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Description

FIELD OF THE INVENTION

[0001] The present invention relates to devices used
for light transmission as are used in photodynamic ther-
apy to deliver light energy to a treatment site.

BACKGROUND

[0002] Photodynamic therapy (PDT) is a medical treat-
ment involving the use of a photosensitizing agent which
is exposed to a specific wavelength of light to create ox-
ygen radicals, resulting in the destruction of cancer cells,
bacteria, viruses or fungi. A PDT system consists of three
principal components: a photosensitizing agent, a light
source (typically a laser) and a light delivery means (typ-
ically optical fiber based).
[0003] PDT involves the use of a photosensitizing
agent that is relatively selectively concentrated in cancer
cells or microbiological pathogen sites. Depending on
the type of photosensistizer, it may be injected intrave-
nously, ingested orally or applied topically. After applica-
tion of the photosensitizing agent it is selectively retained
by diseased tissue so that after a period of time, deter-
mined by the kinetics of the compound’s distribution,
there is more photosensitizing agent absorbed by the
diseased tissue than in normal tissue. The photosensi-
tizing agent is then activated by exposure to a specific
wavelength of light matching the absorption rates. This
results in tissue necrosis via several mechanisms includ-
ing oxygen radical production as well as vascular shut-
down to the diseased tissue. Because there is less pho-
tosensitizer in the adjacent normal tissue, only the dis-
eased tissue necroses and the normal tissue is preserved
when the correct light dose rate for that tissue is admin-
istered. The advantage of PDT over conventional treat-
ment such as surgery, radiation and chemotherapy is its
relatively selective destruction of diseased tissue with
normal tissue preservation.
[0004] The light distribution properties of the light de-
livery device can have direct impact on the effectiveness
of the light application and thus the efficacy of the PDT
treatment. The challenge of the light delivery devices is
to ensure the light distribution is equal along the entire
length of the light emitting section of the device. Several
types of distributing devices have been developed in at-
tempts to more evenly and safely distribute the light and
energy radiating from the device used to deliver the laser
energy. One type of diffusing device involves a fiber optic
microlens which is able to transfer a divergent light beam
to a limited area tissue area. A light diffusion device, as
disclosed in U.S. Patent No. 4,660,925 to McCaughen,
Jr. consists of a fiber cylindrical diffuser which emits a
cylindrical scattering pattern of light output with respect
to the cylindrical axis of the optical fiber, using a spaced
series of rings of varying intensity light. Yet another dif-
fusion device as disclosed in U.S. Patent No. 4,693,556

to McCaughen, Jr. consists of a fiber optic spherical dif-
fuser or "light bulb" which produces a spherical scattering
light field. Each of these diffusing devices produces a
light field of varying intensity over the area of emitted light
from the optical fiber which may result in an uneven ac-
tivation of the photosensitizer over the treatment area.
In still another device, as disclosed in U.S. Patents 5,
536,265 and 5,695,583 to van den Bergh et al., the clad-
ding is removed from a plastic optical fiber and replaced
by a scattering medium which may or may not be rough-
ened, resulting in a light emission area. This device is
problematic in that the distal area of the light emitting
area is less intense than the more proximal areas of the
light emitting area of the device. What is clearly needed,
then, is an improved optical fiber that is able to more
evenly deliver light energy over a wider surface area.
[0005] US Patent 4952022 describes a fibre optic line
illuminator with deformed end fibres.
[0006] It is understood that the present invention as
described and claimed herein can be used for many ad-
ditional purposes, therefore the invention is within the
scope of other fields and uses and not so limited.

SUMMARY

[0007] The present invention is defined by independ-
ent claim 1. The figures 3A-D show an embodiment being
subject-matter of claim 1. In one aspect, the present in-
vention comprises a light diffusing device having an op-
tical fiber defining a longitudinal dimension, a lateral di-
mension and a distal end. A core fiber is at least partially
covered by cladding and a light emitting section is formed
by selectively removing cladding such that a progressive-
ly distally increasing surface area of core fiber is exposed,
resulting in an even distribution of light emitted from the
light emitting section. The light emitting section further
defines a distal end and a proximal end.
[0008] In another aspect, the present invention com-
prises a light diffusing device having an optical fiber de-
fining a length, a diameter, a proximal end, a distal end
and a core fiber at least partially covered by cladding. A
light emitting section is formed by removing the cladding
covering the light emitting section and selectively remov-
ing core fiber thereby progressively distally increasing
the surface area of exposed core fiber, resulting in an
even distribution of light emitted from the light emitting
section. The light emitting section further defines a distal
end and a proximal end.
[0009] In a further aspect, the present invention com-
prises a light diffusing device having an optical fiber de-
fining a length, a diameter, a proximal end and a distal
end and a core fiber at least partially covered by cladding
wherein a light emitting section is formed by selectively
removing cladding to form at least a single light port such
that a progressively distally increasing surface area of
core fiber is exposed, resulting in an even distribution of
light emitted from the light emitting section. The light emit-
ting section further defines a distal end and a proximal
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end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig 1 shows the distal end of an embodiment of the
light diffusing device of the present disclosure having
a plurality of similarly sized open areas through the
cladding distally progressively closer in proximity to
each other.

Fig. 1A is a plan view of the light diffusing device
shown in Fig. 1.

Fig. 1B is a lateral cross section taken through the
lines 1B-1B as shown in Fig. 1.

Fig. 2 shows the distal end of an embodiment of the
light diffusing device of the present disclosure having
a plurality of open areas through the cladding distally
increasing in size.

Fig. 2A is a plan view of the light diffusing device
shown in Fig. 2.

Fig. 2B is a lateral cross section taken through the
lines 2B-2B as shown in Fig. 2.

Fig. 3 shows the distal end of an embodiment of the
light diffusing device of the present invention having
a plurality of similarly sized open areas through the
cladding distally increasing in depth into the core fib-
er.

Fig. 3A is a plan view of the light diffusing device
shown in Fig. 3.

Fig. 3B is a lateral cross section taken through the
lines 3B-3B as shown in Fig. 3, showing openings
through the cladding and into the core fiber having
a relatively shallow depth.

Fig. 3C is a lateral cross section taken through the
lines 3C-3C as shown in Fig. 3, showing openings
through the cladding and into the core fiber having
a relatively intermediate depth.

Fig. 3D is a lateral cross section taken through the
lines 3D-3D as shown in Fig. 3, showing openings
through the cladding and into the core fiber having
a relatively deep depth.

Fig. 4A is a top view of the distal end of a light diffusing
device of the present disclosure having a continuous
opening through the cladding and extending pro-
gressively distally deeper into the core fiber.

Fig. 4B is a side view of the distal end of the light
diffusing device shown in Fig. 4A using phantom
lines to show the continuous opening extending pro-
gressively distally deeper into the core fiber.

Fig. 4C is a plan view of the light diffusing device
shown in Fig. 4.

Fig. 4D is a lateral cross section taken through the
lines 4D-4D as shown in Figs. 4A-4B, showing the
opening through the cladding and into the core fiber
having a relatively shallow depth.

Fig. 4E is a lateral cross section taken through the
lines 4E-4E as shown in Figs. 4A-4B, showing the
opening through the cladding and into the core fiber
having a relatively intermediate depth.

Fig. 4F is a lateral cross section taken through the
lines 4F-4F as shown in Figs. 4A-4B, showing the
opening through the cladding and into the core fiber
having a relatively deep depth.

Fig. 5 shows the distal end of a light diffusing device
of the present disclosure having a continuous open-
ing extending distally wider through the cladding.

Fig. 5A is a plan view of the light diffusing device
shown in Fig. 5.

Fig. 5B is a lateral cross section taken through the
lines 5B-5B as shown in Fig. 5, showing the opening
through the cladding and into the core fiber having
a relatively narrow width.

Fig. 5C is a lateral cross section taken through the
lines 5C-5C as shown in Fig. 5, showing the opening
through the cladding and into the core fiber having
a relatively intermediate width.

Fig. 5D is a lateral cross section taken through the
lines 5D-5D as shown in Fig. 5, showing the opening
through the cladding and into the core fiber having
a relatively wide width.

Fig 6 shows the distal end of an embodiment of the
light diffusing device of the present disclosure having
an exposed core fiber at the distal end with a plurality
of similarly sized removed core fiber sections distally
progressively closer in proximity to each other.

Fig. 6A is a plan view of the light diffusing device
shown in Fig. 6.

Fig. 6B is a lateral cross section taken through the
lines 6B-6B as shown in Fig. 6.

Fig. 7 shows the distal end of an embodiment of the
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light diffusing device of the present disclosure having
an exposed core fiber at the distal end with a plurality
of removed core fiber sections distally increasing in
size.

Fig. 7A is a plan view of the light diffusing device
shown in Fig. 7.

Fig. 7B is a lateral cross section taken through the
lines 7B-7B as shown in Fig. 7.

Fig. 8 shows the distal end of an embodiment of the
light diffusing device of the present invention having
an exposed core fiber at the distal end with a plurality
of similarly sized removed core fiber sections distally
increasing in depth into the core fiber.

Fig. 8A is a plan view of the light diffusing device
shown in Fig. 8.

Fig. 8B is a lateral cross section taken through the
lines 8B-3B as shown in Fig. 8, showing removed
core fiber sections and into the core fiber having a
relatively shallow depth.

Fig. 8C is a lateral cross section taken through the
lines 8C-8C as shown in Fig. 8, showing removed
core fiber sections and into the core fiber having a
relatively intermediate depth.

Fig. 8D is a lateral cross section taken through the
lines 8D-8D as shown in Fig. 8, showing removed
core fiber sections and into the core fiber having a
relatively deep depth.

Fig. 9A is a top view of the distal end of a light diffusing
device of the present disclosure having an exposed
core fiber at the distal end with a continuous removed
core fiber section extending progressively distally
deeper into the core fiber.

Fig. 9B is a side view of the distal end of the light
diffusing device shown in Fig. 9A using phantom
lines to show the continuous opening extending pro-
gressively distally deeper into the core fiber.

Fig. 9C is a plan view of the light diffusing device
shown in Fig. 9.

Fig. 9D is a lateral cross section taken through the
lines 9D-9D as shown in Fig. 9, showing the removed
core fiber section extending into the core fiber to a
relatively shallow depth.

Fig. 9E is a lateral cross section taken through the
lines 9E-9E as shown in Fig. 9, showing the removed
core fiber section extending into the core fiber to a
relatively intermediate depth.

Fig. 9F is a lateral cross section taken through the
lines 9F-9F as shown in Fig. 9, showing the removed
core fiber section extending into the core fiber to a
relatively deep depth.

Fig. 10 shows the distal end of a light diffusing device
of the present disclosure having an exposed core
fiber at the distal end with a continuous removed
core fiber section extending distally wider across the
core fiber.

Fig. 10A is a plan view of the light diffusing device
shown in Fig. 10.

Fig. 10B is a lateral cross section taken through the
lines 10B-10B as shown in Fig. 10, showing the re-
moved core fiber section extending into the core fiber
to a relatively narrow width.

Fig. 10C is a lateral cross section taken through the
lines 10C-10C as shown in Fig. 10, showing the re-
moved core fiber section extending into the core fiber
to a relatively intermediate width.

Fig. 10D is a lateral cross section taken through the
lines 10D-10D as shown in Fig. 10, showing the re-
moved core fiber section extending into the core fiber
to a relatively wide width.

Fig. 11 shows the distal end of an embodiment of
the light diffusing device of the present disclosure
having an exposed core fiber at the distal end with
the exposed core fiber progressively distally rough-
er.

Fig. 11A is a plan view of the light diffusing device
shown in Fig. 11.

Fig 12 shows the distal end of an embodiment of the
light diffusing device of the present disclosure having
a plurality of similarly sized open areas through the
cladding distally progressively closer in proximity to
each other. A piercing tip is attached to the distal end
of the device.

Fig. 12A is a plan view of the light diffusing device
shown in Fig. 12.

Fig. 12B is a lateral cross section taken through the
lines 12B-12B as shown in Fig. 12.

Fig. 13A is a top view of the distal end of a light
diffusing device of the present disclosure having a
continuous opening through the cladding and ex-
tending progressively distally deeper into the core
fiber. A piercing tip is attached to the distal end of
the device. Fluorescent material is embedded in the
sheathing.
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Fig. 13B is a side view of the distal end of the light
diffusing device shown in Fig. 13A using phantom
lines to show the continuous opening extending pro-
gressively distally deeper into the core fiber.

Fig. 13C is a plan view of the light diffusing device
shown in Figs. 13A-13B.

Fig. 13D is a lateral cross section taken through the
lines 13D-13D as shown in Figs. 13A-13B, showing
the opening through the cladding and into the core
fiber having a relatively shallow depth.

Fig. 13E is a lateral cross section taken through the
lines 13E-13E as shown in Figs. 13A-13B, showing
the opening through the cladding and into the core
fiber having a relatively intermediate depth.

Fig. 13F is a lateral cross section taken through the
lines 13F-13FD as shown in Figs. 13A-13B, showing
the opening through the cladding and into the core
fiber having a relatively deep depth.

Fig. 14 shows the distal end of a light diffusing device
of the present disclosure having a continuous open-
ing extending distally wider through the cladding.
The device is sheathed and a piercing tip is attached
to the distal end of the device.

Fig. 14A is a plan view of the light diffusing device
shown in Fig. 14.

Fig. 14B is a lateral cross section taken through the
lines 14B-14B as shown in Fig. 14, showing the
opening through the sheathing and cladding and into
the core fiber having a relatively narrow width.

Fig. 14C is a lateral cross section taken through the
lines 14C-14C as shown in Fig. 14, showing the
opening through the sheathing and cladding and into
the core fiber having a relatively intermediate width.

Fig. 14D is a lateral cross section taken through the
lines 14D-14D as shown in Fig. 14, showing the
opening through the sheathing and cladding and into
the core fiber having a relatively wide width.

Fig. 15 shows the distal end of an embodiment of
the light diffusing device of the present disclosure
having a plurality of open areas through the cladding
distally increasing in size. The device is sheathed
and a piercing tip is attached to the distal end of the
device. Fluorescent material is embedded in the
sheathing.

Fig. 15A is a plan view of the light diffusing device
shown in Fig. 15.

Fig. 15B is a lateral cross section taken through the
lines 15B-15B as shown in Fig. 15.

Fig. 16 shows the distal end of an embodiment of
the light diffusing device of the present invention hav-
ing a plurality of similarly sized open areas through
the cladding distally increasing in depth into the core
fiber. The device is sheathed and the sheathing is
configured on the distal end to be able to pierce tis-
sue. Fluorescent material is embedded in the
sheathing.

Fig. 16A is a plan view of the light diffusing device
shown in Fig. 16.

Fig. 16B is a lateral cross section taken through the
lines 16B-16B as shown in Fig. 16, showing open-
ings through the cladding and into the core fiber hav-
ing a relatively shallow depth.

Fig. 16C is a lateral cross section taken through the
lines 16C-16C as shown in Fig. 16, showing open-
ings through the cladding and into the core fiber hav-
ing a relatively intermediate depth.

Fig. 16D is a lateral cross section taken through the
lines 16D-16D as shown in Fig. 16, showing open-
ings through the cladding and into the core fiber hav-
ing a relatively deep depth.

Fig. 17 shows the distal end of an embodiment of
the light diffusing device of the present disclosure
having cladding covering the light diffusing section
with the exposed cladding progressively distally
rougher.

Fig. 17A is a plan view of the light diffusing device
shown in Fig. 17.

Fig. 17B is a lateral cross section taken through the
lines 17B-17B as shown in Fig. 17, showing open-
ings through the cladding core fiber.

DETAILED DESCRIPTION

[0011] The particulars shown herein are by way of ex-
ample and for purposes of illustrative discussion of the
invention only and are presented in the cause of providing
what is believed to be the most useful and readily under-
stood description of the principles and conceptual as-
pects of the invention. In this regard, no attempt is made
to show structural details of the invention in more detail
than is necessary for the fundamental understanding of
the invention, the description taken with the drawings
making apparent to those skilled in the art how the several
forms of the invention may be embodied in practice.
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Nomenclature

[0012]

10 Optical Fiber
100 Light Diffusing Device
102 Light Emitting Section
102a Distal End (Light Emitting Section)
102b Proximal End (Light Emitting Section)
104 Light Port
105 Proximal End
106 Distal End
108 Cladding
110 Core Fiber
112 Connector
114 End Piece
200 Light Diffusing Device
202 Light Emitting Section
202a Distal End (Light Emitting Section)
202b Proximal End (Light Emitting Section)
204 Light Port
205 Proximal End
206 Distal End
208 Cladding
210 Core Fiber
212 Connector
214 End Piece
300 Light Diffusing Device
302 Light Emitting Section
302a Distal End (Light Emitting Section)
302b Proximal End (Light Emitting Section)
304 Light Port
305 Proximal End
306 Distal End
308 Cladding
310 Core Fiber
312 Connector
314 End Piece
400 Light Diffusing Device
402 Light Emitting Section
402a Distal End (Light Emitting Section)
402b Proximal End (Light Emitting Section)
404 Light Port
405 Proximal End
406 Distal End
408 Cladding
410 Core Fiber
412 Connector
414 End Piece
500 Light Diffusing Device
502 Light Emitting Section
502a Distal End (Light Emitting Section)
502b Proximal End (Light Emitting Section)
504 Light Port
505 Proximal End
506 Distal End
508 Cladding
510 Core Fiber

512 Connector
514 End Piece
600 Light Diffusing Device
602 Light Emitting Section
602a Distal End (Light Emitting Section)
602b Proximal End (Light Emitting Section)
604 Removed Core Fiber Section
605 Proximal End
606 Distal End
608 Cladding
610 Core Fiber
612 Connector
614 End Piece
700 Light Diffusing Device
702 Light Emitting Section
702a Distal End (Light Emitting Section)
702b Proximal End (Light Emitting Section)
704 Removed Core Fiber Section
705 Proximal End
706 Distal End
708 Cladding
710 Core Fiber
712 Connector
714 Piercing Tip
800 Light Diffusing Device
802 Light Emitting Section
802a Distal End (Light Emitting Section)
802b Proximal End (Light Emitting Section)
804 Removed Core Fiber Section
805 Proximal End
806 Distal End
808 Cladding
810 Core Fiber
812 Connector
814 End Piece
900 Light Diffusing device
902 Light Emitting Section
902a Distal End (Light Emitting Section)
902b Proximal End (Light Emitting Section)
904 Removed Core Fiber Section
905 Proximal End
906 Distal End
908 Cladding
910 Core Fiber
912 Connector
914 End Piece
1000 Light Diffusing Device
1002 Light Emitting Section
1002a Distal End (Light Emitting Section)
1002b Proximal End (Light Emitting Section)
1004 Removed Core Fiber Section
1005 Proximal End
1006 Distal End
1008 Cladding
1010 Core Fiber
1012 Connector
1014 End Piece
1100 Light Diffusing Device

9 10 



EP 2 350 714 B1

7

5

10

15

20

25

30

35

40

45

50

55

1102 Light Emitting Section
1102a Distal End (Light Emitting Section)
1102b Proximal End (Light Emitting Section)
1104a Rougher Section of Core Fiber
1104b Smoother Section of Core Fiber
1105 Proximal End
1106 Distal End
1108 Cladding
1110 Core Fiber
1112 Connector
1114 End Piece
1200 Light Diffusing device
1202 Light Emitting Section
1202a Distal End (Light Emitting Section)
1202b Proximal End (Light Emitting Section)
1204 Light Port
1205 Proximal End
1206 Distal End
1208 Cladding
1210 Core Fiber
1212 Connector
1214 Piercing Tip
1300 Light Diffusing device
1302 Light Emitting Section
1302a Distal End (Light Emitting Section)
1302b Proximal End (Light Emitting Section)
1304 Light Port
1305 Proximal End
1306 Distal End
1308 Cladding
1310 Core Fiber
1312 Connector
1314 Piercing Tip
1316 Fluorescent Material
1400 Light Diffusing device
1402 Light Emitting Section
1402a Distal End (Light Emitting Section)
1402b Proximal End (Light Emitting Section)
1404 Light Port
1405 Proximal End
1406 Distal End
1408 Cladding
1410 Core Fiber
1412 Connector
1414 Piercing Tip
1418 Sheathing
1500 Light Diffusing device
1502 Light Emitting Section
1502a Distal End (Light Emitting Section)
1502b Proximal End (Light Emitting Section)
1504 Light Port
1505 Proximal End
1506 Distal End
1508 Cladding
1510 Core Fiber
1512 Connector
1514 Piercing Tip
1516 Fluorescent Material

1518 Sheathing
1600 Light Diffusing device
1602 Light Emitting Section
1602a Distal End (Light Emitting Section)
1602b Proximal End (Light Emitting Section)
1604 Light Port
1605 Proximal End
1606 Distal End
1608 Cladding
1610 Core Fiber
1612 Connector
1614 Piercing Distal End
1616 Fluorescent Material
1618 Sheathing
1700 Light Diffusing Device
1702 Light Emitting Section
1702a Distal End (Light Emitting Section)
1702b Proximal End (Light Emitting Section)
1704a Rougher Section of Light Emitting Section
1704b Smoother Section of Light Emitting Section
1705 Proximal End
1706 Distal End
1708 Cladding
1710 Core Fiber
1712 Connector
1714 End Piece

Definitions

[0013] "Distal" means further from the point controlled
by the operator (e.g., physician or technician) of a device.
[0014] "Opaque" means absorbing light energy in a
particular wavelength range.
[0015] "Proximal" means closer to the point controlled
by the operator (e.g., physician or technician) of a device.

Construction

[0016] Fig. 1 shows the light emitting section 102 of an
embodiment of a light diffusing device 100 of the present
invention. Fig. 1A shows the entire light diffusing device
100, including a connector 112 attached to the proximal
end 105 allowing the light diffusing device 100 to be con-
nected to a light source (not shown). As best shown in
Fig. IB the light diffusing device 100 is made for reasons
of economy as well as flexibility from a plastic optical fiber
10 approximately 1mm in diameter which comprises a
light transmitting core fiber 110 made of PMMA (acrylic)
surrounded by cladding 108 made of fluorinated poly-
mers. It should be mentioned that other kinds of light
transmitting fibers (not shown) could also be used and
are therefore contemplated by and within the scope of
the invention. The core fiber 110 and cladding 108 have
different indexes of refraction, which enables light enter-
ing the light diffusing device 100 at the connector 112 to
be transmitted along the length of the light diffusing de-
vice 100 and therefore transmitted to a more distal loca-
tion. The light diffusing device 100 defines a distal end
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106 to which is attached an opaque end piece 114, pre-
venting the escape of the transmitted light energy from
an otherwise open distal end (not shown) of the core fiber
110. In one embodiment, the end piece 114 can be made
of stainless steel. Using appropriate medical grade ad-
hesives, the end piece 114 is attached to the distal end
106 of the optical fiber 10 after the distal end 106 is rough-
ened by such means as sandpaper, sandblasting, chem-
ical degradation or other abrasive or erosive methods.
In another embodiment (not shown) the end piece 114
may be omitted and replaced by other light blocking
mechanisms including opaque epoxy or plastic materi-
als. In an alternative embodiment (not shown) the light
diffusing device 100 maybe encased in a transparent pro-
tective sheath (not shown) which provides an additional
degree of integrity as well as smoothness.
[0017] The light emitting section 102 is defined by a
plurality of light ports 104 which extend through the clad-
ding 108 exposing the core fiber 110, thereby allowing
the transmitted light energy to be emitted from the light
diffusing device 100. As best shown in Fig. 1, the light
emitting section 102 is characterized by the light ports
104 having a similar surface area and progressively
denser in distribution (greater in number) as the distal
end 102a is reached. As shown in Fig. IB the light ports
104 are round shaped and spacing may vary between
0.05588 to 0.1016 cms (0.022 inches to 0.040 inches).
Restated, a denser distribution of similarly sized light
ports 104 at the distal end 102a results in a lesser ex-
posed core fiber 110 surface area at the proximal end
102b of the light emitting section 102 and a greater ex-
posed core fiber 110 surface area at the distal end 102a
of the light emitting section 102, allowing a greater quan-
tity of light to be available at the distal end 102a of the
light emitting section 102. The reason for this is that if
the distribution of light ports 104 was even (not shown),
more light would be emitted from the more proximally
located light ports 104, leaving less light available to be
emitted from the more distally located light ports 104.
The result of evenly distributed light ports 104 (not shown)
would be a device (not shown) having uneven light dis-
tribution, with more intensity toward the proximal end and
less toward the distal end. The embodiment of the light
diffusing device 100 shown in Figs. 1-1B thus evenly
emits the transmitted light energy along the length of the
light emitting section 102, allowing safer and more pre-
cise photodynamic therapy.
[0018] Fig. 2 shows the light emitting section 202 of an
embodiment of a light diffusing device 200 of the present
invention. Fig. 2A shows the entire light diffusing device
200, including a connector 212 attached to the proximal
end 205 allowing the light diffusing device 200 to be con-
nected to a light source (not shown). As best shown in
Fig. 2B the light diffusing device 200 is made for reasons
of economy as well as flexibility from a plastic optical fiber
10 approximately 1mm in diameter which comprises a
light transmitting core fiber 210 made of PMMA (acrylic)
surrounded by cladding 208 made of fluorinated poly-

mers. It should be mentioned that other kinds of light
transmitting fibers (not shown) could also be used and
are therefore contemplated by and within the scope of
the invention. The core fiber 210 and cladding 208 have
different indexes of refraction, which enables light enter-
ing the light diffusing device 200 at a proximal location
to be transmitted along the length of the light diffusing
device 200 and thereby transmitted to a more distal lo-
cation. The light diffusing device 200 defines a distal end
206 which comprises an opaque end piece 214, prevent-
ing the escape of the transmitted light energy from the
core fiber 210. In one embodiment the end piece 214 is
made of stainless steel. In this embodiment a section of
fluorescent material 216 is placed between the end piece
214 and the distal end 206 of the optical fiber 10. The
fluorescent material 216 can be made of chromium crys-
tal, however, this is not intended to be limiting as other
materials including alexandrite, sapphire and others
would also work. Using appropriate medical grade adhe-
sives, the fluorescent material 216 is attached to the distal
end 206 of the optical fiber 10 after the distal end 206 is
roughened by such means as sandpaper, sandblasting,
chemical degradation or other abrasive or erosive meth-
ods. Following attachment of the fluorescent material 216
to the optical fiber 10, the opaque end piece 214 is at-
tached to the distal end (unnumbered) of the fluorescent
material 216 using appropriate medical grade adhesives.
The end piece 214 prevents the escape of light energy
through the distal end 206. The fluorescent material 216
emits a signal when illuminated by light energy having a
wavelength at least at an excitation wavelength and
above and thus functions as a fluorescence feedback
indicator. In this configuration, when the laser light source
(not shown) is energized, fluorescence occurs at the dis-
tal end 206 and is detected at the light source console
(not shown) to verify the light diffusing device 200 is valid
and functioning properly. In another embodiment (not
shown) the end piece 214 may be omitted and replaced
by other light blocking mechanisms including opaque
epoxy or plastic materials. In an alternative embodiment
(not shown) the light diffusing device 200 may be en-
cased in a transparent protective sheath (not shown)
which provides an additional degree of integrity as well
as smoothness.
[0019] The light emitting section 202 is defined by a
plurality of light ports 204 which extend through the clad-
ding 208 exposing the core fiber 210 allowing the trans-
mitted light energy to be emitted from the light diffusing
device 200. As best shown in Fig. 2, the light emitting
section 202 is characterized by the light ports 204 pro-
gressively defining a greater surface area as the distal
end 206 is reached. The light ports 204 are conically
shaped and spacing may vary in diameter between 0.003
inches to 0.006 inches. Restated, progressively greater
sized light ports 204 toward the distal end 202a result in
a lesser exposed core fiber 210 surface area at the prox-
imal end 202b of the light emitting section 202 and a
greater exposed core fiber 210 surface area at the distal
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end 202a of the light emitting section 202, allowing a
greater quantity of light to be available at the distal end
206 of the light emitting section 202. The reason for this
is that if the surface area of the light ports 204 was con-
sistent (not shown), more light would be emitted from the
more proximally located light ports 204, leaving less light
available to be emitted from the more distally located light
ports 204. The result of similarly sized light ports 204 (not
shown) would be a device (not shown) having uneven
light distribution, with more intensity toward the proximal
end and less toward the distal end. The embodiment of
the light diffusing device 200 shown in Figs. 2-2B thus
evenly emits the transmitted light energy along the length
of the light emitting section 202, allowing safer and more
precise photodynamic therapy.
Fig. 3 shows the light emitting section 302 of an embod-
iment of a light diffusing device 300 of the present inven-
tion. Fig. 3A shows the entire light diffusing device 300,
including a connector 312 attached to the proximal end
305 allowing the light diffusing device 300 to be connect-
ed to a light source (not shown). As best shown in Figs.
3B, 3C, 3D the light diffusing device 300 is made for rea-
sons of economy as well as flexibility from a plastic optical
fiber 10 approximately 1mm in diameter which comprises
a light transmitting core fiber 310 made of PMMA (acrylic)
surrounded by cladding 308 made of fluorinated poly-
mers. It should be mentioned that other kinds of light
transmitting fibers (not shown) could also be used and
are therefore contemplated by and within the scope of
the invention. The core fiber 310 and cladding 308 have
different indexes of refraction, which enables light enter-
ing the light diffusing device 300 at the connector 312 to
be transmitted along the length of the light diffusing de-
vice 300 and thereby transmitted to a more distal location.
The light diffusing device 300 defines a distal end 306 to
which is attached an opaque end piece 314, preventing
the escape of the transmitted light energy from an open
distal end (not shown) of the core fiber 310. The end
piece 314 can be made of stainless steel. Using appro-
priate medical grade adhesives, the end piece 314 is
attached to the distal end 306 of the light diffusing device
300 after the distal end 306 of the optical fiber 10 is rough-
ened by such means as sandpaper, sandblasting, chem-
ical degradation or other abrasive or erosive methods.
In another embodiment (not shown) the end piece 314
may be omitted and replaced by other light blocking
mechanisms including opaque epoxy or plastic materi-
als. In an alternative embodiment (not shown) the light
diffusing device 300 may be encased in a transparent
protective sheath (not shown) which provides an addi-
tional degree of integrity as well as smoothness.
[0020] The light emitting section 302 is defined by a
plurality of light ports 304 which extend through the clad-
ding 308 into the core fiber 300 allowing the transmitted
light to be emitted from the light diffusing device 300. As
best shown in Figs. 3B, 3C, 3D, the light emitting section
302 is characterized by the light ports 304 having a similar
surface area and progressively deeper into the core fiber

310 as the distal end 302a is reached, thus exposing a
greater amount of core fiber 310. The light ports 304 are
conically shaped and the depth may vary between 0.0102
to 0.0204 cms (0.004 inches to 0.008 inches). Restated,
progressively deeper, similarly sized light ports 304 to-
ward the distal end 302a result in a lesser exposed core
fiber 310 surface area at the proximal end 302b of the
light emitting section 302 and a greater exposed core
fiber 310 surface area at the distal end 302a of the light
emitting section 302, allowing a greater quantity of light
to be available at the distal end 302a of the light emitting
section 302. The reason for this is that if the size and
depth of light ports 304 was consistent (not shown), more
light would be emitted from the more proximally located
light ports 304, leaving less light available to be emitted
from the more distally located light ports 304. The result
of similarly sized and depth light ports 304 (not shown)
would be a device (not shown) having uneven light dis-
tribution, with more intensity toward the proximal end and
less toward the distal end. The embodiment of the light
diffusing device 300 shown in Fig. 3 thus evenly emits
the transmitted light energy along the length of the light
emitting section 302, allowing safer and more precise
photodynamic therapy.
[0021] Fig. 4A shows a top view of the light emitting
section 402 of an embodiment of the light diffusing device
400 of the present invention. A side view is shown in Fig.
4B, with phantom lines indicating the location and depth
of the light port 404. Fig. 4C shows the entire light diffus-
ing device 400, including a connector 412 attached to
the proximal end 405 allowing the light diffusing device
400 to be connected to a light source (not shown). As
best shown in Figs. 4D, 4E, 4F the light diffusing device
400 is made for reasons of economy as well as flexibility
from a plastic optical fiber 10 approximately 1 mm in di-
ameter which comprises a light transmitting core fiber
410 made of PMMA (acrylic) surrounded by cladding 408
made of fluorinated polymers. It should be mentioned
that other kinds of light transmitting fibers (not shown)
could also be used and are therefore contemplated by
and within the scope of the invention. The core fiber 410
and cladding 408 have different indexes of refraction,
which enables light entering the light diffusing device 400
at the connector 412 to be transmitted along the length
of the light diffusing device 400 and thereby transmitted
to a more distal location. The light diffusing device 400
defines a distal end 406 which comprises an opaque end
piece 414, preventing the escape of the transmitted light
energy from an otherwise open distal end (not shown) of
the core fiber 410. In one embodiment, the end piece 414
is made of stainless steel. Using appropriate medical
grade adhesives, the end piece 414 is attached to the
distal end 406 of the optical fiber 10 after the distal end
406 is roughened by such means as sandpaper, sand-
blasting, chemical degradation or other abrasive meth-
ods. In another embodiment (not shown) the end piece
414 may be omitted and replaced by other light blocking
mechanisms including opaque epoxy or plastic materi-
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als. In an alternative embodiment (not shown) the light
diffusing device 400 may be encased in a transparent
protective sheath (not shown) which provides an addi-
tional degree of integrity as well as smoothness.
[0022] The light emitting section 402 is defined by an
extended light port 404 which is cut through the cladding
408 into the core fiber 400 allowing the transmitted light
to be emitted from the light diffusing device 400. While a
single extended light port 404 is shown in Figs. 4-4F, this
is for purposes of illustration only and the invention could
also include multiple extended light ports 404 (not
shown). As best shown in Figs. 4D, 4E, 4F, the light emit-
ting section 402 is characterized by the light port 404
extending progressively deeper into the core fiber 410
as the distal end 402a is reached. Restated, the progres-
sively deeper light port 404 toward the distal end 402a
results in a lesser exposed core fiber 410 surface area
at the proximal end 402b of the light emitting section 402
and a greater exposed core fiber 410 surface area at the
distal end 402a of the light emitting section 402, allowing
a greater quantity of light to be available at the distal end
(unnumbered) of the light emitting section 402. The rea-
son for this is that if the depth of the light port 404 was
consistent (not shown), more light would be emitted from
the proximal end of the light port 404, leaving less light
available to be emitted from the distal end of the light port
404. The result of a uniform depth light port 404 (not
shown) would be an optical fiber (not shown) having un-
even light distribution, with more intensity toward the
proximal end and less toward the distal end. The embod-
iment of the light diffusing device 400 shown in Fig. 4
thus evenly emits the transmitted light energy along the
length of the light emitting section 402, allowing safer and
more precise photodynamic therapy.
[0023] Fig. 5 shows the light emitting section 502 of an
embodiment of the light diffusing device 500 of the
present invention. Fig. 5A shows the entire light diffusing
device 500, including a connector 512 attached to the
proximal end 505 allowing the light diffusing device 500
to be connected to a light source (not shown). As best
shown in Figs. 5B, 5C, 5D the light diffusing device 500
is made for reasons of economy as well as flexibility from
a plastic optical fiber 10 approximately 1mm in diameter
which comprises a light transmitting core fiber 510 made
of PMMA (acrylic) surrounded by cladding 508 made of
fluorinated polymers. It should be mentioned that other
kinds of light transmitting fibers (not shown) could also
be used and are therefore contemplated by and within
the scope of the invention. The core fiber 510 and clad-
ding 508 have different indexes of refraction, which en-
ables light entering the light diffusing device 500 at the
connector 512 to be transmitted along the length of the
light diffusing device 500 and thereby transmitted to a
more distal location. The light diffusing device 500 de-
fines a distal end 506 to which is attached an opaque
end piece 514, preventing the escape of the transmitted
light energy from an open distal end (not shown) of the
core fiber 510. In one embodiment, the end piece 514 is

made of stainless steel. Using appropriate medical grade
adhesives, the end piece 514 is attached to the distal
end 506 of the optical fiber 10 after the distal end 506 is
roughened by such means as sandpaper, sandblasting,
chemical degradation or other abrasive or erosive meth-
ods. In another embodiment (not shown) the end piece
514 may be omitted and replaced by other light blocking
mechanisms including opaque epoxy or plastic materi-
als. In an alternative embodiment (not shown) the light
diffusing device 500 may be encased in a transparent
protective sheath (not shown) which provides an addi-
tional degree of integrity as well as smoothness.
[0024] The light emitting section 502 is defined by an
extended light port 504 which is cut through the cladding
508 exposing the core fiber 500 allowing the transmitted
light to be emitted from the light diffusing device 500.
While a single extended light port 504 is shown in Figs.
5-5D, this is for purposes of illustration only and the in-
vention could also include multiple extended light ports
504 (not shown). As best shown in Figs. 5B, 5C, 5D, the
light emitting section 502 is characterized by the light port
504 extending progressively wider through the cladding
508 as the distal end is reached. Restated, the progres-
sively wider light port 504 toward the distal end results
in a lesser exposed core fiber 510 surface area at the
proximal end 502b of the light emitting section 502 and
a greater exposed core fiber 510 surface area at the distal
end 502a of the light emitting section 502, allowing a
greater quantity of light to be available at the distal end
502a of the light emitting section 502. The reason for this
is that if the width of the light port 504 was consistent (not
shown), more light would be emitted from the proximal
end 502b of the light port 504, leaving less light available
to be emitted from the distal end 502a of the light port
504. The result of a uniform width light port 504 (not
shown) would be an optical fiber (not shown) having un-
even light distribution, with more intensity toward the
proximal end and less toward the distal end. The embod-
iment of the light diffusing device 500 shown in Fig. 5
thus evenly emits the transmitted light energy along the
length of the light emitting section 502, allowing safer and
more precise photodynamic therapy.
[0025] Fig. 6 shows the light emitting section 602 of an
embodiment of a light diffusing device 600 of the present
invention. Fig. 6A shows the entire light diffusing device
600, including a connector 612 attached to the proximal
end 605 allowing the light diffusing device 600 to be con-
nected to a light source (not shown). As best shown in
Fig. 6B the light diffusing device 600 is made for reasons
of economy as well as flexibility from a plastic optical fiber
10 approximately 1mm in diameter which comprises a
light transmitting core fiber 610 made of PMMA (acrylic)
surrounded by cladding 608 made of fluorinated poly-
mers. It should be mentioned that other kinds of light
transmitting fibers (not shown) could also be used and
are therefore contemplated by and within the scope of
the invention. The core fiber 610 and cladding 608 have
different indexes of refraction, which enables light enter-
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ing the light diffusing device 600 at the connector 612 to
be transmitted along the length of the light diffusing de-
vice 600 and therefore transmitted to a more distal loca-
tion. The light diffusing device 600 defines a distal end
606 to which is attached an opaque end piece 614, pre-
venting the escape of the transmitted light energy from
an open distal end (not shown) of the core fiber 610. In
one embodiment, the end piece 614 is made of stainless
steel. Using appropriate medical grade adhesives, the
end piece 614 is attached to the distal end 606 of the
optical fiber 10 after the distal end 606 is roughened by
such means as sandpaper, sandblasting, chemical deg-
radation or other abrasive or erosive methods. In another
embodiment (not shown) the end piece 614 may be omit-
ted and replaced by other light blocking mechanisms in-
cluding opaque epoxy or plastic materials. In an alterna-
tive embodiment (not shown) the light diffusing device
600 may be encased in a transparent protective sheath
(not shown) which provides an additional degree of in-
tegrity as well as smoothness.
[0026] In this embodiment the light diffusing device 600
has an exposed section of core fiber 610 which defines
the light emitting section 602. The light emitting section
602 is further defined by a plurality of removed core fiber
sections 604 which extend into the core fiber 610 allowing
additional transmitted light energy to be emitted from the
light diffusing device 600 as a result of a greater exposed
surface area of the core fiber 604. As best shown in Fig.
6, the light emitting section 602 is characterized by the
removed core fiber sections 604 having a similar surface
area and progressively denser in distribution (greater in
number) as the distal end 602a is reached. As shown in
Fig. 6B the removed core fiber sections 604 are conical
and spacing may vary between 0.05588 to 0.1016 cms
(0.022 inches to 0.040 inches). Restated, a denser dis-
tribution of similarly sized removed core fiber sections
604 at the distal end 602a results in a lesser exposed
core fiber 610 surface area at the proximal end 602b of
the light emitting section 602 and a greater exposed core
fiber 610 surface area at the distal end 602a of the light
emitting section 602, allowing a greater quantity of light
to be available at the distal end 602a of the light emitting
section 602. The reason for this is that if the distribution
of removed core fiber sections 604 was even (not shown),
more light would be emitted from the more proximally
located removed core fiber sections 604, leaving less
light available to be emitted from the more distally located
removed core fiber sections 604. The result of evenly
distributed removed core fiber sections 604 (not shown)
would be an optical fiber (not shown) having uneven light
distribution, with more intensity toward the proximal end
and less toward the distal end. The embodiment of the
light diffusing device 600 shown in Figs. 6-6B thus evenly
emits the transmitted light energy along the length of the
light emitting section 602, allowing safer and more pre-
cise photodynamic therapy.
[0027] Fig. 7 shows the light emitting section 702 of an
embodiment of a light diffusing device 700 of the present

invention. Fig. 7A shows the entire light diffusing device
700, including a connector 712 attached to the proximal
end 705 allowing the light diffusing device 700 to be con-
nected to a light source (not shown). As best shown in
Fig. 7B the light diffusing device 700 is made for reasons
of economy as well as flexibility from a plastic optical fiber
10 approximately 1mm in diameter which comprises a
light transmitting core fiber 710 made of PMMA (acrylic)
surrounded by cladding 708 made of fluorinated poly-
mers. It should be mentioned that other kinds of light
transmitting fibers (not shown) could also be used and
are therefore contemplated by and within the scope of
the invention. The core fiber 710 and cladding 708 have
different indexes of refraction, which enables light enter-
ing the light diffusing device 700 at a proximal location
to be transmitted along the length of the light diffusing
device 700 and thereby transmitted to a more distal lo-
cation. The light diffusing device 700 defines a distal end
706 to which is attached a piercing tip 714, preventing
the escape of the transmitted light energy from an open
distal end (not shown) of the core fiber 710. The piercing
tip 714 also allows the device 700 to pierce or penetrate
and thereby be implanted into tissue following the appli-
cation of gentle force by the physician. In one embodi-
ment, the piercing tip 714 is made of machined (sharp-
ened) stainless steel and also functions to pierce or pen-
etrate tissue as required for treatment. Using appropriate
medical grade adhesives, the piercing tip 714 is attached
to the distal end 706 of the optical fiber 10 after the distal
end 706 is roughened by such means as sandpaper,
sandblasting, chemical degradation or other abrasive or
erosive methods. In an alternative embodiment (not
shown) the light diffusing device 700 may be encased in
a transparent protective sheath (not shown) which pro-
vides an additional degree of integrity as well as smooth-
ness.
[0028] In this embodiment the light diffusing device 700
has an exposed section of core fiber 710 which defines
the light emitting section 702. The light emitting section
702 is further defined by a plurality of removed core fiber
sections 704 which extend into the core fiber 710 allowing
additional transmitted light energy to be emitted from the
light diffusing device 700. As best shown in Fig. 7, the
light emitting section 702 is characterized by the removed
core fiber sections 704 being similarly numbered and pro-
gressively defining a greater surface area as the distal
end 706 is reached. The removed core fiber sections 704
are conically shaped and spacing may vary in diameter
between 0.00762 to 0.01524 cms (0.003 inches to 0.006
inches). Restated, progressively greater sized removed
core fiber sections 704 toward the distal end 702a result
in a lesser exposed core fiber 710 surface area at the
proximal end 702b of the light emitting section 702 and
a greater exposed core fiber 710 surface area at the distal
end 702a of the light emitting section 702, allowing a
greater quantity of light to be available at the distal end
706 of the light emitting section 702. The reason for this
is that if the exposed surface area of the removed core
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fiber sections 704 was consistent (not shown), more light
would be emitted from the more proximally located re-
moved core fiber sections 704, leaving less light available
to be emitted from the more distally located removed core
fiber sections 704. The result of similarly sized removed
core fiber sections 704 (not shown) would be an optical
fiber (not shown) having uneven light distribution, with
more intensity toward the proximal end and less toward
the distal end. The embodiment of the light diffusing de-
vice 700 shown in Figs. 7-7B thus evenly emits the trans-
mitted light energy along the length of the light emitting
section 702, allowing safer and more precise photody-
namic therapy.
[0029] Fig. 8 shows the light emitting section 802 of an
embodiment of a light diffusing device 800 of the present
invention. Fig. 8A shows the entire light diffusing device
800, including a connector 812 attached to the proximal
end 805 allowing the light diffusing device 800 to be con-
nected to a light source (not shown). As best shown in
Figs. 8C, 8D, 8E the light diffusing device 800 is made
for reasons of economy as well as flexibility from a plastic
optical fiber 10 approximately 1mm in diameter which
comprises a light transmitting core fiber 810 made of PM-
MA (acrylic) surrounded by cladding 808 made of fluor-
inated polymers. It should be mentioned that other kinds
of light transmitting fibers (not shown) could also be used
and are therefore contemplated by and within the scope
of the invention. The core fiber 810 and cladding 808
have different indexes of refraction, which enables light
entering the light diffusing device 800 at the connector
812 to be transmitted along the length of the light diffusing
device 800 and thereby transmitted to a more distal lo-
cation. In this embodiment a section of fluorescent ma-
terial 816 is placed between the end piece 814 and the
distal end 806 of the optical fiber 10. The fluorescent
material 816 can be made of chromium crystal, however,
this is not intended to be limiting as other materials in-
cluding alexandrite, sapphire and others would also work.
Using appropriate medical grade adhesives, the fluores-
cent material 816 is attached to the distal end 806 of the
optical fiber 10 after the distal end 806 is roughened by
such means as sandpaper, sandblasting, chemical deg-
radation or other abrasive or erosive methods. Following
attachment of the fluorescent material 816 to the optical
fiber 10, the opaque end piece 814 is attached to the
distal end (unnumbered) of the fluorescent material 816
using appropriate medical grade adhesives. The end
piece 814 prevents the escape of light energy through
the distal end 806. The fluorescent material 816 emits a
signal when illuminated by light energy having a wave-
length at least at an excitation wavelength and above
and thus functions as a fluorescence feedback indicator.
In this configuration, when the laser light source (not
shown) is energized fluorescence occurs at the distal end
806 and is detected at the light source console (not
shown) to verify the light diffusing device 800 is valid and
functioning properly. In another embodiment (not shown)
the end piece 814 may be omitted and replaced by other

light blocking mechanisms including opaque epoxy or
plastic materials. In an alternative embodiment (not
shown) the light diffusing device 800 may be encased in
a transparent protective sheath (not shown) which pro-
vides an additional degree of integrity as well as smooth-
ness.
[0030] In this embodiment the light diffusing device 800
has an exposed section of core fiber 810 which defines
the light emitting section 802. The light emitting section
802 is further defined by a plurality of removed core fiber
sections 804 which extend through into the core fiber 800
allowing the transmitted light to be emitted from the light
diffusing device 810. As best shown in Figs. 8C, 8D, 8E
the light emitting section 802 is characterized by the re-
moved core fiber sections 804 having a similar surface
area and extends progressively deeper into the core fiber
810 as the distal end 802a is reached. The removed core
fiber sections 804 are conically shaped and the depth
may vary between 0.0162 to 0.0204 cms (0.004 inches
to 0.008 inches). Restated, progressively deeper, simi-
larly sized removed core fiber sections 804 toward the
distal end 802a result in a lesser exposed core fiber 810
surface area at the proximal end 802b of the light emitting
section 802 and a greater exposed core fiber 810 surface
area at the distal end 802a of the light emitting section
802, allowing a greater quantity of light to be available at
the distal end 802a of the light emitting section 802. The
reason for this is that if the size and depth of removed
core fiber sections 804 was consistent (not shown), more
light would be emitted from the more proximally located
removed core fiber sections 804, leaving less light avail-
able to be emitted from the more distally located removed
core fiber sections 804. The result of similarly sized and
depth removed core fiber sections 804 (not shown) would
be a light diffusing device (not shown) having uneven
light distribution, with more intensity toward the proximal
end and less toward the distal end. The embodiment of
the light diffusing device 800 shown in Fig. 8 thus evenly
emits the transmitted light energy along the length of the
light emitting section 802, allowing safer and more pre-
cise photodynamic therapy.
[0031] Fig. 9A shows a top view of the light emitting
section 902 of an embodiment of the light diffusing device
900 of the present invention. A side view of the light emit-
ting section 902 is shown in Fig. 9B, with phantom lines
indicating the depth of the continuous removed core fiber
section 904. Fig. 9C shows the entire light diffusing de-
vice 900, including a connector 912 attached to the prox-
imal end 905 allowing the light diffusing device 900 to be
connected to a light source (not shown). As best shown
in Figs. 9A, 9B the light diffusing device 900 is made for
reasons of economy as well as flexibility from a plastic
optical fiber 10 approximately 1mm in diameter which
comprises a light transmitting core fiber 910 made of PM-
MA (acrylic) surrounded by cladding 908 made of fluor-
inated polymers. It should be mentioned that other kinds
of light transmitting fibers (not shown) could also be used
and are therefore contemplated by and within the scope
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of the invention. The core fiber 910 and cladding 908
have different indexes of refraction, which enables light
entering the light diffusing device 900 at the connector
912 to be transmitted along the length of the light diffusing
device 900 and thereby transmitted to a more distal lo-
cation. The light diffusing device 900 defines a distal end
906 to which is attached an opaque end piece 914, pre-
venting the escape of the transmitted light energy from
an otherwise open distal end (not shown) of the core fiber
910. In one embodiment, the end piece 914 is made of
stainless steel. Using appropriate medical grade adhe-
sives, the end piece 914 is attached to the distal end 906
of the optical fiber 10 after the distal end 906 is roughened
by such means as sandpaper, sandblasting, chemical
degradation or other abrasive methods. In another em-
bodiment (not shown) the end piece 914 may be omitted
and replaced by other light blocking mechanisms includ-
ing opaque epoxy or plastic materials. In an alternative
embodiment (not shown) the light diffusing device 900
may be encased in a transparent protective sheath (not
shown) which provides an additional degree of integrity
as well as smoothness.
[0032] In this embodiment the light diffusing device 900
has an exposed section of core fiber 910 which defines
the light emitting section 902. The light emitting section
902 is further defined by an extended removed core fiber
section 904 which is cut into the core fiber 910 allowing
an increased amount of transmitted light to be emitted
from the light diffusing device 900. While a single extend-
ed removed core fiber section 904 is shown in Figs. 9-9F,
this is for purposes of illustration only and the invention
could also include multiple extended removed core fiber
sections 904 (not shown). As best shown in Figs. 9D, 9E,
9F, the light emitting section 902 is characterized by the
removed core fiber section 904 extending progressively
deeper into the core fiber 910 as the distal end 902a is
reached. Restated, the progressively deeper removed
core fiber section 904 toward the distal end 902a results
in a lesser exposed core fiber 910 surface area at the
proximal end 902b of the light emitting section 902 and
a greater exposed core fiber 910 surface area at the distal
end 902a of the light emitting section 902, allowing a
greater quantity of light to be available at the distal end
902a of the light emitting section 902. The reason for this
is that if the depth of the removed core fiber section 904
was consistent (not shown), more light would be emitted
from the proximal end of the removed core fiber section
904, leaving less light available to be emitted from the
distal end of the removed core fiber section 904. The
result of a uniform depth removed core fiber section 904
(not shown) would be alight diffusing device (not shown)
having uneven light distribution, with more intensity to-
ward the proximal end and less toward the distal end.
The embodiment of the light diffusing device 900 shown
in Fig. 9 thus evenly emits the transmitted light energy
along the length of the light emitting section 902, allowing
safer and more precise photodynamic therapy.
[0033] Fig. 10 shows the light emitting section 1002 of

an embodiment of the light diffusing device 1000 of the
present invention. Fig. 10A shows the entire light diffus-
ing device 1000, including a connector 1012 attached to
the proximal end 1005 allowing the light diffusing device
1000 to be connected to a light source (not shown). As
best shown in Fig. 10 the light diffusing device 1000 is
made for reasons of economy as well as flexibility from
a plastic optical fiber 10 approximately 1mm in diameter
which comprises a light transmitting core fiber 1010 made
of PMMA (acrylic) surrounded by cladding 1008 made of
fluorinated polymers. It should be mentioned that other
kinds of light transmitting fibers (not shown) could also
be used and are therefore contemplated by and within
the scope of the invention. The core fiber 1010 and clad-
ding 1008 have different indexes of refraction, which en-
ables light entering the light diffusing device 1000 at the
connector 1012 to be transmitted along the length of the
light diffusing device 1000 and thereby transmitted to a
more distal location. The light diffusing device 1000 de-
fines a distal end 1006 to which is attached an opaque
end piece 1014, preventing the escape of the transmitted
light energy from an open distal end (not shown) of the
core fiber 1010. In one embodiment, the end piece 1014
is made of stainless steel. Using appropriate medical
grade adhesives, the end piece 1014 is attached to the
distal end 1006 of the optical fiber 10 after the distal end
1006 is roughened by such means as sandpaper, sand-
blasting, chemical degradation or other abrasive meth-
ods. In another embodiment (not shown) the end piece
1014 may be omitted and replaced by other light blocking
mechanisms including opaque epoxy or plastic materi-
als. In an alternative embodiment (not shown) the light
diffusing device 1000 maybe encased in a transparent
protective sheath (not shown) which provides an addi-
tional degree of integrity as well as smoothness.
[0034] In this embodiment the light diffusing device
1000 has an exposed section of core fiber 1010 which
defines the light emitting section 1002. The light emitting
section 1002 is further defined by an extended removed
core fiber section 1004 which is cut into the core fiber
1010 exposing a distally increased surface of core fiber
1010, allowing an increased amount of transmitted light
to be emitted from the light diffusing device 1000. While
a single extended removed core fiber section 1004 is
shown in Figs. 10-10D, this is for purposes of illustration
only and the invention could also include multiple extend-
ed removed core fiber sections 1004 (not shown). As
best shown in Figs. 10, 10A, 10B, 10C, 10D, the light
emitting section 1002 is characterized by the removed
core fiber section 1004 extending progressively wider in-
to the core fiber 1010 as the distal end 1002a is reached.
Restated, the progressively wider removed core fiber
section 1004 toward the distal end 1002a results in a
lesser exposed core fiber 1010 surface area at the prox-
imal end 1002b of the light emitting section 1002 and a
greater exposed core fiber 1010 surface area at the distal
end 1002a of the light emitting section 1002, allowing a
greater quantity of light to be available at the distal end
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1002a of the light emitting section 1002. The reason for
this is that if the width and depth of the removed core
fiber section 1004 was consistent (not shown), more light
would be emitted from the proximal end 1002b of the
removed core fiber section 1004, leaving less light avail-
able to be emitted from the distal end of the removed
core fiber section 1004. The result of a uniform
width/depth removed core fiber section 1004 (not shown)
would be a light diffusing device (not shown) having un-
even light distribution, with more intensity toward the
proximal end 1002b and less toward the distal end 1002a.
The embodiment of the light diffusing device 1000 shown
in Fig. 10 thus evenly emits the transmitted light energy
along the length of the light emitting section 1002, allow-
ing safer and more precise photodynamic therapy.
[0035] Fig. 11 shows the light emitting section 1102 of
an embodiment of the light diffusing device 1100 of the
present invention. A plan view of the light emitting section
as shown in Fig. 11A shows the entire light diffusing de-
vice 1100, including a connector 1112 attached to the
proximal end 1105 allowing the light diffusing device
1100 to be connected to a light source (not shown). As
best shown in Fig. 9 the light diffusing device 1100 is
made for reasons of economy as well as flexibility from
a plastic optical fiber 10 approximately 1mm in diameter
which comprises a light transmitting core fiber 1110 made
of PMMA (acrylic) surrounded by cladding 1108 made of
fluorinated polymers. It should be mentioned that other
kinds of light transmitting fibers (not shown) could also
be used and are therefore contemplated by and within
the scope of the invention. The core fiber 1110 and clad-
ding 1108 have different indexes of refraction, which en-
ables light entering the light diffusing device 1100 at the
connector 1112 to be transmitted along the length of the
light diffusing device 1100 and thereby transmitted to a
more distal location. The light diffusing device 1100 de-
fines a distal end 1106 which comprises an opaque end
piece 1114, preventing the escape of the transmitted light
energy from an open distal end (not shown) of the core
fiber 1110. In one embodiment, the end piece 1114 is
made of stainless steel. Using appropriate medical grade
adhesives, the end piece 1114 is attached to the distal
end 1106 of the light diffusing device 1100 after the distal
end 1106 is roughened by such means as sandpaper,
sandblasting, chemical degradation or other abrasive
methods. In another embodiment (not shown) the end
piece 1114 may be omitted and replaced by other light
blocking mechanisms including opaque epoxy or plastic
materials. In an alternative embodiment (not shown) the
light diffusing device 1100 may be encased in a trans-
parent protective sheath (not shown) which provides an
additional degree of integrity as well as smoothness.
[0036] In this embodiment the light diffusing device
1100 has an exposed section of core fiber 1110 which
defines the light emitting section 1102. The light emitting
section 1102 is further defined by progressively distally
roughening the surface of the light emitting section 1102
allowing an increased amount of transmitted light to be

emitted from the light diffusing device 1100. As best
shown in Fig.11 the light emitting section 1102 is char-
acterized by the light emitting section 1102 having a rel-
atively smooth area 1104b which becomes progressively
rougher 1104a along the core fiber 1110 as the distal end
1102a is reached. Restated, the progressively rougher
light emitting section 1102 toward the distal end 1102a
results in a lesser exposed core fiber 1110 surface area
at the proximal end 1102b of the light emitting section
1102 and a greater exposed core fiber 1110 surface area
at the distal end 1102a of the light emitting section 1102,
allowing a greater quantity of light to be available at the
distal end (unnumbered) of the light emitting section
1102. The reason for this is that if the roughness of the
light emitting section 1102 was consistent (not shown),
more light would be emitted from the proximal end of the
light emitting section 1102, leaving less light available to
be emitted from the distal end of the light emitting section
1102. The result of a uniform roughness light emitting
section 1102 (not shown) would be a light diffusing device
(not shown) having uneven light distribution, with more
intensity toward the proximal end and less toward the
distal end. The embodiment of the light diffusing device
1100 shown in Fig. 11 thus evenly emits the transmitted
light energy along the length of the light emitting section
1102, allowing safer and more precise photodynamic
therapy.
[0037] Fig. 12 shows the light emitting section 1202 of
an embodiment of a light diffusing device 1200 of the
present invention. Fig. 12A shows the entire light diffus-
ing device 1200, including a connector 1212 attached to
the proximal end 1205 allowing the light diffusing device
1200 to be connected to a light source (not shown). As
best shown in Fig. 12B the light diffusing device 1200 is
made for reasons of economy as well as flexibility from
a plastic optical fiber 10 approximately 1mm in diameter
which comprises a light transmitting core fiber 1210 made
of PMMA (acrylic) surrounded by cladding 1208 made of
fluorinated polymers. It should be mentioned that other
kinds of light transmitting fibers (not shown) could also
be used and are therefore contemplated by and within
the scope of the invention. The core fiber 1210 and clad-
ding 1208 have different indexes of refraction, which en-
ables light entering the light diffusing device 1200 at the
connector 1212 to be transmitted along the length of the
light diffusing device 1200 and therefore transmitted to
a more distal location. The light diffusing device 1200
defines a distal end 1206 to which is attached a piercing
tip 1214, which prevents the escape of the transmitted
light energy from an open distal end (not shown) of the
core fiber 1210. The piercing tip 1214 also allows the
device 1200 to pierce or penetrate and thereby be im-
planted into tissue following the application of gentle
force by the physician. In one embodiment, the piercing
tip 1214 is made of machined (sharpened) stainless
steel, however, this is not intended to be limiting as other
metallic, composite and polymeric materials would also
work. Using appropriate medical grade adhesives, the
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piercing tip 1214 is attached to the distal end 1206 of the
optical fiber 10 after the distal end 1206 is roughened by
such means as sandpaper, sandblasting, chemical deg-
radation or other abrasive or erosive methods.
[0038] The light emitting section 1202 is defined by a
plurality of light ports 1204 which extend through the clad-
ding 1208 exposing core fiber 1210 allowing the trans-
mitted light energy to be emitted from the light diffusing
device 1200. As best shown in Fig. 12, the light emitting
section 1202 is characterized by the light ports 1204 hav-
ing a similar surface area and progressively denser in
distribution (greater in number) as the distal end 1202a
is reached. As shown in Fig. 12B the light ports 1204 are
conically shaped and spacing may vary between 0.022
inches to 0.040 inches. Restated, a denser distribution
of similarly sized light ports 1204 at the distal end 1202a
results in a lesser exposed core fiber 1210 surface area
at the proximal end 1202b of the light emitting section
1202 and a greater exposed core fiber 1210 surface area
at the distal end 1202a of the light emitting section 1202,
allowing a greater quantity of light to be available at the
distal end 1202a of the light emitting section 1202. The
reason for this is that if the distribution of light ports 1204
was even (not shown), more light would be emitted from
the more proximally located light ports 1204, leaving less
light available to be emitted from the more distally located
light ports 1204. The result of evenly distributed light ports
1204 (not shown) would be an optical fiber (not shown)
having uneven light distribution, with more intensity to-
ward the proximal end and less toward the distal end.
The embodiment of the light diffusing device 1200 shown
in Figs. 12-12B thus evenly emits the transmitted light
energy along the length of the light emitting section 1202,
allowing safer and more precise photodynamic therapy.
[0039] Fig. 13A shows a top view of the light emitting
section 1302 of an embodiment of the light diffusing de-
vice 1300 of the present invention. A side view is shown
in Fig. 13B, with phantom lines indicating the location
and depth of the light port 1304. Fig. 13C shows the entire
light diffusing device 1300, including a connector 1312
attached to the proximal end 1305 allowing the light dif-
fusing device 1300 to be connected to a light source (not
shown). As best shown in Figs. 13D, 13E, 13F the light
diffusing device 1300 is made for reasons of economy
as well as flexibility from a plastic optical fiber 10 approx-
imately 1mm in diameter which comprises a light trans-
mitting core fiber 1310 made of PMMA (acrylic) surround-
ed by cladding 1308 made of fluorinated polymers. It
should be mentioned that other kinds of light transmitting
fibers (not shown) could also be used and are therefore
contemplated by and within the scope of the invention.
The core fiber 1310 and cladding 1308 have different
indexes of refraction, which enables light entering the
light diffusing device 1300 at the connector 1312 to be
transmitted along the length of the light diffusing device
1300 and thereby transmitted to a more distal location.
The light diffusing device 1300 defines a distal end 1306
to which is attached a piercing tip 1314, preventing the

escape of the transmitted light energy from an open distal
end (not shown) of the core fiber 1310. The piercing tip
1314 also allows the device 1300 to pierce or penetrate
and thereby be implanted into tissue following the appli-
cation of gentle force by the physician. The piercing tip
1314 in one embodiment is made of machined (sharp-
ened) stainless steel, however, other metallic, composite
and polymeric materials are also contemplated by and
therefore within the scope of the invention. In this em-
bodiment a section of fluorescent material 1316 is placed
between the piercing tip 1314 and the distal end 1306 of
the optical fiber 10. The fluorescent material 1316 can
be made of chromium crystal, however, this is not intend-
ed to be limiting as other materials including alexandrite,
sapphire and others would also work. Using appropriate
medical grade adhesives, the fluorescent material 1316
is attached to the distal end 1306 of the optical fiber 10
after the distal end 1306 is roughened by such means
as sandpaper, sandblasting, chemical degradation or
other abrasive or erosive methods. Following attachment
of the fluorescent material 1316 to the optical fiber 10,
the piercing tip 1314 is attached to the distal end (un-
numbered) of the fluorescent material 1316 using appro-
priate medical grade adhesives. The piercing tip 1314
prevents the escape of light energy through the distal
end 1306 as well as facilitating direct introduction into
tissue. The fluorescent material 1316 emits a signal when
illuminated by light energy having a wavelength at least
at an excitation wavelength and above and thus functions
as a fluorescence feedback indicator. In this configura-
tion, when the laser light source (not shown) is energized
fluorescence occurs at the distal end 1306 and is detect-
ed at the light source console (not shown) to verify the
light diffusing device 1300 is valid and functioning prop-
erly. In an alternative embodiment (not shown) the light
diffusing device 1300 may be encased in a transparent
protective sheath (not shown) which provides an addi-
tional degree of integrity as well as smoothness.
[0040] The light emitting section 1302 is defined by an
extended light port 1304 which is cut through the cladding
1308 into the core fiber 1300 allowing the transmitted
light to be emitted from the light diffusing device 1300.
While a single extended light port 1304 is shown in Figs.
13-13F, this is for purposes of illustration only and the
invention could also include multiple extended light ports
1304 (not shown). As best shown in Figs. 13D, 13E, 13F,
the light emitting section 1302 is characterized by the
light port 1304 extending progressively deeper into the
core fiber 1310 as the distal end 1302a is reached. Re-
stated, the progressively deeper light port 1304 toward
the distal end 1302a results in a lesser exposed core
fiber 1310 surface area at the proximal end 1302b of the
light emitting section 1302 and a greater exposed core
fiber 1310 surface area at the distal end 1302a of the
light emitting section 1302, allowing a greater quantity of
light to be available at the distal end (unnumbered) of the
light emitting section 1302. The reason for this is that if
the depth of the light port 1304 was consistent (not
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shown), more light would be emitted from the proximal
end of the light port 1304, leaving less light available to
be emitted from the distal end of the light port 1304. The
result of a uniform depth light port 1304 (not shown) would
be an optical fiber (not shown) having uneven light dis-
tribution, with more intensity toward the proximal end and
less toward the distal end. The embodiment of the light
diffusing device 1300 shown in Fig. 13 thus evenly emits
the transmitted light energy along the length of the light
emitting section 1302, allowing safer and more precise
photodynamic therapy.
[0041] Fig. 14 shows the light emitting section 1402 of
an embodiment of the light diffusing device 1400 of the
present invention. Fig. 14A shows the entire light diffus-
ing device 1400, including a connector 1412 attached to
the proximal end 1405 allowing the light diffusing device
1400 to be connected to a light source (not shown). As
best shown in Figs. 14B, 14C, 14D the light diffusing de-
vice 1400 is made for reasons of economy as well as
flexibility from a plastic optical fiber 10 approximately
1mm in diameter which comprises a light transmitting
core fiber 1410 made of PMMA (acrylic) surrounded by
cladding 1408 made of fluorinated polymers. It should be
mentioned that other kinds of light transmitting fibers (not
shown) could also be used and are therefore contem-
plated by and within the scope of the invention. In this
embodiment, the light diffusing device 1400 is also cov-
ered by sheathing 1418 which serves to further protect
the device 1400. The sheathing 1418 can be polymeric
materials such as PTFE, polyester, polyurethane, PM-
MA, PEBAX or other suitable materials and can be ap-
plied by heat shrink, non-heat shrink techniques or ad-
hesive techniques (i.e., epoxy and uv cured materials,
among others). The core fiber 1410 and cladding 1408
have different indexes of refraction, which enables light
entering the light diffusing device 1400 at the connector
1412 to be transmitted along the length of the light dif-
fusing device 1400 and thereby transmitted to a more
distal location. The light diffusing device 1400 defines a
distal end 1406 to which is attached a piercing tip 1414,
preventing the escape of the transmitted light energy
from an open distal end (not shown) of the core fiber
1410. The piercing tip 1414 also allows the device 1400
to pierce or penetrate and thereby be implanted into tis-
sue following the application of gentle force by the phy-
sician. In one embodiment, the piercing tip 1414 is made
of machined (sharpened) stainless steel, however, this
is not intended to be limiting as other metallic, composite
and polymeric materials could also be used. Using ap-
propriate medical grade adhesives, the piercing tip 1414
is attached to the distal end 1406 of the light diffusing
device 1400 after the distal end 1406 is roughened by
such means as sandpaper, sandblasting, chemical deg-
radation or other abrasive or erosive methods.
[0042] The light emitting section 1402 is defined by an
extended light port 1404 which is cut through the cladding
1408 exposing the core fiber 1400 allowing the transmit-
ted light to be emitted from the light diffusing device 1400.

While a single extended light port 1404 is shown in Figs.
14-14D, this is for purposes of illustration only and the
invention could also include multiple extended light ports
1404 (not shown). As best shown in Figs. 14B, 14C, 14D,
the light emitting section 1402 is characterized by the
light port 1404 extending progressively wider through the
cladding 1408 as the distal end is reached. Restated, the
progressively wider light port 1404 toward the distal end
results in a lesser exposed core fiber 1410 surface area
at the proximal end 1402b of the light emitting section
1402 and a greater exposed core fiber 1410 surface area
at the distal end 1402a of the light emitting section 1402,
allowing a greater quantity of light to be available at the
distal end 1402a of the light emitting section 1402. The
reason for this is that if the width of the light port 1404
was consistent (not shown), more light would be emitted
from the proximal end 1402b of the light port 1404, leav-
ing less light available to be emitted from the distal end
1402a of the light port 1404. The result of a uniform width
light port 1404 (not shown) would be an optical fiber (not
shown) having uneven light distribution, with more inten-
sity toward the proximal end and less toward the distal
end. The embodiment of the light diffusing device 1400
shown in Fig. 14 thus evenly emits the transmitted light
energy along the length of the light emitting section 1402,
allowing safer and more precise photodynamic therapy.
[0043] Fig. 15 shows the light emitting section 1502 of
an embodiment of a light diffusing device 1500 of the
present invention. Fig. 15A shows the entire light diffus-
ing device 1500, including a connector 1512 attached to
the proximal end 1505 allowing the light diffusing device
1500 to be connected to a light source (not shown). As
best shown in Fig. 15B the light diffusing device 1500 is
made for reasons of economy as well as flexibility from
a plastic optical fiber 10 approximately 1mm in diameter
which comprises a light transmitting core fiber 1510 made
of PMMA (acrylic) surrounded by cladding 1508 made of
fluorinated polymers. It should be mentioned that other
kinds of light transmitting fibers (not shown) could also
be used and are therefore contemplated by and within
the scope of the invention. In this embodiment, the light
diffusing device 1500 is also covered by sheathing 1518
which serves to further protect the device 1500. The
sheathing 1518 can be polymeric materials such as PT-
FE, polyester, polyurethane, PMMA, PEBAX or other
suitable materials and can be applied by heat shrink, non-
heat shrink techniques or adhesive techniques (i.e.,
epoxy and uv cured materials, among others). The core
fiber 1510 and cladding 1508 have different indexes of
refraction, which enables light entering the light diffusing
device 1500 at a proximal location to be transmitted along
the length of the light diffusing device 1500 and thereby
transmitted to a more distal location. The light diffusing
device 1500 defines a distal end 1506 which comprises
a piercing tip 1514, preventing the escape of the trans-
mitted light energy from an open distal end (not shown)
of the core fiber 1510. The piercing tip 1514 also allows
the device 1500 to pierce or penetrate tissue following
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the application of gentle force by the physician, allowing
the device 1500 to be implanted into tissue. In one em-
bodiment, the piercing tip 1514 is made of machined
(sharpened) stainless steel, however, this is not intended
to be limiting as other metallic, composite and polymeric
materials could also be used. In this embodiment a sec-
tion of fluorescent material 1516 is attached to the distal
end 1506 of the optical fiber 10 using appropriate medical
grade adhesive before attaching the piercing tip 1514.
Using appropriate medical grade adhesives, the piercing
tip 1514 is then attached to the distal end 1506 of the
light diffusing device 1500 after the distal end (unnum-
bered) of the fluorescent material 1516 is roughened by
such means as sandpaper, sandblasting, chemical deg-
radation or other abrasive methods. The fluorescent ma-
terial 1516 emits a signal when illuminated by light energy
having a wavelength at least at an excitation wavelength
and above and thus functions as a fluorescence feedback
indicator. In this configuration, when the laser light source
(not shown) is energized fluorescence occurs at the distal
end 1506 and is detected at the light source console (not
shown) to verify the light diffusing device 1500 is valid
and functioning properly. In another embodiment (not
shown) the end piece 1514 may be omitted and replaced
by other light blocking mechanisms including opaque
epoxy or plastic materials.
[0044] The light emitting section 1502 is defined by a
plurality of light ports 1504 which extend through the clad-
ding 1508 exposing core fiber 1510 allowing the trans-
mitted light energy to be emitted from the light diffusing
device 1500. As best shown in Fig. 15, the light emitting
section 1502 is characterized by the light ports 1504 pro-
gressively exposing a greater core fiber 1510 surface
area as the distal end 1506 is reached. The light ports
1504 are conically shaped and spacing may vary in di-
ameter between 0.00762 to 0.01524 cms (0.003 inches
to 0.006 inches). Restated, progressively greater sized
light ports 1504 toward the distal end 1502a result in a
lesser exposed core fiber 1510 surface area at the prox-
imal end 1502b of the light emitting section 1502 and a
greater exposed core fiber 1510 surface area at the distal
end 1502a of the light emitting section 1502, allowing a
greater quantity of light to be available at the distal end
1506 of the light emitting section 1502. The reason for
this is that if the surface area of the light ports 1504 was
consistent (not shown), more light would be emitted from
the more proximally located light ports 1504, leaving less
light available to be emitted from the more distally located
light ports 1504. The result of similarly sized light ports
1504 (not shown) would be an optical fiber (not shown)
having uneven light distribution, with more intensity to-
ward the proximal end and less toward the distal end.
The embodiment of the light diffusing device 1500 shown
in Figs. 15-15B thus evenly emits the transmitted light
energy along the length of the light emitting section 1502,
allowing safer and more precise photodynamic therapy.
[0045] Fig. 16 shows the light emitting section 1602 of
an embodiment of a light diffusing device 1600 of the

present invention. Fig. 16A shows the entire light diffus-
ing device 1600, including a connector 1612 attached to
the proximal end 1605 allowing the light diffusing device
1600 to be connected to a light source (not shown). As
best shown in Figs. 16B, 16C, 16D the light diffusing de-
vice 1600 is made for reasons of economy as well as
flexibility from a plastic optical fiber 10 approximately
1mm in diameter which comprises a light transmitting
core fiber 1610 made of PMMA (acrylic) surrounded by
cladding 1608 made of fluorinated polymers. It should be
mentioned that other kinds of light transmitting fibers (not
shown) could also be used and are therefore contem-
plated by and within the scope of the invention. In this
embodiment, the light diffusing device 1600 is also cov-
ered by sheathing 1618 which serves to further strength-
en and protect the device 1600. The sheathing 1618 can
be polymeric materials such as PTFE, polyester, poly-
urethane, PMMA, PEBAX or other suitable materials and
can be applied by heat shrink, non-heat shrink tech-
niques or adhesive techniques (i.e., epoxy and uv cured
materials, among others). The core fiber 1610 and clad-
ding 1608 have different indexes of refraction, which en-
ables light entering the light diffusing device 1600 at the
connector 1612 to be transmitted along the length of the
light diffusing device 1600 and thereby transmitted to a
more distal location. The optical fiber 10 defines a distal
end 1606 to which a section of fluorescent material 1616
is attached using appropriate medical grade adhesive.
The fluorescent material 1616 emits a signal when illu-
minated by light energy having a wavelength at least at
an excitation wavelength and above and thus functions
as a fluorescence feedback indicator. In this configura-
tion, when the laser light source (not shown) is energized
fluorescence occurs at the distal end 1606 and is detect-
ed at the light source console (not shown) to verify the
light diffusing device 1600 is valid and functioning prop-
erly. In this embodiment, the piercing tip of other embod-
iments is replaced by encapsulating the fluorescent ma-
terial 1616 with sheathing 1618 which is hardened and
sharpened to form a piercing distal end 1614. This allows
the device 1600 to pierce or penetrate tissue upon the
application of gentle force by the physician.
The light emitting section 1602 is defined by a plurality
of light ports 1604 which extend through the cladding
1608 into the core fiber 1600 allowing the transmitted
light to be emitted from the light diffusing device 1600.
As best shown in Figs. 16B, 16C, 16D, the light emitting
section 1602 is characterized by the light ports 1604 hav-
ing a similar surface area that extend progressively deep-
er into the core fiber 1610 as the distal end 1602a is
reached. The light ports 1604 are conically shaped and
the depth may vary between 0.0102 to 0.0204 cms (0.004
inches to 0.008 inches). Restated, progressively deeper,
similarly sized light ports 1604 toward the distal end
1602a result in a lesser exposed core fiber 1610 surface
area at the proximal end 1602b of the light emitting sec-
tion 1602 and a greater exposed core fiber 1610 surface
area at the distal end 1602a of the light emitting section
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1602, allowing a greater quantity of light to be available
at the distal end 1602a of the light emitting section 1602.
The reason for this is that if the size and depth of light
ports 1604 was consistent (not shown), more light would
be emitted from the more proximally located light ports
1604, leaving less light available to be emitted from the
more distally located light ports 1604. The result of sim-
ilarly sized and depth light ports 1604 (not shown) would
be an optical fiber (not shown) having uneven light dis-
tribution, with more intensity toward the proximal end and
less toward the distal end. The embodiment of the light
diffusing device 1600 shown in Fig. 16 thus evenly emits
the transmitted light energy along the length of the light
emitting section 1602, allowing safer and more precise
photodynamic therapy.
[0046] Fig. 17 shows the light emitting section 1702 of
an embodiment of the light diffusing device 1700 of the
present invention. A plan view of the light emitting section
as shown in Fig. 17A shows the entire light diffusing de-
vice 1700, including a connector 1712 attached to the
proximal end 1705 allowing the light diffusing device
1700 to be connected to a light source (not shown). As
best shown in Fig. 17B the light diffusing device 1700 is
made for reasons of economy as well as flexibility from
a plastic optical fiber 10 approximately 1mm in diameter
which comprises a light transmitting core fiber 1710 made
of PMMA (acrylic) surrounded by cladding 1708 made of
fluorinated polymers. It should be mentioned that other
kinds of light transmitting fibers (not shown) could also
be used and are therefore contemplated by and within
the scope of the invention. The core fiber 1710 and clad-
ding 1708 have different indexes of refraction, which en-
ables light entering the light diffusing device
1700 at the connector 1712 to be transmitted along the
length of the light diffusing device 1700 and thereby trans-
mitted to a more distal location. The light diffusing device
1700 defines a distal end 1706 to which is attached an
opaque end piece 1714, preventing the escape of the
transmitted light energy from an open distal end (not
shown) of the core fiber 1710. In one embodiment, the
end piece 1714 is made of stainless steel. Using appro-
priate medical grade adhesives, the end piece 1714 is
attached to the distal end 1706 of the light diffusing device
1700 after the distal end 1706 is roughened by such
means as sandpaper, sandblasting, chemical degrada-
tion or other abrasive methods. In another embodiment
(not shown) the end piece 1714 may be omitted and re-
placed by other light blocking mechanisms including
opaque epoxy or plastic materials. In an alternative em-
bodiment (not shown) the light diffusing device 1700 may
be encased in a transparent protective sheath (not
shown) which provides an additional degree of integrity
as well as smoothness.
[0047] In this embodiment the light diffusing device
1700 the cladding 1708 is not removed. The light emitting
section 1702 is defined by progressively distally rough-
ening the surface of the cladding 1708 defining the light
emitting section 1702 allowing an increased amount of

transmitted light to be emitted from the light diffusing de-
vice 1700. As best shown in Fig.17 the light emitting sec-
tion 1702 is characterized by the light emitting section
1702 having a relatively smooth area 1704b which be-
comes progressively rougher 1704a along the core fiber
1710 as the distal end 1702a is reached. Restated, the
progressively rougher light emitting section 1702 toward
the distal end 1702a results in a lesser exposed core
fiber 1710 surface area at the proximal end 1702b of the
light emitting section 1702 and a greater exposed core
fiber 1710 surface area at the distal end 1702a of the
light emitting section 1702, allowing a greater quantity of
light to be available at the distal end (unnumbered) of the
light emitting section 1702. The reason for this is that if
the roughness of the light emitting section 1702 was con-
sistent (not shown), more light would be emitted from the
proximal end of the light emitting section 1702, leaving
less light available to be emitted from the distal end of
the light emitting section 1702. The result of a uniform
roughness light emitting section 1702 (not shown) would
be a light diffusing device (not shown) having uneven
light distribution, with more intensity toward the proximal
end and less toward the distal end. The embodiment of
the light diffusing device 1700 shown in Fig. 17 thus even-
ly emits the transmitted light energy along the length of
the light emitting section 1702, allowing safer and more
precise photodynamic therapy.
[0048] The light ports 104, 204, 304, 404, 504, 1204,
1304, 1404, 1504, 1604 and removed core fiber sections
604, 704, 804, 904, 1004 are created by securing a virgin
plastic optical fiber (not shown) in a fixture (not shown)
and then energizing a CO2 laser (not shown) focused in
the appropriate location(s). In one embodiment the fixture
(not shown) is translated only on the X axis which moves
longitudinally and rotates in order to create the light ports
104, 304, 404,1204, 1304,1404, 1504, 1604 and re-
moved core fiber sections 604, 704, 804, 904, 1004. In
embodiments 200, 500, 1400,1500,1600 which have a
wider light port 204, 504, 1404, 1504, 1604, removed
core fiber section 900 or deeper light port 300, 400, is
required, the fixture (not shown) may additionally trans-
late in the Y axis, moving the CO2 laser closer to the
virgin optical fiber (not shown). In another embodiment,
repositioning of the optical fiber (not shown) in the fixture
(not shown) may be required to allow for the creation of
light ports 104, 204, 304, 404, 504, 1104, 1204, 1304,
1404, 1504, 1604 or removed core fiber sections 604,
704, 804, 904, 1004 that would be covered by the man-
drel during an earlier laser drilling treatment. When en-
ergized, the laser pulse of the CO2 laser (not shown) may
have a 10.6 micron wavelength at 5 watts with a pulse
duration between approximately 0.0003 to 0.0010 sec-
onds. This results in controlled removal of the cladding
108, 208, 308, 408, 508, 1104, 1204, 1304, 1404, 1504,
1604 and in some cases part of the core fiber 110, 210,
310, 410, 510, 610, 710, 810, 910, 1010, 1110, 1210,
1310, 1410,1510, 1610 without unduly damaging the
core fiber 110, 210, 310, 410, 510, 610, 710, 810, 910,
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1010, 1110, 1210, 1310, 1410, 1510, 1610. In the case
of the embodiment of the light diffusing device 1100 the
cladding is first removed from the section of the optical
fiber 10 desired to become the light emitting section 1102,
in the embodiment as shown, toward the distal end of
the light diffusing device 1100. The embodiment of the
light diffusing device 1700 does not require removal of
any cladding 1708. Next, the light emitting section 1102,
1702 is treated with abrasives such as sandpaper, sand
blasting or other abrasive techniques, starting at the prox-
imal end 1102b, 1702b of the light emitting section 1102,
1702 and progressing for a longer period in a distal di-
rection until the distal end 1102a, 1702a is reached. This
results in a light emitting section 1102, 1702 which is
progressively rougher in a distal direction.

Use

[0049] Using the light diffusing device 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300,
1400, 1500, 1600, 1700 of the present disclosure in-
volves initially treating the patient at the treatment site
with a photosensitizing agent such as methylene blue or
another of many photosensitizing agents well known in
the art. Depending on the nature of the photodynamic
therapy treatment, a period of time may be required to
allow for absorption of the particular photosensitizing
agent into the affected tissue. The light diffusing device
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, 1600, 1700 is removed from
sterile packaging followed by positioning it in the treat-
ment area. In the embodiments 1200, 1300, 1400, 1500,
1600 configured to be tissue piercing or penetrating, gen-
tle pressure is applied to the device 1200, 1300, 1400,
1500, 1600 by the physician, causing it to become im-
planted into the intended tissue requiring treatment. Via
the connector 112, 212, 312, 412, 512, 612, 712, 812,
912, 1012, 1112, 1212, 1312, 1412, 1512, 1612, 1712
the light diffusing device 100, 200, 300, 400, 500, 600,
700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500,
1600, 1700 is connected to a light source (not shown)
capable of producing light in the appropriate wavelength
which varies with the particular photosensitizing agent
used and treatment prescribed, followed by energizing
the light source at the beginning of treatment. The light
source is then energized for the prescribed length of time
and intensity (which also varies with the particular pho-
tosensitizing agent used) then de-energized at the con-
clusion. Following the conclusion of treatment, the light
diffusing device 100, 200, 300, 400, 500, 600, 700, 800,
900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700 is
disposed of.

Claims

1. A light diffusing device (300) comprising: an optical
light transmitting core fiber (310) defining a length,

a diameter, a proximal end and a distal end (302a);
a light emitting section (302) defined by a plurality of
light ports (304) having a similar surface area;
and a cladding (308) wherein the light transmitting
core fiber (310) is at least partially covered by the
cladding characterized in that the light emitting sec-
tion (302) is formed by the light ports (304) exposing
a progressively deeper amount of the core fiber in a
distal direction of the light emitting section (302),
each light port (304) being conically shaped and
formed by removing a portion of the cladding and a
portion of the core fiber beneath the portion of the
cladding, resulting in an even distribution of light
emitted along the length of the light emitting section.

2. The light diffusing device of according to Claim 1
wherein the optical fiber is a plastic optical fiber and
the light ports having a distally increasing density,
resulting in a greater number of light ports at the distal
end of the light emitting section and a lesser number
of light ports at the proximal end of the light emitting
section.

3. The light diffusing device of according to any of Claim
1 or Claim 2 wherein the plurality of light ports are
spaced apart by a distance of from 0.05588 to 0.1016
cms (0.022 to 0.040 inches) and having a distally
increasing diameter, resulting in a greater exposed
core fiber surface area at the distal end of the light
emitting section and a lesser exposed core fiber sur-
face area at the proximal end of the light emitting
section.

4. The light diffusing device of Claim 1 wherein the op-
tical fiber is a plastic optical fibre.

5. The light diffusing device of Claim 4 wherein the light
ports have depth between 0.01016 and 0.02032 cms
(0.004 and 0.008 inches).

6. The light diffusing device of according to any of the
preceding claims further comprising an end piece
(314) attached to the distal end of the optical fiber
wherein the end piece prevents the light from emit-
ting from the distal end of the optical fiber.

7. The light diffusing device of Claim 6 in which the end
piece (314) is a piercing tip capable of penetrating
tissue.

8. The light diffusing device of Claim 6 further compris-
ing fluorescent material between the end piece and
the distal end of the optical fiber, wherein when light
having at least an excitation frequency is transmitted
to the fluorescent material through the optical fiber
a light energy signal is generated indicating the light
diffusing device is valid.
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9. The light diffusing device of according to any one of
the preceding claims wherein the cladding within the
light emitting section is completely removed.

10. The light diffusing device according to any one of the
preceding claims wherein at least a portion of the
light diffusing device is covered by a sheath.

Patentansprüche

1. Lichtstreuendes Gerät (300), umfassend: eine opti-
sche lichttransmittierende Kernfaser (310), die eine
Länge, einen Durchmesser, ein proximales Ende
und ein distales Ende (302a) definiert;
einen lichtemittierenden Abschnitt (302), der durch
eine Vielzahl von Lichtöffnungen (304) definiert ist,
welche eine ähnliche beziehungsweise gleiche
Oberfläche aufweisen;
und eine Hülle (308), wobei die lichttransmittierende
Kernfaser (310) wenigstens teilweise durch die Hülle
bedeckt ist, dadurch gekennzeichnet, dass der
lichtemittierende Abschnitt (302) durch die Lichtöff-
nungen (304) gebildet ist, wobei diese eine fort-
schreitend tiefere Menge der Kernfaser in einer dis-
talen Richtung des lichtemittierenden Abschnittes
(302) freilegen, wobei jede Lichtöffnung (304) ko-
nisch geformt ist und gebildet durch ein Entfernen
eines Teils der Hülle und eines Teils der Kernfaser
unter dem Teil der Hülle, was zu einer gleichmäßigen
Verteilung von Licht führt, das entlang der Länge des
lichtemittierenden Abschnittes emittiert wird.

2. Lichtstreuendes Gerät nach Anspruch 1, wobei die
optische Faser eine optische Kunststofffaser ist und
die Lichtöffnungen eine distal ansteigende Dichte
aufweisen, was zu einer größeren Anzahl an Licht-
öffnungen an dem distalen Ende des lichtemittieren-
den Abschnittes und einer geringeren Anzahl von
Lichtöffnungen an dem proximalen Ende des lichte-
mittierenden Abschnittes führt.

3. Lichtstreuendes Gerät nach Anspruch 1 oder An-
spruch 2, wobei die Vielzahl von Lichtöffnungen mit
einem Abstand von 0,05588 bis 0,1016 cm (0,022
bis 0,040 Inch) beabstandet sind und einen distal
ansteigenden Durchmesser aufweisen, was zu einer
größeren freigelegten Kernfaseroberfläche an dem
distalen Ende des lichtemittierenden Abschnittes
und einer geringeren freigelegten Kernfaseroberflä-
che an dem proximalen Ende des lichtemittierenden
Abschnittes führt.

4. Lichtstreuendes Gerät nach Anspruch 1, wobei die
optische Faser eine optische Kunststofffaser ist.

5. Lichtstreuendes Gerät nach Anspruch 4, wobei die
Lichtöffnungen eine Tiefe zwischen 0,01016 und

0,02032 cm (0,004 und 0,008 Inch) aufweisen.

6. Lichtstreuendes Gerät nach einem der vorhergehen-
den Ansprüche, das weiterhin ein Endstück (314)
aufweist, das an dem distalen Ende der optischen
Faser angebracht ist, wobei das Endstück verhin-
dert, dass Licht von dem distalen Ende der optischen
Faser emittiert wird.

7. Lichtstreuendes Gerät nach Anspruch 6, bei dem
das Endstück (314) eine Stechspitze ist, die zum
Durchdringen von Gewebe geeignet ist.

8. Lichtstreuendes Gerät nach Anspruch 6, das weiter-
hin fluoreszierendes Material zwischen dem End-
stück und dem distalen Ende der optischen Faser
umfasst, wobei, wenn Licht mit wenigstens einer An-
regungsfrequenz zu dem fluoreszierenden Material
durch die optische Faser transmittiert wird, ein Lich-
tenergiesignal erzeugt wird, das anzeigt, dass das
lichtstreuende Gerät in Ordnung ist.

9. Lichtstreuendes Gerät nach einem der vorhergehen-
den Ansprüche, wobei die Hülle innerhalb des lich-
temittierenden Abschnittes vollständig entfernt ist.

10. Lichtstreuendes Gerät nach einem der vorhergehen-
den Ansprüche, wobei wenigstens ein Teil des licht-
streuenden Gerätes durch eine Umhüllung bedeckt
ist.

Revendications

1. Dispositif diffuseur de lumière (300) comprenant :

une fibre centrale de transmission de la lumière
(310) présentant une longueur, un diamètre,
une extrémité proximale et une extrémité distale
(302a) ;
une section électroluminescente (302) définie
par une pluralité d’orifices lumineux (304) ayant
une surface similaire ;
et un revêtement (308), la fibre centrale de trans-
mission de la lumière (310) étant au moins par-
tiellement recouverte par le revêtement, carac-
térisé en ce que la section électroluminescente
(302) est formée par les orifices lumineux (304)
qui exposent une partie de plus en plus impor-
tante de la fibre centrale dans une direction dis-
tale de la section électroluminescente (302),
chaque orifice lumineux (304) étant de forme
conique et étant formé en retirant une partie du
revêtement et une partie de la fibre centrale sous
la partie du revêtement, entraînant une réparti-
tion uniforme de la lumière émise le long de la
section électroluminescente.
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2. Dispositif diffuseur de lumière selon la revendication
1, dans lequel la fibre optique est une fibre optique
en plastique et les orifices lumineux présentent une
densité qui augmente de façon distale, ce qui en-
gendre un plus grand nombre d’orifices lumineux au
niveau de l’extrémité distale de la section électrolu-
minescente et un nombre moins élevé d’orifices lu-
mineux au niveau de l’extrémité proximale de la sec-
tion électroluminescente.

3. Dispositif diffuseur de lumière selon l’une quelcon-
que des revendications 1 ou 2, dans lequel les orifi-
ces lumineux sont espacés les uns des autres d’une
distance comprise entre 0,05588 et 0,1016 cm, et
présentent un diamètre qui augmente vers l’extré-
mité distale, entraînant l’exposition d’une plus gran-
de surface de la fibre centrale au niveau de l’extré-
mité distale de la section électroluminescente, et
d’une plus petite surface de la fibre centrale au ni-
veau de l’extrémité proximale de la section électro-
luminescente.

4. Dispositif diffuseur de lumière selon la revendication
1, dans lequel la fibre optique est une fibre optique
en plastique.

5. Dispositif diffuseur de lumière selon la revendication
4, dans lequel les orifices lumineux possèdent une
profondeur comprise entre 0,01016 et 0,02032 cm.

6. Dispositif diffuseur de lumière selon l’une quelcon-
que des revendications précédentes, comprenant
en outre un embout (314) fixé sur l’extrémité distale
de la fibre optique, l’embout empêchant la lumière
d’être émise depuis l’extrémité distale de la fibre op-
tique.

7. Dispositif diffuseur de lumière selon la revendication
6, dans lequel l’embout (314) est une pointe de per-
çage capable de pénétrer un tissu.

8. Dispositif diffuseur de lumière selon la revendication
6, comprenant en outre un matériau fluorescent en-
tre l’embout et l’extrémité distale de la fibre optique,
dans lequel, lorsqu’une lumière ayant au moins une
fréquence d’excitation est transmise vers le matériau
fluorescent par la fibre optique, un signal d’énergie
lumineuse est généré et indique que le dispositif dif-
fuseur de lumière est valide.

9. Dispositif diffuseur de lumière selon l’une quelcon-
que des revendications précédentes, dans lequel le
revêtement situé à l’intérieur de la section électrolu-
minescente est complètement retiré.

10. Dispositif diffuseur de lumière selon l’une quelcon-
que des revendications précédentes, dans lequel au
moins une partie du dispositif diffuseur de lumière

est recouverte par une gaine.
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