbsdt hatdt def ferent
| points will mainly be described.

An optical system and a detection unit according

10 to the second embodiment will be described.
[0118] [Structures of optical system and detection
unit] Fig. 17 is a block diagram showing an optical

gsystem, a detection unit, and the like of the second
embodiment of the present invention.

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

[0119] A detection unit 130a includes a first

20 photodiode (hereinafter referred to as "PD".} 131, and
a second PD 132.
[0120] The first DM 126 reflects light having a
certain wavelength out of the light entered from the
PBRS 123, and causes the light having the other

25 wavelengths to pass through. In this manner, the first

DM 126 reflects part of fluorescence from the laser the



25peak of fluorescence intensity appears for a predetermned tinme period
after appearance of the R~ 79 wave, the controller 150 determ nes that the
tip portion of the |aser the catheter 300 is in the upright-contact state.
If the controller 150 determ nes that the peak of fluorescence intensity
and the R-wave 5appear sinultaneously, the controller 150 determ nes that
the tip portion of the |aser the catheter’300 is in the sl anti ng- cont act
state. Further, the bl ood volune between the tip portion of the |aser the
catheter 300 and the inner wall of a tissue may be 10esti mated based on

f1 uorescence peak,dddeNid Y- ald 128l sRoUHd EHOd IR havindoaes ding to

the fourth enbodi nent, the contact-nonitoring steps are perfotned by using

aut of | uor escenge, speagdranagififersngessndotasdhathe Ioautafdvoy@scance
indicates light emtted froma tissue by itself, and does not nean

fl uorescence fd4upa phardracautiGalligihated Spaddedosidh emaodi ment
descri bes a diagnostic nethod in which no pharmaceutical is used.

20[ 0129] The | ifghiosoit&al 100D S are it ead i F digtira thvwhigh the
di fference between the autofl uorescence spectrum property of a

cardi ac-gwscl e-fdd Ssse-1gnde 4-he- aut ofduor escence spectrum property of bl ood
is determned easily. The detection unit 130 25detects entered

fluorescence. The deiectit WD t1B3Woidqd sciidef deiead@thdd uatescence
intensity to the
from the first DM 126. The first PD 131 outputs the
detected fluorescence intensity to the controller 150
as an electrical signal.

10 [0121] The gecond 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
the other wavelengths to pass through. In this manner,
the second DM 127 reflects part of fluorescence, which

15 has passed through the first DM 126, and allows the
filuorescence having the other wavelengths and specular
reflection light to pass thorough. The fluorescence,
which has reflected cff the second DM 127, enters the
second PD 132,

20 The second PD 132 detects the fluorescence entered
from the second DM 127. The second PD 132 outputs the
detected fluorescence intensity to the controller 150
as an electrical signal.

[0122] Note that the optical system 120a may further

25 include DMs each having a structure similar to the

structure of each of the first DM 126 and the second DM



80 controller 150 as an electrical signal. The controller 150 cal cul ates
the fluorescence spectrum based on the obtained electrical signal. The
controller 150 determ nes whether the cal cul ated fl uorescence spectrum
5shows t he autofl uorescence spectrum property of a cardi ac-nuscle tissue or
t he autof | uorescence spectrum property of__blood. The controller 150
conpares the cal cul ated fl uorescence spectrumw th the autofl uorescence
spectrum property of a cardiac-nuscle 10ti ssue and t he autofl uorescence
spectrum property of bl ood, and determ nes the contact state of the tip

portion of the Jaser,the;catheher 300hSLER 19106ke SRecihieal by, pis t he

controller 150 determnes that thé calculated fluorescence Spectrum shows

the 15autof | uorgscense Spectdumdy GRRS Lo rds &aidl aerdmsale tdsswe, the
controller 150 determnes that the tip portion of the |aser the catheter

300 is in the wptightnoant afdo Stale cild gher£onty ot espd 50 deteymi nes t hat

the cal cul ated fl uorescence spectrum shows the 20aut of | uorescence spectrum

property of bloothct hen€ont 18)-ée=AbO debrr khaessihat tike ddthepant i3po of
the | aser the catheter 300 is in the non-contact state. |If the controller

150 det ey m nes tithat, thes Galgdiated S uMesicance spect r wawees et show t he
each 25aut of | uorescence spectrum property, the controller 150 determ nes

that the tip pasdderefrdheedaset Thmte 8do cpaheteir30ghis in the
sl anting-contact state. [0130] The contact-nonitoring using the
aut of | uor escencel spect r ik fflertencss isnatisor usebadl ifierit, a pulse
light source may be used as the light source 110, and
the specular reflection iight reflected off the fiber
10 entrance edge may be temporally separated based omn
optical path length difference (about twice as long as
length of laser the catheter 300 ).
[0124] «<Third Embodiments
Trn the third embodiment, the contact-monitoring
15 steps are performed based on the phase difference
between the peak of fluorescence intensity, which is in
the interval between R-waves, and R-wave.
In the electric-conduction-block-formation
determining operation of the first embodiment, it is
20 determined that an electric-conduction block is formed
based on the phase difference between the peak of
fluorescence intensity, which is in the interval
between R-waves, and R-wave. This principle may be
applied to the contact-monitoring operation.

25 [0125] The light source 110 outputs the excitation

light with the first intensity to the optical system



| aser-catheter contact-nonitoring in the case of a 5Stherapy for a disease
with a vascul ar occlusion (for exanple, arteriosclerotic disease or the
like). Figs. 18 are schematic diagrans each showi ng a contact state
of a laser catheter in an intravascular lunmen. 10ln a therapy for a disease
with a vascular occlusion, it is desired oo determ ne whether the tip
portion of the |aser the catheter 300 contacts a vascul ar occl usion

(at heromat ous plaque) 21 in a blood vessel 20 (see Fig. 18(a)) or contacts
a bl ood-vessel 15 wall 22 (see Fig. 18(b)). Here, the conposition ratio of

col | agen, el astion, frhpi derandibhevhikelob aevaseyl ancoeclivskebehsedi f ferent
fromthe conposition ratio of a blood-vessel wall. Specifically, the
conposi tion rafnterefd & s cHaromcelalsian Haat t1erd oscher asie) tisn70%i of

20wat er, 5% of coll agen, 6% of elastin, and 9% of |ipid. The conposition
ratio of a bl aed wesseltd shisBaafesmaide sl saineoldragani ch0. adowdfe
elastin, and 11 of |ipid. Because of this, the autofluorescence spectrum
property of acwmsaudldrerocddusi=omn eldidtfarentt firoml.heT2Baubatkrdiescence
spectrum property of a blood-vessel wall. If a therapy-target site is

i rradi atted w tisCarcal@2ilexoid atliverrddagiice wirtttervshi toh dawedreopearittey difference
is determ ned easily, and fluorescence is neasured, it is possible to
det er m ne whetderaitrlesl td e qioridagn =sofgrtdle | aser the catheter 300 contacts

t he vascul ar occlusion 521 or the bl ood-vessel wall 22. Note that, because
it can be det eldtiatdd whetdmrwhiier e tife an eattheronatingrpifadued ebiritmshbased
on the conposition ratio, the contact-nonitoring using the autofl uorescence
spect rum di f f ererede dareqrerdigrgnaditagh osiisnador erpt el ies Hdre 101 VUS
(intravascul ar ultrasound), with which it is deteimned whether there is an
at her omat ous Ut ot CPaEEr TrPIFElsi e iginahd |l dvd Srasset]l iditanet er .

10 150. The controller 150 creates display information
based on the calculated fluorescence intensity and the
obtained electrocardiographic signal, and outputs
display instruction including the created display
information to the display unit 170. The display unit

15 170 obtains the display instruction from the controller
150, and displays the correlation between fluorescence
intensity and electrocardiogram R-wave on the display
screen based on the digplay information in the disgplay
instruction.

20 [c127] The controller 150 determines the contact
state of the tip portion of the laser the cathetexr 300
based on the calculated fluorescence intensity and the
obtained electrocardiographic signal (Step $106).
Specificalliy, i1f the contreller 150 determines that the

25 peak of fluorescence intensity appears for a

predetermined time period after appearance cf the R-



[0131] <Fi fth Enbodi ment> According to the (5) cytocidal-effect-determ ning
150peration of the first enbodi nent, during photodynam c therapy, it is
determ ned whether there is a cytocidal effect or not (Fig. 5 Step S113).
Meanwhi | e, according to a fifth enbodi ment, during photodynam c therapy,
the contact state of the tip portion of the |aser catheter 20with respect
to an inner wall of a tissue is deternminéd in addition to determ ning

whet her there is a cytocidal-effect. [0132] Specifically during intracardiac
therapy using a | aser catheter, the | aser catheter noves 25affected by

breat hi ng and pear t heat ’ccﬁ-[}g%élg_ﬁexcﬁ@@ et%tﬁ‘isﬁl%’! :ér}ldsx?s(ﬂ?é:tt%

a
t herapy-target tissue my ange. Because 0 even ﬁ? t he cont act

t at f th i i t t i g i 4 f itti
state o e tqqq:gtﬁ_?;r% :9%&{59 ]%%eépﬁﬁ%ee%ﬁq%%@r%tpoﬂlj{m‘?e ore enmtting

an excitation IS preferable to nonitor how

the contact Stxﬁgg yt-gcjlcts}gcatétp ét)c%réé onref (hhe da3er,,6atheker ehanggseduring

phot odynam ¢ t Further, in PDT, even if therapy iIs perforned

under the sangJd agiation. conditions (dddadiatd,on ¢ Bhy idgadiatdan
power), the amount of ¢generated singlet oxygen in atherapy-target 10site

varies. Becausg, Qs @iﬁnuliﬂhr%cqgl#,o i il perdormd heranidds i s
preferable to al'so nonitor the PDT process status (cytocidal effect) in
real time. ON&hat the tip portion of the laser the catheter 300 ig

in the glanting-contact state. Further, the blecod

volume between the tip portion of the laser the

catheter 300 and the inner wall of a tissue may be

16 estimated based on fluorescence peak intensity.

[0128] <Fourth Embodiment:

According to the fourth embodiment, the contact-
monitoring steps are performed by using
autoflucregcence spectrum differences. Note that,

15 autcofluorescence indicatesg light emitted from a tissue
by itgelf, and does not mean flucrescence from a
pharmaceutical. That is, the fourth embodiment
degcribes a diagnostic method in which no
pharmaceutical is used.

20 [0129] The light source 110 outputs an excitation
light, with which the difference between the
autofluorescence spectrum property of a cardiac-muscle
tigsue and the autofluorescence spectrum property of
blood iz determined easily. The detection unit 130

25 detects entered fluorescence. The detection unit 130

outputs the detected fluorescence intensity to the



reason of the variable anmount of generated singlet oxygen is the individual
variability of pharmaceutical 15concentration (in case of pharnaceutica
concentration of Laserphyrin in blood plasma, plus or mnus 10 to 209%.
Because anounts of |ight, pharmaceutical, and oxygen greatly contribute to
PDT therapeutic effects, in the case where the pharmaceutical concentration
is 20l ow, the enough therapeutic effect not be obtai ned. Another reason
is that, in sone therapy-target sites, it is difficult to control the
intracardi ac posture of the tip portion of the |aser catheter such that the
posture is theddeniical 1GNtACty Stats (URH O &Nt ackLeSetatehiikr the

case of the slanting-contact state or the non-contact state of the tip

portion of thednsen 84 cal helers: ddie LR 148 antig daNergy diput

anount in a tissue is decreased. As a result, if the irradiation tine is

not nmade | ongeiL«Qfi e Selcdriadi alifhipowehd sonet-dinereased, the
t herapeutic effect may not be enough. 5In order to solve such problens, the

PDT process | eufleAGHeRC R t18f:f aotd @ik iihe Ot Bersd adreOfsddre Ainp
portion of the |laser catheter in a therapy-target tissue are nonitored in

real tine, andHdhe idHeadiald Andanddiansgmys Aen setdshangesk according to
the status. 10[0133] As nethods of nonitoring the contact state of the tip
portion of thed:aselc-eaistatert iiniagt erapautd thldghicdidadipddornm f or
exanpl e, a radioscopic i mage and potential neasurenent (inpedance
measur enent) arespatrown.ofHaviemel., Mhet kencase lefr usicngoapalt®esr athieoscopi c
i mge, because it is necessary to keep on fluoroscopi ng during an
operation, thersfldsaagy dilemdardrhat ddeerac atidn-gxposur e anount of a
patient and a practitioner is extrenely |arge. Meanwhile, in the case of
usi ng pot ent i alutnedsunermrnde redanocen 20meestrenents  cdstaursemascat het er
havi ng an el ectrode at the tip portion is used in the case of
cardi ac-(di seageissue and the autofluorescence gpectrum property of
blood, and determines the contact state of the tip
portion of the laser the catheter 300 {(Step S106).
Specifically, if the controller 150 determines that the
calculated fluorescence spectrum shows the
15 autofluorescence sgpectrum property of a cardiac-muscle
tissue, the controller 150 detexmines that the tip
portion of the laser the catheter 300 is in the
upright-contact state. If the controller 150 determines
that the calculated flucrescence spectrum shows the
20 autofluorescence spectrum property of blood, the
controller 150 determines that the tip portion cf the
laser the catheter 300 is in the non-gontact state. If
the controller 150 determines that the calculated
fluocrescence spectrum does not show the each

25 autofluorescence spectrum property, the controller 150

determineg that the tip portion of the laser the



therapy using a catheter, the contact state may be grasped roughly before
the therapy based on its potential. However, because a cardi onmyocyte |oses
its 25electric conductivity and the potential is decreased after starting

t herapy, the potential may not be 85 observed even if the contact state is
mai ntai ned. In other words, there is a problemin that it is not possible
to detect how the contact state of the ti§ portion of the catheter changes
during therapy. 5[0134]In view of the above-nentioned circunstances,
according to this enbodi nent, a cytocidal effect is estimated and the

contact state of _.the ti ortion W [espect to an
i nner wall of caa‘tli‘ers]:s e%ooscocfﬁ elrrtn%le E'EJ'JLu“"rI?Eng %hoctrl yntanil“;%:h‘t%erapy based
100n intensity et ected f re ] s a flowchart
showi ng operat onéﬂof tﬁ@1 %ﬁbﬁgra nlt J%%g g#igﬁggof t he PDT

apparatus showpn, | gk c'%:eszcoeg?cre %}é{ﬁtﬁﬂdﬁf’ﬁéﬁ% OPsedﬁ%écS”l?sé’é 1 he, POT

15apparat us shown in er I's not erm ned that t here

is a cytocidaly %]]{agg}aé% 3135 r%ct) stc]%%alcrﬁ Ls% of ghe tip portion

of the | aser cat erntne ter it is not
det erm ned tha&héf&ﬁfifé%éﬁ disease with a vascular occlusion (for

example, artericsclerotic disease or the like).

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

10 In a therapy for a disease with a vascular
occlusion, it is desired to determine whether the tip
portion of the laser the catheter 300 contacts a
vascular occlugion {atheromatous plagque} 21 in a blood
vessel 20 (see Fig. 18{a)) or contacts a bloocd-vessel

15 wall 22 (see Fig. 18(b)). Here, the composition ratioc
of collagen, elastin, lipid, and the like of a vascular
occlugion is different from the composition ratio of a
blood-vegsel wall. Specifically, the composition ratio
of a vascular occlusion {arteriosclerosis} is 70% of

20 water, 5% of collagen, 6% of elastin, and 9% of lipid.
The composition ratio of a blood vessel is 73% of water,
6€.5% of collagen, 10.5% of elastin, and 1% of lipid.
Because of thig, the autoflucrescence spectirum property
of a vascular occlusion is different from the

25 autofluorescence spectrum property of a blood-vessel

wall. If a therapy-target site is irradiated with an



20cytoci dal effect (Step S113, No), continuously, the light source 110
outputs the excitation light with the second intensity to the optical
system 120, which is started in Step S109, the controller 150 cal cul ates
fluorescence intensity, and the display unit 170 25di spl ays the tenporal
change of fluorescence intensity on the display screen. For exanple, the
display unit 86 170 displays the tenpord?2 change of fluorescence intensity
on the display screen as a graph. [0137] Here, an exanple of a graph show ng
t he t emporal change of fluorescence intensity wll be 5descri bed.

Fig. 21 is a graph show ng the tenporal. ¢h e of fluorescence | nsity.
[0138] Fi g. Zlges)ﬁg%satalno%;}g'r%{ké i i‘@hmlcr% ?Eg% aﬁlfoc}ronefl%g’ s@%r%e%%ﬁ%gl%st he

i dentical contact state.(upr.i-ght- C t_ state). 1. poi nts
with arrows, t %5?%“35*3%5?%%&'an%%gfﬁg} 5?“%3?%%:V%ﬁ%%%ggﬁé¥@é§%?ﬁ%ed

above, the pharnncautd Gal SONGENLIALLON AL Blg0d s igher, than fhe

phar maceuti cal® con ation in a cardiac-nuscle t n view of this, a

practitioner lpunderstands dhal, g tddh P Aot 408,185 el CALDRLET

5 21 or the blood-vessel wall 22. Note that, because it
can be determined whether there is an atheromatous
plague or not based on the compogition ratio, the
contact-monitoring using the autofluorescence spectrum
difference can perform diagnosis more precisely than

10 IVUS (intravascular ultrasound), with which it is
determined whether there is an atheromatous plagus or
not based on the size of the blood vessel diameter.
[0131] <Fifth Embodiment:

According to the (5) cytocidal-effect~determining

15 operation of the first embodiment, during photodynamic
therapy, it is determined whether there is a cytocidal
effect or not (Fig. 5, Step S113). Meanwhile, according
to a fifth embodiment, during photodynamic therapy, the
contact state of the tip portion of the laser catheter

20 with respect to an innexr wall of a tissue is determined
in addition to determining whether there is a
cytocidal-effect.

{01321 Specifically during intracardiac therapy
uging a laser catheter, the laser catheter moves

25 affected by breathing and heartbeat, and the contact

gtate with respect to a therapy-target tissue may



is removed froma cardi ac-nuscle tissue and contacts bl ood at the two tine
points at which the fluorescence intensity has |arge val ues. Wen a
practitioner detects the change, the practitioner operates a handpi ece or
20 the like (not shown.), to thereby return the posture of the tip portion
of the laser catheter to the identical contact state (upright-contact
state) (Step S118, No). Note that, in thé3state where the contact state of
the tip portion of the |aser catheter is preferable, the 25posture of the
tip portion of the |laser catheter is not controlled, and the controller 150

controls t 8 ti I 1.h i tati i i d
(ntensi ty o }%ﬂgﬁ% i cAPabeatt hibe se8 15, Hoas et ot "
phar maceuti ca i at t t, | I €, annunt tus, which
relates to t heth‘%P%?ic%lr%}%eélgoﬁ g!\f}lejlat,ﬂelospia%fe%]{ e%%%g [ %ntgﬁse grap l)msﬁ%%anuisn Fi L;C
21. [0139] As i ) ' FoBu g ' , Ichyi

Si Tl £ ancous! AT o S TR PO pr 6obeat Suel 0yt aat dal 6 fos) andthe

cont act 10"Dnij,tt0r% ddEd LAl d i ﬂﬁ&ﬁ{&g@%te&ﬂc@ﬁtseaﬂ@@@tiom

and, in the case re the posture of the er catheter is not the

upr i ght cont agty, Stiate, » By; GO Qlnd Nes RAStdl e &8l e duy- e case
where the PDT proceéglfevéi (cytocidal effect) reacheéit e 15a5ﬁ?%priate

range, the pragtidiBRSinIRY Sy A at ke 014Qh<Sbtt h Eabodisment >

In the fifth embodiment, the contact state of the tip portion of the |aser
catheter is estidmigd DASRA-QUrmed under the same irradiation

conditions (irradiation time, irradiation power)}, the
amount of generated singlet oxygen in a therapy-target
10 gite varies. Because of this, in crder to reliably
perform therapy, it is preferable to alsc monitor the
PDT process status {cytocidal effect) in real time. One
reason of the variable amount of generated singlet
oxygen is the individual variability of pharmaceutical
15 concentration (in case of pharmaceutical concentration
of Laserphyrin in blood plasma, plus or minus 10 to
20%) . Because amounts of light, pharmaceutical, and
oxygen greatly contribute to PDT therapeutic effects,
in the case where the pharmaceutical concentration is
20 low, the enough therapeutic effect may not be obtained.
Another reason is that, in scme therapy-target sites,
it is difficult to control the intracardiac posture of
the tip portion of the laser catheter such that the
posture is the identical contact state (upright-contact
25 state). In the case of the slanting-contact state oxr

the non-contact state of the tip portion of the laser



20t he i ncreased anount of fluorescence as an index, and the PDT process

| evel (cytocidal effect) is estimated based on the attenuation anmount of
fluorescence as an i ndex. However, in the case where the PDT process | evel
(cytocidal effect) is estimated based on the 25attenuation anount of
fluorescence as an index, a practitioner may feel unconformty when the
index is 88 decreased as therapy progregées, sensuously. Further, there is
not established a nethod of determi ning the PDT process |evel (cytocidal
effect) in view of variations and differences of irradiation conditions

Sand phar maceyt gal Al lUatia »eoRlicians. o A ALITR kRl kY.

according to a sixth enbodi nent, the PDT process |I"ével "(cytocidal effect)

is estimted inMiewof: vaidatd0ny andsdif tecanees ef (her agiakiiaRion
condi tions and pharmaceutical - 10adm nistration conditions, and,

si mul t aneousl y; }h8 LOYAGI R Al e dHed AT tien ofs 18 drasRiwsatiket er
wWth respect to an inner wall of & tissue is deteined. [0142]Fig. 22 is a

flowchart showdig gdmuHdd | n&l@p@ﬁ@%%%@u@icpgff@éﬂcﬂg§ hevelseanticugeant act
state. 15The nonitoring operation of T process |evel and a contact state

is perfaermed i Bn bLoiseexaPlivel epchl b3cbaheci dale ebfreghudelser MeRieng
operation) of the flowhart of Fig. 5 or Fig. 20. [0143]First, the
control ler 150 Salful@ilesedfatr) and the contact state of the tip
portion of the laser catheter in a therapy-target
tissue are monitored in real time, and the irradiation
conditions may be set/changed according to the status.
10 [0133] As methods of monitoring the contact state of
the tip portion of the laser catheter during
therapeutic-light irradiation, for example, a
radioscopic image and potential measurement (impedance
measurement) are known. However, in the case of using a
15 radiogcopic image, because it is necessary to keep on
fluoroscoping during an operation, there is a problem
in that the radiation-exposure amount of a patient and
a practitioner is extremely large. Meanwhile, in the
case of using potential measurement (impedance
20 measurement), because a catheter having an electrode at
the tip portion is used in the case of cardiac-disease
therapy using a catheter, the contact state may be
grasped roughly before the therapy based on its
potential. However, because a cardiomyocyte loses its
25 electric conductivity and the potential 1s decreased

after starting therapy, the potential may not be



20present val ue of the PDT process |level (hereinafter, referred to as
"current-process-level") based on fluorescence intensity (Step 5201).

[0144] Here, a nmethod of cal culating PDT process |evel will be described.
25Fig. 23 is a diagramfor explaining formul ae for cal cul ati ng PDT process
| evel . 89 [01451In the fornulae, Pfi is fluorescence intensity, nis a

vari abl e indicative of the nunber of exci®ationlight-irradiation tinmes (for
exanple, n=1 is indicative of irradiation after 15 mnutes after
pharmaceutical 5administration, n=2 is indicative of the same after 16

mnutes, and g3 s Indical Lve 9l Lgsane ATLer 16 mies, 30 segonds ),

and t is a vari e’n i've of an Irradiation t1ne period. For exanpl e,

P11(0) is indigative Olsd hg 5tat g ehefgtﬁ%r{ iei_rlftt-,trg& fi-t Dot

1l0excitation-l1ght irradi‘ation is sta that 1's, of an

initial value pleJiior eseenatdntensidie eda HOTAA.LX0 Lald and 1 ant

irradiation. I's Indicative of an average Intensity (background) of a

fl uorescence wayef; r{nd'ﬂﬁ dihe C%ats‘ff\etv@erc%gr{éee§mfﬁ{% Qhebaldght is emtted
Ahoit : . X

bef ore pharmacCeutic admnistration. That is, PriI{0)-Pref is indicative

of fluorgescencgijtiensi tyy ati & RIedetLIHRARA ddAre &idere phalymesitdcal

adm ni stration and before excitation-light irradiation, which is an initial
value (in thi gexamlg PDni LUMHINSentX @HKkBcif B d@rdables i ndicative

of a

estimated and the contact state of the tip portion of a
lager catheter with respect to an inner wall of a
tissue is determined during photodynamic therapy, based

10 on intensity of detected fluorescence.
[0135] Fig. 20 is a flowchart showing operations of
the PDT apparatus.

The operations of the PDT apparatus shown in Fig.

20 are different from the operations of the PDT

15 apparatus shown in Fig. 5 in that, after it is not
determined that there is a cytocidal effect (Step S113,
No), the contact state of the tip portion of the laser
catheter ig determined (Step S118).
[0136] After it is not determined that there is a

20 cytocidal effect (Step 8113, No), continuously, the
light source 110 outputs the excitation light with the
second intengity to the optical system 120, which is
started in Step 85109, the controller 150 calculates
fluorescence intensity, and the display unit 170

25 displays the temporal change of fluorescence intensity

on the display screen. For example, the display unit



pharmaceuti cal - adm ni strati on anount, and P (WcnR) is a variable

i ndicative of an excitation-lightirradiation power. [0146] This estimating
met hod conti nuously 25cal cul ates the amount of attenuation of fluorescence
intensity every irradiation inmediately after starting 90 irradiation, in
the case where the fluorescence intensity difference before and after

phar maceuti cal admnistration is 100 undé&® certain referential conditions
(for exanple, the pharnaceutical - 5adm nistration anount is 10 ng/ kg, and
the irradiation power is 40 WcnR). Here, 10 ng/kg is an

arbitrari| y-S%]'v%C.td%%p\i%J A% & Maldie I & F agfrd b dhiLh there is no

toxicity to a'living-body, and 4 cn Is an arbitrarily-selected val ue as

a peak val ue aof,an, LQif radiald ofy HOMBF ddbcd 8108 diuhi ch extrenely smal |

or no burning occurs. “‘As such a correl ation between concentration and

irradiation powgrs-duringiphar maceutingale agmigty | | Shwdngtandard
condition, which is determ ned by experinentally searching for a

15condi tion, Y, RE-Sethafd tders1dl.s0 ddhdde pases ofy avicondid i on ot her
than a referential condition, in order to relatively conpare the anount of
gener at ed si ng{i-peaen, which affects therapeutic effects, it is possible
to performcalculation in view of factors of a

20phar maceut i cal - adnicni sty atd o prERHtsradid rad) tid aghadd 0 pveige of
[01l47] Alternatively, the correlation between

fluorescence intensity.
[0138] Fig. 21 shows an example in which irradiation
is started under the identical contact state (upright-

10 contact state). At the two time points with arrows, the
fluorescence intensity has large values. As described
above, the pharmaceutical concentration in blood is
higher than the pharmaceutical concentration in a
cardiac-muscle tissue. In view of this, a practitioner

15 understands that the tip portion of the laser catheter
is removed from a cardiac-muscle tissue and contacts
blood at the two time points at which the flucrescence
intensity has large values. When a practitioner detects
the change, the practitioner operates a handpiece or

20 the like (not shown.), to thereby return the posture of
the tip portion of the laser catheter to the identical
contact state (upright-contact state) {(Step 5118, No).
Note that, in the state where the contact state of the
tip portion of the laser catheter is preferable, the

25 posture of the tip portion of the laser catheter is not

controlled, and the controller 150 controls to



concentration and irradiation power during pharnaceutical

adm ni strati on

may be set as follows, 25instead of using a standard condition, which is

dete/ m ned by experinmentally searching for a condition.

91 [0148]Fig. 24

is a diagram for explaining a nethod of cal culating PDT process level. It

IS necessary to set the concentration (PS dose) and the

rradi ati on power |

during pharmaceutical 5administration sudY that the anount of singlet
oxygen generated in the | owernost |ayer of a therapy-target tissue (in
ellipse of Fig. 25) per volume unit exceeds a threshold of the ampbunt of

gener at ed si nalel. Qygery., WIG.J ndhees, el e deatih o e fagulae of Fig.

24 10and Fig. , 1sin Ive of reaction rat

const ant,

1S

i ndi cative of gé)&%%/iggtég{sggxlu%ﬂlge,{%%i%%gg%ﬁégﬁf%%reg%t%i§li'é"|’di cative

of absorption Cross-section

[ i indicatjye of ;coneenlr al

a medi um

=2 3ubshange Xn e (hdenlpindcative

I . .
of the total irradiation tinme of a therapeutic light in each irradiated
site. [0149]Figr @b shavsdar mihaend prssetid ngconcentiatdon-anghan

irradi ati on power during pharnmaceutical adm nistration.

5 PDT process level, is reflected in the graph shown in
Fig. 21.
[0139] As described above, according to this

embodiment, a practitioner simultaneously monitors the

PDT process level (cytocidal effect) and the contact

10 monitoring in real time during therapeutic-light

irradiation, and, in the case where the posture of the

laser catheter is not the upright-contact state, may

control the posture again. Then, in the case where the

PDT process level (cytocidal effect) reaches the

15 appropriate range, the practitioner may stop
irradiation.
[0140] <Sixth Embodiments

In the fifth embodiment, the contact state cof the

tip portiocn of the laser catheter is estimated based on

20 the increased amount of fluoresgcence as an index, and

the PDT process level {(cytocidal effect) is estimated

baged on the attenuatrion amount of fluorescence as an

index. However, in the case where the PDT process level

(cytocidal effect) is estimated based on the

25 attenuation amount of flucrescence as an index, a

practitioner may feel unconformity when the index is



20ln the fornmulae, t is indicative of an irradiation time period in each
site, t' is indicative of an elapsed tine after phairtiaceutical

adm nistration, and p is indicative of a light density at depth d.
Pharmaceutical concentration in a tissue [So]Jt(t) is a 25function of PS
dose, tine t, and tine t', in which PS dose is concentration during

phar maceutical 92 adnlnlstratlon (phar me®®uti cal anmount with respect to
body wei ght). However, in general, pharmaceutical concentration is unknown
wi t hout act ual neasurenent nost of the tine. However, at present, there is

Concent rati on TH T ﬁh%"‘ﬁ%ﬁ%aém‘g?? é%?%ﬁ;?én 2§€$§Yng FgRce e
enbodi ment, i t,4s.possible 10261y 5491 CHROLAL: S1aR0e, Of

pharnaceutlcal concen fon 1 n ssu e sane

[ 0150] Fi g. 260%§£%%§5§§5b5fgwgf @%gggigéﬁc§?§eégvelnc?iﬁwlg%ed based on

the formul ae sing t ornu Ig. 23, it is

possible to transfolm,il %:'ic?%fﬂf@réz@&@é‘%fy1£§%§1§£90n Zé%néif"!i?o%épl T the

process |evel (PEW progr ess e control starts to recor

storage 460, the éée&@fé‘gf Qémiﬂfs?ﬁrt%ﬁcééﬁdl@y@ﬁsas a log in which

t he calculated PD process level 1s inrelation wwth tinme Information

obt ai ned from a;1i{m ng ”ﬁ@s@w@ﬂﬁﬂﬁt§££§ 204 9L ShOWs ) EULERer, the
controll er 150 records the peak value out of the recorded PDT process |evel

in the storagesr603Asethe m@kp@fo}tsﬁééeégwévefuwp@asmam conteol les 150
may create display i nformation of the tenporal change of the PDT process

Lfe;/glr based oneihen2beadl culpied FPTvRFosesSnEeyel andrinenebapsed tine
irradiation conditions and pharmaceutical-

10 administration conditions, and, simultaneously, the
contact state of the tip portion of a laser cathetex
with respect to an inner wall of a tissue is determined.
[0142] Fig. 22 is a flowchart showing a monitoring
operation of PDT process level and a contact state.

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

[0143] First, the controller 150 calculates the

20 present value of the PDT process level (hereinafter,
referred to as "current-process-level") based on
flucrescence intensity (Step S5201).

10144] Here, a method of calculating PDT process
level will be described.

25 Fig. 23 is a diagram for explaining formulae for

calculating PDT process level.



the criterion time, which is the irradiation-start time 93 in each

irradi ated-site, and may output display instruction including the created
display information to the display unit 170. The display unit 170 obtains
the display instruction fromthe controller 150, and 5then displays the
tenporal change of the PDT process |evel on the display screen based on the
display information included in the dispﬁ%@ instruction. For exanple, the
di splay unit 170 displays the tenporal change of the PDT process | evel on
the display screen 10in a graph formshow in Fig. 26 or Fig. 27.

[QISTI F 0. 27 {61 A0 alh, Shay nged, 1) (b0 @XaRie alodie. Qe o

26. As shown in e scal e of the tenporal change of PDT

process | evel nmy, be fixehtd Gdi400e 5HaIR DuritSed MK GALd M8 Ofort he

background before pharnmaceutical admnistration, and 100 is indicative of

the maxi mum f | ugnascencesi eS| dind JMedhatlam@fd emdi radi ald oimd syt art ed
at the tinme of high-power irradiation at a certain criterion tine.

20[ 0152] Wt h ref efence 410 fl Ghr 22 agRinghndthes Goitd ol drelrdhi el €l at es the
current-process-level (Step S201), and then starts an estinmating operation

of the gontactysgiaiesfadie tidpord iomofatdihe |Asaihsaidiel efsdst e S202 to
Step S205). 25[0153] The contact state is estimated based on the difference
bet ween the pegknprocess d evel andiddicative of the same after 16
minutes 30 geconds...), and t is a variable indicative
of an irradiation time period. For example, Ps (0) is
indicative of the state where the first (i.e., n=1)
10 excitation-light irradiation is started (i.e., t=0),
that ig, of an initial value of fluorescence intensity
(Ps1) before excitation-light irradiation. Pref is
indicative of an average intengity {(background} of a
fluorescence waveform in the case where the &xcitation
15 light is emitted before pharmaceutical administration.
That is, P (0)-Pref is indicative of fluorescence
intensity at a predetermined time after pharmaceutical
administration and before excitation-light irradiation,
which is an initial value (in this example, 100}.
20 Further, X (mg/kg) is a variable indicative of a
pharmaceutical-administration amount, and P (W/cm2) is
a variable indicative of an excitation-light-
irradiation power.
[01456] This estimating method continuously
25 calculates the amount of attenuation of fliuorescence

intengity every irradiation immediately after starting



94 current-process-level. Here, the principle will be described. In the
case of pinpoint-irradiating a cardiac-nuscle tissue by using a | aser

cat heter, pharnaceutical is consunmed in the site (cardiac-nuscle 5tissue),
and, as a result, fluorescence intensity is decreased. Because PDT process
| evel is increased tenporally as fluorescence intensity is decreased, the
current-process-1level may be continuousl yYUpdated with the peak val ue
(peak- process-1l evel ). However, if the 10l aser catheter is renoved froma
cardi ac-nuscle tissue and drifts in blood, a fluorescence signal in blood,

whose phar maceut) ol , concentt ablon.ls. highel {hanci e hameeutical

. iy
concentration n car ac-mruscle t1ssue, 1S added, an e ?Iuorescence

i v Qs i c I ) ¢ S d th

POT pr ochss | Ul ERerty doRelhifed i e RRE S S e L R e o

cat het er driftgaﬁfhﬁ%@@ 15hc§§ff3 rﬁﬁh tt Ebfﬁekéfﬁf ig{ocess-level
ou no

and t he peak-processlevel, which s e generated essentially, may

20be generate - i.S. e i h j f LS: d to estimate a
o (008 e el gyt oot

contact state. conpares the

current -9or oCesgyl BVl p I Gh 4o 6@l Cll af @dnbAsed of thee Tormubae oln Fig. 23

in Step S201, with the peak- Z25process-level recorded in the storage 160
(Step S202). |§ox£é’h? £ONL 6 ok} &f2)150 wdeteer mignes; ahati 4 Re GUiietari 192

process-level is equal to or larger than the peakprocess-level (Step S202,
Yes), the contdold@fed P updal£s: 1 Peaks L 0CeSS- 1oy, regogeshin the

storage 160 with the current-process-|level (Step 5203 .'5[0155]Nbanmhi|e,
if the controldgd,rdS0s ded e¥diiNeSty to a living body, and 40 W/cm2 is
an arbitrarily-selected value as a peak value of an
10 irradiation power in a range, in which extremely small
or no burning occurs. As such a correlation between
concentration and irradiation power during
pharmaceutical administration, a standard condition,
which is determined by experimentally searching for a
15 condition, may be used. Further, also in the case of a
condition other than a referential condition, in order
to relatively compare the amount of generated singlet

oxygen, which affects therapeutic effects, it is

possible to perform calculation in view of factors of a

20 pharmaceutical-administration amount and an irradiation
power.
{0147] Alternatively, the correlation between

concentration and irradiation power during
pharmaceutical administration may be set as follows,
25 instead of using a standard condition, which is

determined by experimentally searching for a condition.



that the current-process-level is | ess than the peak- process-level (Step
5202, No), the value of the current-process-|level, which should be the
peakprocess-1l evel essentially, is decreased bel ow the peak-

10process-level. Specifically, the |aser catheter is renoved froma

cardi ac-nuscle tissue and drifts in blood, the fluorescence signal in blood
i s added, and the fluorescence intensity 33 increased. [0156] Subsequently,
the controller 150 subtracts 15the current-process-level fromthe

peak- process-level (Step S204). In the case where the peak-process-level is

dated with t (3 - ; t.he. . t i | t
updated b Lh tie i« ente i 00eS ) oy elyde b 0T hie by Fpihon, oo
power 20(first, {gaqw%y%%ﬁfﬁmetﬁ%ecél%gefe 2t heter starts

therapeutic-lig I'rradi n (‘Step ), IS maintained, or neans that the

contact state i medjatgl yn@ég%]afy (fﬁ%ﬂ'saé 4 SeiAnted, d S8 88 aidied.

Meanwhi l e, in the case where the "value of the current-process- 25l evel is

decr eased bel@%&f§?4x¥y%é%%?§§?%l r(fﬁéﬁkégﬁ%ﬁéyaacégggéyptraction

result is larger than O, means that there is a gap between the

| aser caf het ery Afid, 8 A G- JUSE 8 i SSUe addidle 1S5 dBaNSed Mcygen
sl anting-contact state or neans that the | aser catheter 1s changed to the

state where itgidfdised NP0 ol DI TheLoNts o1 erndadereatas: di spl ay
information of  the contact state of the tip portion of the |aser catheter
based on the subifaction &eside ANGFig. 25) per volume unit exceeds
a thresheld of the amount of generated singlet oxygen,
which induces cell-death. In the formulae of Fig. 24
190 and Fig. 25, ky is indicative of reaction rate constant,
Ty 18 indicative of longevity of T, under a no-oxygen
atmosphere, ¢ is indicative of absorption cross-section,
v 1s indicative of light speed in a medium, [X! is
indicative of concentration of a substance X, and T ig
15 indicative of the total irradiation time of a
therapeutic light in each irradiated site.
[0149] Fig. 25 shows formulae for setting
concentration and an irradiation power during
pharmaceutical administration.
20 In the formulae, t is indicative of an irradiation
time period in each site, t' ig indicative of an
elapsed time after pharmaceutical administration, and o}
ig indicative of a light density at depth d.
Pharmaceutical concentration in a tissue [S;l:{t) is a
25 function of PS dose, time t, and time t', in which PS8

dose is concentration during pharmaceutical



out puts display instruction including the created 10display information to
the display unit 170. Specifically, the controller 150 visually reflects

t he peak-process-level in the current-process-level to thereby create

di splay information for informng of the contact state of the tip portion
of the | aser catheter, 15based on the difference between the
current-process- |level and the peak-proc@gs-level, and out puts display
instruction including the created display information to the display unit
170 (Step 3205). The display unit 170 obtains the display instruction from

the controll er, 20150 and hemdiSplays idahormian 2l he gantadl, state of

the tip portion of the |aser Catheter on the display screen, based on the

di splay infornpid,ondinglidedgibnethe di aphayekast r yabh@dcehencaxanple, the
di splay unit 170°di splays informati on of the PDf process |evel and 25of the

contact state ofnddhig Addr Rordd amefowherilasaic ctdighemandhamdispl ay
screen. 97 [0158] Here, a display node of information of the PDT process

llevel and of thecoit agle Stiadte ohiolBecki Papobieernef therkaser neat heter
will be described. Fig. 28 is a display w ndow displayi ng the PDT 5process

|l evel and the gathacthhsiraie of ddendilp peiEddwonof 4 heedmserl catdieier .
[0159] The left graph in Fig. 28 (hereinafter, referred to as tine-waveform
di splay) showss#t hgdremmanal i eflange@intREE ipoces s [tevelye al tike soad e i s
individual. According ﬁo this embodiment, it is
possible to actually measure a temporal change of
pharmaceutical concentration in a tissue of the same
10 individual.
[0150] Fig. 26 is a graph showing a PDT process
level calculated based on the formulae of Fig. 23.
By using the formulae of Fig. 23, it is possible
to transform fluorescence intensity (see Fig. 21) into
15 PDT process level (PDT progress). The controller 150
starte to record, in the storage 160, the temporal
change of the PDT process level as a log in which the
calculated PDT process level is in relation with time
information obtained from a timing measurement unit
20 {not shown.). Further, the controller 150 records the
peak value out of the recorded PDT process level in the
storage 160 as the peak-process-level. Further, the
controller 150 may create display information of the
temporal change of the PDT process level based on the
25 calculated PDT process level and the elapsed time after

the criterion time, which is the irradiation-start time



10fi xed to 0-100. The right index in Fig. 28 (hereinafter, referred to as

| evel -neter display) sinmultaneously shows the current-process-level and the
peak- processl evel, and shows the difference between the

current process-1level and the peak-process-level. Further, the 15nuneri cal
value (51 a.u.) showi ng the current-process- |evel is sinmultaneously

di spl ayed. [0160] Fig. 28 shows an exanpl@% n which the peak- process-I|eve
coincides with the current-process-level. In the case where the

peak- process-1 evel coincides with 20the current-process-level, there is no

difference bet "Qﬁ%é}b%xﬁ%@%ﬂé&?—eﬁfié evgls %tmﬁ% reidsppcessl evel, and

difference i s thus not splayed. In view his,” a practitioner may

recogni ze that; the.contact; statef ddhe Lidynoitdanof, therd.asari Gatheter

i s not 25change rpn1the cont act state,_mhich |s_conf!rned_at_the_low
pover (first intaensl ty)spefong therapeutine- 4198190 it nadl @A niss

started (Step S106), or fromthe contact state i mrediately after

irradiation is.sda{t8d.of 056 Fid: 129 dfomnatdiedomt sl By Windows i spl ayi ng

the PDT process |level” and the contact state of the tip 5portion of the

| aser caf het erghdil Gii A9 di8s AhEXEMPpSAN Wede therend seor difdesance
bet ween the peak-process-1evel and the current-process-level. In the

time-wavef or mgispl & die S0ipTh{ i fe-&howsdde denmpes adighange of PDT

pitcess
information included in the display instruction. For

example, the display unit 170 displays the temporal
change of the PDT process level on the display screen

10 in a graph form shown in Fig. 26 or Fig. 27.

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

As shown in Fig. 27, the scale of the temporal
change of PDT process level may be fixed to 0 to 100.

15 Here, 0 is indicative of the background before
pharmaceutical administration, and 100 is indicative of
the maximum fluorescence intengity immediately after
irradiation is started at the time of high-power
irradiation at a certain criterion time.

20 ip1s2] With reference to Fig. 22 again, the
controlier 150 calculates the current-process-level
(Steplszol), and then starts an estimating operaticn of
the contact state of the tip portion of the laser
catheter (Step 8202 to Step S205).

25 [0153] The contact state is estimated based on the

difference between the peak-process-level and the



10l evel , and the dashed |ine shows the peak-process-level. |In the exanple
shown in Fig. 29, after therapy is started, the controller 105 conti nuously
updat es the peak-process-|evel for about 3 seconds, the
currentprocess-level is decreased after that, and the 15difference between
the current-process-level and the peak-process-level is generated. [0162]In
the level -neter display, the current- préEESs-level (27 a.u.) is displayed
on t he peakprocess-|evel (about 51 a.u.) in an overl apped nmanner. 20l n view
of this, a practitioner may recogni ze the difference between the

peak- pr ocess- | gusle And tdie SUTEMLT T geess- kawely swisch ol % i4herat ched

range in Fig. 29, ange of the contact State of the tip portion of

the laser cat %};hi}:%?fpi &hC%HeycafsQeo%5p&ﬁg&;ii&litoa%rra@%t&@@oani ze that the
contact state of the tip portion of the Faser catheter has changed from 99

the contact stalgy; whichdis qondddmd, als e d ovs pomersddddst, i ntensity)
before therapeutic-light irradiation’s started (Step S106), or fromthe

contact state jygvediaheldeaf tef dddadiad 110D dise s§Ard edhadithd hatsdne 5tip
portion of the laser catheter is in a further- slanting-contact state or in
the non-gont act; shatie. JLO6HSTH.r30:11, aMAidess sl ayn vénsow displ ayi ng
decreased. Because PDT procegs level is increased
temporally as fluorescence intensity is decreased, the
current-process-level may be continuously updated with
the peak value (peak-process-level). However, 1if the
10 laser catheter is removed from a cardiac-muscle tissue
and drifts in blood, a flucrescence signal in blood,
whose pharmaceutical concentration is higher than the
pharmaceutical concentration in a cardiac-muscle tissue,
is added, and the fluorescence intensity is increased.
15 As the fluorescence intensity is increased, the PDT
process level is decreased. As a result, in the case
where the laser catheter drifts in blood, a difference
between the current-procesgsg-level and the peak—pfocessw
level, which should not be generated essentially, may
29 be generated. In this embodiment, the difference is
used to estimate a contact state.
[0154] First, the controcilier 1530 compares the
current-processg-level, which is calculated based on the
formulae of Fig. 23 in Step $201, with the peak-
25 process-level recorded in the storage 160 (Step S202).

If the controller 150 determines that the current-



the PDT process |level and the contact state of the tip portion of the |aser
catheter. 10ln the tinme-waveformdisplay, after therapy is started, the
controller 105 continuously updates the peak-process-level for about 1
second (arrow A). It neans that PDT progresses while nmaintaining the
contact state, which is confirnmed at the | ow power (first 15intensity)
before the | aser catheter starts therapeé%ﬁc-light irradiation (Step S106),
or maintaining the contact state inmediately after irradiation is started.
After that, the currentprocess-level is decreased for a while (arrow B). It

20means that t aser heter. is - V. f 1:8Cs e tissue

gradual ly, an %ée ar éLange%1 '?th: etdr%lpgir?i% 10%%%]12 tiﬁrgilgr ceat eter, which

contacts bl ood,.Js. dhoreased. idyh 4 hiss. perigd, the contgolley 105 does
T ! . z

not update th Jﬁ%%?*%ré%ess-ﬁ%ﬁ%g,é%gui keégs on 25&?§blay|ng, as the

peak-process-llgyﬂteé fg%eegl % ﬂft%s%i%lif’g&%@éc@'ﬂnb&{@r@cg%e

current-process- 100 rts to be decreased (arrow C).

practitioner refers: &1 dihe di-sRlaY Sedesh - T8RogNI Zes, thais t he cont act
state of the tip portion of the | aser catheter has changed fromthe contact

state, which igconfirmlBanithe low ponweloddidsted Mensidvaraiare
therapeutic- light irradiation is started (Step S106), or fromthe contact

state i medi atghy: aftercirrati dteds sdait ets Bk thed comd rd st he
posture of the tip portion of the |laser catheter. As a result, when the
| aser catheterprocess-level (Step $202, No), the value of the
current-process-level, which should be the peak-
process-level essentially, is decreased below the peak-
190 process-level. Specifically, the laser catheter is
removed from a cardiac-muscle tissue and drifts in
blood, the fluorescence signal in blood is added, and
the fluorescence intensity is increased.
[0156] Subsequently, the controller 150 subtracts
15 the current-process-level from the peak-process-level
(Step 8204). In the case where the peak-process-level
is updated with the current-process-level (Step 8203),
the subtraction result is 0, which means that the
contact state, which is confirmed at the low power
20 {(first intengity) before the laser catheter starts
thérapeutic~light irradiation (Step S106), is
malintained, or means that the contact state immediately
after irradiation is started is maintained. Meanwhile,
in the case where the value of the current-process-
25 level is decreased below the peak-process-level (Step

8202, No), the subtraction result is larger than 0,



10returns to the upright-contact state, the current- process-level is
continuously increased for a while again (arrow E). \Wen the
current-process-| evel exceeds the peak-process-|level, the controller 105
continuously updates the peak-process-level with the current-
15process-level (arrow E). Fig. 30 shows the case where the above-nentioned
operations are repeated. [0164]1n the |lewd -neter display, the current-
process-level (73 a.u.) is displayed on the peakprocess-I|evel (about 80
a.u.) in an overlapped manner. 20As a result, a practitioner may recognize
the difference between the peak-process-level and the

current - pr oces®1 1@y rcarghiE G Shasnt 2 t9RP HRACIRS: rdiyel35f%Fi g. 30, as

t he change of the contact state of the tip portion of the |aser catheter,
intuitively. 2B80&i9T G 2 RPHRT 10 TS Y ec odift Zzet § ntfidi el y t hat
the contact state of the tip portion of the laser 101 athfter has changed
from the cont dcdte s“{]eﬂrét,l%?ﬂf?qascrco?ﬁ??w die3ne FRAv ptg?ﬁer F397 st

intensity) before therapeutic-light irradiation. s started (Step 5106), or
from the cont &atgH%e Jﬁn%’tﬁré‘-leé?yt%f?ké? TR O B scﬁéjt 3 eﬁj and t hat

the | aser cathgﬁer is renoved froma cardi ac-nuscle tissue and drifts in
bl ood. ﬁblGS]V@ ¥Feference to Fig. 22 again, a practitioner refers to the

PDT process | eyg] and thg, contact slale of dhe tip portjgp of the laser

information of the contact state of the tip portion of
the laser catheter based on the subtraction result, and
outputs display instruction including the created
10 display information to the display unit 170.
Specifically, the controller 150 visually reflects the
peak-process-level in the current-process-level to
thereby create display information for informing of the
contact state of the tip portion of the laser catheter,
15 based on the difference between the current-process-
level and the peak-process-level, and outputs display
instruction including the created display information
to the display unit 170 (Step S205). The display unit
170 obtains the display instruction from the controller
20 150, and then displays information of the contact state
of the tip portion of the laser catheter on the display
screen, based on the display information included in
the display instruction. For example, the display unit
170 displays information of the PDT process level and
25 of the contact state of the tip portion of the laser

catheter on the display screen.



10whi ch are displayed in Step S205, and determ nes whether to stop the

noni toring operation of PDT process |evel and a contact state, or not. In
the case of stopping the nonitoring operation of PDT process |evel and a
contact state, the practitioner perforns a 15predeterm ned i nput operation
in the operating unit 180 to stop the nonitoring operation. The operating
unit 180 receives the instruction to stop the nonitoring operation, which
is input through the input operation by the practitioner, and outputs the
recei ved 20instruction to the controller 150. Based on the instruction from
the operating 0181180, Hewe contdicidlery I8Gst@hsinimmrsniarordingeper ati on
(Step S206, Yes). Meanwhile, if the practitioner does not performthe input
operation in tHE quercasmganst 28D oft N2 BruMa ! |tk @ icdritd fudus| y
perfornms the nonitoring operation of PDT process |evel and a contact state
102 (Step S20@omg)on [ GBIACEHRd i the ieH $vienbhdt mERcr e control | er 150
visually reflects a peak-estimted-result (Cfeak-. process-| evelﬁf a change
of a tissue in a clH¥ent28 Sextd Fhtsd-ave STRAGE FHrshaprist &4 | 1) of a
change of a tissue, and sinmultaneously inforns a practitioner of the
estimat & res@HOTTSH kithgest tHe IS dnEiHe httdhd SRatReF1%he tip
portion of the |aser catheter. As a result, a practitioner may recognize
the current- Tledthemtatht s&AeS&Urrent - process-1evel ) of a change of

[0159] The left graph in Fig. 28 (hereinafter,
referred to as time-waveform display) shows the
temporal change of PDT process level, and the scale is
10 fixed to 0-100. The right index in Fig. 28 (hereinafter,
referred to as level-meter display) simultaneously
shows the current-process-level and the peak-process-
level, and shows the difference between the current-
process-level and the peak-process-level. Further, the
15 numerical value {51 a.u.) showing the current-process-
level iz simultanecusly digplavyed.
[01le0] Fig. 28 shows an example in which the peak-
process-level coincides with the current-process-level.
In the case where the peak-process-level coincides with
20 the current-process-level, there is no difference
between the peak-process-level and the current-process-
level, and difference is thus not displayed. In view of
this, a practitioner may recognize that the contact
state of the tip portion of the laser catheter is not
25 changed from the contact state, which is confirmed at

the low power {first intensity) before therapeutic-



a tissue and the contact state of the tip portion of the |laser catheter
sinmultaneously and intuitively. As a result, during therapeutic-I|ight
irradiation, a practitioner may recogni ze that the tip portion of the

15| aser catheter has been renoved affected by heartbeat or breathing in
real time, and may control the posture prggmptly. Sinultaneously, a
practitioner may understand the PDT process |level, which may vary accordi ng
to individual variability and therapy-target sites, 20accurately in real
time, and perfoimthe operation. A practitioner such as a doctor needs to
det er m ne everlyitdritng miatchi ateifeer encesttaorteedl (Ftadp 1S OF) screenseuitsp ayi ng,
for exanple, radioscopic inages and the like during an operation. So it is
hel pful for a @bBthamuibls=drecropel atcdy BEtepriactadiadniemn tie ditspitad t he
current-estinated-result (current-process-level) of a 103 change of a

ti ssue and thelQdritlact Hise 2F shendppgpordismlay whwdvashrsgatiai®r in an
intuitively-recogni zabl e node. [0167] <Seventh Enbodi nent> 5The di spl ay node
of PDT processHeIT abadrs dernsdctarnst dile ofontact i g-afor t9forklsd @M aser
catheter may be a display node different fromthe display node shown in
each of & he alrve-imnhtdioner Hapengatdebay - 30. According to the

above- nmentioned sixth enbodi nent, the 10peak-process-level is visually
reflected in the Fig. 29 is an ‘example in which there is a

difference between the peak-process-level and the
current-procesg-level. In the time-waveform display,
the solid line shows the temporal change of PDT pf@c@ss

190 level, and the dashed line shows the peak-process-level.
In the example shown in Fig. 29, after therapy is
started, the controller 105 continucusly updates the
peak-process-level for about 3 seconds, the current-
process-level is decreased after that, and the

15 difference between the current-process-level and the
peak-process-level is generated.
[0162] In the level-meter display, the current-
process-level (27 a.u.} 1is displayed on the peak-
process-level (about 51 a.u.}) in an overlapped manner.

20 In view of this, a practitioner may recognize the
difference between the peak-process-level and the
current-process-level, which is the hatched range in
Fig. 29, as the change of the contact state of the tip
portion of the laser catheter. S8pecifically, the

25 practitioner may recognize that the contact state of

the tip portion of the laser catheter has changed from



current-process-level, and a display w ndow, which inforns a practitioner
of the contact state of the tip portion of the |aser catheter, is

di spl ayed. Meanwhil e, according to a seventh enbodi nent, a display w ndow,
15whi ch di splays the current-process-level and information to informof the
contact state of the tip portion of a | ager catheter separately, is

di spl ayed. [0168]Fig. 31 is another display w ndow displayi ng PDT process

| evel and the contact state of the tip 20portion of a |laser catheter. In

t he upper area of Fig. 31, the tinme-waveformdisplay show ng the tenporal
change of PDT tpreocessacay eltattche Whavdl -ifetcemidimysidaya s Haw Agw ower
currentprocess-level, and the nunerical value (51) show ng the

25cur r ent - pr ocldsigdteiglt caysal tdi)s fledfirae.  therEinedtowerl ighda igfradigtizn t he

ti me-waveform di spl ay, which shows the 104 tenporal change of the

di fference betiweartaiepedodads ) .evdl fHRR tHe Arraft ftddéss- 1 evel as
the contact state of the tip portion of a |aser catheter, the |evel-neter
di spl ay, whi cHmsteslis ey eﬁ§ﬁ@é¢éﬁ@@®@éﬁc%@m& HE rgentalpt odeds-1&el and
t he peak-process- |evel (ZQ as the current contact, state of the tip
portionSof thé&ifth@drdsean ¢t Heteriasid adShfferital™ véal b {1 ®51- 51), which
shows the contact state, are displayed. Here, it is understood that, as the
10nunerical v ERGHGRPEIE otidctostidt £Hs RIIBE EThe iftact state
of the tip portion_of the |laser catheter changes |ess,_ and as .the nunerical

value is |argef®l&¥e cortigtt 3t at% BIOHHEF (F et iBrMY theRfse™ T at het er

changes nore, and aTgap bet ween the 15] aser catheter and afcardi ac- nuscl e
tissue is |ar PDT process level and the contact state of the tip

portion of the laser catheter.

10 In the time-waveform display, after therapy is
started, the controller 105 continucusly updates the
peak-process-level for about 1 second (arrow A). It
means that PDT progresses while maintaining the contact
state, which is confirmed at the low power (first

15 intensity} before the laser catheter starts
therapeutic-light irradiation (Step S106), or
maintaining the contact state immediately after
irradiation is started. After that, the current-
process-level is decreased for a while {arrow B). It

20 means that the laser catheter is removed from a
cardiac-mugcle tissue gradually, and the area of the
tip portion of the laser catheter, which contacts blood,
is increased. During this period, the controller 105
doeg not update the peak-process-level, and keeps on

25 digplaying, as the peak-process-level, the peak-

process-level immediately before the current-process-



Because the nunerical value show ng the contact state is O, a practitioner
may recogni ze that the contact state of the tip portion of the | aser

cat heter has not changed. 20[0169]Fig. 32 is another display w ndow

di spl ayi ng PDT process | evel and the contact state of the tip portion of a
| aser cat heter. In the upper area @B Fig. 32, the tinme-waveform

di spl ay showi ng the tenporal change of Pb process 25l evel, the level -neter
di spl ay showi ng the current- process-level, and the nunerical value (27)
showi ng the 105 current-process-level are displayed. In the | ower area of
Fig. 32, the tidm=navefardndh s ajecidd odd shomsow he) | enpealcahargerof the
di fference between the peakprocess-|level (51) and the current-process-|evel
as 5contact stad@sroftd hehd idi gordy ancoded herd@seti ead hehet , thde

| evel -nmeter display, which shows the difference between the
current-processehenet snkd hef paak - piwaessd svel oasthdel coat erd tleondact
state of the tip portion of the |aser catheter, and the nunerical val ue
(24=51- 1027) ,hadi dierstseist tde Contaottstats;aos o W Sqh ayedcoBetausd t he
nunerical value showi ng the contact state is 24, a practitioner may
recogni Ze t hatat hehe onvagtowtat ef of st hientérps poy t | lonfafe t fizetazant tat het er
has changed to the slanting-contact state. 15[0170] <Ei ght h Enbodi nent >
According to thegkboveradia i oredi sixtdrierbodd pemt$1as) anot ntesam shiowi ng t he
contact state of the tip portion of the catheter 300, the difference

bet ween t he pezkprotessievaimedth tdky Aftent ipratessitrved ofaPBTd20i s

used. To the contrary, according to the eighth
and then controls the posture of the tip portion of the

laser catheter. As a regult, when the laser catheter

i0 returns to the upright-contact state, the current-
process-level is continuocusly increased for a while
again (arrow D). When the current-process-level exceeds
the peak-process-level, the controller 105 continuously
updates the peak-procesgs-level with the current-

15 process-level (arrow E). Fig. 30 shows the case where
the above-mentioned coperations are repeated.
[0164] In the level-meter display, the current-
process-level (73 a.u.) is displayed on the peak-
process—lével (about 80 a.u.) in an overlapped manner.

20 As a result, a practitioner may recognize the
difference between the peak-process-level and the
current-process-level, which is shown as the hatched
range in Fig. 30, as the change of the contact state of
the tip portion of the laser catheter, intuitively.

25 Specifically, a practitioner may recognize intuitively

that the contact state of the tip portion of the laser



enbodi nent, as an index showi ng the contact state of the tip portion of the
cat heter 300, the difference between the m ninum val ue and the present

val ue of fluorescence intensity is used. 25[0171]1n this case, in the
flowhart of Fig. 22, Step S201 is omtted, and first, the controller 150
106 conpares the present value with the gbginun1value of fluorescence
intensity (Step S202). The controller 15 eterm nes that the present val ue
of fluorescence intensity is equal to or snmaller than the m ni num val ue
5(Step 5202, Yes), and then updates the m nimum val ue of fl uorescence

intensity wthdheepresen sadied Stepn5203)codfdd?] Meapauhidieichnid he case
where the controller 150 determnes that the present value of fluorescence

10 intensity isoh@dgesd taanHdeldw nbduar Vet Ues{ Steped2lZy) Negfotde present
val ue of fluorescence intensity, which ought to be the m ni mum val ue
essential ly, rilsesaphonie: 1Thieyhd nired vat Uen Specidtread | ystébhesi@ser
catheter is renoved froma cardi ac-nuscle tissue and drifts in 15bl ood, and
a fluorescenceosifyat tfheomdiitoosk | stadd eduiieod 1 ance basef tdve fioodesicance
intensity. [0173] Subsequently, the controller 150 subtracts the m ni num
val ue frsom t heipresentedalared oafthdt udnestence dcatienset yig Stepo&204jrodf the
subtraction
a cardiac-muscle tissue and drifts in blood.
{0165] With reference to Fig. 22 again, a
practitioner refers to the PDT process level and the
contact gtate of the tip portion of the lager catheter,
10 which are displayed in Step S205, and detexrmines
whether to gtop the monitoring operation of PDT process
level and a contact state, or not. In the case of
stopping the monitoring operation of PDT process level
and a contact state, the practitioner performs a
15 predetermined input operation in the operating unit 1890
to stop the monitoring operation. The operating unit
180 receives the instruction to stop the monitoring
operation, which is input through the input operation
by the practitioner, and outputs the received
29 instructicn to the controller 150. Based on the
instruction from the operating unit 180, the controller
150 stopg the monitoring operation (Step S206, Yeg).
Meanwhile, if the practitioner does not perform the
input operaticn in the operating unit 180, the

25 controller 150 continuously performs the monitoring

operation of PDT process level and a contact state



20result is O, the laser catheter is in the identical contact state
(upright-contact state). Meanwhile, if the subtraction result is |arger
than O, the laser catheter is renmoved froma cardi ac-nuscle tissue and
drifts in blood. 25[0174] Subsequently, the controller 150 visually reflects
the mni mumvalue in the present value 0f,,107 fluorescence intensity,
creates display information to informof the contact state of the tip
portion of the |laser catheter, and outputs display instruction including
the created display information to the 5display unit 170 (Step 5205).

[ 0175] <Ni nt h Efosgh neadée, No). According to the above-nentioned sixth
enbodi nent, during the excitation light is output with the high-power
second i nt ensi [yl 6&hi ch Ascarsiithd dro ttiersapnbdadieneriy), comt aotntstalt k=of t he
tip portion of the laser catheter with respect to an inner wall of a tissue
is displayed iTBuitiwayly Tee e coi reeak - accoraiady teosutie (perihr

enbodi nent, during the excitation light is output with the | ow power first
intensity, thewxorractlstatle of a hehake phortioewd ithes |@geretat het er
with respect to an inner wall of a tissue is displayed intuitively.

[0176] THe | ow-gowena et seiutbni QWi eyt aperee $ont 5 perdoraredianga i ti ng
time (interval tine) between adm nistration of pharnmaceutical by

i ntravenous 20 nfettvon and herkianecwdly harbpyndhya Pttt ieonehet

excitation light with the second intensity. For exanpl|e,

t he | ow power

cont act - noni t oFinedpEratedrirs s Perdoraethangstep H1pyssue and the
(phar maceuti cal -concentrati on-nonitoring operation) or_in Step 5106 or S107
(cont act - noni t&PRRE R5oFErattorihe FiherdTolRmtt oic AFes ®EMEEr 20.

As a result, a practitioner may recognize the current-

10 estimated-result (current-process-level) of a change of

a tissue and the contact state of the tip portion of

the laser catheter simultaneously and intuitively. As a

result, during therapeutic-light irradiation, a

practitioner may recognize that the tip portion of the

15 laser catheter has been removed affected by heartbeat

or breathing in real time, and may control the posture

promptly. Simultaneously, a practitioner may understand

the PDT process level, which may vary according to

individual variability and therapy-target sites,

20 accurately in real time, and perform the operation. A

practitioner such as a doctor needs to determine

everything with reference to a plurality of screens

displaying, for example, radioscopic images and the

like during an operation. 8o it is helpful for a

25 trouble-free operation by a practitioner to display the

current-estimated-result (current-process-level) of a



Further, the | ow power contact-nonitoring operation may 108 be perforned
every tine the excitation light is output wwth the second intensity, that
is, every tinme before therapy is perfornmed, or may be omtted. Further, in
the case where a patient is a human, if a therapy tine 5period is |ong such
as 3 hours, the | ow power contact- nonitorikng operation may be perforned
again as correction. However, because it 1S considered that the
pharmaceutical concentration is approximtely constant in a

basi cal | y-assuned average operation tine, the | ow 10power

cont act - noni t GFhANGOPEF & | Pl dise paid e d-dit ac adta g & Mend inierval tine)
bet ween adm ni strati on of pharmaceutical by intravenous injection and the
start of therapyrbyooubputiid Maddie exchd@adt ol Aghintwiti ey second

intensity. 15[0177]Fig. 33 shows a formula for calculating the contact
| evel of the tigeponiianofnddewe. | aser catheter with respect to an inner
wall of a tissue. Fig. 34 is a diagramfor explaining a nethod of
cal cul ating theorent act +&wedntl2Bubddiguerd3; Pfl _b is indicative of the
fluorescence intensity in the non-contact state, that is, the fluorescence
intensity in bl ood, TReldlispkay nibdatovePof phecédsiotesebnerdittensity in
the upright-contact state, that is, the fluorescence intensity in a tissue,
and 25P(t) is domiizativeatd ehetlid uoieseenteonntensi tyseén eatlabetrary
contact state. 109 [0178]First, after pharnaceutical adm nistration, a
may be a display mode different from the display mode
shown in each of the above-mentioned Fig. 28 to Fig. 30.
According to the above-mentioned sixth embodiment, the
10 peak-process-level is visually reflected in the
current-process-level, and a display window, which
informs a practitioner of the contact state of the tip
portion of the laser catheter, 1is displayed. Meanwhile,
according to a seventh embodiment, a display window,
15 which displays the current-process-level and
information to inform of the contact state of the tip
portion of a lasexr catheter separately, is displayed.
[0168] Fig. 31 is another display window displaying
PDT process level and the contact state of the tip
20 portion cof a laser catheter.
In the upper area of Fig. 31, the time-waveform
display showing the temporal change of PDT process
level, the level-meter display showing the current-
process-level, and the numerical value (51) showing the

25 current-process-level are displayed. In the lower area

of Fig. 31, the time-waveform display, which shows the



practitioner disposes the tip portion of the |aser catheter in the
non-contact state with respect to a tissue. Wien the controller 150 obtains
an excitation- 5light-output instruction froma practitioner via the
operating unit 180, the controller 150 outputs an excitation-light-output
instruction with the first intensity to t{he |ight source 110, and
cal cul ates the fluorescence intensity in the non-contact state, that 10is,
the fluorescence intensity Pnb in blood (Fig. 34, point A), based on an

el ectrical signal obtained fromthe detection unit 130. Subsequently, the
practitioner disfeses tdeaddd OrdHOMIH rdhendassscwadhedies gani-he
upright-contact state with respect to a tissue. Simlar 15to the above, the

controll er 15G:eal«ul -alesel hend |11or escenae igtensdd yldwel has wud ght - cont act
state, that is, the fluorescence intensity Pnj in a tissue (Fig. 34, point

B). The contr ddreéfackb(isind rattichd heid lpmoreiseens®e d rianst toatPidttedr n a
tissue fromthe 20cal cul ated fluorescence intensity Pnb in blood, and sets
t he cal cul at edchaalluerd P Reatdi sl dvhe ywieakh vabaves ofhd hel conteante | evel .
[ 0179] Subsequently, a practitioner causes the tip portion of the |aser
cat heters t o corHtactera thes suertantapRoards traryl posd whes frrak eragess -The
controller 150 obtains the excitation-light-output instruction froma 110
practitioner tlrwaigh{Gihe apertat ingruant B0 adthertais puf sclan tip
excitation-light-output instruction with the first intensity to the |ight
source 110, anpbwalwuleat eshe hevd | sorees caride e enwid VB tyunier tdmel
arbitrary- 5Sposture contact state (Fig. 34, point C), based on the
el ectrical si gralubtsFed ¥romhie: detaes | ore WPRtAS0. st comg ol | er 150
starts to record, in the storage 160, the tenporal change of the
f1 uorescence iditsEngi18d as Hetleog ditn Ighigikietisd ool ddiaat e@ sf ILB6r escence
intensity is
1g' numerical value showing the contact state is smaller,
the contact state of the tip portion of the laser
catheter changes less, and as the numerical value is
larger, the contact state of the tip portion of the
laser catheter changes more, and a gap between the
15 laser catheter and a cardiac-muscle tissue is larger.
Bacause the numerical value showing the contact state
is 0, a practitioner may recognize that the contact
state of the tip portion of the laser catheter has not
changed.
20 [0169] Fig. 32 is another display window displaying
PDT process level and the contact state of the tip
portion of a laser catheter.
In the upper area of Fig. 32, the time-waveform
display showing the temporal change of PDT process

25 level, the level-meter display showing the current-

process-level, and the numerical value (27) showing the



10in relation with time information obtained fromthe timng measurenent
unit (not shown.). The controller 150 subtracts the cal culated fl uorescence
intensity P(t) fromthe above-nentioned fluorescence intensity Pflb in

bl ood, and sets the cal cul ated value (Pfib-P(t)) 15as the current contact

| evel, which is a contact level with renggt to the peak value. [0180] The
controller 150 displays the contact |evel of the tip portion of the | aser
catheter, which is cal culated based on the forrmula of Fig. 33, in an

20i ntuitivel y-recogni zabl e node. For exanple, as shown in Fig. 34, the
controll er 15QGumergauseddss-displilagrnidi sbiktal di gpl anea 1dwspl ayewni ndow,

in which the range up to the current-contact-level value is displayed on
t he band showdm #ike Eeak oked ueinef-ddie feomt atisgiemel Wiicmn Sthowerdrapped
manner, in a node with which a practitioner is capable of intuitively
recogni zi ng t heergtadctcHaws ofl the |evifleneices htspdaay)the peak-
[0181] Alternatively, the controller 150 may cause the display unit 170 to
di spl ay the tipmasmeflormmdi 65l Jawrahdchedrenslt metere s sid eyl ias t he
display 5 windowin a node with which a practitioner is capable of
intuitively recogrecd ngtdthes tehpohal tthapgetaobnt bé ¢het detsdre ol tlaaickd,he
current contact |level. Further, the contact |evel calculated by using the
foimul a of Fi ¢-he833 amwl teetdisplisgeldias wrimlneshaed Wed vl EORRe 35 is a
di spl ay wi ndow showing a tine- waveformdi splay and a | evel -neter display
of a contact |mieteen the current-process-level and the peak-process-
level as the current contact state of the tip portion
of the laser catheter, and the numerical value (24=51i-
10 27), which shows the contact state, are displayed.
Because the numerical value showing the contact state
is 24, a practitioner may recognize that the contact
state of the tip portion of the laser catheter has
changed to the slanting-contact state.
i5 [0170] <Eighth Embodiment:
According to the above-mentioned sixth embodiment,
as an index showing the contact state of the tip
portion of the catheter 300, the difference between the
peak-process-level and the current-process-level of PDT
20 ig used. To the contrary, according to the eighth
embodiment, as an index showing the contact state of
the tip portion of the catheter 300, the difference
between the minimum value and the present value of
fluorescence intensity is used.

25 [0171] In this case, in the flowchart of Fig. 22,

Step S201 is omitted, and first, the controller 150



[0182] I n the time-waveform display, by displaying the tenporal change of
the contact |level of the tip 15portion of the |aser catheter wth respect
to a tissue with a scale of 0-100, a practitioner nay recogni ze whet her the
tip portion of the laser catheter is displaced affected by heartbeat or
breat hi ng, and may control the posture p%ﬁgptly. Further, in the |evel-
20nmet er display, by displaying the curre contact |evel of the tip portion
of the laser catheter in the intuitively-recognizable node, a practitioner
may intuitively recognize the current contact state of the tip portion of

the |aser cathelgiaradiqhe e Lapr acdild GReTn Caahi SR Fd e ey es

actually. Note that, in the case where the contact |evel exceeds the 112

peak val ue (i neiH S enddicy t(d@p keoeh spl ayed dhatrdihercaniact

| evel equals to the peak value. Note that the current contact |evel may

only be displ ay&thrif 83t s &shd herdedat ivam betyeem ide-sontact | evel 5and
the contact state of the tip portion of the |aser catheter with respect to

a tissue Wil bedesiody bed.equal tdigr SaiBen SEheMEd onlh QIR SHho ng
contact states of a laser catheter in a plurality of different contact
| evel s shown i (sty.c 8%, M{HI84AS Shownupdatig. t1B6, mimidle noma€ ot act
state, in which the blood 15 exists between the tip portion of the |aser
cat heter and aflussimeant imtdneh-d heith pchporpreonents valild o0ghep he cont act
| evel of the tip portion of the |aser catheter cal culated by using the
8203) .
[0172] Meanwhile, in the case where the controller
150 determines that the present value of fluorescence
10 intensity is larger than the minimum value (Step 5202,
No), the present value of fluorescence intensity, which
ought to be the minimum value essentially, rises above
the minimum value. Specifically, the laser catheter is
removed from a cardiac-muscle tissue and drifts in
15 blood, and a fluorescence signal from blood is added to
increase the fluorescence intensity.
[0173] Subsequently, the controller 150 subtracts
the minimum value from the present value of
flucrescence intensity (Step S204}. If the subtraction
20 result ig ¢, the laser catheter is in the identical
contact state (upright-contact state). Meanwhile, if
the gsubtraction result is larger than 0, the laser
catheter i1s removed from a cardiac-muscle tissue and
drifts in blood.

25 {0174} Subseguently, the controller 150 visually

reflects the minimum value in the present value of



15fosmula of Fig. 33 is, for exanple, 12. In the slanting-contact state, in
which the tip portion of the |aser catheter contacts a tissue in a slanting
manner and in which the blood 15 partially exists in a gap between the tip
portion and the tissue, the contact 20level is, for exanple, 55. In the
upright-contact state, in which the tip pgrtion of the |aser catheter
contacts the inner wall of the cardiac-nuscle tissue 11 in an upright
manner, the contact level is, for exanple, 100. A practitioner visually
recogni zes those contact-|evel 25values on the tinme-wavefo/ mdisplay and

t he | evel - net ef 1@ @hoantht &fs 8y estttdat sBYdd Sib 18 | Mefyrmieciognize 113
the current contact state of the tip portion of the |aser catheter.

Further, a pratifdiOnet dmy d@cogt zecdhatod hehd i i pasdtioiomfof hehd aser
catheter is displaced affected by heartbeat or breathing, and may control
t he 5posture prasgt |yatHdss] THred enbigolitnent sswiay hiengresenion nventi on are
not limted to the above-nenti oned enbodi nents, and ot her various
enbodi ment s arenchntieiy atilee. cfdHliB6] Al dwlgh imfdten tabmyezareriie oned
enbodi ments, 10the | aser the catheter 300 is detachably connected to the
connectd&r 210 @fspiey RDLE appar attised, S22 | aser the catheter 300 may be
provi ded on the PDT apparatus 1 integrally. Al though in the above-nentioned
enbodi nent s, th& 1%t ube 20 ils Prlowiteshton t he PDT apparatus nmain body 100
According to the above-mentioned sixth embodiment,
during the excitation light is output with the high-
power second intensity, which is used for therapy, the
10 contact state of the tip portion of the laser catheter
with respect to an inner wall of a tissue is displayed
intuitively. To the contrary, according to the ninth
embodiment, during the excitation light is output with
the low-power first intensity, the contact state of the
15 tip portion of the laser catheter with respect to an
inner wall of a tissue is displayed intuitively.
[0176] The low-power contact-monitoring operation is
performed in a walting time (interval time} between
administration of pharmaceutical by intravenous
20 injection and the start of therapy by outputting the
excitation light with the gecond intensity. For example,
the low-power contact-monitoring operation is performed
in Step S5104 (pharmaceutical-concentration-monitoring
operation) or in Step S106 or S107 (contact-monitoring

25 operation) in the flowchart of Fig. 5 or Fig. 20.

Further, the low-power contact-monitoring operation may



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.

Al t hough in the above-nenti oned enbodi nents, the 20PBS 123 is used, a DM
may be used instead. [0187] Al though in the above-nenti oned enbodi nents, the

controller 150 informs a practitioner of.jnformation to pronpt the
predeterm ned controls by using the dispf’ay unit 170, but is not limted to
this. 25A speaker unit may be provided on the PDT apparatus 1, and the
controller 150 may create a sound output 114 instruction when pronpting a

practitioner t pifQmddewrredeliefanyird a0l isn MEgautiputodtitcr eat ed
sound out put instruction to the speaker unit, and may cause the speaker
unit to outputwisoundss dexdrderieebpronpteratpriact idveanert ise perfarem t he
predeterm ned controls. Description of Synbols [0188] 1phot odynam ¢ t herapy
(PDT) appar at ushekbPOE aRpadc@atds] mom odpel @hlitdddht Feathee, 120, 120a

optical system
the case where a patient is a human, if a therapy time
5 period is long such as 3 hours, the low-power contact-
monitoring operation may be performed again as
correction. However, because it is considered that the
pharmaceutical concentration is approximately constant
in a basically-assumed average operation time, the low-

10 power contact-monitoring operation is performed in a
waiting time (interval time} between administration of
pharmaceutical by intravenous injection and the start
of therapy by outputting the excitation light with the
second intensity.

15 [0177] FPig. 33 shows a formula for calculating the
contact level of the tip portion of the laser catheter
with respect to an inner wall of a tissue. Fig. 34 is a
diagram for explaining a method of calculating the
contact level.

20 In Fig. 33, Py° is indicative of the fluorescence
intensity in the non-contact state, that is, the
fluorescence intensity in blood, P is indicative of
the fluorescence intensity in the upright-contact state,
that is, the fluorescence intensity in a tissue, and

25 P{t) is indicative of the fluorescence intensity in an

arbitrary contact state.



121 short pass filter 122 first lens 123 pol arizing beamsplitter (PBS)
15124 |l ong pass filter 125 second lens 126 first dichroic mrror (DM 127
second dichroic mrror (DM 130, 130a detection unit 20131 first photodi ode
(PD) 132 second photodi ode (PD) 140 el ectrocardi ograph 141 el ectrode pad
150 controll er 25160 storage 170 displayngit 115

[0178] First, after pharmaceutical administration, a
practitioner disposes the tip portion of the laser
catheter in the non-contact state with respect to a
tissue. When the contrcller 150 cbtains an excitation-
5 light-output instruction from a practitioner via the
operating unit 180, the controliler 150 outputs an
excitation-light-output instruction with the first
intensity to the light source 110, and calculates the
fluorescence intensity in the non-contact state, that
10 is, the fluorescence intensity Ps;° in blood (Fig. 34,
point A), based on an electrical signal cbtained from
the detection unit 130. Subseguently, the practitioner
disposes the tip portion of the laser catheter in the
upright-contact state with respect to a tissue. Similar
15 to the above, the controller 150 calculates the
fluorescence intensity in the upright-contact state,
that is, the fluorescence intensity Ps° in a tissue
(Fig. 34, point B). The controller 150 subtracts the

“in a tissue from the

fluorescence intengity P
20 calculated fluorescence intensity Pﬂé in blood, and

sets the calculated value (PsP-Ps") as the peak value

of the contact level.

[0179] Subgeguently, a practitioner causes the tip

portion of the laser catheter to contact a tissue in an

25 arbitrary posture for therapy. The controller 150

obtains the excitation-light-output instruction from a



180 controller 200 tube 201 apparatus-attached optical fiber 210

connect or

10

15

20

25

5 300 | aser cat heter

110

practitioner through the operating unit 180, then
outputg an excitatiom-light-output instruction with the
first intensity to the light source 110, and calculates
the fluorescence intensity P(t) in the arbitrary-
posture contact state (Fig. 34, point C), based on the
electrical signal obtained from the detection unit 130.
The controller 150 starts to record, in the storage 160,
the temporal change of the fluorescence intensity as a
log in which the calculated fluorescence intensity is
in relation with time information obtained from the
timing measurement unit (not shown.). The controller
150 subtracts the calculated fluorescence intensity
P(t) from the above-mentioned fluorescence intensity
P:P in blood, and sets the calculated value (Pg”-P(f))
ag the current contact level, which is a contact level
with respect to the peak value.

[0180] The controller 150 displays the contact level
of the tip portion of the laser catheter, which is
calculated basgsed on the formula of Fig. 33, in an
intuitively-recognizable mode. For example, as shown in
Fig. 34, the contrcller 150 may cause the display unit
170 to display a display window, in which the range up
to the current-contact-level value is displayed on the
band showing the peak value of the contact level in an
overlapped manner, in a mode with which a practitioner

is capable of intuitively recognizing the contact level



301 irradiation |ight 310 cat heter tube 320 hol der 330 optical fiber

10

10

15

20

25

111

(level-meter display) .

[c181] Alternatively, the controller 150 may cause
the display unit 170 to display the time~waveform
display and the level-meter display in the display

window in a mode with which a practitioner is capable

of intuitively recognizing the temporal change cof the

contact level and the current contact level. Further,
the contact level calculated by using the formula of
Fig. 33 may be displayed as a numerical value.

Fig. 35 is a displé& window showing a time-
waveform display and a level-meter display of a contact
level.

[0182] In the time-waveform display, by displaying
the tempcral change of the contact level of the tip
portion of the laser catheter with respect to a tissue
with a gcale of 0-100, a2 practitioner may recognize
Whether the tip portion of the laser catheter is
displaced affected by heartbeat or breathing, and may
control the pogture promptly. Further, in the level-
meter display, by displaying the current contact level
of the tip portion of the laser catheter in the
intuitively-recognizable mode, a practitioner may
intuitively recognize the current contact state of the
tip portion of the laser catheter, which the
practitioner cannot see with the eyes actually. Note

that, in the case where the contact level exceeds the



340 optical wndow 116 Clains [1] An estimating apparatus for
irradiating a tissue having absorbed photo-sensitive pharmaceutical, the
phot o-sensitive pharnaceuti cal absorbing an excitation |ight and enmitting
fluorescence, with the excitation light emtted froma tip portion of a

| aser catheter, conprising: a conngect or to/fromwhich the |aser

cat heter is capable of being attached/dgfgched; 10a light 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 beimng.enter edd nemd hehdser, aatdiet ar wag the sepiegtar, to

esti mate whet her 15the tissue has changed because of reaction between the

excitation |ightremrt edddem thedl pReNE e ahd hedasenweat hebee and the
phot o- sensi ti ve pharmaceutical absorbed in the tissue. [2] The

estinmating appaat ¥heAGRRNEMY dohtelal Meke12RuherRilly be didplendei.ection
unit detects intensity of the fluorescence, the fluorescence being entered
fromthe | aser;caatshet er péra t heeCamieation Hexvaianldianeausda teSidvet e

whet her the tissue has changed because of 25reaction between an excitation
| i ght enttedfromHhedritdqorddaar off the laserpaatieat et aic tihesqrhot o-
catheter with respect to a tisgsue will be described.

Fig. 36 1s a schematic diagram showing contact
states of a laser catheter in a plurality of different
contact levels shown in Fig. 35,

10 ic184] As shown in Fig. 36, in the non-contact state,
in which the blood 15 exists between the tip portion of
the laser catheter and a tissue and in which the tip
portion is in blood, the contact level of the tip
portion of the laser catheter calculated by using the

15 formula of Fig. 33 is, for example, 12. In the
slanting-contact state, in which the tip portion of the
laser catheter contacts a tissue in a slanting mannexr
and in which the blood 15 partially exists in a gap
between the tip portion and the tissue, the contact

20 level is, for example, 55. In the upright-contact state,
in which the tip portion cf the laser catheter contacts
the inner wall of the cardiac-muscle tissue 11 in an
upright manner, the contact level is, for example, 100.
A practitioner visually recognizes those contact-level

25 values on the time-waveform display and the level-meter

display, and, as a result, may intuitively recognize



117 sensitive pharmaceutical absorbed in the tissue, and whether a contact
state of the tip portion of the |aser catheter with respect to the tissue
has changed. [3] The estimating apparatus according to claim 2,
5further conprising: a controller for sinultaneously estimating

whet her the tissue has changed because o eaction between an excitation
light emtted fromthe tip portion of th aser catheter and the

phot o-sensitive pharnaceutical 10absorbed in the tissue, and a contact
state of the tip portion of the |aser catheter with respect to the tissue,

based on the defecteddnt ensitlieofstbhe Uruerrseanrceortion of tidl The
estimating apparatus according to claim3, 15wherein the controller

visual ly refl agls.a guHeerbest Fretadrl esuptaet ithenehange ebctbhaikessue in
a peak- estimated-result of the change of the tissue, and outputs a signal

for simultanequsly dhef @rp R@refidher2Qest iiBRied Jsesidderofi o lid sghanrgel of the
tissue and the estimated result of the contact state. [5] The estimating

appar at us acceffdisa &0 16l @idirkbdal diebre@RPrirsi, NGgnd may control ster age
for storing the peak-estimated-result of 25the change of the tissue,

wher ei nst he courigteldeepriRga@nds the current-estimated- 118 result of the
change of the tissue in the storage, updates, in a case where the
current - esti netoadsiesul rhaf dnedihenge: aff tdre tHrssent sireguadidm sore | ar ger
than the peak-estimated-result of the change of the tissue
not limited to the above-mentioned embodiments, and
other various embodiments are conceivable.
[0186] Although in the above-mentioned embodiments,
10 the laser the catheter 300 is detachably connected to
the connector 210 of the PDT apparatus 1, the laser the
catheter 300 may be provided on the PDT apparatus 1
integrally.
Although in the above-mentioned embodiments, the
15 tube 200 is provided on the PDT apparatus main body 100
and the connector 210 is provided on the end of the
tube 200, the connector 210 may be provided on the PDT
apparatus main body 100.
Although in the above-mentioned embodiments, the
20 PBRS 123 1is used, a DM may be used instead.
[0187] Although in the above-mentioned embodiments,
the controller 150 informs a practitioner of
information to prompt the predetermined controls by
using the display unit 170, but is not limited to this.

25 A speaker unit may be provided on the PDT apparatus 1,

and the controller 150 may create a sound output



5recorded in the storage, the peak-estimted-result of the change of the
tissue recorded in the storage with the current-estimated-result of the
change of the tissue, and outputs a signal for simultaneously inform ng of
the estimated result of the change of the 10tissue and the estinmated result
of the contact state, by displaying the current-estimted-result of the
change of the tissue on the updated peak;éétinatedresult of the change of
the tissue in an overl apped nmanner. 15[ 6] The estinmating apparatus
according to claim11, further conprising: a controller for estimating

whet her the ti ‘Qﬁ% qﬁgggzgﬁgﬁy§ far Wolel weeh itation
r%ﬁ%t e(%?p porti on off? 3 5¥§%&£¥&$ﬁ% éé%ﬁ&yﬁ

light emtted e |l'aser 20cat heter "and the

phot o- sensi ti v, Dhardmoautd 6ol ahserheds | id Pestissuernbasadhyintensity

of the detected fl'uorescence. [7] The estimating apparatus according to
claim6, whereid,;Zptfe Santaold i olPUS Bhsi ghadkdoruh N ordipanhet her

the tissue has changed,” based on the estimated = 119 result. [8] e
estimating appad@ddise1C i ingr ton ot akdN Sur Yhr &bibnds, to thereby
5 prompt a practitioner to perform the predetermined
controls.
Description of Symbols
[0188] 1 photodynamic therapy (PDT) apparatus
100 PDT apparatus main body
10 110 1light source
120, 12Ca optical system
121 short pass filter
122 first lens
123 polarizing beam splitter (PBS)
15 124 long pass fiiter
125 second lens
126 first dichreolic mirror (DM)
127 second dichroic mirror (DM)
130, 1320a detection unit
20 131 first photodiode {PD)
132 second photodiode {PD)
140 electrocardiograph
141 electrode pad
150 controller
25 160 storage

17C¢ display unit



the controller outputs a signal to pronpt to 5change an irradiation
condition of the excitation |ight, based on the estimated result. [9] The
estimating apparatus according to claim®6, wherein t he
controll er obtains an el ectrocardi ographic 10signal, and estimtes whet her
the ti ssue has changed, based on a corre#g%ion bet ween t he

el ectrocardi ographic signal and the intensity of the fluorescence. [10] An
estimating apparatus for therapy for atrial fibrillation, for irradiating a
cardi ac-nuscl e ti ssue 15havi ng absorbed photo-sensitive pharnaceutical, the
phot o- sensi ti g phardmeeiitiigal absorbing an excitation |light and emtting
fluorescence, with the excitation light emtted froma tip portion of a

| aser cat heteryggomdesi ng: 20a connector to/fromwhich the |aser catheter

i s capabl e of being attached/ detached,; a light source for outputting
the excitationdi ghipd-a-dthe laseicreat hgdeican & itdw- connector; and a
detection unit for é%tecting intensity of the 25fluorescence, the

fl uorescence heing @Heredbifromthe | aser catheter via the connector, to
esti mat e whet her

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

10 340 optical window



120 the cardiac-nuscle tissue is changed because of reaction between the
excitation light emtted fromthe tip portion of the |aser catheter and the
phot osensi tive pharmaceuti cal absorbed in the cardiac-nuscle 5tissue. [11]
The estimating apparatus according to claim 10, wherein the detection unit
detects intensity of the fluorescence, the fluorescence being entered from
the 10l aser catheter via the connector, ?66sinultaneously esti mat e whet her
t he cardi ac-nuscl e tissue has changed because of reaction between an
excitation light emtted fromthe tip portion of the |aser catheter and the
phot o-sensi tive pharnmaceutical absorbed-jn the cardiac- 15nuscle tissue

and whether a contact state of the tip portion of the |laser catheter with

respect to thepgardiacsMUSELE 14 Sgus Nas.ehanged-radldl ;i Jhes esidamd i ng

apparatus according to claim 1I, further conprising: 20a controller for

si mul t aneous| y, 8sfd Bl Dg-mhethes: 4 hes caf di ac - susehb-dhssier hasnghanged
because of reaction between an excitation light emtted fromthe tip

portion of thejasersoadhet el @nd-ddephiosensidiyvephat necettdcabn
absorbed in the cardiac-nuscl e 25tissue, and a contact state of the tip
portion of the iqseragatdietesing tinuespoedndd, thericarih agzdiset fon
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 wvia the connector, to estimate whether
15 the tissue has changed because of reaction between the
excitation light emitted f£rom the tip portion of the
laser catheter and the photo-sengitive pharmaceutical
absorbed in the tissue.
{21 The estimating apparatus according to claim 1,
20 wherein
the detection unit detects intensity of the
fluorescence, the fluorescence being entered from the
laser catheter via the connector, to simultaneously
estimate whethér the tissue has changed because of
25 reaction between an excitation 1ight emitted from the

tip portion of the laser catheter and the photo-



121 tissue, based on the detected intensity of the fluorescence. [13] The
estimating apparatus according to claim 12, wherein 5the controller
visually reflects a peak-estimated- result of the change of the

cardi ac-nuscle tissue in a current-estimated-result of the change of the
cardi ac-nuscle tissue, and outputs a si for sinultaneously informng of
the estinmated result of the change of the 10cardi ac-nuscle tissue and the
estimated result of the contact state. [14] The estimating apparatus
according to claim 13, further conprising storage for storing the

peak- esti mat e@eh@s ity eOforthtRe titange elbodoiercnridi atreniSelsaid,i $sige, wherein
the controller records the current-esti mtedresult of the change of the

cardi ac- nuscl eHditsslie d Rde st etage, dpdalesig hoxwtase othaete thaer
currentesti mated-result of the change of the cardi ac-nuscle 20tissue is
equal to or | a=gek tdhianvitde eeqlecestiomated¢ irsesid thaaf dHeegeddange of the
cardi ac-nuscle tissue recorded in the storage, the peak-estimated-result of
t he change of [Bhe ardieac-imusdirey thssie thec araded -dimd he stlariage with t he
current-estimated-result of the change 25of the cardi ac-nuscle tissue, and
out put s sa si grialrtfer siomgrianegus!y inform ng of the estimated result of
the 122 change of the cardiac-nuscle tissue and the estimted result of
t he contact state, shydaitsplldyemd drhe icurlremtesstd Ivtesd-imesuilitg ofhatferchange
of the cardiac-nuscle tissue on the updated peak-estimated-result of the
change of t he téar dilssuride=e dhiesmsel ihecaisey arfl apped manimtween an
excitation light emitted from the tip portion of the
laser catheter and the photo-sensitive pharmaceutical
10 absorbed in the tissue, and a contact state of the tip
portion of the laser catheter with respect to the
tissue, based on the detected intengity of the
fluorescence.
[4] The estimating apparatus according to claim 3,
15 wherein
the controller visually reflects a current-
estimated-result of the change of the tissue in a peak-
estimated-result of the change of the tissue, and
outputs a signal for simultaneocusly informing of the
20 estimated result of the change of the tissue and the
estimated resgult of the contact state.
[5] The estimating apparatus according tc c¢laim 4,
further comprising
storage for storing the peak-estimated-result of

25 the change of the tissue, wherein

the controller records the current-estimated-



[ 15] An estimating method, conprising: irradiating a tissue having
absor bed photosensitive pharnmaceutical, the photo-sensitive 10
pharmaceuti cal absorbing an excitation light and emtting fluorescence,
with the excitation light emtted froma tip portion of a |aser catheter;
extracting the fluorescence corresponding do the irradiated excitation
light via the | aser catheter; and 15estimating whether the tissue has
changed because of reaction between the excitation light emtted fromthe
tip portion of the |laser catheter and the photosensitive pharnmaceuti cal

absorbed in thestiissue dhrsed@pel BFensict ¥ iefsuehd rexthreactedakleyor escence.
20[ 16] The estimating nethod according to claim15, further conprising:

si nul t aneous| yip@stciert iRy awkelskehizhe theswerhas tchanded teecaese laf
reacti on between an excitation light emtted fromthe tip portion of the
| aser cat het enfarte22hheigeheifotshensiitisve pharmmedutticcalr dbsgeedhiam t he
tissue, and a contact state of the tip portion of the 123 |aser catheter
with respect thet heatki-esudmahasedesnlt-he fexireacthaetdentodngibtey tafs stise
fluorescence. [17] The estinmating nethod according to claim16, further
conpri sisng: Swviesualded rief ltéet imgrageur réret restkd-wetteédartesutesefl tt € change
of the tissue in a peak-estimted-result of the change of the tissue, and
outputting a sitgnathafgre sifmittcandogsiey resodtchg rofthiehe teyrigeatedy esul t  of
t he change of the tissue and the estinmated result of the 10contact state.
the current-estimated-result of the change of the
tigssue, and outputs a signal for simultaneously
informing of the estimated result of the change of the
10 tisgsue and the estimated result of the contact state,
by displaying the current-estimated-result of the
change of the tissue on the updated peak-estimated-
result of the change of the tissue in an overlapped
manner .
15 [6] The estimating apparatus according to claim 1,
further comprising:
a controller for estimating whether the tissue has
changed because of reaction between the excitation
light emitted from the tip porticn of the laser
20 catheter and the photo-sensitive pharmaceutical
absorbed in the tissue, based on intensity of the
detected fluorescence.
[7] The estimating apparatus according to claim 6,
wherein

25 the controller outputs a signal for informing

whether the tissue has changed, based on the estimated



[ 18] The estimating nethod according to claim17, further conprising:
recording the current-estimated-result of the change of the tissue in
storage, updating, in a case 15where the current-estimated-result. of the
change of the tissue is equal to or |arger than the peak-estimtedresult of
the change of the tissue recorded in the orage, the peak-estimated-result
of the change of the tissue recorded in }i storage with the current-
20esti mated-result of the change of the tissue, and outputting a signal for
simul taneously informng of the estimated result of the change of the

ti ssue and thQEgﬁhkﬁated result of the contact state, by displaying the
current-estimated-result of the change of the 25ti ssue on the updated

peak-estimat edrgiesulls ofsdihe Ghanag ah-die tdesieidy an everhapped manner .
124 [19] The estimating nmethod "according to claim 15, further conprising:

obt ai ni ng an ghgstdiecardi ographic signal, and estimating whether the tissue
has changed, based on a 5correl ati on between the el ectrocardi ographic

signal and the intensd s frdihef IHAREGENRCEs i g20]t Apesidimadd ng net hod
usi ng phot o-sensitive pharmaceutical absorbing an excitation |ight and

emtting a fluolRsReENGe, 1 Brd @5LF1i6At behelr Capablke tok Loefichiding theht,
excitation light froma tip portion, and
based on the estimated result.
[9] The estimating apparatus according to claim 6,
wherein
the controller obtaing an electrocardiographic
i0 signal, and estimates whether the tissue has changed,
based on a correlation between the electrocardiographic
gignal and the intensity of the fluorescence.
110] An estimating apparatus for therapy for atrial
fibrillation, for irradiating a cardiac-muscle tissue
15 having absorbed photo-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,
compriging:
20 a connector to/from which the laser catheter is
capable of being attached/detached;
a light source for ocutputting the excitation light
to the laser catheter via the connector; and
a detection unit for detecting intensity of the
25 fluorescence, the fluorescence being entered from the

laser catheter via the connector, to estimate whether



an estimating apparatus including a connector to/fromwhich the | aser
catheter is capable of being attached/ detached and a |ight source for
outputting the excitation light to the |aser catheter via the 15connector,
conpri si ng: absorbing, in a tissue, the photo-sensitive

phar maceuti cal ; leading the tip poyiion of the |aser catheter to the
ti ssue havi ng absorbed the photo-sensitiVvé 20pharnmaceutical, the | aser
catheter being attached to the connector; irradiating the tissue having
absorbed the photo- sensitive pharnmaceutical with the excitation |ight

enmitted from the tdap-deit-nizafe thesdasars ealdhiefey bddmsiberici tation |ight
being output fromthe |ight source; extracting the fluorescence

correspondi ng A dien B2 wddradiat egexeittiali an gritghinivitaed Hedmsere
cat heter; and estimati ng whet her the tissue has changed because of
reacti on between thetaxel o it0re |lghir entticatf rom the tdhptpoerti on of the
| aser catheter and the photo- 5sensitive pharnaceutical absorbed in the
ti ssue, based gandintiens irthsredfaddie ieodr attsed-Hddidre sdencard{RHmiEhe. e
estimati ng nethod according to claim 20, further conprising:
5 tigsue.
[11] The estimating apparatus according to claim 10,
wherein
the detection unit detects intensity of the
fluorescence, the fluorescence being entered from the
10 laser catheter via the connector, to simultaneously
estimate whether the cardiac-muscle tissue has changed
because of reaction between an excitation light emitted
from the tip portion of the laser catheter and the
photo-sensitive pharmaceutical absorbed in the cardiac-
i5 muscle tissue, and whether a contact state of the tip
portion of the laser catheter with respect to the
cardiac-muscle tissue has changed.
[12] The estimating apparatus according to claim 11,
furthex comprising:
20 a controller for simultaneocusly estimating whether
the cardiac-muscle tissue has changed because of
reaction between an excitation light emitted from the
tip portion of the laser catheter and the photo-
sengitive pharmaceutical absorbed in the cardiac-muscle

25 tigsue, and a contact state of the tip portion cf the

laser catheter with respect to the cardiac-muscle



si mul t aneously estimating whether the tissue has 10changed because of
reacti on between an excitation light emtted fromthe tip portion of the
| aser catheter and the photo-sensitive pharmaceutical absorbed in the
tissue, and a contact state of the tip portion of the |aser catheter with
respect to the tissue, based on the 15ex%£fcted intensity of the
fluorescence. [22] The estimating nethod according to claim2l, further
conpri si ng: visually reflecting a current-estimated-result of the
change of the tissue in a peak-estimted-result of 20the change of the

tissue, and out;pitid NGhades WAl HeOleHdRHdAnReAusidh tynfcr img of the
estimated result of the change of the tissue and the estimated result of
the contact stat®&rescence. [ 23] The estinmating nethod according to claim
22, 25further conprising: recording the current-estimted-result of the
126 change of ftihg trires s timaHiRlAgppaiRdald —Rgcdxiligase athgne e
current-estimated-result of the change of the tissue is equal to or |arger
t han t he peak-agsdtamat edresult of the change of the tissue recorded in the
5storage, the peak-estinmated-result of the change of the tissue recorded in
t he stomage w th ththe worarastdrratiedraidsulte feddre = hsraje- oft i dd-ssue,
and outputting a signal for sinultaneously informng of the estinmated
result of the mharige off tHhee dhsssite cdhdcheakOEstd mteed  gsiddueofin e
contact state, by displaying the current-estinmated-result of the change of
the tissue on dnerarpdatsd npeakd-astguint et ridsuldhaofgd hef giengmsiiade ti ssue
in an overl apped manner.
muscle tissue, and outputs a signal for simultaneously
informing of the estimated result of the change of the
10 cardiac-muscle tissue and the estimated result of the
contact state.
[14] The estimating apparatus according to claim 13,
further comprising
storage for storing the peak-estimated-result of
15 the change of the cardiac-muscle tissue, wherein
the controller recordg the current-estimated-
result of the change of the cardiac-muscle tissue in
the storage, updates, in a case where the current-
estimated-result of the change of the cardiac-muscle
20 tissue is equal to or larger than the peak-estimated-
result of the change of the cardiac-muscle tissue
recorded in the storage, the peak-estimated-result of
the change of the cardiac-muscle tissue recorded in the
storage with the current-estimated-result of the change

25 of the cardiac-muscle tissue, and outputs a signal for

simultaneously informing of the estimated result of the



[ 24] The estimating nethod according to claim20, 15further conprising:

obt ai ni ng an el ectrocardi ographic signal, and estimting whether the tissue
has changed, based on a correl ati on between the el ectrocardi ographic signal
and the intensity of the fluorescence.

122

change of the cardiac-muscle tissue and the estimated
result of the contact state, by displaying the current-
estimated-result of the change of the cardiac-muscle
tissue on the updated peak-estimated-result of the
5 change of the cardiac-muscle tissue in an overlapped
manner,
[15] An estimating method, comprising:
irradiating a tissue having absorbed photo-
sengitive pharmaceutical, the photo-sensitive
10 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
irradiated excitation light via the laser catheter; and
15 estimating whether the tissue has changed because
of reaction between the excitation light emitted from
the tip portion of the laser catheter and the photo-
sensitive pharmaceutical absorbed in the tissue, based
on intensity of the extracted fluorescence.
20 [16] The estimating method according to claim 15,
further comprising:
gimultaneously estimating whether the tissue has
changed because of reaction between an excitation light
emitted from the tip portion of the laser catheter and
25 the photo-sensitive pharmaceutical absorbed in the

tissue, and a contact state of the tip portion of the



10

15

20

25

123

laser catheter with respect to the tissue, based on the
extracted intensity of the fluorescence.
[17] The estimating method according to cliaim 16,
further comprising:

visually reflecting a current-estimated-result of
the change of the tissue in a peak-estimated-result of
the change of the tissue, and outputting a signal for
simultaneously informing of the estimated result of the
change of the tissue and the estimated result of the
contact state.
{181 The estimating method according to claim 17,
further comprising:

recording the current-estimated-result of the
change of the tissue in storage, updating, in a case
where the current-estimated-result of the change of the
tissue is equal to or larger than the peak-estimated-
result of the change of the tissue recorded in the
storage, the peak-estimated-result of the change cf the
tissue recorded in the storage with the current-
estimated-result of the change of the tissue, and
outputting a signal for simultaneously informing of the
estimated result of the change of the tissue and the
estimated result of the contact state, by displaying
the current-estimated-result of the change of the
tigsue on the updated peak-estimated-result of the

change of the tissue in an overlapped manner.
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[19] The estimating method according to claim 15,
further comprising:

obtaining an electrocardiographic signal, and
estimating whether the tissue has changed, based on a
correlation between the electrocardiographic signal and
the intensity ©of the fluorescence.
[20] An estimating method using photo-sensitive
pharmaceutical absorbing an excitation light and
emitting a fluorescence, a laser catheter capable of
emitting the excitation light from a tip portion, and
an estimating apparatus including a connector to/from
which the laser catheter is capable of being
attached/detached and a light source for outputting the
excitation light to the laser catheter via the
connector, COMPrising:

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

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

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

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

estimating whether the tissue has changed because
of reaction between the excitation light emitted from
the tip portion of the laser catheter and the photo-
sensitive pharmaceutical absorbed in the tissue, based
on intensgity of the extracted fluorescence.
[21] The estimating method according to claim 20,
further comprising:

simultanecusly estimating whether the tissue has
changed because of reaction between an excitation light
emitted from the tip portion of the laser catheter and
the photo-sensitive pharmaceutical absorbed in the
tissue, and a contact state of the tip portion of the
laser catheter with respect to the tissue, based on the
extracted intengity of the fluorescence.
[22] The estimating method according to claim 21,
further comprising:

visually reflecting a current-estimated-result of
the change of the tissue in a peak-estimated-resuit of
the change of the tissue, and outputting a signal for
simultaneously informing of the estimated result of the
change of the tissue and the estimated result of the
contact state.
[23] The estimating method according to claim 22,
further comprising:

recording the current-estimated-result of the
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change of the tissue in storage, updating, in a case
where the current-estimated-result of the change of the
tissue is equal to or larger than the peak-estimated-
result of the change of the tissue recorded in the
storage, the peak-estimated-result of the change of the
tissue recorded in the storage with the current-
estimated-result of the change of the tissue, and
outputting a signal for simultaneously informing of the
estimated result of the change of the tissue and the
estimated result of the contact state, by displaying
the current-estimated-result of the change of the
tigsue on the updated peak-estimated-result of the
change of the tissue in an overlapped manner.
[24] The estimating method according to claim 20,
further comprising:

obtaining an electrocardiographic signal, and
estimating whether the tissue has changed, based on a
correlation between the electrocardiographic signal and

the intensity of the fluorescence.



