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Description

[0001] The present invention relates to the detection
of lesions within a body vessel. More specifically, the
present invention is directed to the detection of vulner-
able plagque legions by inserting a balloon into a body
vessel, wherein the balloon is at least partially com-
posed of material having temperature dependent prop-
erties which are optically detectable from within the bal-
loon during use. The present invention utilizes a tem-
perature responsive balloon material which exhibits a
detectable change in at least one optical property such
as color, reflectivity, optical density, polarization, etc.
when in immediate proximity to the higher temperature
of a vulnerable plaque lesion.

[0002] It is widely recognized that plaques or lesions
may be classified into three broad categories: calcified
or hard plaque lesions, fibrous or soft lesions and in-
flamed soft lipid filled plaques or lesions. The diagnosis
of the type of lesion drives the particular treatment of
the lesion, whether it is removal of the lesion by rotab-
lator, predilatation by balloon angioplasty, delivery of a
stent, with or without predilatation, or the like.

[0003] In particular, the identification of inflamed
plaques or lesions is important since these lesions are
at greatest risk of rupture, which can lead to a large
thrombus or blood clot, which can completely occlude
the flow of blood through the artery, leading to injury of
the heart or brain. An inflamed or vulnerable lesion is
characterized by its cap thickness, lipid pool size and
inflammation or temperature. This is discussed in great
detail in US 5935075. As discussed in US 5935075, con-
siderable evidence indicates that plaque rupture trig-
gers 60-70% of fatal myocardial infarctions. An inflamed
plaque is hotter than the surrounding tissue. US
5935075 relates to using an infrared fiber optic system
to locate inflamed heat producing plaque by detecting
the infra-red radiation absorbed by the balloon to a de-
tector and signal fiber. However, the device described
therein is very expensive, making it available in a limited
number of procedures. What is needed is a more inex-
pensive method for classifying plaques or lesions, and
in particular determining which plaques are hard, soft or
inflamed, which drives the treatment after diagnosis.
[0004] In copending application 08/951769, entitled
Thermal and Stress Mapping of Body Lumens, com-
monly assigned, there is described a technique for
measuring lesion temperature by analyzing stress pat-
terns in a lesion molding balloon which are revealed un-
der a polariscope after the balloon has been molded to
the lesion and then removed from the body for inspec-
tion. In this same application it has alternatively been
suggested to use a balloon coating which changes color
in accordance with a temperature experience.

[0005] Many materials are known which, within a de-
fined temperature range change color in accordance
with the then current temperature. Many such materials,
however, are reversible, so that the observed color
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(within a material response time lag) is reflective of the
real time temperature, not a past temperature history.
Such materials would not be suitable to use in the sys-
tem of application 08/951769, since the lesion temper-
ature is not read until the balloon has removed from the
body.

[0006] As aresult, itis clear that there is a continued
need for a relatively inexpensive means of detecting vul-
nerable plaque within the body using a balloon having
a temperature responsive material which produces a
detectable change which may be detected and/or ob-
served while the balloon remains in the body.

BRIEF SUMMARY OF THE INVENTION

[0007] This invention provides for a balloon catheter
which may be inserted into a body lumen and advanced
to the suspected location of a vulnerable plaque lesion.
At least a portion of the balloon material is comprised of
a temperature responsive material such as a thermo-
chromic cholesteric liquid crystal material or materials
which produces an optically detectable property change
when the material is exposed to increases in tempera-
ture. For instance thermometers using cholesteric liquid
crystal such as those available from Hallcrest, Inc. are
known to display a specific color when a given temper-
ature is reached or exceeded. Materials exhibiting a
color change or other type of detectable change in an
optical property, such as: a change in polarization, op-
tical density, reflectivity, etc.; when the material is sub-
jected to a predetermined temperature may be suitable
for use in the present invention.

[0008] Because the balloon includes material having
such temperature indicating property, or properties,
when the balloon is inflated to be in contact with a vul-
nerable plaque lesion, the higher temperature of the le-
sion will be detected by analyzing a beam of light which
is directed on to the suspected lesion site and the bal-
loon material in contact therewith. In at least one em-
bodiment of the invention the light may allow a user to
directly observe a change in the balloon material such
as a color change, alternatively a detector may be used
to detect changes such as a change in the materials re-
flectivity as a result of the increase in temperature.
[0009] Because many thermochromic cholesteric lig-
uid crystal materials provide a real-time indication of
temperature, it is desirable to observe the property
change(s) of the balloon material while it is in contact
with the lesion site. In at least one embodiment of the
present invention, the balloon material may be directly
observed in situ, from within the expanded balloon, by
providing the catheter with at least one light source
which may be used to transmit light into the balloon to
illuminate the balloon interior so that any potential color-
ing, or other physical change, of the material may be
detected by a light detecting device or a viewing device
to provide for direct observation by a practitioner. By de-
tecting and/or viewing the color, or other property
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change in the material or light reflected therefrom, the
practitioner is able to confirm the location of a lesion in
real time. If no color change or other property change is
detected, the balloon may be deflated and advanced to
another site, where the balloon may once again be in-
flated and potential changes observed.

[0010] Inlight of the above, the present invention pro-
vides for a catheter that may provide real time location
and imaging of vulnerable plaque lesions.

[0011] In at least one embodiment of the invention a
catheter is provided which has a balloon, the balloon be-
ing capable of repeated inflation and deflation so that
with a single use the catheter may be used to locate one
or more lesions which may be located along the length
of a body vessel or lumen.

[0012] In at least one embodiment, the balloon cath-
eter of the present invention may be incorporated into
other devices and/or incorporate other devices. For ex-
ample the present invention may be equipped with a
second balloon which may be employed to deliver a
stent to a lesion site detected by the thermochromatic
balloon of the present invention. Such hybrid devices
could allow a single catheter to be used for detection
and treatment of a lesion, thereby avoiding the need to
employ multiple catheters and thus multiple medical
procedures.

[0013] In addition to the apparatus described above,
amethod is described which requires advancing the bal-
loon catheter to the suspected site of a lesion, inflating
the balloon to contact the lesion, after an equilibration
time illuminating the balloon surface from within the bal-
loon by transmission of light from a light source posi-
tioned alternatively within the balloon or outside of the
balloon, directing the light onto the portion of the balloon
in contact with the lesion, and then detecting the light
reflected from the balloon material with a detector or
through direct visual inspection.

[0014] Directdetection and/or observation of changes
in the balloon material via reflected light may allow a
user to produce a temperature map of the lesion. By ref-
erencing the shape of the lesion as indicated by the ob-
served deformation of the inflated balloon and the opti-
cal properties of the balloon material, a temperature
map may be generated which can be used to determine
whether a lesion is an inflamed vulnerable lesion which
is at greatest risk of rupture. The observed properties of
the material at a lesion site may also be used to deter-
mine whether the lesion is a hard calcified lesion or other
type of lesion.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0015] A detailed description of the invention is here-
after described with specific reference being made to

the drawings in which:

FIG. 1is a side view of an embodiment of the inven-
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tion;

FIG. 2 is a side view of an embodiment of the inven-
tion;

FIG. 3 is a side view of an embodiment of the inven-
tion;

FIG. 4 is a diagrammatic view of the light pathway
of the embodiment of the invention shown in FIG. 1;
FIG. 5 is a diagrammatic view of the light pathway
of the embodiment of the invention shown in FIG.
2; and.

FIG. 6 is a diagrammatic view of the light pathway
of the embodiment of the invention shown in FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

[0016] In the embodiment of the invention shown in
FIG. 1, the balloon catheter, indicated generally by ref-
erence numeral 10, may be seen to have a catheter
shaft 12 with a medical balloon 14 mounted thereupon.
As may be seen the catheter shaft 12 has a distal end
16 and a proximal end 18. In the embodiment shown the
balloon 14 is mounted on the distal end 16 of the cath-
eter shaft 12, however, in alternative embodiments the
balloon 14 may be mounted at any location along the
catheter shaft 12. In the embodiment shown the distal
end 16 of the catheter shaft 12 is inserted into a body
lumen or vessel 20, where as the proximal end 18 re-
mains outside the body lumen 20.

[0017] The balloon 14 has aninside 22 and an outside
24. The balloon 14 is expandable between an unex-
panded state and an expanded state. The balloon 14 is
in fluid communication with an inflation lumen 26. When
the balloon 14 is advanced to a predetermined location
within the vessel 20, fluid may be passed from the prox-
imal end 18, through the inflation lumen 26 into the in-
side 22 of the balloon 14 to provide for expansion of the
balloon 14. When the balloon is expanded to the ex-
panded state, the outside 24 of balloon 14 will contact
the site of a suspected lesion 28.

[0018] As indicated above the material of the balloon
includes at least one temperature responsive material
which when subjected to elevated temperatures will ex-
hibit a change in color and/or changes in other optically
detectable physical characteristics as well. It is known
that vulnerable plaque lesions tend to be approximately
2-3 degrees (Celsius) warmer than the surrounding ves-
sel. As a result, when the temperature responsive ma-
terial 30 of balloon 14 is in contact with a lesion 28, in
at least one embodiment of the invention, the relatively
higher temperature of the lesion 28 will cause the ma-
terial 30 to change color. For example the material 30
may exhibit a substantially uniform color, such as gray
or black when exposed to the temperature of a body lu-
men. The material may change from this first color to a
second color, such as red or yellow when the material
is exposed to a 1 or 2 degree increase in temperature.
[0019] In at least one embodiment the material 30
may also be provided with the ability to change to addi-
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tional colors as the temperature increases. For exam-
ple, a three degree increase in temperature may result
in a third color such as green or blue; a four degree in-
crease in temperature may result in the material transi-
tioning back to its original color or the material may ex-
hibit yet another color.

[0020] Depending on the specific characteristics of
the temperature responsive material, a plurality of
colors, or other property changes may be provided for.
In the embodiment where color change is indicative of
elevated temperatures, a specific color may be attribut-
able to a specific temperature throughout a predeter-
mined temperature range. As a result, such material 30
may provide a color map of an inflamed lesion 28 where-
in the warmer center is depicted by one color and other
colors depict the decrease in temperature from the
warmer center of the lesion to its outer limits.

[0021] Inthe embodiment shown the temperature re-
sponsive material 30 is included in the balloon material
making up at least the inside 22 of the balloon 14. Alter-
natively, the temperature responsive material 30 may be
a coating applied, selectively or otherwise, to the inside
22 of the balloon 14. The temperature responsive ma-
terial 30 may also be a fluid which is positioned between
the inside 22 and outside 24 of the balloon 14, wherein
the inside 22 is transparent.

[0022] The temperature responsive material 30 may
be a chromatically responsive cholesteric liquid crystal.
The material 30 may be comprised of one or more ma-
terials selected from the group consisting of: cholesteryl
halides; mixed esters of cholesterol and inorganic acids;
cholesteryl esters of saturated and unsaturated, substi-
tuted and unsubstituted organic acids; cholesteryl
ethers and any combinations thereof. The temperature
responsive material 30 may include other chromatically
responsive substances as are known.

[0023] In alternative embodiments of the invention it
may be desirable to select specific substances for inclu-
sion into the material 30. In such embodiments the ma-
terial 30 is selected from one or more of the group con-
sisting of: cholesteryl chloride; combinations of choles-
teryl bromide and cholesteryl iodide; cholesteryl nitrate;
cholesteryl nonanoate; cholesteryl crotonate; cholester-
yl chloroformate; cholesteryl chlorodecanoate; choles-
teryl chloroeicosanoate; cholesteryl butyrate; cholester-
yl caprate; cholesteryl oleate; cholesteryl linolate;
cholesteryl linolenate; cholesteryl laurate; cholesteryl
erucate; cholesteryl myristate; cholesteryl clupanodo-
nate; oleyl cholesteryl carbonate; cholesteryl heptyl car-
bamate, decyl cholesteryl carbonate; cholesteryl p-chlo-
robenzoate; cholesteryl cinnamate; cholesteryl ethers;
cholesteryl decyl ether; cholesteryl lauryl ether; choles-
teryl oleyl ether; and any combinations thereof.

[0024] In order for the above described color change
(s) or other property change(s) to be detected, the
present invention may be equipped with a light source
which may transmit a predetermined wavelength or
wavelengths of light into the inside of the balloon in order
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to illuminate the material 30. In the embodiment shown
in FIG. 1, the light source 32 is positioned at the proximal
end 18 of the catheter shaft 12, outside the vessel 20.
A fiber optic line 34 transmits the light (indicated by ar-
row 36) from the light source 32 into the inside 22 of the
balloon 14.

[0025] As may be seen in FIG. 1, the fiber optic line
34 may be provided with multiple fibers 38 for light trans-
mission and may also include additional fibers for light
returning from the interior (returning light) to be detect-
ed. Returning light is indicated by arrow 42. The one or
more of the additional fibers 38 may be used to provide
a direct optical link between the inside 22 of the balloon
14 and the proximal end 18 of the catheter shaft 12,
thereby providing a practitioner with the ability to directly
observe what the light 36 transmitted into the balloon 14
is illuminating, namely the temperature responsive ma-
terial 30 and the associated colors thereon.

[0026] Inatleastone embodiment, the fiber(s) 38 may
be connected to a detector 40 which may provide an
image for the practitioner to inspect. The detector 40
may be a monitor, camera, computer or other device
which provides a practitioner with the ability to see the
illuminated interior 22 of the balloon 14 and/or detect a
the light returning from the material 30. The detector
may be designed to detect the entire spectrum of light
returning from the material 30 or a predetermined wave-
length thereof. The detector may further be constructed
to emit a detector signal to indicate a detected change
in a property of the light which is indicative of the pres-
ence of a lesion. Such properties and their detectable
changes may include the aforementioned polarity, opti-
cal density, reflectivity, spectrum, wavelength, and/or
other light properties.

[0027] In at least one embodiment of the invention,
the detector may be constructed to provide an indicator
signal as to the presence of a predetermined wave-
length of light, which would be provided when incoming
light 36 is reflected off of the material 30. In such an em-
bodiment it may be necessary to filter undesired spectra
of light so that the detector 40 receives the wavelength
or spectrum indicative of the elevated temperature of the
lesion 28. As a result a filter 44, may be provided which
differentially filters out undesired wavelengths of light,
and transmits only the wavelength, indicated by arrow
46, associated with the property change(s) of material
30 which may be indicative of the elevated temperature
of a lesion 28.

[0028] To better understand the path way of light
passing through the potential embodiments described
above and shown in FIG. 1, a block diagram is provided
in FIG. 4.

[0029] AsmaybeseeninFIG.4, afirst predetermined
wavelength of light 36 is emitted from light source 32.
The light 36 travels along fiber optic line 34 to the inside
22 of the balloon where it illuminates the inside 22 of the
balloon including the temperature responsive material
30. Once the light contacts the material 30, the light is
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at least partially reflected away from the material 30 and
may be observed in the form of reflected light 42. Re-
flected light 42 is passed back through line 34 or a fiber
38 thereof and may be detected by detector 40 where
an image or other electronic signal is produced. If de-
sired the reflected light 42 may be passed through afilter
44 which differentially filters the light 42 to allow trans-
mission of only a predetermined wavelength or color of
light 46 which is the same as or indicative of the color
of the material 30 in contact with a lesion.

[0030] Turning to FIG. 2, an alternative embodiment
of the invention may be seen wherein a light directing
device 50 such as a mirror, reflector, or similar apparatus
is positioned within the inside 22 of the balloon 14. The
light directing device or director 50 may be fixedly or
moveably positioned along the longitudinal axis 52 of
the balloon 14. The director may be mounted on a prox-
imally extending member 54 which extends to the prox-
imal end 18. The director 50 directs the light 36 trans-
mitted into the inside 22 of the balloon 14 to a specific
location on the inside 22, namely the temperature re-
sponsive material 30 in contact with lesion 28.

[0031] In order to direct the light 36 about the entire
inside 22 of the balloon 14, the director 50 may be
moved along the length of the longitudinal axis 52 of the
balloon 14 by pushing or pulling the member 54 at the
proximal end 18. The director may also be rotated about
the longitudinal axis 52 by similarly rotating the member
54 at the proximal end 18. By rotating and moving the
director 50 along the longitudinal axis 52 of the balloon
14 the entire inside 22 of the balloon 14 may be inspect-
ed for detectable changes in the material 30 which indi-
cate the presence of a lesion 28.

[0032] In the embodiment shown the light director 50
may also include filter 44. The filter 44 may be positioned
adjacent to the director 50. Where the director 50 is a
reflector or mirror, the filter may be positioned beneath
the reflective surface 58 of the director 50. The reflective
surface 58 may be designed to pass a predetermined
wavelength or wavelengths 60 of reflected light 42
therethrough. The predetermined wavelength or wave-
lengths 60 may then be passed into filter 44 which dif-
ferentially filters and transmits the received wavelengths
to the detector 40 in the manner described above. The
pathway of light described in relation to FIG. 2 may be
seen in the block diagram shown in FIG. 5 as well.
[0033] As previously indicated the detector 40 may be
constructed to detect not only specific wavelengths of
light received from light reflected off of the material 30,
but alternatively or in addition, the detector 40 may de-
tect changes in other properties of the reflected light 42
such as a given wavelength amplitude, frequency, re-
flectivity, polarization, etc., which may be indicative of a
change in the physical property of the material 30, which
in turn may indicate the presence of a legion 28.
[0034] In should also be noted that the invention may
also be directed to the use of alternative spectra of elec-
tromagnetic radiation in addition to or as alternatives to
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the visible light spectrum. Light source 32 may emit any
form of radiation as may be appropriate and desired.
The various physical changes in the reflected radiation
which may be detected by the detector may likewise
vary in the manner described.

[0035] As may be seen in FIGs. 1 and 2, the light 36
may be transmitted into the balloon 14 via fiber optic line
34. In the embodiment shown in FIG. 3, the light source
32 is a light emitting diode (LED) positioned directly in
the inside 22 of the balloon 14. Due to advances in LED
technology it is possible to provide a light source 32
which has a significantly reduced size so as to not sub-
stantially increase the profile of the catheter 10 if at all.
Additionally, an LED may be provided which has mini-
mal heat out put so as to not interfere with the perform-
ance of the temperature responsive material 30.
[0036] In the embodiment shown in FIG. 3 the LED
light source 32 obviates the need for the fiber optic line
34 and/or fiber 38, such as may be seen in FIGs. 1 and
2. However, despite the extremely low power consump-
tion of an LED, the light source 32 requires a means of
acquiring electrical power. As a result within lumen 26,
or through an additional lumen, a conductive member
or wire 62 extends from the light source 32 to the prox-
imal end 18 where it is in communication with a power
source (not shown).

[0037] In the embodiment shown in FIGs 3 and 6, at
least one predetermined wavelength of light 36 is trans-
mitted by the LED light source 32. The light 36 is colli-
mated by a lens 64. The lens 64 may be designed to
focus, disperse, filter or otherwise modify the light emit-
ted from the LED 32 as may be desired. The collimated
light 66 is then directed to the director 50 where it is at
least partially reflected off of the reflective surface 58 of
the director 50. The light, now referred to as directed
light 68, is then directed to the material 30. At least a
portion of the directed light 68 is reflected off of the ma-
terial 30 and is thereupon referred to as reflected light
42 which is reflected back to the reflective surface 58 of
the director 50. A predetermined wavelength or wave-
lengths 60 of the reflected light 42 is passed through the
reflective surface 58 and differentially transmitted
through filter 44 to produce at least one predetermined
wavelength, or other characteristic as previously dis-
cussed, of light 46 which is indicative of the increased
temperature of the balloon material 30 associated with
the presence of lesion 28. The predetermined charac-
teristic 46 is then detected by detector 40.

[0038] Upon detecting the requisite predetermined
characteristic 46 of the reflected light 42 which is sug-
gestive of the presence of a lesion 28, the detector may
constructed to transmit a detector signal which notifies
a practitioner of the lesion presence. The practitioner
may then note the location of the lesion 28 and take fur-
ther action.

[0039] It should be noted that in any of the embodi-
ments described above and shown in FIGs. 1-6 may be
combined in whole or in part as desired.
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[0040] In addition to being directed to the embodi-
ments described above and claimed below, the present
invention is further directed to embodiments having dif-
ferent combinations of the features described above
and claimed below. As such, the invention is also direct-
ed to other embodiments having any other possible
combination of the dependent features claimed below.
[0041] The above examples and disclosure are in-
tended to be illustrative and not exhaustive. These ex-
amples and description will suggest many variations
and alternatives to one of ordinary skill in this art. All
these alternatives and variations are intended to be in-
cluded within the scope of the attached claims. Those
familiar with the art may recognize other equivalents to
the specific embodiments described herein which equiv-
alents are also intended to be encompassed by the
claims attached hereto.

Claims
1. A balloon catheter assembly comprising:

a catheter (12);

a balloon mounted on the catheter, at least a
portion of the balloon including a temperature
responsive material thereon which produces a
photo output of light characteristic of the tem-
perature of the temperature responsive materi-
al when irradiated with light within a character-
istic wavelength range;

a detector (40) adapted to respond to a photo
output produced by the temperature respon-
sive material and to produce a signal indicative
of the temperature thereof, characterized in
that the assembly futhermore comprise

a light source (32) adapted to direct light of said
characteristic wavelength range from the inte-
rior of the balloon to the temperature respon-
sive material on the balloon.

2. The balloon catheter assembly of claim 1 wherein
the light source is positioned in the inside of the bal-
loon.

3. The balloon catheter assembly of claim 1 or claim
2 wherein the light source is a light emitting diode
(LED).

4. The balloon catheter assembly of any previous
claim wherein the detector is positioned in the inside
of the balloon.

5. The balloon catheter assembly of any previous
claim wherein the light source comprises at least
one optical fiber positioned within a lumen of the
catheter and extending from the inside of the bal-
loon to the proximal end of the catheter shaft.
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10.

1.

12.

13.

14.

15.

16.

17.

The balloon catheter assembly of any previous
claim wherein the light source further comprises a
light directing device, the light directing device con-
structed and arranged to receive light of said char-
acteristic wavelength range transmitted through
said catheter to the interior of the balloon and to di-
rect said light from the interior of the balloon onto
the temperature responsive material.

The balloon catheter assembly of claim 6 wherein
the light directing device is positioned within the in-
side of the balloon.

The balloon catheter assembly of claim 7 wherein
the light directing device is constructed and ar-
ranged to move along a longitudinal axis of the in-
side of the balloon.

The balloon catheter assembly of claim 8 wherein
the light directing device is further constructed and
arranged to rotate about the longitudinal axis of the
inside of the balloon.

The balloon catheter assembly of any of claims 7-9
wherein the light directing device is a reflector.

The balloon catheter assembly of any previous
claim further comprising a filter, the filter construct-
ed and arranged to filter light received thereon from
the temperature responsive material, and to pass
light of said photo output to the detector.

The balloon catheter assembly of claim 11 wherein
the filter is positioned outside of the balloon.

The balloon catheter assembly of claim 11 wherein
the filter is positioned in the inside of the balloon.

The balloon catheter assembly of any previous
claim wherein the at least one temperature respon-
sive material is a chromatically responsive choles-
teric liquid crystal.

The balloon catheter assembly of claim 14 wherein
the inside of the balloon is transparent to light of said
characteristic wavelength range, the chromatically
responsive cholesteric liquid crystal being posi-
tioned between the inside and the outside of the bal-
loon.

The balloon catheter assembly of claim 14 wherein
the chromatically responsive cholesteric liquid crys-
tal is a coating on the inside of the balloon.

The balloon catheter assembly of claims 14, 15 or
16 wherein the chromatically responsive cholester-
ic liquid crystal is selected from the group consisting
of: cholesteryl halides; mixed esters of cholesterol
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and inorganic acids; cholesteryl esters of saturated
and unsaturated, substituted and unsubstituted or-
ganic acids; cholesteryl ethers and any combina-
tions thereof.

The balloon catheter assembly of claims 14-16
wherein the chromatically responsive cholesteric
liquid crystal material is selected from at least one
member of the group consisting of: cholesteryl chlo-
ride; combinations of cholesteryl bromide and
cholesteryl iodide; cholesteryl nitrate; cholesteryl
nonanoate; cholesteryl crotonate; cholesteryl chlo-
roformate; cholesteryl chlorodecanoate; cholester-
yl chloroeicosanoate; cholesteryl butyrate; choles-
teryl caprate; cholesteryl oleate; cholesteryl
linolate; cholesteryl linolenate; cholesteryl laurate;
cholesteryl erucate; cholesteryl myristate; choles-
teryl clupanodonate; oleyl cholesteryl carbonate;
cholesteryl heptyl carbamate, decyl cholesteryl car-
bonate; cholesteryl p-chlorobenzoate; cholesteryl
cinnamate; cholesteryl ethers; cholesteryl decyl
ether; cholesteryl lauryl ether; cholesteryl oleyl
ether; and any combinations thereof.

The balloon catheter assembly of any previous
claim wherein the light source further comprises at
least one lens positioned in the inside of the balloon,
the at least one lens constructed and arranged to
collimate the light of said characteristic wavelength
range prior to the light being directed to the temper-
ature responsive material.

The balloon catheter assembly of any previous
claim wherein the photo output of the temperature
responsive material is a predetermined material
color indicative of temperature.

The balloon catheter assembly of any previous
claim wherein the detector signal is an optically de-
tectable signal.

The balloon catheter assembly of any of claims 1-20
wherein the detector signal is an electrical signal.

The balloon catheter assembly of any of claims 1-20
wherein the detector signal is an infrared signal.

The balloon catheter assembly of claim 5 wherein
the at least one optical fiber is constructed and ar-
ranged to transmit the detector signal from the de-
tector to the proximal end of the catheter shaft.

A balloon catheter comprising:

a catheter shaft, the catheter shaft having a
proximal end, a distal end, and a predetermined
length;

a balloon, the balloon mounted to a portion of
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26.

27.

28.

12

the distal end of the catheter shaft, the balloon
having an uninflated state and being expanda-
ble to an inflated state, the balloon further hav-
ing an inside and an outside, the balloon being
made at least partially of at least one tempera-
ture responsive material, the at least one tem-
perature responsive material constructed and
arranged to exhibit at least one predetermined
color when the material is in contact with an ob-
ject having at least one predetermined temper-
ature;

atleast one lumen, the at least one lumen being
defined by the catheter shaft and extending
from the inside of the balloon to the proximal
end of the catheter shaft, the first lumen being
in fluid communication with the inside of the bal-
loon;

at least one optical fiber, the at least one optical
fiber extending from the proximal end of the
catheter shaft to the inside of the balloon, the
at least one optical fiber having a first end po-
sitioned at the proximal end of the catheter
shaft and a second end positioned in the inside
of the balloon;

a light source the light source constructed and
arranged to transmit light;

a light director, the light director constructed
and arranged to direct the light received from
the light source transmitted from the proximal
light source through the at least one optical fib-
eronto a portion of the at least one temperature
responsive material of the balloon; and

a light detector, the light detector constructed
and arranged to detect at least one predeter-
mined color of light and thereupon transmit a
detector signal.

The balloon catheter of claim 25 wherein the light
director comprises a reflector, the reflector having
at least one reflecting surface, the reflector con-
structed and arranged to reflect at least a portion of
the light transmitted by the light source onto at least
a portion of the at least one temperature responsive
material, the at least a portion of the light charac-
terized as directed light.

The balloon catheter of claim 26 further comprising
a filter, the at least a portion of the at least one tem-
perature responsive material further constructed
and arranged to reflect at least a portion of the di-
rected light onto the filter, the at least a portion of
the directed light comprising the reflected light, the
filter constructed and arranged tofilter at least a por-
tion of the reflected light and transmit the at least
one predetermined color of light to the detector.

The balloon catheter of claim 27 wherein the filter
is positioned below the at least one reflective sur-
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face of the reflector.

29. The balloon catheter of claim 28 wherein the reflec-

tor surface is constructed and arranged to permit
passage of the at least a portion of the reflected light
therethrough.

Patentanspriiche

1.

Ballonkathetereinheit, umfassend:
einen Katheter (10);

einen Ballon, der auf dem Katheter befestigt ist,
wobei zumindest ein Abschnitt des Ballons ei-
nen temperaturempfindlichen Werkstoff darauf
enthalt, der eine Lichtabgabe erzeugt, die
kennzeichnend fiir die Temperatur des tempe-
raturempfindlichen Werkstoffs ist, wenn Licht
eines bestimmten Wellenldngenbereichs ihn
bestrahlt;

eine Nachweiseinrichtung (40), die so ange-
passt ist, dass sie auf eine Lichtabgabe an-
spricht, die von dem temperaturempfindlichen
Werkstoff ausgeht und dass sie ein Signal er-
zeugt, das bezeichnend ist fir dessen Tempe-
ratur, dadurch gekennzeichnet, dass die Ein-
heit weiterhin umfasst

eine Lichtquelle (32), die so angepasst ist, dass
sie Licht dieses bestimmten Wellenldngenbe-
reichs vom Inneren des Ballons auf den tempe-
raturempfindlichen Werkstoff auf dem Ballon
leitet.

Ballonkathetereinheit nach Anspruch 1, wobei die
Lichtquelle im Inneren des Ballons angeordnet ist.

Ballonkathetereinheit nach Anspruch 1 oder An-
spruch 2, wobei die Lichtquelle eine Leuchtdiode
(LED) ist.

Ballonkathetereinheit nach einem der vorherge-
henden Anspriiche, wobei die Nachweiseinrichtung
im Inneren des Ballons angeordnet ist.

Ballonkathetereinheit nach einem der vorherge-
henden Anspriiche, wobei die Lichtquelle minde-
stens eine Lichtleitfaser umfasst, die in einem Hohl-
raum des Katheters angeordnet ist und vom Inne-
ren des Ballons zum proximalen Ende des Kathe-
terschafts verlauft.

Ballonkathetereinheit nach einem der vorherge-
henden Anspriiche, wobei die Lichtquelle weiterhin
eine Lichtleitvorrichtung umfasst, wobei die Licht-
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10.

1.

12.

13.

14.

15.

16.

17.

leitvorrichtung so hergestellt und angeordnet ist,
dass sie Licht dieses bestimmten Wellenlangenbe-
reichs empfangt, das durch diesen Katheter ins In-
nere des Ballons gesendet wird und dass sie das
Licht aus dem Inneren des Ballons auf den tempe-
raturempfindlichen Werkstoff leitet.

Ballonkathetereinheit nach Anspruch 6, wobei die
Lichtleitvorrichtung im Inneren des Ballons ange-
ordnet ist.

Ballonkathetereinheit nach Anspruch 7, wobei die
Lichtleitvorrichtung so hergestellt und angeordnet
ist, dass sie sich entlang einer Langsachse des In-
neren des Ballons bewegt.

Ballonkathetereinheit nach Anspruch 8, wobei die
Lichtleitvorrichtung weiterhin so hergestellt und an-
geordnet ist, dass sie sich um die Ldngsachse des
Inneren des Ballons dreht.

Ballonkathetereinheit nach einem der Anspriiche 7
bis 9, wobei die Lichtleitvorrichtung ein Rickstrah-
ler ist.

Ballonkathetereinheit nach einem der vorherge-
henden Anspriiche, weiterhin umfassend einen Fil-
ter, wobei der Filter so hergestellt und angeordnet
ist, dass er Licht, das er von dem temperaturemp-
findlichen Werkstoff empfangt, filtert und dass er
Licht dieser Lichtabgabe an die Nachweiseinrich-
tung weiterleitet.

Ballonkathetereinheit nach Anspruch 11, wobei der
Filter auBerhalb des Ballons angeordnet ist.

Ballonkathetereinheit nach Anspruch 11, wobei der
Filter im Inneren des Ballons angeordnet ist.

Ballonkathetereinheit nach einem der vorherge-
henden Anspriiche, wobei dieser wenigstens eine
temperaturempfindliche Werkstoff ein mit Farbver-
anderung reagierender cholesterischer Flussigkri-
stall ist.

Ballonkathetereinheit nach Anspruch 14, wobei das
Innere des Ballons durchlassig fur Licht des be-
stimmten Wellenlangenbereichs ist, wobei der mit
Farbveranderung reagierende cholesterische Flis-
sigkristall zwischen dem Inneren und dem AuReren
des Ballons angeordnet ist.

Ballonkathetereinheit nach Anspruch 14, wobei der
mit Farbveranderung reagierende cholesterische
Flussigkristall eine Beschichtung an der Innenseite
des Ballons ist.

Ballonkathetereinheit nach Anspruch 14, 15 oder
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16, wobei der mit Farbveranderung reagierende
cholesterische Flussigkristall aus der Gruppe ge-
wahlt ist, die besteht aus: Cholesterylhalogeniden;
gemischten Estern aus Cholesterin und anorgani-
schen Sauren; Cholesterylestern aus gesattigten
und ungeséttigten, substituierten und nicht substi-
tuierten organischen Sauren; Cholesterylethern
und jeder Verbindung davon.

Ballonkathetereinheit nach den Anspriichen 14 bis
17, wobei der mit Farbveranderung reagierende
cholesterische Flussigkristallwerkstoff mindestens
ein Mitglied der Gruppe ist, die besteht aus: Chole-
sterylchlorid; Verbindungen aus Cholesterylbromid
und Cholesteryljodid; Cholesterylnitrat; Choleste-
rylnonanoat; Cholesterylcrotonat; Cholesterylchlor-
formiat; Cholesterylchlordekanoat; Cholesteryl-
chloreicosanat; Cholesterylbutyrat; Cholesterylca-
prat; Cholesteryloleat; Cholesteryllinoleat; Chole-
steryllinolenat; Cholesteryllaurat; Cholesteryleru-
cat; Cholesterylmyristat; Cholesterylclupanodonat;
Oleylcholesterylkarbonat; Cholesterylheptylkarba-
mat, Decylcholesterylkarbonat; Cholesteryl-
p-Chlorbenzoat; Cholesterylcinnamat; Cholestery-
lethern; Cholesteryldecylether; Cholesteryllauryle-
ther; Cholesteryloleylether und jeder Verbindung
davon.

Ballonkathetereinheit nach einem der vorherge-
henden Anspriiche, wobei die Lichtquelle weiterhin
mindestens eine Linse umfasst, die im Inneren des
Ballons angeordnet ist, wobei diese mindestens ei-
ne Linse so hergestellt und angeordnet ist, dass sie
das Licht des bestimmten Wellenlangenbereichs
parallel richtet, bevor das Licht zum temperatur-
empfindlichen Werkstoff geleitet wird.

Ballonkathetereinheit nach einem der vorherge-
henden Anspriiche, wobei die Lichtabgabe des
temperaturempfindlichen Werkstoffs in einer vorge-
gebenen Farbe besteht, die temperaturanzeigend
ist.

Ballonkathetereinheit nach einem der vorherge-
henden Anspriiche, wobei das Nachweissignal ein
optisch nachweisbares Signal ist.

Ballonkathetereinheit nach einem der Anspriiche 1
bis 20, wobei das Nachweissignal ein elektrisches
Signal ist.

Ballonkathetereinheit nach einem der Anspriiche 1
bis 20, wobei das Nachweissignal ein Infrarotsignal
ist.

Ballonkathetereinheit nach Anspruch 5, wobei die
mindestens eine Lichtleitfaser so hergestellt und
angeordnet ist, dass sie das Nachweissignal von
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der Nachweiseinrichtung zum proximalen Ende des
Katheterschaft Gibertragt.

25. Ballonkatheter, umfassend:

einen Katheterschaft, wobei der Katheterschaft
ein proximales Ende, ein distales Ende und ei-
ne vorgegebene Lange aufweist;

einen Ballon, wobei der Ballon auf einem Ab-
schnitt des distalen Endes des Katheterschafts
befestigt ist, wobei der Ballon einen unaufge-
pumpten Zustand aufweist und auf einen auf-
gepumpten Zustand gedehnt sein kann, wobei
der Ballon weiterhin eine Innenseite und eine
AuBenseite aufweist, wobei der Ballon zumin-
dest teilweise aus mindestens einem tempera-
turempfindlichen Werkstoff hergestellt ist, wo-
bei dieser mindestens eine temperaturemp-
findliche Werkstoff so hergestellt und angeord-
net ist, dass er mindestens eine vorgegebene
Farbe zeigt, wenn der Werkstoff in Berlihrung
mit einem Gegenstand ist, der mindestens eine
vorgegebene Temperatur aufweist;

mindestens einen Hohlraum, wobei dieser min-
destens eine Hohlraum durch den Katheter-
schaft begrenzt ist und vom Inneren des Bal-
lons zum proximalen Ende des Katheterschafts
verlauft, wobei der erste Hohlraum mit dem In-
neren des Ballons Uber eine Flissigkeit in Ver-
bindung steht;

mindestens eine Lichtleitfaser, wobei diese
mindestens eine Lichtleitfaser vom proximalen
Ende des Katheterschafts zum Inneren des
Ballons verlauft, wobei diese mindestens eine
Lichtleitfaser ein erstes Ende aufweist, das am
proximalen Ende des Katheterschafts ange-
ordnetist und ein zweites Ende, das im Inneren
des Ballons angeordnet ist;

eine Lichtquelle, wobei die Lichtquelle so her-
gestellt und angeordnet ist, dass sie Licht aus-
sendet;

eine Richtvorrichtung flr Licht, wobei die Richt-
vorrichtung fir Licht so hergestellt und ange-
ordnet ist, dass sie das Licht, das sie von der
Lichtquelle empfangt und das von der proxima-
len Lichtquelle durch die mindestens eine Licht-
leitfaser Ubertragen wird, auf einen Abschnitt
des mindestens einen temperaturempfindli-
chen Werkstoffs des Ballons leitet; und

eine Nachweiseinrichtung flr Licht, wobei die
Nachweiseinrichtung fir Licht so hergestellt
und angeordnet ist, dass sie mindestens eine
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vorgegebene Farbe des Lichts erkennt und
daraufhin ein Nachweissignal aussendet.

Ballonkatheter nach Anspruch 25, wobei die Richt-
vorrichtung flr Licht einen Rickstrahler umfasst,
wobei der Rickstrahler mindestens eine Rick-
strahlflache aufweist, wobei der Rickstrahler so
hergestellt und angeordnet ist, dass er mindestens
einen Abschnitt des Lichts, das von der Lichtquelle
ausgesendet wird, auf mindestens einen Abschnitt
des mindestens einen temperaturempfindlichen
Werkstoffs riickstrahlt, wobei der mindestens eine
Abschnitt des Lichts als gerichtetes Licht bezeich-
net wird.

Ballonkatheter nach Anspruch 26, weiterhin umfas-
send einen Filter, wobei der mindestens eine Ab-
schnitt des mindestens einen temperaturempfindli-
chen Werkstoffs weiterhin so hergestellt und ange-
ordnet ist, dass er mindestens einen Abschnitt des
gerichteten Lichts auf den Filter riickstrahlt, wobei
der mindestens eine Abschnitt des gerichteten
Lichts das riickgestrahlte Licht umfasst, wobei der
Filter so hergestellt und angeordnet ist, dass er min-
destens einen Abschnitt des riickgestrahlten Lichts
filtert und die mindestens eine vorgegebene Farbe
des Lichts an die Nachweiseinrichtung sendet.

Ballonkatheter nach Anspruch 27, wobei der Filter
unterhalb der mindestens einen Riickstrahlflache
des Riuickstrahlers angeordnet ist.

Ballonkatheter nach Anspruch 28, wobei die Ober-
flache des Ruckstrahlers so hergestellt und ange-
ordnet ist, dass der mindestens eine Abschnitt des
ruckgestrahlten Lichts ihn durchdringen kann.

Revendications

1.

Un dispositif de cathéter a ballonnet comprenant :

un cathéter (10) ;

un ballonnet disposé sur le cathéter, au moins
une portion du ballonnet comportant un maté-
riau sensible a la température, ledit matériau
produisant une réponse lumineuse caractéris-
tique de la température dudit matériau sensible
a la température lorsque ledit matériau est irra-
dié avec de la lumiére dont la longueur d'onde
est comprise dans une plage caractéristique de
longueur d'onde ;

un détecteur (40) constitué de fagon a réagir a
la réponse lumineuse produite par le matériau
sensible a latempérature et de fagon a émettre
un signal représentatif de la température dudit
matériau, caractérisé en ce que le dispositif
comprend aussi :
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une source lumineuse (32) constituée de
facon a diriger de la lumiére dont la lon-
gueur d'onde est comprise dans ladite pla-
ge caractéristique depuis l'intérieur du bal-
lonnet vers le matériau sensible a la tem-
pérature dudit ballonnet.

Le dispositif de cathéter a ballonnet de la revendi-
cation 1 dans lequel la source lumineuse est dispo-
sée a l'intérieur du ballonnet.

Le dispositif de cathéter a ballonnet de la revendi-
cation 1 ou 2 dans lequel la source lumineuse est
une diode électroluminescente (LED).

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications précédentes dans le-
quel le détecteur est disposé a l'intérieur du ballon-
net.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications précédentes dans le-
quel la source lumineuse comprend au moins une
fibre optique disposée dans un canal du cathéter et
s'étendant depuis l'intérieur du ballonnet jusqu'a
I'extrémité proximale du corps du cathéter.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications précédentes dans le-
quel la source lumineuse comprend en outre un dis-
positif de guidage d'un faisceau lumineux, ce dis-
positif de guidage étant constitué et disposé de fa-
con a recevoir de la lumiére dont la longueur d'onde
est comprise dans ladite plage caractéristique et
transmise a travers ledit cathéter vers l'intérieur du
ballonnet et de fagon a guider ladite lumiére depuis
I'intérieur du ballonnet vers ledit matériau sensible
a la température.

Le dispositif de cathéter a ballonnet de la revendi-
cation 6 dans lequel le dispositif de guidage du fais-
ceau lumineux est disposé a l'intérieur dudit ballon-
net.

Le dispositif de cathéter a ballonnet de la revendi-
cation 7 dans lequel le dispositif de guidage de la
lumiére est constitué et disposé de fagon a se dé-
placer le long de I'axe longitudinal a l'intérieur du
ballonnet.

Le dispositif de cathéter a ballonnet de la revendi-
cation 8 dans lequel le dispositif de guidage de la
lumiéere est en outre constitué et disposé de fagon
a pivoter autour de I'axe longitudinal a l'intérieur du
ballonnet.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications 7 a 9 dans lequel le dis-
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positif de guidage du faisceau lumineux est un ré-
flecteur.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications précédentes compor-
tant en outre un filtre constitué et disposé de ma-
niére a filtrer la lumiére regue provenant du maté-
riau sensible a la température et a transmettre de
la lumiere de ladite réponse lumineuse jusqu'au dé-
tecteur.

Le dispositif de cathéter a ballonnet de la revendi-
cation 11 dans lequel le filtre est disposé a I'exté-
rieur du ballonnet.

Le dispositif de cathéter a ballonnet de la revendi-
cation 11 dans lequel le filtre est disposé a l'intérieur
du ballonnet.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications précédentes dans le-
quel le au moins un matériau sensible a la tempé-
rature est un cristal liquide cholestérique a réponse
chromatique.

Le dispositif de cathéter a ballonnet de la revendi-
cation 14 dans lequel l'intérieur du ballonnet est
transparent a la lumiére dont la longueur d'onde est
comprise dans ladite plage caractéristique, le cristal
liquide cholestérique a réponse chromatique étant
disposé entre l'intérieur et I'extérieur du ballonnet.

Le dispositif de cathéter a ballonnet de la revendi-
cation 14 dans lequel le cristal liquide cholestérique
a réponse chromatique est mis en oeuvre sous for-
me d'un revétement a l'intérieur du ballonnet.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications 14, 15 ou 16 dans lequel
le cristal liquide cholestérique a réponse chromati-
que appartient au groupe suivant: cholestéryl
halides ; esters mixtes de cholestérol et d'acides
inorganiques ; cholestéryl esters d'acides organi-
ques saturés et insaturés, substitués et non-
substitués ; cholestéryl éthers ; toute combinaison
des composés qui précédent.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications 14 a 17 dans lequel le
matériau a cristal liquide cholestérique a réponse
chromatique comprend au moins un élément du
groupe suivant : cholestéryl chloride; combinaisons
de cholestéryl bromide et cholestéryl iodide; cho-
lestéryl nitrate; cholestéryl nonanoate; cholestéryl
crotonate; cholestéryl chlorofomiate; cholestéryl
chlorodécanoate; cholestéryl chloroeicosanoate;
cholestéryl butyrate; cholestéryl caprate; cholesté-
ryl oléate; cholestéryl linolate; cholestéryl linoléna-
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te; cholestéryl laurate; cholestéryl érucate; choles-
téryl myristate; cholestéryl clupanodonate; oléyl
cholestéryl carbonate; cholestéryl heptyl carbama-
te, décyl cholestéryl carbonate; cholestéryl p-chlo-
robenzoate; cholestéryl cinnamate; cholestéryl
éthers; cholestéryl décyl éther; cholestéryl lauryl
éther; cholestéryl oléyl éther; toute combinaison
des composés qui précedent.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications précédentes dans le-
quel la source de lumiére comprend en outre au
moins une lentille positionnée a l'intérieur du bal-
lonnet, constituée et disposée de sorte a collimater
la lumiére dont la longueur d'onde est comprise
dans ladite plage caractéristique avant que cette lu-
miere ne soit dirigée vers ledit matériau sensible a
la température.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications précédentes dans le-
quel la réponse lumineuse du matériau sensible a
la température correspond a une couleur prédéter-
minée du matériau indiquant la température.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications précédentes dans le-
quel le signal du détecteur est détectable optique-
ment.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications 1 a 20 dans lequel le
signal du détecteur est un signal électrique.

Le dispositif de cathéter a ballonnet de I'une quel-
conque des revendications 1 a 20 dans lequel le
signal du détecteur est un signal infrarouge.

Le dispositif de cathéter a ballonnet de la revendi-
cation 5 dans lequel la au moins une fibre optique
est constituée et disposée de fagon a transmettre
le signal du détecteur depuis le détecteur jusqu'a
I'extrémité proximale du corps de cathéter.

. Un dispositif de cathéter a ballonnet comprenant :

un corps de cathéter comportant une extrémité
proximale, une extrémité distale et une lon-
gueur prédéterminée ;

un ballonnet disposé sur une portion de I'extré-
mité distale du corps de cathéter, le ballonnet
présentant un état dégonflé et pouvant se dé-
ployer pour parvenir a un état gonflé, le ballon-
net comportant en outre une portion interne et
une portion externe, le ballonnet étant consti-
tué au moins en partie d'au moins un matériau
sensible a la température, ledit au moins un
matériau étant constitué et disposé de maniére
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a présenter au moins une couleur prédétermi-
née lorsque ledit matériau est en contact avec
un objet possédant au moins une température
prédéterminée ;

au moins un canal définit par le corps du cathé-
ter et s'étendant depuis l'intérieur du ballonnet
jusqu'a l'extrémité proximale du corps du ca-
théter, le premier canal étant en communication
hydraulique avec l'intérieur du ballonnet.

au moins une fibre optique s'étendant depuis
I'extrémité proximale du corps du cathéter jus-
qu'a l'intérieur du ballonnet, la au moins une fi-
bre optique comportant une premiere extrémité
positionnée a une extrémité proximale du corps
de cathéter et une seconde extrémité position-
née a l'intérieur du ballonnet.

une source lumineuse constituée et disposée
afin d'émettre de la lumiére ;

un guide lumineux constitué et disposé de fa-
con a diriger la lumiére regue de la source lu-
mineuse et transmise depuis la source lumi-
neuse proximale a travers la au moins une fibre
optique jusqu'a une portion du au moins un ma-
tériau du ballonnet sensible a la température ;
et

un détecteur de lumiére constitué et disposé de
facon a détecter au moins une couleur prédé-
terminée de la lumiére et a transmettre par con-
séquent un signal de détection correspondant.

Le dispositif de cathéter a ballonnet de la revendi-
cation 25 dans lequel le guide lumineux comprend
un réflecteur présentant au moins une surface ré-
fléchissante, le réflecteur étant constitué et disposé
de maniére a réfléchir au moins une portion de la
lumiere transmise par la source lumineuse jusqu'a
au moins une portion du au moins un matériau sen-
sible a la température, ladite au moins une portion
de la lumiére étant constituée de lumiére directe.

Le cathéter a ballonnet de la revendication 26 com-
prenant en outre un filtre, ladite au moins une por-
tion du au moins un matériau sensible a la tempé-
rature étant en outre constituée et disposée de fa-
con a réfléchir vers le filtre au moins une portion de
ladite lumiére dirigée, ladite au moins une portion
de lumiére dirigée comprenant la lumiére réfléchie,
le filtre étant constitué et disposé de maniére a filtrer
au moins une portion de la lumiére réfléchie et
transmettre ladite au moins une couleur de lumiére
prédéterminée vers le détecteur.

Le dispositif de cathéter a ballonnet de la revendi-
cation 27 dans lequel le filtre est disposé sous la au
moins une surface réfléchissante du réflecteur.

Le dispositif de cathéter a ballonnet de la revendi-
cation 28 dans lequel la surface du réflecteur est
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constituée et disposée de fagon a permettre le pas-
sage au travers du réflecteur de la au moins une
portion de lumiére réfléchie.
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