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Description

[0001] This invention relates to a minimally invasive
technique for detecting vulnerable plaques. It relates es-
pecially to an apparatus for detecting vulnerable plaques
utilizing microwave radiometry.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] Itis widely known that many heart attacks orig-
inate from blockages created by athrosclerosis which is
the aggressive accumulation of plaques in the coronary
arteries. The accumulation of lipids in the artery and re-
sulting tissue reaction cause a narrowing of the affected
artery which can result in angina, coronary occlusion and
even cardiac death.

[0003] Relatively recent studies have shown that cor-
onary disease can also be caused by so-called vulnera-
ble plaques which, unlike occlusive plaque, are en-
grained or imbedded in the arterial wall and do not grow
into the blood vessel. Rather, they tend to erode creating
araw tissue surface that forms caps or scabs. Thus, they
are more dangerous than occluding plaque which usually
give awarning to a patientin the form of pain or shortness
of breath. See, e. g., The Coming of Age of Vulnerable
Plaque, Diller, W. , Windover’s Review of Emerging Med-
ical Ventures, November 2000.

Description of the Prior Art

[0004] The document US 6,496,738 B2 relates to a
microwave heating apparatus for heating fluid or tissue
which includes an elongated catheter for placement ad-
jacent to high/dielectric high loss organic fluid or tissue
in a patient. The catheter has a distal end and a proximal
end and includes an antenna adjacent to the distal end
and a cable having one end connected to the antenna
and a second end. A transmitter provides a transmitter
signal capable of heating the fluid or tissue and a first
receiver receives a first signal indicative of thermal radi-
ation from a first depth in the fluid or tissue, producing a
first output signal in response thereto. There is also a
second receiver for receiving a second signal indicative
of thermal radiation from a second depth in the fluid or
tissue, producing a second output signal in and response
thereto. The apparatus also includes active and passive
diplexers connected in seriesbetween the transmitter
and the second end of the cable. A controller controls
the active diplexer so that when the transmitter is trans-
mitting, the first signal is coupled to the passive diplexer
but not to the second receiver and when the transmitter
is not transmitting, a second signal from the passive
diplexer is coupled to the second receiver but not to the
transmitter. During operation of the apparatus, the pas-
sive diplexer couples the transmitter signal only to the
antenna while coupling a first signal from the antenna
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only to the first receiver so that the apparatus can heat
the fluid or tissue and determine the actual temperatures
of the fluid or tissue at two different depths.

[0005] The document US 2002/111560 A1 relates to
devices and methods for detecting vulnerable plaque
within a blood vessel. A catheter in accordance with the
present invention includes an elongate shaft having a
proximal end, a distal end, and an outer surface. At least
one temperature sensor is disposed proximate to the dis-
tal end of the elongate shaft. In one preferred embodi-
ment, the at least one temperature sensor is adapted to
contact inner surface of the blood vessel. In another pre-
ferred embodiment, at least one temperature sensor is
disposed within a channel defined by a body member
that is disposed about the elongate shaft.

[0006] The document US 2002/103445 A1 relates to
thermography catheters and, more particularly, to ther-
mography catheters which use flex circuit technology to
create the connections and thermocouples used to detect
hot spots (areas with high metabolic activity) of the
atherosclerotic plaque, vascular lesions, and aneurysms
in human vessels.

[0007] Since vulnerable plaques are contained within
the vessel wall, they do notresultin a closing or narrowing
of that vessel. As a result, such plaques are not easily
detectable using conventional x-ray, ultrasound and MRI
imaging techniques.

[0008] Moreover, since vulnerable plaques are part of
the vessel wall, they may have essentially the same tem-
perature as the surrounding normal tissue and the blood
flowing through the vessel. Therefore, they are not ame-
nable to detection by known intravascular catheters
which rely on infrared (IR) imaging, thermistors, thermo-
couples and the like in order to detect temperature dif-
ferences in the vessel wall.

[0009] Such intravascular catheters are disadvan-
taged also because they usually incorporate an inflatable
balloon to isolate the working each end of the catheter
from fluids in the vessel; see for example patent
6,475,159. As seen there, the IR detector is located within
the balloon which constitutes an insulating (not transpar-
ent at IR frequencies) layer between the detector and the
vessel wall causing significant attenuation of the signal
from the detector. Also, the undesirable stoppage of
blood flow by the balloon increases the risk to the patient.
Still further, the balloon has to be repeatedly inflated and
deflated in order to image different locations along the
blood vessel increasing the operating time during which
the patient is at risk.

SUMMARY OF THE INVENTION

[0010] Accordingly, itis an object of the present inven-
tion to provide a method of detecting vulnerable plaques
before the plaques rupture and cause thrombosis.

[0011] Another object of the invention is to provide
such a vulnerable plaque detection method which does
not require the stoppage of blood flow in the affected
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vessel.

[0012] Anadditional objectoftheinventionisto provide
a method of detecting vulnerable plaques using micro-
wave radiometry.

[0013] Another object of the invention is to provide in-
tracorporeal microwave apparatus for detecting vulner-
able plagues having one or more of the above advantag-
es.

[0014] A further object of the invention is to provide
such apparatus capable of treating the plaques after de-
tection.

[0015] Other objects will, in part, be obvious and will,
in part, appear hereinafter.

[0016] The invention accordingly comprises the sev-
eral steps and the relation of one or more of such steps
with respect to each of the others, and the apparatus
embodying the features of construction, combination of
elements and arrangement of parts which are adapted
to effect such steps, all as exemplified in the following
detailed description, and the scope of the invention will
be indicated in the claims.

[0017] Briefly, the present method utilizes microwave
radiometry to detect the presence of vulnerable plaques
engrained in the wall of a blood vessel. In accordance
with the method, an intravascular catheter containing at
least one microwave antennais moved along the suspect
vessel. The antenna, in combination with an external mi-
crowave detection and display unit, is able to detect and
display thermal anomalies due to the difference in the
thermal emissivity (brightness) of vulnerable plaques as
compared to normal tissue even though the two may have
acommon temperature. In other words, it has been found
that the microwave characteristics of vulnerable plaques
imbedded in a vessel wall are different from those of nor-
mal tissue comprising the vessel wall and this difference
is detected as athermal anomaly and displayed or plotted
as the catheter is moved along the vessel.

[0018] As we shall see, in some applications the de-
tected plaques may then by treated by microwave abla-
tion using the very same catheter.

[0019] In its simplest form, the microwave antenna
may be a more or less conventional microwave antenna
located at the distal or working end of the catheter. The
inner and outer conductors of the antenna are connected
by a coaxial cable to an external detection and display
unit which detects the microwave emissions from the
blood vessel picked up by the antenna and produces
corresponding output signals for a display which re-
sponds to those signals by displaying the thermal emis-
sions from the blood vessel in real time as the catheter
is moved along the vessel.

[0020] In accordance with the invention, the radiome-
ter is preferably a Dicke switch-type radiometer and the
temperature of the blood flowing through the vessel,
which corresponds to the body’s core temperature, is
used as the radiometer reference. The operating fre-
quency of the radiometer is selected to detect microwave
emissions from a depth in the blood vessel wall where
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vulnerable plaques are likely to be imbedded, e.g. a fre-
quency in the range of 1 to 4 GHz, preferably 1GHz. Thus
as the catheteris moved along the vessel, it is maintained
at a constant background or core temperature corre-
sponding to the temperature of the blood and of normal
tissue. The locations of vulnerable plaques are detected
as thermal anomalies (hot spots) due to the higher emis-
sivity of the plaques as compared to normal tissue. Using
the output of the radiometer to control a display, the
plaque sites along the vessel can be plotted.

[0021] It is important to note that the present method
and apparatus allow the detection of vulnerable plaques
at subsurface locations in the vessel wall without con-
tacting the vessel wall and without any interruption of
blood flow through the vessel.

[0022] As will be described in more detail later, the
catheter may include a lengthwise passage for receiving
a guide wire to help guide the catheter into and along the
blood vessel being examined. As we shall see, in some
applications the guide wire itself may actually constitute
the inner conductor of the antenna within the catheter.
Also, in order to help center the antenna within the blood
vessel, the catheter may incorporate an expandable per-
forated standoff device which spaces the antenna from
the vessel wall without materially interfering with the
blood flow through the vessel.

[0023] In a preferred embodiment of the invention, the
detection unit includes two radiometers operating at dif-
ferent frequencies. One radiometer, operating at a higher
frequency in the range of 3 to 6GHz, preferably 4GHz,
detects thermal emissions from the inner surface of the
blood vessel. This temperature, corresponding to the
body core temperature, is used as a reference. The sec-
ond radiometer operates at a lower frequency of 1 to 4
GHz, preferably 1GHz, to detect thermal emissions from
subsurface locations in the vessel wall which may contain
embedded vulnerable plaques. Thus by subtracting the
outputs of the two radiometers, the sites of vulnerable
plaques can be detected and displayed continuously and
in real time as the catheter is moved along the blood
vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] For a fuller understanding of the nature and ob-
jects of the invention, reference should be made to the
following detailed description taken in connection with
the accompanying drawings, in which:

FIG. 1 isadiagrammatic view of apparatus for detect-
ing vulnerable plaques in accordance with the
invention and employing a first intravascular
catheter embodiment;

FIG.2 is a fragmentary sectional view of a second

catheter embodiment for use with the FIG. 1
apparatus;
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FIG.3 is a similar view showing a third catheter em-
bodiment;

FIG.4 isaview similarto FIG. 1 of another apparatus
embodiment, and

FIG.5 s a sectional view of the diplexer component

of the apparatus.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0025] Referring to FIG. 1 of the drawings, the present
apparatus comprises a catheter shown generally at 10
for insertion into a blood vessel V which may have loca-
tions where vulnerable plaques P are embedded or en-
grained in the vessel wall. Such plaques P typically in-
clude a relatively large portion of the vessel wall, e. g. a
third to a half of its circumference. Catheter 10 is con-
nected by coaxial cables 12a and 12b to a detection and
display unit 14. The catheter has a proximal end 10a to
which cables 12a and 12b are connected by way of a
fitting or connector 16 and a distal end or tip 10b. The
catheter may have a length of 100 cm or more and is
quite narrow and flexible so that it can be threaded along
a conventional introducer, e. g. 8.5 French, allowing the
distal end 10b of the catheter to be placed at a selected
position in a patient’s blood vessel V. Typically, vessel V
is accessed by a vein in the patient’s neck or groin.
[0026] The catheter may include an expandable per-
forated stand-off device such as shown in US-patent
6,496, 738, so as to center the catheter 10 in vessel V
without impeding the blood flow through that vessel.
[0027] As shown in FIG. 1, catheter 10 comprises a
central conductor 22 surrounded by a cylindrical layer 24
of a suitable low loss dielectric material. Surrounding the
layer 24 is a tubular middle conductor 26 surrounded by
a dielectric layer 28. Finally, a tubular outer conductor 30
encircles layer 28. At fitting 16, the proximal ends of con-
ductors 22, 26 and 30 are connected by way of a passive
diplexer 31 (FIG. 5) to the co- axial cables 12a and 12b.
Preferably, the catheter has a protective outer coating,
e. g. of PTFE, (not shown).

[0028] At the distal end segment of catheter 10, the
middle conductor 26 extends be- yond the outer conduc-
tor 30 to form a microwave antenna 32 which, in this
case, is a monopole as in the above patent 6,496, 738.
In some applications, a helical antenna or capacitive tip
may be used; see US-patents 4,583, 556 and 4,557, 272.
[0029] The distal end 10b of the catheter is actually
formed by a rounded low loss dielectric button 34 which
is butted and secured to the distal end of the dielectric
layers 24 and 28. Typically, the middle conductor 26 ex-
tends beyond the outer conductor 30 a distance in the
order of 1 cm so that antenna 32 has a relatively long
antenna pattern.

[0030] Also, if desired, the diameters of the coaxial
conductors in catheter 10 may be stepped down along
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the catheter to improve antenna performance. Antenna
32 detects the thermal radiation emitted from blood ves-
sel V and applies a corresponding electrical signal via
cable 12a to a radiometer 38 in unit 14. The radiometer
38 may be a conventional Dicke switch-type radiometer
as described in the above US-patent 4,557, 272.
[0031] The temperature-indicating signal from anten-
na 32 is applied via cable 12a to the signal input 40a of
the Dicke switch 40 in radiometer 38. The other input to
the switch 40 is a reference value which corresponds to
the patient’s core temperature, e. g. 37°C.

[0032] Thattemperature may be measured using a re-
sistive termination or load or heat sensor 42 connected
between inner conductor 22 and middle conductor 26
near the catheter tip. The sensor output or value is ap-
plied via those conductors to diplexer 31 in connector 16
which separates that signal from the antenna signal. That
reference signal is thereupon conducted by cable 12b to
the reference input 40b of switch 40. In other words, two
ports of the radiometer are brought out to receive both
the antenna and reference signals from catheter 10. The
advantage of this arrangement is that the un- known tem-
perature is now compared with the actual blood (core)
temperature. This improves radiometer sensitivity (per-
formance) by keeping all circuitry that precedes the Dicke
switch at the same temperature.

[0033] The radiometer operates at a center frequency
in the order of 1 to 4GHz so that the apparatus can detect
thermal emissions from locations relatively deep in the
wall of vessel V.

[0034] The output of the radiometer 38 is processed
by a processor 44 in unit 14 which controls a display 46.
[0035] To use the FIG. 1 apparatus, the catheter 10 is
threaded into the patient’s vessel V in the usual way.
After insertion, the catheter assumes essentially the
same temperature as the vessel V and the blood flowing
through the vessel. This temperature as sensed by sen-
sor 42 is used as the reference for Dicke switch 40 which
toggles between its signal and reference inputs 40a and
40b in the usual way. When the catheter is moved along
the vessel V, say, in the direction of the arrow A, the
antenna 32 will pick up thermal emissions from the nor-
mal tissue in the vessel wall and unit 14 will provide a
core or background temperature indication which will be
displayed by display 46. However, when the antenna 32
is moved opposite a region containing vulnerable
plaques P, the apparatus will detect a thermal anomaly
due to the increased emittance (brightness) of the
plagues embedded in the vessel wall. Thus as the cath-
eter 10 is moved along the vessel, the unit 14 can display
continuously in real time the locations of plaques P as
well as other useful information such as the body’s core
temperature, diagnostic data and the like as instructed
via the processor’s keyboard 44a.

[0036] Referring now to FIG. 2, in some procedures,
it may be desirable that the catheter be guided along the
blood vessel V by means of a guide wire. FIG. 2 illustrates
an intravascular catheter shown generally at 50 capable



7 EP 1 628 566 B1 8

of being moved along a guide wire W previously intro-
duced into the blood vessel in a conventional manner.
Catheter 50 is similar to catheter 10 in FIG. 1 except that
its central conductor 54 is an elongated flexible conduc-
tive tube. The other parts of catheter 50 are more or less
the same as those of catheter 10 and therefore carry the
same identifying numerals.

[0037] In catheter 50, conductor 54 extends through
the fitting 16 as well as all the way through the button 34
to the tip 10b of the catheter. This allows the guide wire
W to be threaded through the tubular conductor 54 so
that the catheter 50 can be moved along the guide wire
after the guide wire has been introduced into the blood
vessel being examined.

[0038] When the catheter 50 is in use, the guide wire
W does not interfere with the antenna pattern of antenna
32 becauseitis shielded by conductor 54. In other words,
the field around the antenna does not extend within the
metal conductor 54.

[0039] In some applications, the guide wire W itself
may be used as the central conductor of the antenna 32
in the catheter. FIG. 3 shows such a catheter at 60 which
may be used to detect vulnerable plaques as described
above. As shown there, the catheter 60 is similar to cath-
eter 50 except that it is devoid of the tubular central con-
ductor 54. Instead, it is formed with an axial passage 62
in dielectric layer 24 and button 34 which passage ex-
tends snugly but slidably all the way from the tip of the
catheter to the proximal end thereof and through the fit-
ting 16 so that the guide wire W can be threaded through
passage 62 as shown. In this case, the guide wire itself
is connected electrically via cable 12b to the detection
and display unit 14. In use, the guide wire may be intro-
duced into the blood vessel to be examined and then
remain stationary while the remainder of the catheter is
slid along the guide wire in order to examine different
lengthwise segments of the blood vessel wall. Alterna-
tively, the entire catheter 60 including the guide wire W
may be moved as a unit along the blood vessel in order
to advance the antenna 32 along that vessel.

[0040] Refer now to FIG. 4 which shows a preferred
embodiment of the invention that can detect even very
small thermal anomalies in the vessel wall due to em-
bedded or engrained plaques. The FIG. 4 apparatus
comprises a catheter shown generally at 70 having co-
axial inner and outer antennas indicated at 72a and 72b.
The inner antenna 72a comprises an inner conductor 74
and an outer conductor 76 separated by an insulating
layer 78. The inner conductor 74 extends beyond the
outer conductor 76 forming the antenna 72a.

[0041] The outer antenna 72b comprises a tubular in-
ner conductor 82 insulated by dialectric layer 83 from
conductor 76 and an outer conductor 84 separated by
an insulating layer 86, the inner conductor 82 extends
beyond the outer conductor 84 to form the outer antenna
72b. The proximate end of catheter 70 is terminated by
a fitting or connector 88 containing a diplexer 31 (FIG. 5)
which connects the conductors of the antennas 72a, 72b
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to coaxial cables 90a and 90b leading to a detection and
display unit 92.

[0042] In some applications, the outer conductor 76 of
antenna 72a and the inner conductor 82 of antenna 72b
may be fixed relatively. More preferably, those conduc-
tors are separate as shown so that the inner antenna 72a
is slidable within the outer antenna 72b and fitting 88 so
that the distance D between the two antennas can be
varied from zero to several centimeters allowing the outer
and inner antennas to be optimized at two specific fre-
quencies F, and F,. The inner conductor 74 of antenna
72a may be hollow or tubular so that it can receive a
guide wire as described in connection with FIG. 2. Alter-
natively, that conductor may be sufficiently small to serve
as the guide wire itself as described in connection with
FIG. 3.

[0043] In order to electrically separate the outputs of
the two antennas 72a and 72b, the fitting or connector
88, like connector 16, incorporates a passive diplexer 31.
As seenfrom FIG. 5, the diplexer includes a quarter-wave
(M4) stub 91 to bring out the signal F, from the inner
antenna 72a. This stub also provides a matched 90° bend
to separate and bring out the signal F, from the outer
antenna 72b.

[0044] Whereas itis known in the art to use a quarter-
wave stub to support the center conductor of an antenna,
the present diplexer has a tubular inner conductor 94
which receives the coaxial cable 74-78 comprising the
inner antenna 72a providing signal F,. That conductor
94 may be an extension of the antenna conductor 82.
Surrounding and insulated from conductor 94 is a coaxial
outer conductor 96 which may be an extension of antenna
conductor 84. The two diplexer conductors 94 and 96 are
shorted by an end plate 98 at the end of stub 91. Con-
ductor 94 has a branch 94a which is brought out through
a branch 96a of conductor 96 to deliver the signal F; from
antenna 72b. Preferably, the coaxial cable 74-78 is slid-
able to some extent along conductor 94 to vary the an-
tenna distance D as described above.

[0045] The illustrated diplexer 31 provides several dis-
tinct advantages. It separates the concentric cables from
antennas 72a and 72b in FIG. 4 into two separate cables;
allows those cables to be mechanically and independ-
ently positioned, and it allows the innermost conductor
to double as a guide wire for the catheter as shown in
FIGS. 2 and 3.

[0046] In the FIG. 4 apparatus, the smaller diameter
antenna 72a, optimized at a frequency F,, e.g. 3-6 GHz,
may measure the blood and normal tissue temperature,
whereas the larger diameter antenna 72b optimized at
frequency F,, e.g. 1-4GHz, measures the temperature
of the deeper tissue where vulnerable plaques are likely
to occur. This larger diameter provides a less lossy cable
making that antenna more efficient. The larger diameter
antenna also places it closer to the wall of vessel V (FIG.
1), further increasing the depth of detection.

[0047] While the catheter 70 in FIG. 4 could be con-
nected by cables 90a and 90b to the switch 40 of a single
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radiometer as shown in FIG. 1, the illustrated detection
and display unit 92 contains two radiometers 38a and
38b connects to cables 90a and 90b, respectively. The
former which operates at the frequency F, detects ther-
mal anomalies picked up by antenna 72b due to plaques
located relatively deep in the wall of vessel V (FIG. 1) as
before; the latter operating at frequency F, detects ther-
mal emissions picked up by antenna 72a at the inner
surface of the vessel which reflect the body core temper-
ature. The processor 44 thereupon subtracts the signals
and causes display 46 to display the locations of thermal
anomalies which are likely due to plaques P.

[0048] After the vessel V has been examined and the
locations of the plaques P determined as described
above, the plaques P may be treated by microwave ab-
lation using the very same catheter. This may be done
by connecting the catheter via a diplexer to a microwave
transmitter in order to heat the plaques as described in
the above patent 6,496,738.

[0049] It will thus be seen that the objects set forth
above, among those made apparent from the preceding
description, are efficiently attained and, since certain
changes may be made in carrying out the above method
and in the constructions set forth without departing from
the scope of the invention, it is intended that all matter
contained in the above description or shown in the ac-
companying drawings shall be interpreted as illustrative
and not in the limiting sense.

[0050] Is also to be understood that the following
claims are intended to cover all of the generic and specific
features of the invention described herein. What is
claimed is:

Claims

1. Apparatus for detecting vulnerable plaques (P) em-
bedded or ingrained in otherwise normal tissue in
the wall of a patient’s blood vessel (V), the apparatus
including:

- an intravascular catheter (10, 70) containing a
microwave antenna (32, 72b), the antenna (32,
72b) being designed to pick up thermal emis-
sions and to generate a corresponding temper-
ature indicating signal; the catheter (10, 70) with
the antenna (32, 72b) being designed to move
along said vessel (V);

- a radiometer (38, 38a, 38b) having a signal
input (40a), a reference input (40b) and an out-
put;

- a diplexer (31) electrically connecting the an-
tenna (32, 72b) to the signal input (40a); and

- means (12b, 42, 72a, 90b) for applying an in-
dication of the patient’s normal tissue tempera-
ture to the diplexer (31), wherein the means for
applying comprise temperature sensing means
(42, 72a) in the catheter (10, 70), and a cable
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(12b, 90b) connecting the output of the temper-
ature sensing means (42, 72a) to the diplexer
(31),

characterized by

the diplexer (31) being designed for routing the indi-
cation of the patient’s normal tissue temperature to
the reference input (40b) and for routing the temper-
ature indicating signal from the antenna (32, 72b) to
the signal input (40a), and the antenna (32, 72b) be-
ing designed to pick up the thermal emissions from
the normal tissue in the vessel wall and from the
vulnerable plaques (P) when being moved along said
vessel, and the apparatus being adapted to detect
thermal anomalies due to an increased emittance of
said vulnerable plaques (P) as compared to said nor-
mal tissue, and the apparatus being adapted to dis-
play the locations of said vulnerable plaques (P).

The apparatus according to claim 1, wherein

the antenna (32, 72b) comprises a coaxial cable
(12a, 90a) extending lengthwise along the catheter
(10, 70).

The apparatus according to claim 2, wherein
the coaxial cable (12a, 90a) is stepped along its
length to optimize its performance.

The apparatus according to claim 2 or 3, wherein
the coaxial cable (12a, 90a) has an outer conductor
(30, 84) and an inner conductor (26, 84) electrically
insulated from the outer conductor (30, 84) and
which extends lengthwise beyond the outer conduc-
tor (30, 84).

The apparatus according to claim 4, wherein

the inner conductor (26, 82) is an open-ended tube
which extends the length of the catheter (10) and is
adapted to receive a guide wire (W).

The apparatus according to claim 5, further compris-
ing a guide wire (W) slidably received in said tube
(26, 82) for guiding the catheter (10, 70) along said
blood vessel (V).

The apparatus according to one of the preceding
claims, wherein

the temperature sensing means (42, 72a) is a sec-
ond antenna (72a), the second antenna (72a) and
the microwave antenna being coaxial inner and outer
antennas (72a, 72b).

The apparatus according to one of the preceding
claims, wherein

said radiometer (38) has an operating frequency in
the range of 1 to 4 GHz.

The apparatus according to one of the preceding
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claims, further comprising display means (46) re-
sponsive to an output signal from said outputs of
radiometer (38) for displaying the locations of said
thermal anomalies along said blood vessel (V).

The apparatus according to claim 1, wherein the
diplexer (31) connects the temperature sensing
means (42, 72a) to the reference input (40b) and the
radiometer (38) is adapted to operate at a selected
frequency and to deliver a plaque-indicating output
signal when the catheter (10) is moved along the
blood vessel (V), and the apparatus further compris-
es display means (46) connected to the radiometer
output and adapted to display the thermal anomalies
due to the higher emissivity of said vulnerable
plaques as compared to normal tissue.

The apparatus according to claim 10, wherein

the antenna (32, 72b) comprises a coaxial cable
(12a, 90a) composed of electrically isolated inner
(26) and outer (30) conductors extending lengthwise
within the catheter (10), said inner conductor extend-
ing beyond the outer conductor.

The apparatus according to claim 11, wherein
the inner conductor (26) is an open-ended tube.

The apparatus according to claim 12, further includ-
ing a guide wire (W) slidably received in said tube
for guiding the catheter (10) along said blood vessel
(V).

The apparatus according to one of the claims 11 to
13, wherein

theinner conductor (26) consists of a conductive wire
slidably received within the outer conductor (30),
said wire also constituting a guide wire for the cath-
eter (10).

The apparatus according to one of the preceding
claims, wherein

said catheter (10, 70) also includes a radially ex-
pandable perforate stand-off device, and means op-
erable extracorporeally for expanding said device.

The apparatus according to one of the preceding
claims, further including a microwave transmitter for
transmitting a heating signal capable of ablating tis-
sue, and means including an additional diplexer for
coupling the heating signal to the antenna but not to
the radiometer so that the apparatus can heat said
vulnerable plaques after detection thereof.

Patentanspriiche

1.

Vorrichtung zur Erkennung von entziindetem Plaque
(P), das in einem sonst normalen Gewebe in der
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Wand des BlutgefalRes (V) eines Patienten einge-
bettet oder verwurzelt ist, wobei die Vorrichtung auf-
weist:

- einen intravaskularen Katheter (10, 70), der
eine Mikrowellenantenne (32, 72b) enthalt, wo-
bei die Antenne (32, 72b) so ausgefiihrtist, dass
sie thermische Emissionen aufnimmt und ein
entsprechendes Temperaturanzeigesignal er-
zeugt, wobei der Katheter (10, 70) mit der An-
tenne (32, 72b) so ausgefihrt ist, dass er sich
langs des Gefalies (V) bewegt;

- einen Strahlungsmesser (38, 38a, 38b) mit ei-
nem Signaleingang (40a), einem Sollwertein-
gang (40b) und einem Ausgang;

- eine Frequenzweiche (31), die die Antenne
(32, 72b) mit dem Signaleingang (40a) elek-
trisch verbindet; und

- Einrichtungen (12b, 42, 72a, 90b) zum Anwen-
den einer Anzeige der normalen Gewebetem-
peratur des Patienten fiir die Frequenzweiche
(31), wobei die Einrichtungen zum Anwenden
eine Temperaturfuhleinrichtung (42, 72a) in
dem Katheter (10, 70) und ein Kabel (12b, 90b)
aufweisen, das den Ausgang der Temperatur-
fuhleinrichtung (42, 72a) mit der Frequenzwei-
che (31) verbindet,

dadurch gekennzeichnet, dass

die Frequenzweiche (31) so ausgelegt ist, um die
Anzeige der normalen Gewebetemperatur des Pa-
tienten zu dem Sollwerteingang (40b) zu fihren und
das Temperaturanzeigesignal von der Antenne (32,
72b) zu dem Signaleingang (40a) zu fiihren, wobei
die Antenne (32, 72b) so ausgelegt ist, um die ther-
mischen Emissionen von dem normalen Gewebe in
der GefaBwand und von dem entziindeten Plaque
(P) aufzunehmen, wenn sie langs des Gefalles ge-
fuhrt wird, wobei die Vorrichtung angepasst ist, ther-
mische Anomalien aufgrund einer verstarkten Aus-
strahlung des entziindeten Plaque (P) im Vergleich
mitdem normalen Gewebe zu erfassen, und die Vor-
richtung angepasst ist, die Positionen des entzin-
deten Plaque (P) anzuzeigen.

Vorrichtung nach Anspruch 1, bei der die Antenne
(32, 72b) ein Koaxialkabel (12a, 90a) umfasst, das
sich in Langsrichtung entlang des Katheters (10, 70)
erstreckt.

Vorrichtung nach Anspruch 2, bei der das Koaxial-
kabel (12a, 90a) entlang seiner Lange abgestuft ist,
um seine Leistung zu optimieren.

Vorrichtung nach Anspruch 2 oder 3, bei der das
Koaxialkabel (12a, 90a) einen dufReren Leiter (30,
84) und einen inneren Leiter (26, 84), der vom &u-
Reren Leiter (30, 84) elektrisch isoliert ist und der
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sich in Langsrichtung Uber den auferen Leiter (30,
84) hinaus erstreckt, aufweist.

Vorrichtung nach Anspruch 4, wobei der innere Lei-
ter (26, 82) ein erweiterbares Rohr ist, das sich in
der Lange des Katheters (10) erstreckt und ange-
passt ist, um einen Fihrungsdraht (W) aufzuneh-
men.

Vorrichtung nach Anspruch 5, die des Weiteren ei-
nen Fihrungsdraht (W) umfasst, der in dem Rohr
(26, 82) verschiebbar aufgenommen wird, um den
Katheter (10, 70) l1angs des Blutgefales (V) zu fih-
ren.

Vorrichtung nach einem der vorhergehenden An-
spriiche, bei der die Temperaturfiihleinrichtung (42,
72a) eine zweite Antenne (72a) ist, wobei die zweite
Antenne (72a) und die Mikrowellenantenne koaxiale
innere und dullere Antennen (72a, 72b) sind.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der Strahlungsmesser (38) eine Ar-
beitsfrequenz im Bereich von 1 bis 4 GHz aufweist.

Vorrichtung nach einem der vorhergehenden An-
spriche, die des Weiteren eine Anzeigeeinrichtung
(46) umfasst, die auf ein Ausgangssignal von den
Ausgangen des Strahlungsmessers (38) reagiert,
um die Positionen der thermischen Anomalien langs
des Blutgefaes (V) anzuzeigen.

Vorrichtung nach Anspruch 1, bei der die Frequen-
zweiche (31) die Temperaturfihleinrichtung (42,
72a) mit dem Sollwerteingang (40b) verbindet und
der Strahlungsmesser (38) angepasst ist, um bei ei-
ner ausgewahlten Frequenz zu arbeiten und ein Aus-
gangssignal, das Plaque anzeigt, zu liefern, wenn
der Katheter (10) langs des Blutgefales (V) bewegt
wird, wobei die Vorrichtung des Weiteren eine An-
zeigeeinrichtung (46) umfasst, die mit dem Ausgang
des Strahlungsmessers verbunden und angepasst
ist, die thermischen Anomalien aufgrund des héhe-
ren Ausstrahlungsvermdgens des entziindeten Pla-
que im Vergleich zu normalem Gewebe anzuzeigen.

Vorrichtung nach Anspruch 10, bei der die Antenne
(32, 72b) ein Koaxialkabel (12a, 90a) umfasst, das
aus einem elektrisch isoliertem inneren (26) und ei-
nem aulleren (30) Leiter besteht, die sich in Langs-
richtung innerhalb des Katheters (10) erstrecken,
wobei sich der innere Leiter Giber den auf3eren Leiter
hinaus erstreckt.

Vorrichtung nach Anspruch 11, wobei der innere Lei-
ter (26) ein erweiterbares Rohr ist.

Vorrichtung nach Anspruch 12, die des Weiteren ei-
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nen Fihrungsdraht (W) aufweist, der in dem Rohr
verschiebbar aufgenommen wird, um den Katheter
(10) langs des Blutgefales (V) zu flihren.

Vorrichtung nach einem der Anspriiche 11 bis 13,
wobei der innere Leiter (26) aus einem leitfahigen
Draht besteht, der innerhalb des &ufieren Leiters
(30) verschiebbar aufgenommen wird, wobei der
Draht aulRerdem einen Flihrungsdraht fiir den Ka-
theter (10) bildet.

vorrichtung nach einem der vorhergehenden An-
spriiche, bei der der Katheter (10, 70) auRerdem ei-
ne radial expandierbare, durchlécherte Distanzvor-
richtung und Einrichtungen aufweist, die extrakorpo-
ral betriebsfahig sind, um die Vorrichtung aufzuwei-
ten.

Vorrichtung nach einem der vorhergehenden An-
spriche mit des Weiteren einem Mikrowellensender
zum Senden eines Erwdrmungssignals, das imstan-
de ist, Gewebe abzutragen, und einer Einrichtung,
die eine zusatzliche Frequenzweiche enthalt, um
das Erwarmungssignal mitder Antenne, jedoch nicht
mit dem Strahlungsmesser zu koppeln, so dass die
Vorrichtung das entziindete Plaque nach dessen Er-
kennung erhitzen kann.

Revendications

Appareil pour détecter des plaques vulnérables (P)
noyées ou intégrées dans des tissus par ailleurs nor-
maux dans la paroi d’'un vaisseau sanguin d’un pa-
tient (V), l'appareil incluant :

- un cathéter intravasculaire (10, 70) contenant
une antenne a micro-ondes (32, 72b), I'antenne
(32, 72b) étant congue pour capter des émis-
sions thermiques et pour générer un signal cor-
respondant d’indication de température ; le ca-
théter (10, 70) avec I'antenne (32, 72b) étant
congu pour se déplacer le long dudit vaisseau
(WO

- un radiomeétre (38, 38a, 38b) ayant une entrée
de signal (40b), une entrée de référence (40b)
et une sortie ;

- un duplexeur (31) qui connecte électriquement
'antenne (32, 72b) a I'entrée de signal (40a) ; et
- des moyens (12b, 42, 72a, 90b) pour appliquer
une indication de la température normale des
tissus du patient au duplexeur (31), lesdits
moyens d’application comprenant des moyens
de détection de température (42, 72a) dans le
cathéter (10, 70), et un céble (12b, 90b) qui con-
necte la sortie des moyens de détection de tem-
pérature (42, 72a) au duplexeur (31),
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caractérisé en ce que

le duplexeur (31) est congu pour transmettre l'indi-
cation de la température normale des tissus du pa-
tiental'entrée de référence (40b) et pour transmettre
le signal indiquant la température depuis I'antenne
(32, 72b) a I'entrée de signal (40a), et I'antenne (32,
72b) étant congu pour capter les émissions thermi-
ques depuis des tissus normaux dans la paroi du
vaisseau et depuis les plaques vulnérables (P) lors-
qu’elle est déplacée le long dudit vaisseau, et I'ap-
pareil étant adapté a détecter des anomalies ther-
miques dues a une émission augmentée desdites
plaques vulnérables (P) par comparaison auxdits tis-
sus normaux, et I'appareil étant adapté a afficher les
emplacements desdites plaques vulnérables (P).

Appareil selon la revendication 1, dans lequel
I'antenne (32, 72b) comprend un cable coaxial (12a,
90a) s’étendant dans le sens de la longueur le long
du cathéter (10, 70).

Appareil selon la revendication 2, dans lequel
le cable coaxial (12a, 90a) est en gradins le long de
sa longueur pour optimiser ses performances.

Appareil selon la revendication 2 ou 3, dans lequel
le cable coaxial (12a, 90a) posséde un conducteur
extérieur (30, 84) et un conducteur intérieur (26, 84)
électriquement isolé vis-a-vis du conducteur exté-
rieur (30, 84) et qui s’étend dans le sens de la lon-
gueur au-dela du conducteur extérieur (30, 84).

Appareil selon la revendication 4, dans lequel

le conducteur intérieur (26, 82) est un tube a extré-
mité ouverte qui s’étend sur la longueur du cathéter
(10) et qui est adapté a recevoir un fil-guide (W).

Appareil selon la revendication 5, comprenant en
outre unfil-guide (W) regu en coulissement dans ledit
tube (26, 82) pour guider le cathéter (10, 70) le long
dudit vaisseau sanguin (V).

Appareil selon I'une des revendications précéden-
tes, dans lequel les moyens de détection de tempé-
rature (42, 72a) sont constitués par une seconde an-
tenne (72a), la seconde antenne (72a) et I'antenne
a micro-ondes étant des antennes intérieure et ex-
térieure coaxiales (72a, 72b).

Appareil selon 'une des revendications précéden-
tes, dans lequel ledit radiomeétre (38) a une fréquen-
ce de fonctionnement dans la plage de 1 a 4 GHz.

Appareil selon I'une des revendications précéden-
tes, comprenant en outre des moyens d’affichage
(46) qui réagissent a un signal de sortie provenant
desdites sorties du radiomeétre (38) pour afficher les
emplacements desdites anomalies thermiques le
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long dudit vaisseau sanguin (V).

Appareil selon la revendication 1, dans lequel le du-
plexeur (31) connecte les moyens de détection de
température (42, 72a) a I'entrée de référence (40b)
et le radiomeétre (38) est adapté a fonctionner a une
fréquence choisie et fournir un signal de sortie d’in-
dication de plaque quand le cathéter (10) est déplacé
le long du vaisseau sanguin (V), et I'appareil com-
prend en outre des moyens d’affichage (46) connec-
tés ala sortie du radiomeétre et adaptés a afficher les
anomalies thermiques dues a une plus forte émis-
sion desdites plaques vulnérables par comparaison
a des tissus normaux.

Appareil selon la revendication 10, dans lequel
I'antenne (32, 72b) comprend un céble coaxial (12a,
90a) composé d’'un conducteur intérieur (26) et d’'un
conducteur extérieur (30) électriquement isolé
s’étendant dans le sens de la longueur a l'intérieur
du cathéter (10), ledit conducteur intérieur s’éten-
dant au-dela du conducteur extérieur.

Appareil selon la revendication 11, dans lequel
le conducteur intérieur (26) est un tube a extrémité
ouverte.

Appareil selon la revendication 12, incluant en outre
un fil-guide (W) recu

en coulissement dans ledit tube pour guider le ca-
théter (10) le long dudit vaisseau sanguin (V).

Appareil selon 'une des revendications 11 a 13,
dans lequel

le conducteur intérieur (26) est constitué d’un fil con-
ducteur regu en coulissement dans le conducteur
extérieur (30), ledit fil constituant également un fil-
guide pour le cathéter (10).

Appareil selon I'une des revendications précéden-
tes, dans lequel ledit cathéter (10, 70) inclut égale-
ment un dispositif d’écartement perforé radialement
expansible, et des moyens actionnés de maniére ex-
tracorporelle pour mettre ledit dispositif en expan-
sion.

Appareil) selon I'une des revendications précéden-
tes, incluant en outre un transmetteur a micro-ondes
pour transmettre un signal de chauffage capable de
faire une ablation des tissus, et des moyens incluant
un duplexeur additionnel pour coupler le signal de
chauffage a I'antenne mais pas au radiométre, de
sorte que I'appareil peut chauffer lesdites plaques
vulnérables aprés leur détection.
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