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7) ABSTRACT

The invention provides a device and method for illuminating
a body surface. A light source is optically coupled to the
proximal end of a light guide and a light scatterer is optically
coupled to the distal end of the light guide. The device
includes a deployment mechanism that is configured to bring
the light scatterer from a small caliber configuration in which
the light scatterer is delivered to the body surface to a large
caliber configuration in which the light scatterer irradiates the
body surface. The invention may be used, for example, irra-
diate the periadventitial surface of an aneurysmal blood ves-
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DEVICE FOR IRRADIATING AN INTERNAL
BODY SURFACE

FIELD OF THE INVENTION

[0001] This invention relates to medical devices and more
specifically to such devices for internal irradiation of the
body.

BACKGROUND OF THE INVENTION

[0002] Application of light to a tissue surface has been used
in several medical treatments. For example, it is known to
apply light to a tissue surface in order to heal a pathological
state, to remove a stenosis in a blood vessel or for laser
welding of tissues, for example in order to treat a rupture in a
vessel wall or to perform an anastomosis of two blood vessels.
It is also known to use application of light for tissue regen-
eration and therapy. For example low level laser irradiation in
the visible to far-red range of the light spectrum has been
shown clinically to accelerate wound healing in skin wounds,
and reduce pain and inflammation in musculoskeletal disor-
ders. The underlying mechanisms are initiating (biostimulat-
ing) processes such as collagen synthesis, cell proliferation,
and reducing secretion of inflammatory markers. Gavish et
al., Lasers in Surgery and Medicine (2006) 38:779-786,
which is incorporated herein by reference, discloses that low
level laser in vitro stimulates vascular smooth muscle cell
proliferation and collagen synthesis, modulates the equilib-
rium between regulatory matrix remodeling enzymes, and
inhibits pro-inflammatory IL-1-§ gene expression.

[0003] U.S. Pat. No. 7,051,738 to Oron et al discloses an
apparatus for applying light to the heart tissue for a biostimu-
lative and cytoprotective effect. U.S. Pat. No. 5,370,608 to
Sahota et al discloses a light angioplasty catheter for exposing
the vessel wall to light from an intravascular approach for the
prevention of restenosis.

[0004] U.S. Pat. No. 7,108,692 to Frenz et al discloses an
apparatus for applying light to the interior surface of a vessel
wall for laser welding of two vessels. Light generated by an
extracorporeal light source is guided to the interior of the
blood vessel to be treated by a light guide. A light deflector
directs the light in a substantially radial fashion onto the
vessel wall.

[0005] Abdominal Aortic Aneurysm (AAA) formation is
an arteriosclerotic process characterized by marked disrup-
tion of the musculoelastic lamellar structure of the media.
Extensive destruction of the elastic tissue is associated with
marked inflammatory cell infiltration and progressive dimi-
nution in the number of viable smooth muscle cells. With
time, and aggravated by contributory risk factors such as
systolic hypertension, aneurysm growth occurs through a
complicated, but insidious, imbalance between matrix pro-
tein production and degradation, favoring expansion, thereby
increasing the risk of rupture of the weakened wall.

[0006] AAA is present in approximately 10% of individu-
als over the age of 65 years, with its frequency increasing as
the proportion of elderly individuals in the general population
continues to rise. [t is widely known that the risk of rupture
increases in approximate proportion to aneurysm size, which
can be monitored by computed tomography (CT), ultrasound,
or magnetic resonance imaging (MRI). The estimated risk of
rupture ranges from 10-20% for an abdominal aneurysm 6-7
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cmin diameter, to 30-50% if the maximum diameter is greater
than 8 cm. Overall mortality from a ruptured AAA is greater
than 90%.

[0007] Current forms of aneurysm treatment focus either
on the open abdomen, surgical, graft-based repair or endo-
vascular exclusion of the diseased segment of aorta with
large, membrane-covered, e.g. Gortex covered stents. Both
techniques have major side effects with potentially life-
threatening consequences, particularly in patients of
advanced age (the majority of patients) or others at high risk
or compromised cardiac function.

SUMMARY OF THE INVENTION

[0008] In its first aspect, the present invention provides a
device for illuminating a tissue surface. The device of the
invention may be used to radiate a tissue surface, for example,
for treatment of an aneurysm, tissue welding, or removal of a
stenosis in a blood vessel. The illuminating device of the
invention has a slender shaft that may be rigid or flexible, as
required in any application. Light is irradiated from the distal
end of the shaft. In one preferred embodiment, the shaft is
connected at its proximal end to a light source, that may be,
for example, a laser. Light generated by a light source at the
proximal end of the shaft is conducted through the shaft via a
light guide to the distal end of the shaft. Alternatively, a light
source, such as a light emitting diode (LED) may be posi-
tioned at the distal end of the shaft. A light scatterer is posi-
tioned at the distal end of the shaft that is optically coupled to
the light guide. Light emerging from the distal end of the light
guide is scattered by the light scatterer so that light emerges
from the light scatter from an illuminating surface having an
area that is larger than the cross-sectional area of the light
guide The illuminating surface is transformable between an
undeployed, small caliber configuration in which it is deliv-
ered to the tissue surface to be treated, and a deployed, large
caliber configuration in which the treatment is delivered. In
the deployed configuration, the illuminating surface is pref-
erably shaped to conform to the surface to be radiated so that
the illuminating surface can be applied onto the surface to be
radiated. For example, for illuminating the perivascular (ad-
ventitial) surface of a blood vessel, the deployed illuminating
surface would preferably have a partial cylindrical surface. As
explained below, this enhances coupling and homogeneity of
the light radiated from the illuminating surface and radiation
ofthe surface to be treated. At the conclusion of the treatment,
the illuminating surface is brought to its small caliber unde-
ployed configuration, and the device is removed from the
body.

[0009] The illuminating device of the invention may be
provided with means for firmly attaching the deployed illu-
minating surface to the tissue surface to be treated. Such
means may comprise, for example, use of suction or attach-
ment hooks.

[0010] The light source is selected in accordance with the
requirements of the particular application. For example, in
order to treat an aneurysm, low level laser irradiation (also
known as “low energy laser”, “photo-biostimulation” and
“red-light therapy”) in the range of 500 to 900 nm, and more
preferably in the range of 600 to 900 nm, may be used that is
preferably emitted from the illuminating surface with an
energy flux in the range of about 0.01 to about 50 Joules/cm?,
and more preferably from about 0.1 to about 5 Joules/cm®.
For surgical welding, light in the 780 to 2010 nm range may
be used, in which case the light source may be a semiconduc-
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tor diode laser that generates 808 nm light or a diode-pumped
Ho:Y AG laser which generates 2010 nm light.

[0011] Initssecond aspect, the invention provides a method
for treating a tissue surface. In accordance with this aspect of
the invention, the distal end of the illuminating device of the
invention is delivered, with the light illuminating surface in its
undeployed configuration to the body site to be treated. The
light illuminating surface is then brought to its deployed
configuration and is applied to the surface to be treated, and
the surface to be treated is radiated. At the conclusion of the
radiation, the light illuminating surface is removed from the
body surface and the light illuminating surface is brought into
its undeployed configuration and the device is removed from
the body.

[0012] The device and method of the invention may be used
for illuminating the perivascular surface of'a blood vessel, for
example, in order to treat an aneurysm. Without wishing to be
bound by a particular theory, it is believed that irradiating an
aneurysmal blood vessel with low level laser irradiation
retards progression of the aneurysm by bio-stimulating the
vessel wallto produce extracellular matrix and reduce inflam-
mation.

[0013] Thus, in its first aspect, the invention provides a
device for illuminating a body surface, comprising:

[0014] (a)a shalt having a proximal end and a distal end,
the shaft including a light guide having a cross-sectional
area and guiding light from the proximal end to the distal
end;

[0015] (b) a light source optically coupled to the proxi-
mal end of the light guide;

[0016] (c)a light scatterer optically coupled to the distal
end of the light guide, the light scatterer having a small
caliber configuration and a large caliber configuration,
and further having an illuminating surface having an
area greater than the cross sectional area of the light
guide; and

[0017] (d) a deployment mechanism configured to bring
the light scatterer from the small caliber configuration to
the large caliber configuration.

[0018] Initssecond aspect, the invention provides a method
for illuminating a body surface, comprising:

[0019] (a) providing a device for illuminating the body
surface, the device comprising:

[0020] ashaft having a proximal end and a distal end,
the shaft including a light guide having a cross-sec-
tional area and guiding light from the proximal end to
the distal end;

[0021] alightsource optically coupled to the proximal
end of the light guide;

[0022] alight scatterer optically coupled to the distal
end of the light guide, the light scatterer having a
small caliber configuration and a large caliber con-
figuration, and further having an illuminating surface
having an area greater than the cross sectional area of
the optic fiber; and

[0023] a deployment mechanism configured to bring
the light scatterer from the small caliber configuration
to the large caliber configuration

[0024] (b) delivering the distal end of the shaft to the
body surface with the light scatterer in the small caliber
configuration,

[0025] (c)activating the deployment mechanism to bring
the light scatterer into the large caliber configuration;
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[0026] (d) applying the illuminating surface to the body
surface; and
[0027] (e) illuminating the body surface from the light
source.
[0028] In its third aspect, the invention provides a method
for treating an aneurysmal blood vessel comprising irradiat-
ing the blood vessel with radiation having a wavelength from
500 to 900 nm.
[0029] Inits fourth aspect, the invention provides a device
for illuminating a body surface, comprising:
[0030] (2) an elongated shaft having a proximal end and
a distal end, the shaft including a light guide having a
cross-sectional area and guiding light from the proximal
end to the distal end;
[0031] (b) a light source optically coupled to the proxi-
mal end of the light guide and illuminating light having
a wavelength in the range of 500 to 900 nm; and
[0032] (c)a light scatterer optically coupled to the distal
end of the light guide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] In order to understand the invention and to see how
it may be carried out in practice, embodiments will now be
described, by way of non-limiting example only, with refer-
ence to the accompanying drawings, in which:

[0034] FIG. 1 shows a device for illuminating a tissue sur-
face in accordance with one embodiment of the invention;
[0035] FIG. 2 shows a device for illuminating a tissue sur-
face in accordance with a second embodiment of the inven-
tion;

[0036] FIG. 3 shows a device for illuminating a tissue sur-
face in accordance with a third embodiment of the invention;
and

[0037] FIG. 4 shows use of the device of the invention for
treating an aneurysm.

DETAILED DESCRIPTION OF EMBODIMENTS

[0038] FIG. 1shows adevice, generally indicated by 10, for
illuminating a tissue surface to be treated, in accordance with
one embodiment of the invention. The tissue surface may be,
for example, the outer surface of a blood vessel where an
aneurysm has formed. The illuminating device has a slender
shaft 11, shown in longitudinal section in FIG. 1, having a
proximal end 15 and a distal end 17. The shaft 11 may be rigid
or flexible, as required in any application. The shaft 11 has a
sheath 13 surrounding a light guide 20 that may consist of a
single optical fiber or a bundle of optical fibers. The optical
fiber is typically made from glass.

[0039] The shaft 11 is connected at its proximal end 15 to a
control unit 14 that houses a light source 9, that may be, for
example, a laser. Light generated by the light source 9, enters
the light guide 20 and is conducted through the light guide 20
to the distal end of the light guide 20. Since the end face 26 of
the distal end of the light guide 20 is flat, the pencil of light
emerging from the end face 26 will have a cross-sectional area
essentially equal to the cross-sectional area of the light guide
20. Thus, in accordance with the invention, in order to
increase the radiated area, the radiation device 10 further
comprises a light scatterer 23 positioned at the distal end of
the light guide 20, that is optically coupled to the light guide
20. The light scatterer 23 has a deployed configuration shown
in FIG. 1a in which an illuminating surface 29 has a large
caliber. Light emitted from the end face 26 of the light guide
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20 enters the light scatterer 23 at a first surface 25 and is
scattered through the light scatterer 23. The light is then
emitted from the illuminating surface 29, as indicated by the
arrows 27 to radiate the site to be treated, as described below.
The illuminating surface has an area that is greater than the
cross-sectional area of the light guide 20. In the deployed
configuration, the illuminating surface 29 is preferably
shaped to conform to the surface to be radiated so that the
illuminating surface can be applied onto the surface to be
radiated. For example, for illuminating the outer surface of a
blood vessel, the illuminating surface 29 would be a partial
cylindrical surface, as shown in F1G. 1a. As explained below,
this enhances coupling of the light radiated from the illumi-
nating surface and radiation of the surface to be treated. The
light scatterer is preferably provided with a light reflecting
coating 32 onits rear surface in order to reflect back scattered
light in the light scatterer in the direction of the arrows 27.
[0040] The light scatterer 23 also has an undeployed con-
figuration shown in FI1G. 15 in which the illuminating surface
29 is collapsed into a small caliber. In the embodiment shown
in FIG. 1, the light scatterer 23 is formed from a resiliently
flexible material. The light scatterer may be made, for
example, from transparent silicon rubber in which a light
scattering substance is embedded. Alternatively, the light
scatter may include one or more lenses (not shown). In this
embodiment, the shaft 11 includes a constraining sleeve 30
that surrounds the sheath 13. In the undeployed configuration
shown in FIG. 15, the light scatterer 23 is constricted into its
small caliber undeployed configuration and is maintained in
the undeployed configuration by means of the constraining
sleeve 30. The constraining sleeve 30 is slidable axially along
the shaft 11 from a forward position shown in FIG. 15 and a
rearward position shown in FIG. 1a. In the forward position
(FIG. 15), the sleeve 30 extends beyond the end of the optic
fiber 20 with the light scatterer 23 collapsed in the interior of
the sleeve 30. When the sleeve 30 is brought to its rearward
position (FIG. 1a) the sleeve 30 is retracted from the light
scatterer 30 and the light scatterer 23 spontaneously assumes
its deployed, large caliber configuration due to the resiliently
flexible character of the light scatterer 23. In order to slide the
sleeve 30 between its forward and rearward position, a user
may grasp the sleeve 30 at its proximal end and manually slide
the sleeve over the sheath 13.

[0041] The illuminating device 10 may further be config-
ured for connection to a source of negative pressure. As
shown in FIG. 1, for this purpose, the shaft may include a
channel 12 extending from a valve 3 adapted for connection to
a source of negative pressure (not shown) at the proximal end
of the shaft 11 through the shaft 11 to the distal end of the
shaft. As explained below, generation of negative pressure at
the distal end of the light scatterer 23 is used to attach the light
scatterer 23 to the tissue surface and to immobilize the light
scatterer on the tissue surface during radiation.

[0042] The shaft 11 may optionally contain a working
channel (not shown) in order to accommodate a guide wire or
working tool, as required in any application.

[0043] The control unit 14 is provided with a user input
device, such as a keypad 34 to allow the user to select one or
more parameters of the treatment, such as the radiation inten-
sity or fluency. The control unit may also have a display 36
such as a screen 38 displaying the selected parameters and
other relevant information.

[0044] FIG.2shows adevice, generally indicated by 40, for
illuminating a tissue surface to be treated, in accordance with
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another embodiment of the invention. The tissue illuminating
device 40 has several components in common with the device
10 described above in reference to FIG. 1, and similar com-
ponents are indicated by the same reference numerals in
FIGS. 1 and 2 without further comment. The illuminating
device has a slender shaft 41, shown in longitudinal section in
FIG. 2, having aproximal end 45 and a distal end 47. The shaft
41 may be rigid or flexible, as required inany application. The
shaft 41 has a sheath 43 surrounding a light guide 20 that may
consist of a single optical fiber or a bundle of optical fibers.

[0045] The device 40 includes a light scatterer 48 at the
distal end 47 of the shaft that is optically coupled to the light
guide 20. The light scatterer 48 has a large caliber deployed
configuration shown in FIG. 24, and a small caliber unde-
ployed configuration shown in FIG. 2b. In this embodiment,
the light scatterer 48 includes a pleated sheet containing two
or more panels 50 that are hinged together by hinges 52. Inthe
undeployed configuration (FIG. 2b) the pleated sheet is
folded into the small caliber, while in the deployed configu-
ration (FIG. 2a) the pleated sheet is extended. The panels may
be formed from transparent silicone rubber in which a light
scattering substance is embedded. Light emitted from the end
face 26 of the light guide 20 enters the light scatterer 48 at a
first surface 45 and is scattered through the light scatterer 48.
The light is then emitted from an illuminating surface 49 on
each panel in an essentially forward direction, as indicated by
the arrows 53 to radiate the site to be treated. In the deployed
configuration, the illuminating surface 49 is preferably
shaped to conform to the surface to be radiated so that the
illuminating surface can be applied onto the surface to be
radiated. The light scatterer is preferably provided with a light
reflecting coating 59 on its rear surface in order to reflect back
scattered light in the light scatterer in the direction of the
arrows 53. The reflecting coating 59 may be made, from a
biocompatible shiny material, deposited on the rear surface of
the light scatterer.

[0046] The light scatterer 48 further includes an actuating
mechanism for transforming the light scatterer 48 between its
deployed and undeployed configurations. The hinges 52 com-
prise one or more elements formed from a shape memory
material such as Nitinol that has been trained to behave as
described below. The hinges have a deployed configuration
shown in FIG. 2a, and an undeployed configuration shown in
FIG. 2b. The hinges are attached to the panels so that passage
of the elements from their undeployed to their deployed con-
figurations drives the passage of the light scatterer 48 between
its undeployed configuration and its deployed configuration,
and vice versa.

[0047] The shaft 41 has a channel 60 for delivering a pres-
surized liquid such as physiological saline from a fluid source
62 located adjacent to, or inside, the control unit 14. The fluid
source 62 includes a temperature controlling system that
allows the temperature of the fluid to be selected by a user.
The fluid source 62 is in fluid contact with the channel 60 via
a connecting hose 64. When the light scatterer 48 in its unde-
ployed configuration is to be brought to its deployed configu-
ration, a pressurized fluid is used at a first temperature. The
fluid is delivered to the distal end 47 of the shaft where it
brings the temperature of the hinge elements to a temperature
at which the shape memory material undergoes a first shape
transition bringing the hinges 52 into their deployed configu-
ration. When the light scatterer 48 in its deployed configura-
tion is to be brought to its undeployed configuration, a pres-
surized fluid is used at a second temperature that is delivered
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to the distal end of the shaft where it brings the temperature of
the hinges 52 to a temperature at which the shape memory
material undergoes a second shape transition bringing the
hinges 52 into their undeployed configuration.

[0048] FIG. 3 shows adevice, generally indicated by 70, for
illuminating a tissue surface to be treated, in accordance with
yet another embodiment of the invention. The tissue illumi-
nating device 70 has several components in common with the
device 10 described above in reference to FIG. 1, and similar
components are indicated by the same reference numerals in
FIGS. 1 and 3 without further comment. The illuminating
device has a slender shaft 71, shown in longitudinal section in
FIG. 3, having a proximal end 75 and a distal end 77. The shaft
71 may be rigid or flexible, as required in any application. The
shaft 71 has a sheath 73 surrounding a light guide 20 that may
consist of a single optical fiber or a bundle of optical fibers.
[0049] The device 70 includes a light scatterer 78 at the
distal 77 of the shaft that is optically coupled to thelight guide
20. In this embodiment, the tight scatterer 78 is an inflatable
balloon that may be formed, for example, from transparent
silicone rubber in which a light scattering substance is
embedded. The light scatterer 78 has a large caliber deployed
configuration shown in FIG. 3a¢ in which the balloon is
inflated, and a small caliber undeployed configuration shown
in FIG. 34 in which the balloon is deflated. In the deployed
configuration, light emitted from the end face 26 of the light
guide 20 enters the light scatterer 78 at a first surface 75 and
is scattered through the light scatterer 78. The light is then
emitted from an illuminating surface 79 of the light scatterer
78 in an essentially forward direction, as indicated by the
arrows 83 to radiate the site to be treated. In the deployed
configuration, the illuminating surface 79 is preferably
shaped to conform to the surface to be radiated so that the
illuminating surface can be applied onto the surface to be
radiated. The light scatterer is preferable provided with a light
reflecting coating 89 on its rear surface in order to reflect back
scattered light in the light scatterer in the direction of the
arrows 83.

[0050] The shaft 71 has a channel 80 for delivering a pres-
surized fluid such as water or air from a fluid source 82 located
adjacent to, or inside, the control unit 14. The fluid source 82
is in fluid contact with the channel 80 via a connecting hose
84. When the light scatterer 78 in its undeployed configura-
tion is to be brought to its deployed configuration, the pres-
surized fluid is delivered to the distal end 47 of the shaft and
inflates the balloon. When the light scatterer 78 in its
deployed configuration is to be brought to its undeployed
configuration, the fluid is pumped from the balloon back to
the fluid source 82.

[0051] FIG. 4 depicts use of the device 40 in a surgical
procedure in which an internal body surface is to be radiated.
In the example of FIG. 4, the surgical procedure is treatment
of an aneurysm in the abdominal aorta 102. This is by way of
example only, and the device of the invention may be used to
radiate any body surface. As shown in FIG. 44, the shaft 41 of
the device 40, with the light scatterer 48 in its undeployed
configuration, is introduced through an incision at a first
location 96 on the body surface of a subject 95 into a body
cavity, which in this example, is an abdomen 99. The surgical
procedure may utilize laparoscopy, in which case an endo-
scope 97 is introduced into the abdomen 99 through a second
incision at a second location 98 on the body surface. Abdomi-
nal body organs (not shown in FIG. 4) are moved aside in
order to allow access to the aorta 102. The endoscope 97
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illuminates the abdomen 99 including the outer surface of the
aorta 102. The endoscope 97 is part of a laparoscopic imaging
system that displays on a display screen (not shown), an
image of the abdomen 99, so as to allow a user 110 to observe
the cavity 99 during the procedure. The abdomen 99 may
temporarily be expanded in order to facilitate the maneuver-
ability of the device 40 and the endoscope 97 in the abdomen
99.

[0052] InFIG. 4a, the device 40 has been maneuvered so as
to bring the distal end 47 of the shaft 41 and the light scatterer
48 into proximity with the aorta 102. At this point, the fluid in
the fluid source 62 (FIG. 2) is brought to the first temperature
and the fluid source 62 is then activated in order to deliver the
fluid at the first temperature through the connecting hose 64
(FIG. 2) and the channel 60 (FIG. 2) to the distal end 47 of the
shaft where it brines the hinge elements to a temperature in
which they assume their deployed configuration. This brings
the light scatterer 48 to its deployed configuration, as shown
in FIG. 4b. The illuminating surface 49 of the light scatterer
48 in the deployed configuration of the light scatterer 48 has
the shape of a partial cylindrical surface with a radius
approximately equal to the outer radius of the aorta 102 to be
radiated. The device 40 is then maneuvered in the abdomen
99 so as to apply the illuminating surface 49 to the outer
surface of the aorta 102, as shown in FIG. 4c¢. The valve 3 is
then opened to deliver negative pressure to the light scatterer
48 50 as to firmly apply the illuminating surface 49 to the aorta
and to immobilize the light scatterer 48 on the outer surface of
the aorta. The light source in the control unit 14 is then
activated. Light from the light source is conducted along the
light guide 20 to the light scatterer 48. Essentially the entire
surface area of the aorta that is in contact with the illuminating
surface 49 is simultaneously radiated.

[0053] When the radiation is completed, the negative pres-
sure is discontinued to release the light scatterer 48 from the
aorta. The fluid in the fluid source 62 is brought to the second
temperature, and the fluid source 62 is then activated in order
to deliver the fluid at the second temperature through the
connecting hose 64 and the channel 60 to the distal end 47 of
the shaft where it brings the hinge elements to a temperature
in which they assume their undeployed configuration. This
brings the light scatterer 48 back to its undeployed configu-
ration, as shown in FIG. 4d. The device 40 is then removed
from the abdomen 99.

1. A device for illuminating a body surface, comprising:

(a) a shaft having a proximal end and a distal end, the shaft
including a light guide having a cross-sectional area and
guiding light from the proximal end to the distal end;

(b) a light source optically coupled to the proximal end of
the light guide;

(c) alight scatterer attached to, and optically coupled to, the
distal end of the light guide, the light scatter having a
small caliber configuration and a large caliber configu-
ration, and further having in the large caliber configura-
tion a concave illuminating surface and having an area
greater than the cross sectional area of the light guide;
and

(d) a deployment mechanism configured to bring the light
scatterer from the small caliber configuration to the large
caliber configuration.

2. The device according to claim 1 wherein the deployment
mechanism is further configured to bring the light scatterer
from the large caliber configuration to the small caliber con-
figuration.
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3. The device according to claim 1 wherein the illuminating
surface is a concave cylindrical surface.

4. The device according to claim 1 wherein the light source
generates light from 500 to 900 nm.

5. The device according to claim 4 wherein the light source
has a fluency between 0.01 and 60 Joules/cm?>.

6. The device according to claim 3 wherein the light source
has fluency between 0.1 and 5 Joules/cm?.

7. The device according to claim 1 wherein the light source
generates light in a frequency range from about 780 nm to
about 2010 nm.

8. The device according to claim 1 wherein the light scat-
terer is formed from a resiliently flexible material.

9. The device according to claim 8 wherein the deployment
device comprises a sleeve surrounding the shaft, the sleeve
being slidable between a first position in which the light
scatterer is constrained by the sleeve in the small caliber
configuration and a second position in which the light scat-
terer adapts the large caliber configuration.

10. The device according to claim 1 wherein the light
scatterer is inflatable.

11. The device according to claim 10 wherein the deploy-
ment mechanism delivers a pressurized fluid to the light scat-
terer to inflate the light scatterer.

12. The device according to claim 1 wherein the illuminat-
ing surface is a pleated sheet.

13. The device according to claim 12 wherein the deploy-
ment mechanism comprises elements formed from a shape
memory alloy trained to have a first configuration coupled to
the large caliber configuration of the light scatterer and a
second configuration coupled to the small caliber configura-
tion of the light scatterer.

14. The device according to claim 13 wherein the deploy-
ment mechanism further comprises a liquid delivery system
delivering a liquid from a source to the light scatter.

15. The device according to claim 14 wherein the deploy-
ment mechanism further comprises a temperature controlling
system controlling the temperature of the liquid.

16. The device according to claim 1 further comprising
attachment means attaching the illuminating surface to the
body surface.

17. The device according to claim 1 adapted for illuminat-
ing a perivascular surface of a blood vessel.

18. A method for illuminating a body surface, comprising:

(a) providing a device for illuminating the body surface, the
device comprising:

a shaft having a proximal end and a distal end, the shaft
including a light guide having a cross-sectional area and
guiding light from the proximal end to the distal end,

a light source optically coupled to the proximal end of the
light guide;

a light scatterer optically coupled to the distal end of the
light guide, the light scatterer having a small caliber
configuration and a large caliber configuration, and fur-
ther having an illuminating surface conforming to the
body surface and having an area greater than the cross
sectional area of the optic fiber; and

a deployment mechanism configuration to bring the light
scatterer from the small caliber configuration to the large
caliber configuration;

(b) delivering the distal end of the shaft to the body surface
with thelight scatterer in the small caliber configuration;

(¢) activating the deployment mechanism to bring the light
scatterer into the large caliber configuration;
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(d) applying the illuminating surface to the body surface;
and

(e) illuminating the body surface from the light source.

19. The method according claim 18 wherein the deploy-
ment mechanism is further configured to bring the light scat-
terer from the large caliber configuration to the small caliber
configuration, and the method further comprises activating
the deployment mechanism to bring the light scatterer to the
small caliber configuration at the termination of the radiation.

20. The method according to claim 18 wherein the body
surface is a perivascular surface of a blood vessel.

21. The method according to claim 20 wherein the blood
vessel is an aneurysmal blood vessel.

22. The method according to claim 21 wherein the radia-
tion surface of the illuminating device is a partial cylindrical
surface.

23. The method according to claim 20 wherein the light
source generates light having a wavelength from 500 to 900
nm.

24. The method according to claim 23 wherein the light
source has a fluence between 0.01 and 50 Joules/cm?.

25. The method according to claim 24 wherein the light
source has a fluency between 0.1 and 5 Joules/cm?.

26. The method according to claim 20 for tissue welding
the body surface.

27. The method according to claim 26 wherein the light
source generates light in a frequency range from about 780
nm to about 2010 nm.

28. The method according to claim 20 further comprising
attaching the light scatterer to the body surface.

29. The method according to claim 20 further comprising
laparoscopic imaging of the body surface.

30. A method for treating an aneurysmal blood vessel com-
prising irradiating the blood vessel with radiation having a
wavelength from 500 to 900 nm.

31. The method according to claim 30 wherein the irradia-
tion has a wavelength from 600 to 900 nm.

32. The method according to claim 30 wherein the light
source has fluency between 0.001 and 50 Joules/cm>.

33. The method according to claim 30 wherein the light
source has fluency between 0.01 and 5 Joules/cm?,

34. The method according to claim 30 wherein a peri-
adventitial surface of the blood vessel irradiated.

35. A device for illuminating a peri-adventitial surface of a
blood vessel, comprising:

(a) an elongated shaft having a proximal end and a distal
end, the shaft including a light guide having a cross-
sectional area and guiding light from the proximal end to
the distal end;

(b) a light source optically coupled to the proximal end of
the light guide and illuminating light having a wave-
length in the range of 500 to 900 nm; and

(c) a light scatterer attached to and optically coupled to the
distal end of the light guide having a concave cylindrical
surface.

36. The device according to claim 35 wherein the light

source has a wavelength from 600 to 900 nm.

37. The device according to claim 35 wherein the light
source has fluency between 0.001 and 50 Joules/cm®.

38. The device according to claim 35 wherein the light
source has fluency between 0.01 and 5 Joules/cm®.
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