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DESCRIPTION
LASER THERAPY APPARATUS, LASER THERAPY SYSTEM, AND

DETERMINATION METHOD

Technical Field

[0001] The present invention relates to a laser
therapy apparatus that treats a therapy-target tissus
by using a laser catheter, a laser therapy system, and
a determination method that can be applilied to the
apparatus and the system.

Background Art

focez] Atrial fibrillation is known ag a kind of
tachyarrhythmia. A hyperexcited site, which generates
an electrical pulse, appears in the vicinity of a
juncticn between a pulmonary vein and a left atrium,
and the left atrium minutely vibrates and contracts
because of the electrical pulse stimulation, thereby
causing atrial fibrillation.

[0003] Ag an atrial fibrillation therapy, the
inventors have been proposed application of
photodynamic therapy (hereinafter, referred to as
"PDT".) ({(see, for example, Patent Document 1). In PDT,
a cardiac muscle tissue, which has absorbed a
photosensitive agent, is irradiated with excitation
light by using a laser catheter, thereby generating

singlet oxygen. The singlet oxygen having strong
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oxidizing power damages a cardiac muscle tissue, which

{

surrounds the hyperexcited site, thereby forming an
electrical conduction block, which blocks conduction of
the electrical pulse from the hyperexcited site to the
left atrium. &s a result, electrical conduction between
the hyperexcited site and the left atrium is blocked,
and an abnormal vibration and contraction of the left
atrium is inhibited.

[0004] The photosensitive agent has properties of
selectively accumulating in a certain tissue. In view
of this, in general, after a predetermined time period
(e.g., 8 to 48 hours) passes after a photosensitive
agent 1is administered to a patient, when the state
where the concentration of the photosensitive agent is
high in a therapy-target tissue and the concentration
of the photosensitive agent is low in other tissues and
blood 1s established, i.e., when the state where a so-
called photosensitive agent contrast is high is
established, irradiation with the excitation light is
started. Further, in recent years, PDT in which the
accumulating properties of the photosensitive agent are
not used and irradiation with the excitation light is
started when the photosensitive agent is delivered to
the therapy-target tissue by blood is propoesed.

cirvculatory disease treatment,

=ty

[G005] In the field o

in order to ensure safety and reliability, 1t is
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important to determine a contact state betwesen a tip

portion of a laser catheter, which emits excitation
b 2 - o~ o . . .
light, and a tisoue In Patent Dogumsnts 2 and 3

the tip portion and the tissue are described. In Patent

Document 2, the deformation

. o i 3 P - N ;e o . 3 e ~ “ 3 7 Y, e
contact with the tissue 1s estimated by reflected light
thereby detecting the contact state betwesn the tip

portion and the tissue. In
pressure sensocy 1s provided

detecting the contact state

Citation List
Patent Document
[000¢8]
Patent Document 2: Japanese
Application Publication No.
[0044] to [0061])
Patent Document 1: Japanese
Application Publication No.
[008571)

Disclosure of the Invention

Problem to be solved by the

[0007]

Patrent Document 1:

Patent Document 3, a

WO 2008/066126
Unexamined Patent
2008-531170 (paragraphs
Unexamined Patent

2009-542371 (paragraph

Invention

According to the findings of the inventors,

it turns out that such an excessive pressure as to bury

the tip portion of the laser catheter in the tissue
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causes a large burden on a patlient during a surgical
ocperaticon and is deeply involved in a side effect after
surgexry. However, although 1t is possible to evaluate
the pressure of the tip portion of the laser catheter
on the tissue by using the techniques described in
Patent Documents 2 and 3, it is difficult for a
practitioner such as a doctor to recognize the buried
state unless an evaluation standard for a pressure
value in the buried state iz provided. Furthermore, the
relationship between the buried state and the pressure
value cannot be uniformly established for all patients,
and it is considered that there is an individual
difference in the relationship. Moreover, in the
technigues described in Patent Documents 2 and 3,
because there is a need to mount a device such as a
pressure sensor, which is not necessary for treatment,
the configuration of the laser catheter is complicated.
[0008] In view of the above-mentioned ciroumstances,
it is an object of the present invention to provide a
laser therapy apparatus that is capable of determining
a contact state between a tip portion of a laser
catheter and a tissue, which includeg a buried state of
the tip portion in the tissue, a laser therapy svstem,
and a determination method.

Another object of the present invention is to

provide a laser therapy apparatus that is capable of
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realizing such determination with a simple
configuration, & laser therapy system, and a
determination method.

Means for soliving the Problem

[0009] In order to achieve the above-mentioned
cbject, a laser therapy apparatus according Lo an
embodiment of the present invention includes a
connection portion, an emission unit, an optical state
detection unit, an electrical state detection unit, and
a determination unit.

I0010] To the connection portion, a second end
porticn of a laser catheter is connected, the laser
catheter including a first end portion, the second end
portion, and an electrode, a laser beam entering and
exiting from an apical surface of the first end portion,
the electrode being provided at outer periphery cf the
first end portion along an axial direction of the first
end portion.

The emissicn unit emits a laser beam to the second
end portion connected to the connection portion.

The optical state detection unit causes light
reflected from the second end portion connected to the
connection portion te enter, and detects an optical
state of the entered reflected light.

The electrical state detection unit detects an

electrical state of the electrode via the second end
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portion connected to the connection portion.

o011 The determination unit determines, hbased on
the detected opticael state and electrical state, a
contact state between the first end portion and a
therapy-target tissue treated by using the laser
catheter.

[00312] Here, in the present invention, the optical
state detection unit may detect an intensity of the
entered reflected light, the electrical state detection
unit may detect a potential of the electrode, and the
determination unit may determine that the contact state
between the first end portion and the therapy-target
rissue is normal in the case where the detected
intensity of light is low and the detected potential is
low, determine that the first end portion ig buried in
the therapy-target tissue in the case where the
detected intensity of light is low and the detected
potential is high, and determine that the laser
catheter is in contact with the therapy-target tissue
therealong in the case where the detected intensity of
light is high and the detected potential is high.

[0013] In the present invention, it is possible to
determine a contact state between a tip portion (first
end portioni of a laser catheter and a tissue, which
includes a buried state of the tip portion in the

tissue by detecting an optical state of light reflected
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from the laser catheter and detecting an electrical
state of an electrode provided at outer periphery of
the first end portiocn of the laser catheter along an
axial direction of the first end portion. Morecover, the
electrode is originally used for treatment, and there
is no need to mount a device such as a pressure Sensor,
which 1s not necessary for treatment. Therefore, it is
possible to realize determinatiocn of the contact state,
which includes the buried state, with a simple
configuration.

A laser therazpy system according te an embodiment
of the present invention includes a laser catheter, a
connection portion, an emission unit, an optical state
detection unit, an electrical state detection unit, and
a determination unit.
[0014] The laser catheter includes a first end
portion, a laser beam entering and exiting from an
apical surface of the first end portion, a second end
porticn, and an electrode provided at outer periphery
of the first end portion along an axial direction of
the first end portion.

Te the connection portion, the second end portion
of the laser catheter is connected.

The emission unit emits a laser beam to the second
end portion connected to the connection portion.

The cptical state detection unit causes light
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reflected from the second end portion connected to the
connection portion to enter, and detects an optical
state 0of the entered refliected light.

The electrical state detection unit detects an
electrical state of the electrode via the second end
portion connected to the connection portion.

[0015] The determination unit determines, based on
the detected optical state and electrical state, a
contact state between the first end portion and a
therapy-target tissue treated by using the laser
catheter.

Here, the electrode provided on the laser catheter
may include a ring electrode.

[co16] A determination method according to an
embodiment of the present invention includes emitting a
laser beam to a second end portion of a laser catheter,
the laser catheter including a first end portion, the
second end portion, and an electrode, a laser beam
entering and sxiting from an apical surface of the
first end portion, the electrode being provided at
cuter periphery of the first end portion along an axial
direction of the firet end portion, causing light
reflected from the second end portion to enter, and
detecting an optical state of the entered reflected
light, detecting an electrical state of the electrode,

and determining, based on the detected optical state
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and electrical state, & contact state between the first
end portion and a therapy-target tissue treated by
using the laser catheter.

Effect of the Invention

[co17] In the present invention, it is possible to
determine a contact state between a tip portion of a
laser catheter and a tissue, which includes a buried
state of the tip portion in the tissue. Moreover, 1t is
possible to realize determination of the contact state,
which includes the buried state, with a simple
configuration.

Brief Description of Drawings

[oo1g]

{Fig. 1} A schematic diagram showing the entire system
including a PDT apparatus according to an embodiment of
the present invention.

iFig. 2] & schematic diagram showing a laser catheter
inserted in a heart.

[Fig. 3] & block diagram showing a configuration of
the PDT apparatus.

[Fig. 4] A diagram showing a diagram showing the
appearance oI the laser catheter.

[Fig. 5] A partial cross-sectiocnal view of a tip
portion of the laser catheter shown in Fig. 4.

[Fig. 6] A cross-sectional view taken along the line

A-A in Fig. 5.
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[Fig. 7] A gchematic diagram showing a contact state
between the tip portion of the laser catheter and a
tissue.

[Fig. 8] A table showing a relationship between a
fluorescence intensity and potential and the contact
state.

Mode (s} for Carrying Cut the Invention

fooiel Hereinafter, embodiments according to the

present invention will be described with reference to

the drawings. In the embodiments, a description will be

given using, as a laser apparatus, a photodynamic
therapy apparatus (hereinafter referred to ag "FDT
apparatus") .

[Configuration of Entire System]

Fig. 1 is a schematic diagram showing the entire
therapy system including a PDT apparatus according to
an embodiment of the present invention.

[0020] L PDT apparatus 1 includes a PDT apparatus
main body 100, a tube 200 connected to the PDT
apparatus main body 100, and a connector {(connection
portion) 210 provided at the tip of the tube 200.
(00213 The tube 200 is a scft hollow tube, and 1ig
capable of transmitting light through a built-in
apparatus-attached optical fiber 201 (see Fig. 3.
Moreover, through a built-in apparatus-attached

electrical wiring 202 (see Fig. 3}, it is possible to,
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for example, measure a potential in the tip portion of
a laser catheter 300.

To the connector 210, the laser cathetexr 300 is
detachably connected.
[0022] To a patient 2, a photosensitive agent is

administered. In the case of being adminis

1
ity
=
iy
&
g
=

intravenous inj
agent diffuses in the blood, and then diffuses in a
tissgue such as a cardiac muscle Tigsus, b dose of

photogensitive agent necessary for Creatment may be

bz continuously administered by intravenous drip, may

luorescence. Examples of the

h

in

)

lude an agent called talaporfin sodium (Laserphyvrin

is near €64 nm, an excitation light source for the

Fig. 2 is a schematic diagram showing a laser

catheter inserted in a heart.
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[6023] The laser cathster 300 13 inserted in a right

atyium 14 of a heart 10 through a femoral or a
jugular vein of the patient 2. The lasey catheter 200,
which has reached the right atrium 14, penetrates a
septum, and 1s led to a left atrium 13.
[Configuration of PDT Apparatus Main Bodyl

Fig. 3 is a block diagram showing the PDT
apparatus main body.
[0024] The PDT apparatus main body 100 includes a
light source 110, an optical gysiem 120, an optical
state detection unit 130, a potential detection unit
125, an electrocardicgraph 140, & control unit 150, =
storage unit 160, az display unit 170, and an operating

foo25g] The light source 110 outputs excitation light

of a photosensitive agent. The wavelsngth of the light
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cutput by the light

0

SUTC
band absorption wavelength of the photosensitive agent.
For example, in the case where g photogensitive agent

whose Q-band absorption wavelength 18 near 664 nom is

wavelength of 606 to 800 nm, favorably €80 to £80 nm,

i p  m em t 7 - % - - = Y o
or wmore raverably 664 plug O minug I nm 13 used as the
7 - ‘A T3 ¥ - L 5 o= {7 - 7o -
light source 110 The excitation light (laser light)
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iight, short pass

or an end of rthe lzser catheter 300 Further,
the first lens 122 collects flucrescence from the tip
portion of the laser catheter 300 on the PBRS 123 It

noisy when detecting fluorescence.

fo0z9] 8y using polarization differences, the
123 causes the speculay reflection light, which

reflected on an end surface of the optical

first lens 122, to transmit therethrough,

detect the specular reflection light, reflescts ¢

-

fluorescence and the specular reflection light

reflected on the other end surfaces, and leads ©

a detector. The fluocrescence,

transmitted through the PBS 123,

filter 12

- A kil

15

long pass filter 124

}J
0
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. - o v o o s _ .
PEZ 122, not to transmit therethrough, causgses only Lhe
flucrescence to Lransmit therethrough, and leads the
= e ] - o~ T} - o~ Ty
flucregcence To the detector. The fluorescence, which

has been transmitted through the long pass filter 124,

anters the gsecond lens 125,

0

Lt

The second lensg 125 collescts the [iluorsscancs,

which has entere

0031} The optical state detection unit 130 iz, forx
example, a linear image sensor, and spectroscopically
detects the flucrescence having entered from the
optical system 120. That is, the optical state
detection unit 130 detects the light having the
excitation wavelength, and detects the fluorescence of
the photosensitive agent, which is light having a

wavelength longer than the excitation wavelength. The

j—f
[}
cF
j$H
F
iy

optica detection unit 130 ocutputs, as an
electrical signal, an intensity of the detected
fluorescence to the contrel unit 150.

(00321} The potential detection unit 135 detects the

potential of a second electrode (to be described later)
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[C033] To the electrocardicgraph 140, an electrode
pad 141 is connected via an electrode code (not shownj .
The electrocardiograph 140 cbtains an
electrocardiographic signal of the patient 2 via the
glectrode pad 141, which 1s attached to the patient 2,
and via the electrode code, and supplies the cbtained
electrocardiographic signal to the control unit 150.

The control unit 150 contrels the respective units

(00357 The Tr unic 150 determines whether or
not an electrical conduction block ig formed based on

the electrical signal obtained from the optical state
detection unit 130 and the electrocardicgraphic signal

obtained from the electrocardiograph 140C.

The contrel unitls0 outputs a display instruction
to display information of the determination result of
the contact state including the buried state.

The storage unit 160 is a non-velatile memory, and
ig met in, for example, a flash memory, an HDD (Hard
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[0036] The digplay unit 170 ig a display device,

which uses, for example, a display
device When obtaining a display instruction from the

isplay scresen, for example, informatrion of the
determination result of the convact state including the
buried state, based on display information included in
the display instruction

[0037] The operatin
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and outpuis the received instruction to the contro

unit 150. Examples of ths instruction include an

approximately 1,000 times higher than the first

intensity. The first intensity is selected when
monitoring the agent concentration and the contact

state ol the laser catheter 300 belore treatment The
second intensity i3 selescted when treatment s actually

performed.



1C

20

25

18

[Configuration of Laser Catheter]

Fig. 4 1g a diagram showing the appearance of the
laser catheter, Fig. 5 is a partial cross-sectional
view of a tip portiocn of the laser catheter shown in
Fig. 4, and Fig. &6 is a cross-sectional view taken
along the line A-A in Fig. 5.

[0038] The laser catheter 300 emits excitation light
from an end surface of the tip portion (first end
portion). The laser catheter 300 includes a catheter
tube 310, a first end portion 311, a second end portion
312, a holding portion 320, an cptical fiber 330, an
optical window 340, a plurvality of electrodes 351 and
352, and a wiring 353.

[0039] The catheter vtube 310 ig & goft hollow tube,

10040] The holding portion 220 is provided on the
first end portion 211 of the laser catheter 300 The

ootical window 240 with regpect to the cathetser tubs
i} g 3 . L I N o o uy e Yy
310. At the guter periphsry of the holding portion 2290

being the first end portion 311 along the axial
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electrodes 351 and 352 are provided so as to have a
predetermined space t bestween them. The plurality of

electrodes 351 and 352 includs Pt (platinum) and have a

ring shape, for example. Cut of the plurality of
in kS Y

may be iocated so as to have a small space between the

slectrode 351 and the edge portion of tfhe heolding
portiocn 320 For example, out of the plurality of
slectrodes 351 and 352, the electrode 351 has a width

wider than the slsctrods

contact with a tissue when the first end portion 311 of
. . -
the laser catheter 300 13 buriled in the tissus

[0041] The pl

M

2
3

connected to the apparatus-attached electrical wiring

W

ot
[£H

202 at the sescond end porytion 312 via the respect
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wirings 353, and connected to the potential detection

P o e 5oy = — 3 TP [, e 3 3
Uzt 135 of the PO SpParatuls maiin Dody

- ey oy = e - - 3 o o~ o e
unit 135 mav destect the potentisl difference bhetwsaen
cthe pair of the electrodes 351 and 352 by applyving

- 1 3 o e P 5 } N 3 fanlly
tissue, the detected potential of the electrode 352 i
o} - 7= 3 b
Low, nd in the rcase where the slesctrods 252 1s niot in
contact with the tissue, the detected potential of the

guartz step index fiber having a core diameter of 133

pum and an outside
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diameter of 200 um and an outside diameter of 350 um,

beam diameter of Che rradzation light 301 increases
with the angle determinad by the numerical aperture
f AT + = 4t F - 73 T = £ e P R
(NA; of the optical fibsr 330 The tip of the optical
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fiber 330 is processed =0 that the beam diameter of
irradiation light 301 appropriately increases The
optical fiber 3230 transmite the fluorescence, which
emitted from a photossnsitive agent absorbed in =&
tissue and irradiated with excitation light, to the
apparatus 1

0043] The optical window 240 18 provided on the
outermost of the tip portion cof the laser catheter 3

to the tip of the optical fiber 330 The optical window
340 includes solid transparent material, e.g., a

glass materizl such as BEY The optical window 340
cauges the irrgdiation light 301, which ig output from
the tip of the optical fiber 330, to tfransmit
therethrough. The optical window 240 collects ths
fluorescence, which is emitted from the photcosensitive
agent, on the tip o the optical fiber 330.

[Operation of
Next, an

configured as

PDT Apparatus]
operation of the PDT apparatus 1

degcribed above will be desgcribed.

The operation of the PDT apparatus 1 will be

described in the following order.

(1}
(2

[0Ca4]

In the contact-monitoring operation,

Preparation for PDT

Contact-Monitoring Operation

the

light source 110 outputs excitation light with the

the

[
[#11
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first intensity, and the contreol unit 150 determines a
contact state bhetwesn the laser catheter 3900 and an
inner wall of a tCissue, which includes a buried state
of the laser catheter 300 in the innerx wall of the
tissue based on the fluorescence intensity detected by
the optical state detection unit 130 and the potential
detected by the potential detection unit 135.

{3) Laser Therapy Performing Operation

[0045] In the laser therapy performing operation,
the light source 110 outputs the excitation light with
the second intensity, and laser therapy is actually
performed. Alsce in the operatlion, as in the contact-
monitoring operation, the contact state betwsen the

-

. 3 e 2 I’ - = o 9 e - [ i -
lager catheter 3200 and the inner well of the tissue,

i)

which includes the buried state of the laser catheter
300 in the inner wall of the tissue, is determined.

In the following, the cperations are described in
more detail.
[i{1) Preparation for PDT]
[0046] First, a practitioconer such as a doctor
inserts the laser catheter 300 in the heart 10 through
a femoral veln or a jugular vein of the patient 2. The
tip portion of the laser catheter 300 is disposed in
the vicinity of a pulmonary vein 12 of an inner wall of
a cardiac muscle tigsue 11 cof the left atrium 13 (see

Fig. 23}.
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reference data, the practitioner administers a
. ~ - ma 4 —— o — Ly
photosensitive agent to the patient 2

[{2) Contact-Monltoring Operation]

Subseguently, the contact-monitoring operation is
performed,

Fig. 7 1s a schematic diagram showing a contact
state of a laser catheter.
[0047] The laser catheter 300 ig desirably disposed
such that the tip portion (first end portion) as a
light-emitting portion is vertically brought into
contact with the inner wall of the cardiac muscle

rtissue 11 (see Fig. 7{a), hereinafter referred to as

[

*vertical contact state®.). This is becausse an intra-
atrial blood 15 is removed from the tip portion of the
laser catheter 3200, and activation of a photosensitive
agent in the intra-atrial blood 15 is suppressed.
Further, this is because the photo-sensitive agent
absorbed in a tissue ig selectively activated by
directly bringing the tip portion of the laser catheter
300 into gontact with the tissue.

[oc48] However, actually, the tip portion of the
laser catheter 300 1s not vertically but obligquely, as
shown in Fig. 7(b}, brought into contact with the inner
wall of the cardiac muscle tissue 11 in some cases. As

shown in Fig. 7{c};, the tip portion of the laser
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catheter 300 is buried in the inner wall of the cardiac
muscle tissue 11 in some cases. Moreover, as shown in
Fig. 7{d;, the tip portion of the laser catheter 300 is
obliguely buried in the inner wall of the cardiac
muscle tissue 11 in some cases. As shown in Fig. 7i{e),
the tip portion of the laser catheter 300 1s not even
brought into contact with the inner wall of the cardiac
muscle tissue 11 in some cases.

[0049] In particular, as shown in Fig. 7(c) and 7(d},
in the case where the tip portion of the laser catheter
300 is8 buried in the inner wall of the cardiac muscle
tissue 11, the tip portion of the laser catheter 300 is
excessively pressed onto the inner wall of the cardiac
muscle fissue 11. Such an excesgive pressure causes a
large burden on a patient during a surgical operation
and is deeply involved in a side effect after surgery.
In view of the above, in the contact-monitoring
operation according to this embodiment, the control
unit 150 determines a contact state between the laser
catheter 300 and an inner wall of a tizsue, which
includes a buried state of the laser catheter 300 in
the inner wall of the tissue based on the flucrescence
intensity detected by the optical state detecticn unit
130 and the potential detected by the potential
detection unit 135.

Fig. & is a table showing a relationship between a
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detected fluorescent intensity and potential and the
contact state shown in Fig. 7{a; to (e).

[cos0l As shown in Fig. 7{a), in the case where the
tip portion of the laser catheter 300 is vertically
brought into contact with the inner wall of the cardiac
miscle tissuese 11, bloed {(having ageni concentration
higher than the tissue} between the tip portion and the
inner wall of the cardiac muscle tisgssue 11 is almost
removed. Therefore, the fluorescence intensity detected
by the optical state detection unit 130 is low. In this
case, because the electrode 252 ig not in contact with
the tissue, the potential of the electrode 252 detected
by the potential detection unit 135 is low.

[cosil As shown in Fig. 7i{(bj), in the case where the
tip portion of the laser catheter 300 iz obligquely
brocught into contact with the inner wall of the cardiac
mugcle tisgue 11, a gsmall amount of blood lies between
the tip portion and the inner wall of the cardiac
mugcie tissue 11. Therefore, the flucrescence intensity
detected by the optical state detection unit 130 is
middle. In this case, becauge the electrede 252 is not
in contact with the tissue, the potential of the
electrode 352 detected by the potential detection unit
135 is low.

[0052] As shown in Fig. 7(c), in the case where the

tip portion of the laser catheter 300 is vertically
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buried in the inner wall of the cardiac muscle tissue
11, blood between the ©ip portion and the inner wall of
the cardiac muscle tissue 11 is almost removed.
Therefore, the fluorescence intensity detected by the

optical state detection unit 130 is low. In this case,

because the electrode 252 is in contact with the tissue,

the potential of the electrode 352 detected by the
potential detection unit 135 is high.

fooss] As shown in Fig. 7{d), in the case where the
tip portion of the laser catheter 200 is obliguely
buried in the inner wall of the cardiac muscle tissue
11, blood between the tip portion and the inner wall of
the cardiac muscle tissue 11 is almost removed.
Therefore, the fluorescence intensity detected by the
optical state detection unit 130 is low. In this case,
because the electrode 352 is slightly in contact with
the tissue, the pctential of the electrode 352 detected
by the potential detection unit 135 is middle to high.
[0054] In any case, in the case where the tip
portion of the laser catheter 300 is buried in the
inner wall of the cardiac muscle tissue 11, the
potential of the electrode 352 detected by the
potential detection unit 135 is not low. Therefore, it
ig possible to determine the buried state by detecting
that the potential of the electrode 352 is not low by

the potential detection unit 135.



10

15

20

25

27

[o0ss] As shown in Fig. 7{e), in the case where the
tip portion of the laser catheter 300 is not in contact
with the inner wall of the cardiac muscle tissue 171,
blood lies at the tip portion in almost all cases.
Therefore, the flucorescence intensity detected by the
optical state detection unit 130 is high. In this case,
in the case where the electrode 352 is in contact with
the tissue, the potential of the electrode 352 detscted
by the potential detection unit 135 is high, and in the
case where the electroede 352 is slightly in contact
with the tissue, the potential of the electrode 352
detected by the potential detection unit 13% is low. In
any case, in the case where the tip portion of the
laser catheter 300 1s not in contact with the inner
wall of the cardiac muscle tissue 11, the fluorescence
intensity detected by the optical state detection unit
130 is high. Therefore, 1t is pcssible to determine the
contact state of the catheter, which is in contact with
the cardiac muscle tissue therealong, by detecting that
the fluorescence intensity is high by the optical state
detection unit 130. Moreover, by usging only the
information from the potentlal detectlion unit 135, it
ig difficult to understand the difference between the
state of (e} (state where the electrode 352 1g in
contact with the cardiac muscle tissue)] and the states

of {c) and (d;. However, by combining information of
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the fluorescence intensity, it is possible to determine
the state of the tip portion.

sl

]
58]

ined from

ioose] Based on the electrica

4

the coptical state detection unit 130 and the potential
detection unit 135, the control unit 150 dstermines the
contact state between the laser catheter 300 and the
tissue, which includes the buried state of the laser
cathetey 200 in the tissue, i.e., which state shown in
Fig. 7{(a) to [(e) the laser catheter 300 is in. For
example, in the case where the laser catheter 300 is in
any cne of the states shown in Fig. 7{c) to (e}, the

control unit 150 displays a predetermined warning on

alleviated. Therefore, a side effsct can be reduced,
which leads to reduction of a burden on a patient.
Further, it is possible to prevent an effect on the

surrounding organs. It should be noted that the

;
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[ (3) Laser Therapy Performing Operation]

i

10057] The practitioner operates the operating unit
180, therehy inputting an excitation-light-output

instruction with the high-power second intensity to the
contrel unit 150. When obtaining the excitation-light-

output instruction, the control unit 150 outputs the

tfruction with the second
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ntengity to the light source 110. When obtaining the

(=

excitation-light-output instruction from the control

300. Thus, photodynamic therapy is performed.
foose] Alsc in the operation, as in the contact-

monitoring operation, a contact state between the lage

includes a buried state of the laser cathseter 300 in
the inner wall of the tigsue, 1s determined. That is,

the control unit 150 detsrmines the contach state

h

between the laser catheter 300 and the tissue, which
includes the buried state of the laser catheter 200 in

the tissue, i.e., which state shown in Fig. 7(a}) to (e}
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the lager catheter 200 is in, based on
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a practitioner such as a doctor can recognize that the
laser catheter 300 is in the buried states, and an
excessive pressure on the cardiac muscle tissue can be

(00591} In this embodiment, the plurality of
electrodes 351 and 352 are originally used for
treatment {(e.g., simple treatment effect and
determination of the contact state), and there is no
need to mount a device such as a pressure gensor, which
is not necessary for treatment. Therefore, it is
posgible to realize determinatiocn of the contact state,
which includes the buried state, with a simple
configuration.

Embodiments according to the present invention are
not limited to the above-mentioned embodiments and
various modifications can be made.

[0060] In the above-mentioned embodiment, the laser
catheter 300 is detachably connected to the connector
210 of the PDT apparatus 1. However, the lasger catheter
300 may be integrally provided on the PDT apparatus 1.

[0061] In the zabove-mentioned embodiment, the tube
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200 is provided on the PDT apparatus main body 100, and
the connector 210 is provided at the tip of the tube
200. However, the connector 210 may be provided on the
PDT apparatus main body 100.

In the above-mentioned embediment, a flucocrescence
intensity has been described as an exemplary coptical
state to be detected. However, as the optical state,
for example, a difference in a diffuse reflection light
intensity {of excitation light} of a tissue and blood
may be used.

In the above-mentioned embodiment, a potential has

been described as an exemplary electrical state to be

detected. However, as the electrical state, for example,

registance may be used.

In the above-mentioned embodiment, the two
electrodes 351 and 352 have been described as an
example, one electrode or three or more electrodes may
be used.

In the above-mentioned embodiment, an electrode
having a ring shape has been described as an example.
However, the electrode may have a pectinate shape or a
sawtooth shape.

Description of Reference Humerals
[00&2]
1 photodynamic therapy (PDT) apparatus

100 PDT apparatus main body



110 light source [(emigsion unit)

130 oeptical state detection unit

—

125 potential detection unit (electrical state
detection unit}

150 contrel unit {(determinaticon unit)

210 connector (connection portion)

300 laser catheter

311 first end poxrticn

312 gecond end porticon

351,352 electrode
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Claims
{11 A laser therapy apparatus, comprising:

a connection portion to which a second end portion
of a laser catheter is connected, the laser catheter
including a first end portion, the seccond end portion,
and an electrode, a laser beam entering and exiting
from an apical surface of the first end portion, the
electrode being provided at outer periphery of the
first end portion along an axial direction of the first
end portion;

an emission unit configured to emit a laser beam
to the second end portion connected to the connection
portion;

an optical state detection unit configured

to cause light reflected from the second end
portion connected to the connection portion to enter,
and

to detect an optical state of the entered
reflected light;

an electrical state detection unit configured to
detect an electrical state of the electrede via the
second end portion connected to the connection portion;
and

a determination unit configured to determine,
based on the detected optical state and electrical

state, a contact state between the first end portion
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and a therapy-target tissue treated by using the lager
catheter.
{2] The laser therapy apparatus according to claim 1,
wherein
the optical state detection unit is configured to
detect an intensity of the entered reflected light,
the electrical state detectilcon unit is configured
te detect a potential of the electrode, and
the determination unit is configured
to determine that the contact state between
the first end portion and the therapy-target tissue is
normal in the case where the detected intensity of
light is low and the detected potential is low,
to determine that the first end portion is
buried in the therapy-target tissue in the case where
the detected intensity of light is low and the detected
potential is high, and
to determine that the laser catheter is in
contact with the therapv-target tissue theresliong in
the case where the detected intensity of light is high
and the detected potential is high.
[3] A laser therapy system, comprising:
a laser catheter including
a first end portion, a laser beam entering
and exiting from an apical surface of the first end

portion
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a second end portion, and
an electrode provided at outer periphery of
the first end portion along an axial direction of the
first end portiomn;
a connecticn portion to which the second end
portion of the laser catheter 1s connected;
an emission unit conficured to emit a laser beam
to the second end portion connected to the connection
portion;
an optical state detection unit configured
to cause light reflected from the second end
portion connected to the connection portion to enter,
and
to detect an optical state of the entered
reflected light;
an electrical state detecticn unit configured o
detect an electrical state of the electrode via the
second end portion connected to the connection portion;
and
a determination unit configured to determine,
based on the detected coptical state and electrical
state, a contact state between the first end portion
and a therapy-target tissue treated by using the laser
catheter.
[4] The laser therapy svystem according to claim 3,

wherein
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the electrode provided on the laser catheter is a
ring electrode.
i5] A determination method, comprising:

emitting a laser beam to a second end portion of a
lager catheter, the laser catheter including a first
end portion, the second end portion, and an electrode,
a laser beam entering and exiting from an apical
surface of the first end portion, the electrode being
provided at outer periphery of the first end portion
zlong an axial directicon of the first end portion;

cauvging light reflegted from the second end
portion to enter, and detecting an optical state of the
entered reflected light;

detecting an electrical state of the electrode;
and

determining, based on the detected optical state
and electrical state, a contact state between the first
end portion and a therapy-target tissue treated by

using the laser catheter.



