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(54) Endoscopic system using an extremely fine composite optical fiber

(57) Endoscopic system (40) comprises composite
optical fiber (34) that consists of a large-diameter, laser
light transmitting optical fiber surrounded by a large
number of image transmitting fibers that are bundled to-
gether to form an integral assembly with the central fiber,
laser applying and image observing optical unit (42) that
is connected to the eyepiece portion of said composite

optical fiber such that it launches laser light into said
large-diameter optical fiber and that the image being
transmitted through said image transmitting optical fiber
is focused on a camera to become observable, and an
illuminating light transmitting unit that transmits illumi-
nating light to the tip of the objective portion of said com-
posite optical fiber for irradiation purposes.
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Description

[0001] This invention relates to an endoscopic appa-
ratus primarily intended for medical use. More particu-
larly, the invention relates to an endoscopic apparatus
using an extremely fine composite optical fiber as an in-
tegral assembly of an image transmitting optical fiber for
use in the finding and diagnosis of a lesion and a large-
diameter, laser transmitting optical fiber for use in the
treatment of the lesion.
[0002] Heretofore, endoscopes using a fused mono-
lithic image fiber or an optical fiber such as an image
bundle have been commercialized in various types.
Transmitting laser light to the lesion over the optical fiber
is also a commercialized technique in laser therapy.
[0003] Conventionally, the endoscope and the laser
transmitting optical fiber are physically independent of
each other and must be inserted into the human body
either through separate holes or via the lumens of cath-
eter tubes.
[0004] In a non-medical field and for the purpose of
cutting and welding metals, laser machining methods
and systems have been proposed and they employ a
composite optical fiber that consists of a large-diameter,
machining laser light transmitting fiber surrounded by a
large number of image transmitting fibers that are bun-
dled together to form an integral assembly with the cen-
tral fiber (see, for example, JP 9-216086A, JP
9-216087A and JP 2003-1465A).
[0005] The laser machining method or system pro-
posed by JP 2003-1465A is shown in Fig. 5; a YAG laser
oscillator emits a machining laser beam which passes
through an optical fiber to be guided to a laser combining
dichroic beam splitter, from which the combined laser
beam is reflected to get into incident optics, where it is
processed to become passable through a composite op-
tical fiber; thereafter, the laser beam travels through the
composite optical fiber to be introduced into an output
section, where it is focused to irradiate the work.
[0006] Illuminating laser light, on the other hand,
passes through an illuminating light guiding optical fiber
to be guided into the dichroic beam splitter, where it is
added to the center of the machining laser; the com-
bined laser beam enters the incident optics, where it is
processed to become passable through the composite
optical fiber; thereafter, the illuminating laser beam trav-
els through the composite optical fiber to be introduced
into the output section, where it is focused with the ma-
chining laser beam to irradiate the work.
[0007] The image carrying laser beam is reflected
from the work and travels in opposite direction to pass
through the output section, the composite optical fiber,
incident optics, beam splitter and finally through an in-
terference filter to reach a monitor unit which displays
the image of the illuminated lesion.
[0008] In all conventional laser therapeutic systems,
the endoscope which is responsible for image observa-
tion is physically independent of the laser light transmit-

ting optical fiber, so the image of the lesion needs to be
checked either through the endoscope or by external x-
ray monitoring. With the laser light transmitting optical
fiber inserted into the human body until it comes close
enough to the lesion, the doctor performs treatment by
applying laser light to the lesion while checking the po-
sition of the optical fiber with the aid of the image ob-
tained from the endoscope or by x-ray monitoring.
[0009] This technique requires that the surgeon per-
form laser application by first making visual check of the
lesion and the optical fiber either through the endoscope
or by x-ray monitoring and then, on the basis of the ob-
tained image information, exercising his or her discre-
tion in directing the tip of the optical fiber to the desired
position with respect to the lesion.
[0010] However, directing the tip of the laser illuminat-
ing optical fiber to the desired position with respect to
the lesion largely depends on the skill and discretion of
the operator and so does the accuracy with which the
applied laser light can fall on the target position of the
lesion. What is more, unwanted exposure to x-rays from
the outside can cause not only a safety problem but also
inconsistency in the efficacy of laser therapy.
[0011] The conventional composite optical fibers de-
scribed in JP 9-216086A, JP 9-216087A and JP
2003-1465A which have a laser light transmitting sec-
tion and an image transmitting section are all intended
to be used under exposure to radiation or to transmit
laser light of high output power. Since those composite
optical fibers are fabricated from a stepped-index fiber
whose core is made of pure quartz glass, it has been
difficult to reduce the fiber diameter small enough to be
suitable for use on endoscopes.
[0012] The present invention has been accomplished
under those circumstances and has as an object pro-
viding an endoscopic system whose diameter is small
enough to allow for easy observation of the interior of
the human body and which enables simultaneous ob-
servation of image with treatment by laser light irradia-
tion.
[0013] To attain the stated object, the present inven-
tion provides an endoscopic system comprising a com-
posite optical fiber that consists of a large-diameter, la-
ser light transmitting optical fiber surrounded by a large
number of image transmitting fibers that are bundled to-
gether to form an integral assembly with the central fiber,
a laser applying and image observing optical unit that is
connected to the eyepiece portion of said composite op-
tical fiber such that it launches laser light into said large-
diameter optical fiber and that the image being transmit-
ted through said image transmitting optical fiber is fo-
cused on a camera to become observable, and an illu-
minating light transmitting unit that transmits illuminating
light to the tip of the objective portion of said composite
optical fiber for irradiation purposes.
[0014] In the endoscopic system of the present inven-
tion, said large-diameter optical fiber and said image
transmitting optical fiber are each preferably an optical
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fiber which has GeO2 doped quartz glass as the core
and of which the core/cladding index difference ∆ is
2-5%.
[0015] In another preferred embodiment, said illumi-
nating light transmitting unit comprises a light source
and a light guide that transmits the illuminating light
emerging from said light source, at least the tip portion
of said light guide being made integral with said image
transmitting fiber in its longitudinal direction.
[0016] In yet another preferred embodiment, the en-
doscopic system of the present invention further in-
cludes a video monitor for displaying an image signal as
it is picked up from said laser applying and image ob-
serving optical unit.
[0017] Said laser applying and image observing opti-
cal unit preferably includes a beam splitter that reflects
the emission of laser light from a laser oscillator to be
launched into said large-diameter optical fiber and
which transmits the image traveling through said image
transmitting optical fiber so that it is focused on said
camera.
[0018] The endoscopic system of the present inven-
tion has the advantage that by simply inserting a single
fiberscope into the human body, the image of the lesion
can be observed simultaneously with its treatment by
laser light irradiation such that the surgeon can accu-
rately apply the laser light to the lesion while examining
a clear picture of the latter. As a matter of course, there
is no need to fear for the risk of exposure to x-rays
through external irradiation.
[0019] In addition, erroneous irradiation can be pre-
vented since continuous image observation is possible
not only during the application of laser light but also after
that as well.
[0020] As a further advantage, the lesion can be irra-
diated with the required intensity of laser light for the
required time duration while checking them visually and,
hence, superior therapeutic effect and high safety can
be obtained.

Fig. 1 is a cross-sectional view showing an example
of the composite optical fiber for use in the endo-
scopic system of the present invention;
Fig. 2 is a longitudinal section of an example of the
objective portion of a fiberscope which is to be used
in the endoscopic system of the present invention;
Fig. 3 is a longitudinal section of an example of the
fiberscope which is to be used in the endoscopic
system of the present invention;
Fig. 4 shows diagrammatically an example of the
endoscopic system of the present invention; and
Fig. 5 shows an exemplary laser machining system
which employs the conventional composite optical
fiber.

[0021] This invention relates to an endoscopic appa-
ratus primarily intended for medical use, which is char-
acterized by using a composite optical fiber as an inte-

gral assembly of an image transmitting image fiber for
use in the finding and diagnosis of a lesion and a large-
diameter, laser transmitting optical fiber for use in the
treatment of the lesion and which has a sufficiently small
diameter to allow for easy insertion into the human body.
[0022] The conventional composite optical fibers de-
scribed in JP 9-216086A, JP 9-216087A and JP
2003-1465A which have a laser light transmitting sec-
tion and an image transmitting section are all intended
to be used under exposure to radiation or to transmit
laser light of high output power and they have been fab-
ricated from a stepped-index fiber whose core is made
of pure quartz glass having superior radiation resisting
characteristics. The composite optical fiber to be used
in the present invention is characterized in that the large-
diameter, laser light transmitting optical fiber and the im-
age transmitting optical fiber are each preferably an op-
tical fiber whose core is made of GeO2 doped quartz
glass and which has a core/cladding index difference ∆
in the range of 2-5%. Using these design parameters,
the present inventors could successfully reduce the di-
ameter of the composite optical fiber to a comparable
level to the image fiber employed in medical fiber-
scopes.
[0023] A version of the image transmitting optical fiber
employed in the conventional composite optical fiber
has a diameter of 1.7 mm with 15,000 pixels. When in
an uncoated state, this optical fiber serving as the pixel
basis has a core/cladding index difference ∆ of about
1% and a pixel-to-pixel spacing of about 10 µm has been
necessary to perform appropriate image transmission.
Hence, if one uses this conventional image transmitting
optical fiber to form an image transmitting section having
a large number of pixels, the diameter of the composite
optical fiber increases so much as to introduce difficulty
in adopting it in an endoscopic fiberscope which in prac-
tical use is inserted into the human body. On the other
hand, the image transmitting optical fiber to be used in
the endoscopic system of the present invention has its
core/cladding index difference ∆ adjusted to lie within
the range of 2-5%, preferably 3.5-4%, with the result that
the core-to-core spacing can be reduced to as small as
3 µm; given the same number of pixels, the diameter of
the image transmitting optical fiber can be reduced to
0.3 times the conventional value.
[0024] Fig. 1 is a cross-sectional view showing an ex-
ample of the composite optical fiber that can advanta-
geously be used in the present invention and which is
generally indicated by numeral 1. Indicated by numeral
2 is a large-diameter fiber that is primarily intended for
laser transmission and which consists of a core 3 made
of GeO2 doped quartz glass and a cladding 4 made of
pure quartz glass. The diameter of the core 3 is prefer-
ably in the range of 50-400 µm whereas the diameter of
the cladding 4 preferably ranges from about 1.02 to
about 1.3 times the core diameter, with the numerical
aperture (NA) of the large-diameter fiber 2 typically
ranging from about 0.2 to about 0.4.

3 4



EP 1 568 333 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0025] If the diameter of the core 3 is less than 50 µm,
the power of the laser light that can be transmitted is
restricted, decreasing the likelihood to offer adequate
efficacy in laser therapy. If the diameter of the core 3 is
greater than 400 µm, it becomes difficult to achieve the
desired reduction in the diameter of the composite op-
tical fiber 1.
[0026] If the numerical aperture of the large-diameter
fiber 2 is within the range of 0.2 to 0.4, it can be mate-
rialized using quartz-based optical fibers and appropri-
ate values can be chosen in accordance with a specific
object of laser light irradiation, such as applying laser
light with a maximum divergence of angle or irradiating
a narrow area. It should be mentioned that there is no
need to have a numerical aperture match between the
large-diameter fiber 2 and the image transmitting optical
fiber 5 to be described just below.
[0027] The large-diameter fiber 2 is surrounded by a
large number of image transmitting fibers 5 that are bun-
dled together. The image transmitting fibers 5 are fused
to form a monolithic sea-island structure in which a large
number of cores 6 as islands are surrounded by a con-
tinuous phase of cladding 7 like a sea. The cores 6 are
made of GeO2 doped quartz glass and the cladding 7 is
made of either pure quartz glass or fluorine or otherwise
doped quartz glass. Adjacent cores 6 are spaced apart
by a distance of about 3 µm. The number of the image
transmitting fibers 5 in a bundle represents the number
of pixels and it preferably ranges from about 1,000 to
100,000.
[0028] As already mentioned, the spacing between
cores 6 is set from the value of the core/cladding index
difference ∆ and by adjusting the value of ∆ to lie be-
tween 2 and 5%, preferably between 3.5 and 4%, the
core-to-core spacing can be reduced to as small as 3
µm. If the number of pixels as defined above is less than
1,000, there is high likelihood for the failure to obtain a
sharp image; if the number of pixels exceeds 100,000,
it becomes difficult to manufacture a composite optical
fiber of the desired small diameter.
[0029] As another embodiment of a composite optical
fiber which can be used in this invention, a core 3 of the
large-diameter optical fiber 2 is made of pure quartz
glass or a GeO2 doped quartz glass, a cladding 4 of the
large-diameter optical fiber is made of a fluorine or oth-
erwise doped quartz glass having a lower reflective in-
dex than the core, a core 6 of the image transmitting
optical fiber 5 is made of a GeO2 doped quartz glass,
and a cladding 7 of the image transmitting optical fiber
is made of pure quartz glass or a fluorine or otherwise
doped quartz glass having a lower reflective index than
the pure quartz glass.
[0030] The image transmitting optical fiber can be
used for transmitting infrared radiation in addition to im-
age observation using visible light.
[0031] To make the composite optical fiber 1 in the
embodiment under consideration, a rod of large-diame-
ter fiber 2 is placed at the center of a quartz tube serving

as a quartz jacket layer 8 and then surrounded by optical
fibers serving as image transmitting fibers 5 which are
packed together to form a perform, which is then drawn
down to a smaller-diameter fiber. In this drawing step,
the quartz jacket layer 8 is preferably covered with a sil-
icone resin, UV curable resin, polyimide resin, etc. to
form a resin coating layer 9 in a thickness of from about
20 to about 100 µm. By adjusting the thickness of the
resin coating layer 9 to be within the stated range, a
composite optical fiber having the intended small diam-
eter can be fabricated and yet it meets the requirement
for guaranteed strength.
[0032] The outside diameter of the jacket layer on the
composite optical fiber 1 of the above-described struc-
ture can preferably be adjusted to range from about 0.3
mm to about 2 mm depending on the number of pixels
to be presented.
[0033] If the core-to-core spacing is written as d and
the circle diameter as D, the number of pixels N is de-
termined by the following equation:

[0034] After determining d from the index difference
∆ and given the required number of pixels N, the circle
diameter D is calculated from Eq. (1). The outside diam-
eter of the jacket layer is about 1.1 times the circle di-
ameter.
[0035] Fig. 2 shows an exemplary structure of the ob-
jective portion of a fiberscope employing the composite
optical fiber. To the tip of the composite optical fiber 21,
a sleeve 22 is bonded and after polishing its surface, the
tip is fitted with an objective lens unit 23. The objective
lens unit 23 is handled as the objective portion of an
image fiber used in an ordinary fiberscope and it is sur-
rounded by a lightguide fiber 24 over which illuminating
light is transmitted to irradiate the area of interest, there-
by forming the objective portion of a fiberscope. The
lightguide fiber 24 preferably uses a multi-component
glass optical fiber, which may optionally be replaced by
a quartz fiber or a plastic clad fiber.
[0036] The multi-component glass optical fiber is
available in very small fiber diameters ranging from 30
to 50 µm. In the case of fine fiberscopes, the illuminating
fiber has to be inserted into a very small space, so the
use of a particularly small-diameter fiber is preferred.
The angle of viewing of fiberscopes is generally wide
(60° - 120°) and the multi-component glass optical fiber
is suitable for the purpose of illuminating such a wide
range of area. With the quartz-based optical fiber, the
minimum fiber diameter and the angle of illumination
that can be obtained are about 70 µm and 30 degrees,
respectively, making it difficult for a fiberscope of high
finder coverage to illuminate the entire area under ob-
servation.
[0037] The entire objective portion is inserted into a

N = 0.9 x (D/d)2 (1)
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protective tube 25 and bonded to its inner surfaces to
form the tip at the objective end of the fiberscope. The
protective tube 25 may be a resin tube such as a fluor-
oplastic (e.g. PTFE, EFFE or PFA) tube, polyurethane
tube or polyimide tube; alternatively, it may be a metal
pipe such as a stainless steel pipe.
[0038] Fig. 3 shows an exemplary fiberscope using
the composite optical fiber as it is generally indicated by
30. The principal components of the fiberscope 30 are:
the composite optical fiber 34; an objective lens unit 31
provided at the objective end 30A of the fiberscope; a
terminal connector 36 provided at the eyepiece end
30B; a lightguide fiber 32 provided along the composite
optical fiber 34; a protective tube 33 enclosing the
above-mentioned components; and a branch 37 provid-
ed at the eyepiece end of the protective tube 33 to re-
ceive the lightguide fiber 32.
[0039] The objective end 30A of the fiberscope 30 is
composed by inserting the objective lens unit 31 and the
lightguide fiber 32 into the protective tube 33 and bond-
ing them in position. A sleeve 35 is bonded to the ob-
jective end of the composite optical fiber 34 and its end
face is polished. A terminal connector 36 is bonded to
the eyepiece end 30B of the fiberscope 30, with its fiber
end being polished. The lightguide fiber 32 diverges at
the branch 37 and fitted with a terminator 38 for estab-
lishing connection to an illuminating device.
[0040] Fig. 4 shows an example of an endoscopic ob-
servation system according to the present invention
which is generally indicated by 40. The endoscopic ob-
servation system 40 comprises: the fiberscope 30 hav-
ing the composite optical fiber 34 and the lightguide fiber
32; a laser applying and image observing optical assem-
bly 42 connected to the eyepiece portion of the fiber-
scope 30; a laser oscillator 10 that transmits laser to the
laser applying and image observing optical assembly 42
via an optical fiber 41; an illuminator 51 that illuminates
the objective end of the fiberscope 30 with light as it is
passed through the lightguide fiber 32; and a video mon-
itor 49 which displays an image signal as it is picked up
from the laser applying and image observing optical as-
sembly 42. The laser applying and image observing op-
tical assembly 42 is so adapted that laser light is
launched into the large-diameter optical fiber in the com-
posite optical fiber 34 whereas the image carrying laser
light traveling in opposite direction through the image
transmitting optical fiber forms a focused image on a
CCD camera 48 such that it is observable by the oper-
ator.
[0041] The terminal connector 36 at the eyepiece end
of the fiberscope 30 is fitted on an adapter 52 of the laser
applying and image observing optical assembly 42. The
lightguide fiber 32 is connected at the terminator 38 to
the illuminator 51. The optical fiber 41 connecting the
laser oscillator 10 to the laser applying and image ob-
serving optical assembly 42 may be of the same type
as the large-diameter optical fiber in the composite op-
tical fiber 34 but this is not the sole case of the present

invention. If the laser oscillator 10 is small in size, it may
be directly connected to the laser applying and image
observing optical assembly 42; alternatively, a mirror,
lenses and other optional optics may be combined for
transmitting laser light.
[0042] The laser applying and image observing opti-
cal assembly 42 comprises: the CCD camera 48 fitted
with a camera lens 47; a beam splitter 44 which reflects
the laser light from the laser oscillator 10 to be launched
into the large-diameter fiber and which also transmits
the image carrying laser light traveling in opposite direc-
tion through the image transmitting optical fiber to form
a focused image on the CCD camera 48; an optical unit
composed of condenser lenses 43a and 43b and a relay
lens subunit 45; and an interference filter 46 for blocking
the laser light.
[0043] The image carrying laser light traveling
through the image transmitting optical fiber in the com-
posite optical fiber 34 passes through the condenser
lens 43a, the visible light transmitting beam splitter 44,
the relay lens subunit 45 and the laser light blocking in-
terference filter 46; it then passes through the camera
lens 47 to form a focused image on the CCD camera
48. An image signal outputted from the CCD camera 48
is displayed on the video monitor 49. The operator can
manipulate the fiberscope 30 while observing the image
being displayed on the video monitor 49.
[0044] Laser light emitted from the laser oscillator 10
travels through the optical fiber 41 to be transmitted to
the laser applying and image observing optical assem-
bly 42, from which it passes through the condenser lens
43b, is reflected by the beam splitter 44 and then passes
through the condenser lens 43a to be launched into the
core of the large-diameter optical fiber in the composite
optical fiber 34; the laser light emerges from the objec-
tive end 30A of the fiberscope 30 to irradiate the area
under observation.
[0045] The laser oscillator 10 can choose the most
suitable laser light depending on the severity of the le-
sion and the regimen of treatment. For example, a vari-
ety of lasers having wavelengths ranging from the visi-
ble to the near infrared region may be employed and
they include a dye laser, an argon ion laser, a semicon-
ductor laser, a Nd:YAG laser, a Ho:YAG laser, etc.
[0046] In the composite optical fiber according to the
present invention, the large-diameter core of the laser
light transmitting portion may be formed of pure quartz
glass, with the cladding being formed of fluorine-doped
quartz glass. With this design, an excimer laser such as
XeCl, KrF or ArF can also be used as a light source.
[0047] Laser light emitted from the laser oscillator 10
travels through the optical fiber 41 and enters the laser
applying and image observing optical assembly 42, in
which it passes through the condenser lens 43b, is re-
flected by the beam splitter 44 to get into the condenser
lens 43a as an incident optical element, where it is proc-
essed to become passable through the composite opti-
cal fiber 34; thereafter, the laser light travels through the
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composite optical fiber 34 to be introduced into the ob-
jective end 30A, where it is focused by the objective lens
unit 23 or 31 to irradiate the lesion.
[0048] Illuminating laser light from the illuminator 51
passes through the lightguide fiber 32 to be introduced
into the objective end 30A, where it is focused with the
surgical laser beam to irradiate the lesion.
[0049] The image carrying laser light is reflected from
the lesion and travels in opposite direction to pass
through the objective end 30A, composite optical fiber
34, condenser lens 43a, beam splitter 44, relay lens sub-
unit 45, interference filter 46, and finally through the
camera lens 47 to form a focused image on the CCD
camera 48 which outputs an image signal that reaches
the video monitor 49 which displays the image of the
illuminated lesion on the screen.
[0050] The following are typical examples of endo-
scopic laser therapy that may be practiced by using the
endoscopic system of the present invention.

· Laser angioplasty

[0051] As a thrombus in an artery is observed, the Nd:
YAG laser light is directed at the occlusion to evaporate
and cauterize it. Also possible are laser vascular anas-
tomosis and coronary artery bypass surgery.

· Crushing urinary tract calculi with laser

[0052] The fiberscope in the endoscopic system of the
invention is inserted into the urinary tract and with the
position of the stone being checked on the display
screen, Ho:YAG laser light or the like is precisely direct-
ed at the stone to crush it.

· Fundus photocoagulation

[0053] The current practice of fundus photocoagula-
tion involves transmitting argon ion laser light over an
optical fiber under endoscopic observation. If the endo-
scopic system of the present invention is used, the fib-
erscope needs to be inserted only at one site and yet
one can perform coaxial and accurate laser irradiation
to perform surgery.

· Diagnosis and treatment involving laser application to
photosensitive materials

[0054] In the treatment of coronary arteriosclerosis or
other disease, a material having tumor affinity and pho-
tosensitivity, say, a hematoporphyrin derivative (HpD) is
administered. Tumor cells in which HpD has accumulat-
ed are irradiated with exciting laser light as from an ex-
cimer laser of extremely low energy, whereupon HpD
emits fluorescence. The resulting fluorescence spec-
trum peculiar to HpD is detected in the image transmit-
ting section and observed with a CCD camera as a two-
dimensional image. Alternatively, the fluorescence

spectrum may be connected to a spectroscope and an-
alyzed for diagnostic purposes.
[0055] If desired, the laser light source may be
switched over to a near infrared laser light source such
as Nd:YAG laser and the lesion that has been found to
be a tumor by diagnosis is irradiated with the laser light
so that it is evaporated and cauterized for treatment.
[0056] Similarly, cancer cells may be diagnosed and
treated by laser light irradiation using photosensitive
materials.

Claims

1. An endoscopic system comprising a composite op-
tical fiber that consists of a large-diameter, laser
light transmitting optical fiber surrounded by a large
number of image transmitting fibers that are bun-
dled together to form an integral assembly with the
central fiber, a laser applying and image observing
optical unit that is connected to the eyepiece portion
of said composite optical fiber such that it launches
laser light into said large-diameter optical fiber and
that the image being transmitted through said im-
age transmitting optical fiber is focused on a camera
to become observable, and an illuminating light
transmitting unit that transmits illuminating light to
the tip of the objective portion of said composite op-
tical fiber for irradiation purposes.

2. The endoscopic system according to claim 1,
wherein said large-diameter optical fiber and said
image transmitting optical fiber are each an optical
fiber which has GeO2 doped quartz glass as the
core and of which the core/cladding index differ-
ence ∆ is 2-5%.

3. The endoscopic system according to claim 1 or 2,
wherein said illuminating light transmitting unit com-
prises a light source and a light guide that transmits
the illuminating light emerging from said light
source, at least the tip portion of said light guide be-
ing made integral with said image transmitting fiber
in its longitudinal direction.

4. The endoscopic system according to any one of
claims 1-3, which further includes a video monitor
for displaying an image signal as it is picked up from
said laser applying and image observing optical
unit.

5. The endoscopic system according to any one of
claims 1-4, wherein said laser applying and image
observing optical unit includes a beam splitter that
reflects the emission of laser light from a laser os-
cillator to be launched into said large-diameter op-
tical fiber and which transmits the image traveling
through said image transmitting optical fiber so that
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it is focused on said camera.

6. An endoscopic system according to claim 1, where-
in the cladding 4 of the large-diameter optical fiber
2 is made of a fluorine or otherwise doped quartz
glass having a lower reflective index than the core
3 of the optical fiber which is made of pure quartz
glass or a GeO2 doped quartz glass, and the clad-
ding 7 of the image transmitting optical fiber 5 is
made of pure quartz glass or a fluorine or otherwise
doped quartz glass having a lower reflective index
than the core of the image transmitting optical fiber
which is made of a GeO2 doped quartz glass.

7. An endoscopic system according to claim 6, where-
in the image transmitting fiber is used for transmit-
ting infrared radiation.
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