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thermal emissions from that tissue of a second frequency
indicative of tissue temperature. The probe has an inner
conductor extending along the probe to a conductive probe
tip and a concentric tubular outer conductor having a leading
end spaced rearwardly from the probe tip and a closed
trailing end shorted to the inner conductor. A dielectric
sheath surrounds the outer conductor which sheath has a
leading end spaced rearwardly from the leading end of the
outer conductor. A diplexer integrated into the probe
includes a filter circuit positioned inside the outer conductor
and a coupling capacitor connected between a point on the

(51) Imt. CL inner conductor and the input of the filter circuit such that
AGIF 2/00 (2006.01) the conductors between that point and the shorted trailing
A6IN 1/00 (2006.01) end of the outer conductor constitute a quarter wave stub at
A61B 5/00 (2006.01) the second frequency.
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INTEGRATED HEATING/SENSING
CATHETER APPARATUS FOR MINIMALLY
INVASIVE APPLICATIONS

BACKGROUND OF THE INVENTION

[0001] This invention relates to a medical catheter appa-
ratus for minimally invasive applications. It relates more
particularly to an integrated antenna catheter system which
relies on electromagnetic radiation to simultaneously con-
trollably heat, and detect the temperature of, fluid or tissue
adjacent to the catheter. By placing the catheter at the region
of interest in the body, one can detect, diagnose and treat
certain abnormalities associated with tumors, cardiac
arrhythmias, benign prosthetic hyperplasia (BPH) and the
like. When placed in a patient’s vascular system, the catheter
can be used to measure temperature or even to raise tissue
temperature during heart surgery. Examples of known
antenna catheter apparatus of this general type are described
in my patents U.S. Pat. Nos. 5,683,382 and 6,932,776.
[0002] Obviously in order to perform their functions, such
catheters must be small in diameter and quite flexible so that
they can be threaded into the body to the target site via
various natural passages in the body. They may also be
required to facilitate various ancillary processes such as
maintenance of the catheter at a selected or constant tem-
perature, display of the target site, irrigation of the target
site, etc.

[0003] Antenna catheters of the above type are invariably
connected via a long cable to an external control unit which
includes a transmitter for transmitting electromagnetic
energy to the antenna catheter in order to heat fluid or tissue
adjacent to the catheter, and a receiver in the form of a
radiometer which detects thermal emissions picked up by
the antenna catheter and which reflect the temperature of the
fluid or tissue being examined.

[0004] The receiver produces corresponding output sig-
nals to control a display which displays that temperature.
Those same signals may also be used to control the trans-
mitter to maintain a selected heating profile.

[0005] For such apparatus which detect thermal emissions
in the microwave range which is of primary interest here, the
receiver is usually a Dicke-type radiometer. Such a radiom-
eter is a comparison radiometer system which utilizes a
switch to alternately connect the antenna (the unknown
temperature to be detected) and the reference temperature,
which may be a stable noise source or a temperature sensor
with in the catheter.

[0006] Every component of such a radiometer generates
noise power that contributes to the overall noise of the
system. Therefore, the total apparatus output contains not
only noise received by the antenna, but also noise generated
within the apparatus itself. Such variations within the appa-
ratus can produce spurious output signal fluctuations that are
sometimes greater than the signal level to be measured. To
overcome these gain variations, Dicke developed the com-
mon load comparison radiometer. This configuration greatly
reduces the effects of short-term gain fluctuations in the
radiometer. More particularly, the switch provides a mecha-
nism to allow both the reference and the unknown signals to
pass through the apparatus essentially at the same time
relative to the expected gain drift in the radiometer’s ampli-
fiers such that any drifting gain will be applied equally to
both the antenna and reference signals.
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[0007] Since the radiometer input is switched at a constant
rate by the Dicke switch between the antenna and the
constant-temperature reference load, the switched or modu-
lated RF signal should, therefore, be inserted at a point prior
to RF amplification in the radiometer and as close to the
antenna as possible. Any component or transmission line
located between the unknown temperature being detected
and the Dicke switch can introduce an error. One such error
source is the long coaxial cable which connects the antenna
to the radiometer.

[0008] More particularly, the temperature of that cable
contributes to the temperature measurement. The cable
temperature is usually not known and varies along the length
of the cable. That portion of the cable within the body will
be at body temperature, whereas the segment of the cable
outside the body will be at room temperature. All of these
parameters may vary with the flexing and depth of insertion
into the body of the probe. Also when the apparatus includes
a transmitter, power is absorbed by the cable, causing the
cable to be heated. If the loss in the cable is, say, 3 dB (which
could easily be the case), one half of the antenna noise power
comes from the desired tissue or fluid volume being exam-
ined and the rest results from in the cable.

[0009] Thus while errors common to both measurements,
i.e. the unknown temperature versus the reference tempera-
ture, are cancelled in a Dicke-type radiometer, any changes
or errors between the unknown and the Dicke switch affect
only the unknown temperature measurement and are not
common to both measurement paths.

[0010] Thus to achieve accurate measurement, it is highly
desirable to minimize the losses between the antenna and the
radiometer in order to improve the performance and reli-
ability of the overall apparatus, without increasing the size,
weight and cost thereof.

SUMMARY OF THE INVENTION

[0011] Accordingly the present invention aims to provide
a minimally invasive antenna catheter apparatus for simul-
taneously controllably heating and sensing the temperature
of fluid or tissue in a human or animal body.

[0012] Another object of the invention is to provide such
apparatus which includes an antenna catheter which may be
inserted into a patient and an external control unit and whose
designs eliminate the need for a long, lossy coaxial cable
between the catheter and the external unit.

[0013] A further object of the invention is to provide a
minimally invasive temperature sensing apparatus compris-
ing an antenna catheter and a receiver in the form of a
radiometer wherein the radiometer is integrated right into
the catheter.

[0014] Still another object of the invention is to provide an
integrated antenna catheter including a built-in diplexer and
microwave receiver which, when connected to an external
control unit containing a transmitter, can simultaneously
heat and detect the temperature of fluid or tissue adjacent to
the catheter.

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

[0016] The invention accordingly comprises the features
of construction, combination of elements and arrangement
of parts which will be exemplified in the following detailed
description and the scope of the invention will be indicated
in the claims.
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[0017] Briefly, the present apparatus comprises an antenna
catheter for insertion into a human or animal patient. The
catheter, sometimes also referred to as a probe, may be
connected by an external control unit which may include a
transmitter and a display. As usual, the apparatus also
includes a receiver, preferably a Dicke-type radiometer.
However, instead of incorporating the receiver into the
external control unit as is done conventionally, all compo-
nents of that receiver are integrated right into the catheter
and preferably, but not necessarily, the transmitter transmits
RF signals, i.e. below 300 MHz. Not only does this mini-
mize the electrical distance between the antenna and the
receiver, it also eliminates the need for long a coaxial cable
which suffers signal losses and gives rise to measurement
errors as described above. Therefore, the present apparatus
has a higher signal-to-noise ratio and sensitivity than prior
comparable apparatus of this type, yet is simpler and less
expensive to make and maintain.

[0018] When the apparatus is intended to heat tissue as
well as to sense the temperature thereof, a diplexer is also
integrated right into the catheter as will be described in detail
later so that the same catheter can simultaneously radiate
energy received from an external transmitter at one fre-
quency to heat tissue and detect thermal emissions from that
tissue at a different frequency and which are indicative of
tissue temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] For a fuller understanding of the nature and objects
of the invention, reference should be made to the following
detailed description taken in connection with the accompa-
nying drawings, in which:

[0020] FIG. 1 is a diagrammatic view of integrated cath-
eter apparatus for minimally invasive applications incorpo-
rating an antenna catheter for controlled heating and tem-
perature sensing;

[0021] FIG. 2 is a fragmentary longitudinal sectional view
on a larger scale showing the antenna catheter in FIG. 1 in
greater detail;

[0022] FIG. 3 is a fragmentary perspective view with parts
broken away on a still larger scale of the FIG. 2 catheter;
[0023] FIG. 4 is a similar view on an even larger scale
showing a portion of the FIG. 2 catheter in greater detail;
[0024] FIG. 5 is a schematic diagram showing certain
electrical components incorporated into the FIG. 2 catheter;
[0025] FIG. 6 is a similar diagram showing certain com-
ponents of the apparatus’ control unit, and

[0026] FIG. 7 is a graphical diagram showing the return
loss of the FIG. 2 antenna catheter.

DESCRIPTION OF A PREFERRED
EMBODIMENT

[0027] Referring to FIG. 1 of the drawings, the apparatus
comprises a minimally invasive flexible antenna catheter or
probe 10 adapted to be threaded into a patient via a natural
or incised passage in the patient’s body, and an external
control unit 12. The catheter is connected to unit 12 by a
flexible cable 14 having an end connector 14a that connects
to a mating connector 12a on unit 12. Typically, catheter 10
may be only 0.5 to 1.0 inch long and 0.08 to 0.10 inch in
diameter.

[0028] Referring now to FIGS. 2 and 3, catheter 10
includes an inner conductor 16 and a coaxial tubular outer
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conductor 18. Conductor 16 is longer than conductor 18 and
its front or leading end 16a is connected by solder, welding,
etc. to the center of a conductive discoid toe plate 22 spaced
in front of the outer conductor 18 which space is filled by a
discoid dielectric spacer member 24. A hemispherical con-
ductive shell 26 is mounted to the front face of toe plate 22.
Together they form the conductive leading end or tip 10a of
catheter 10. Shell 26 also defines a fluid-tight space 28
between the shell wall and the toe plate.

[0029] The rear or trailing end of outer conductor 18 is
closed by a discoid heel cap 30 soldered or welded to
conductor 18 and to the rear end 165 of inner conductor 16
which end extends into a small opening 32 at the center of
heel cap 30. The rear end of center conductor 16 is also
connected to the leading end of an inner conductor 33 of
cable 14. Those two conductors meet in opening 32 with the
cable end being anchored to heel cap 30.

[0030] As best seen in FIGS. 2 and 4, the segment of inner
conductor 16 within the outer conductor 18 carries a dielec-
tric sleeve 34 and is supported within conductor 18 by a
conductive insert 36 which fits snugly in, and extends the
length of, conductor 18. The conductor 16 and its sleeve 34
extend along an axial passage 38 in the insert. Insert 36 is in
contact with both outer conductor 18 and heel cap 30.
[0031] As best seenin FIGS. 3 and 4, insert 36 is generally
T-shaped in cross-section having a pair of arms 36a, 36a and
aleg 365 which define, along with outer conductor 18, a pair
of longitudinal passages 42, 42 which extend the length of
the insert 36. These passages are able to accommodate a pair
of tubes 44 whose forward ends are secured in a pair of holes
46, 46 in toe plate 22. The tubes extend along passages 42,
42 into through-holes 48, 48 in heel cap 30 where they
communicate with passages 49, 49 in cable 14.

[0032] The tubes 44 provide a fluid path to and from the
space 28 at the catheter tip 10a so that a fluid may be
circulated through the catheter in order to cool the catheter
tip or maintain it at a selected temperature. Actually, the
insert 36 through which those tubes pass constitutes a heat
sink. Therefore, the tubes may open into insert passages 42,
42 so that the entire catheter and its contents can be
maintained at the temperature of that fluid. As shown in FIG.
1, the passages 49, 49 in cable 14 extend to connector 14a
where they communicate with hoses 50 terminated by
connectors 50a releasably coupled to control unit 12.
[0033] Of course, the insert passages 42, 42 and tubes 44,
44 could also be used for other purposes. For example a
small hole 26 may be provided in shell 26 so that an
irrigation fluid delivered by one or both tubes may be ejected
from the catheter tip 10a. Also, the passages and/or tubes
may accommodate small wires leading to a temperature
sensor, ultrasonic transducer or other electrical device in the
space 28 at the catheter tip, depending upon the particular
application.

[0034] As best seen in FIGS. 2 and 3, a sheath 52 of a
dielectric material e.g. PTFE, surrounds the outer conductor
18 of catheter 10. However, that sheath does not extend all
the way to the front or leading end of the conductor, but
rather terminates at a selected distance therefrom for reasons
that will become apparent. The rear or trailing end of sheath
52 blends into cable 14 so that there is essentially no stepped
boundary between the two, thereby enabling the catheter be
threaded easily into a patient.

[0035] Referring now to FIGS. 2 to 4, a filter circuit 54 and
a microwave radiometer circuit 56, preferably in the form
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monolithic microwave integrated circuit chips (MMICS),
are mounted to the top of insert 36 which thus functions as
a carrier and heat-sink for those chips. Also, mounted
directly to the inner conductor 16 just ahead of insert 36 is
a coupling capacitor 58 which is recessed into the spacer
member 24. One terminal of capacitor 58 is connected
electrically to conductor 16 and the other is connected by
way of a lead strip 60 to filter circuit 54 which is, in turn,
connected to radiometer circuit 56. The output signal from
radiometer circuit 56 as well as certain bias and control
voltages are carried on conductor group 64 which extends
along the top of insert 36 and exits the catheter through a
hole 66 in heel cap 30. There, those conductors join corre-
sponding conductors 68 (FIGS. 1 and 3) which extends
along cable 14 to control unit 12. Also, a ground return
conductor 69 from circuit 56 connects to a corresponding
conductor 70 in cable 14.

[0036] Preferably radiometer circuit 56 operates at a fre-
quency in the microwave range, e.g 1 GHz to 26 GHz, most
preferably at a center frequency of 4 GHz. A conventional
Dicke-type radiometer circuit is disclosed in my patent U.S.
Pat. No. 4,557,272. Similar radiometer designs on a chip are
available from Meridian Medical Systems, Inc., the assignee
of this application.

[0037] Referring to FIG. 1, the control unit 12 includes a
transmitter or generator 72 which delivers power to catheter
10 by way of cable 14. The output signal from transmitter 72
has a frequency that is different from and preferably much
lower than the radiometer frequency. The illustrated trans-
mitter has an output in the RF frequency range, i.e. below
300 MHz, most preferably 500 KHz, so that cable 14 does
not have to be a coaxial cable thereby enabling it to be more
flexible and less lossy than a coaxial cable. If that is not a
problem for a given application, generator 72 could transmit
at a higher frequency in the microwave range. Transmitter
72 1s controlled by a processor 74 which receives instruc-
tions via control buttons 76 on an operator control panel 76
in unit 12.

[0038] The control unit 12 also includes an amplifier 78
which receives the temperature-indicating output signal
from radiometer circuit 56 via conductors 68 in cable 14.
Amplifier 78 conditions that signal and routes it to processor
74 which produces a corresponding control signal for con-
trolling the output of transmitter 72. Processor 74 may also
apply that signal to a display 82 which can display in real
time the temperature of the fluid or tissue being probed by
catheter 10.

[0039] Of course, display 82 can also display other param-
eters related to the proper operation of the apparatus such as
transmitter output power, reflected power, catheter tempera-
ture, room temperature, elapsed time, etc.

[0040] Preferably also, control unit 12 includes a heating/
cooling unit 84 controlled by processor 74 and connected via
hoses 84a, 84a to fittings 845, 845 to which connectors 50a,
50a are coupled. This enables unit 84 to circulate a fluid
through catheter 10 to maintain the catheter at a selected
temperature above or below room temperature or to follow
a selected temperature regime, depending upon the particu-
lar application.

[0041] Referring now to FIG. 2, basically the inner con-
ductor 16 in catheter 10 constitutes an RF transmission line
terminated by the conductive rounded tip 10a. The trans-
mission line is operated at the output signal frequency of
transmitter 72, e.g. 500 KHz. When transmitter 72 is opera-
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tive, the transmission line will radiate energy for heating
only from the uninsulated segment of the catheter between
the catheter tip 10a and the leading end of the dielectric
sheath 52. Thus, that segment constitutes an RF heating or
transmitting antenna T whose length is determined by the
forward extent of sheath 52 on outer conductor 18. In other
words, increasing the length of sheath 52 will reduce the
exposed length of conductor 18, i.e. the surface that could
contact tissue, and, in turn, reduce the antenna T length.
Since the outer conductor 18 is at the same RF potential as
conductor 16, it can provide an RF path between the antenna
T and transmitter 72.

[0042] Referring to FIGS. 2 and 4, the conductive catheter
tip 10a also comprises a temperature sensing microwave
receiving antenna R which can pick up thermal emissions
from tissue adjacent to the catheter 10. The segment of
conductor 16 from the tip 10« to its junction with capacitor
58 comprises the microwave receiving path and this path
continues along a lead strip 60 to filter circuit 54 and thence
to radiometer circuit 56. It should be noted that while
conductor 33 is basically an extension of conductor 16, it
conducts only the RF signal via outer conductor 18, while
conductor 16 conducts both the RF and microwave signals.
[0043] In some applications, it may be desirable to bridge
the dielectric spacer member 24 with a small helical wire
(2-4 turns) wound about member 24 in grooves therein as
shown in phantom at 25 in FIG. 4 to connect tip 10a to
conductor 18. This improves the RF heating pattern of
antenna T without materially degrading the microwave
antenna pattern of receiving antenna R.

[0044] To enable catheter 10 to simultaneously heat (trans-
mit) and detect temperature (radiometrically sense), a pas-
sive diplexer D is integrated into catheter 10 in order to
block the transmitter signals from the microwave receiving
path and isolate the microwave signals from the transmitter.
The diplexer D is formed by the coupling capacitor 58 and
a quarter-wave Agp/4 shorted stub S constituted by the
segment of catheter 10 extending from capacitor 58 or more
specifically its connection to connector 16 to the heel cap 30.
This quarter wave stub S should be tuned to the frequency
of the radiometer circuit 56, ¢.g. 4 GHz.

[0045] The tuned length of the stub S, i.e. the catheter
segment between capacitor 58 and heel cap 30, is deter-
mined by the dielectric constant of the material in sleeve 34
as well as the radiometer frequency. For example, at a
radiometer frequency of 4 GHz, when sleeve 34 is of PTFE
(K=2.1), the stub length should be 0.5 inch. On the other
hand, when a K=9 material is used, the stub length would be
reduced to 0.25 inch. For an intermediate length, e.g. 0.38
inch, a K=3.8 material would be used.

[0046] FIG. 5 is a schematic diagram showing the com-
ponents of the diplexer D including the quarter wave stub S,
the coupling capacitor 58, the lead strip 60 as well as the
components of the band pass filter circuit 54. As seen there,
the present catheter 10 design introduces the stub S, tuned to
the radiometer frequency, into the transmit path from trans-
mitter 72 to tip 10a. The stub S and inductance L, in circuit
54 form a low pass filter that isolates the higher frequency
(4 GHz) signal from the RF path to transmitter 72. On the
other hand, the capacitor C and inductance L, together
constitute a high pass filter that blocks the lower frequency
(500 KHz) transmitter signal from the signal-receiving path
to radiometer circuit 56. In some applications it may be
desirable for the circuit 54 chip to include elements of the
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radiometer circuit 56. Placing parts of the radiometer on
separate chips prevents feedback caused by having too much
amplifier gain on a single chip.

[0047] In FIGS. 2 and 4 we show capacitor 58 mounted
directly to the center conductor 16. However, it could be
incorporated into filter circuit 54 in which case the lead strip
60 in FIG. 4 would extend from conductor 16 directly to
circuit 54.

[0048] Refer now to FIG. 6 which shows the control unit
10 in somewhat greater detail, It includes various high pass
(HP) and low pass (LP) filters which together form a
backend diplexer to isolate the various signals being sent to
and from catheter 10 all of which signals are transmitted
along dedicated conductors in cable 14. Since the illustrated
backend diplexer is only one of the many that could be
incorporated into unit 10 and does not comprise the inven-
tion here, it will not be described in detail. Suffice it to say
that the RF ground conductor 70 from catheter 10 leads to
a grounding electrode 12a connected to unit 12. When the
apparatus is in use, that electrode is placed in contact with
the patient’s skin to provide a RF ground return path
between the catheter and the patient.

[0049] FIG. 7 is a graph showing the performance of the
diplexer D. As seen there, it provides a good impedance
match, i.e. greater than 20 dB, at a receive frequency of 4
GHz, while blocking or rejecting frequencies below 1 GHz
including the 500 KHz transmitter frequency.

[0050] The above described construction enables essen-
tially the same antenna components to transmit and receive
signals simultaneously that can both heat tissue or fluid and
detect the temperature of that tissue or fluid in real time, thus
enabling the performance of various medical procedures
discussed at the outset. The fact that the diplexer and
radiometer are incorporated right into the catheter probe 10
without materially increasing the size and/or stiffness of the
catheter enables the apparatus to provide very precise and
noise-free temperature measurements in a minimum amount
of time.

[0051] It will also be seen from the foregoing that my
catheter apparatus provides a particularly efficient and effec-
tive means for detecting the temperature of tissue or fluid in
a human or animal body in order to monitor and/or heat such
tissue in a controlled manner. Even though the catheter
incorporates transmitting and receiving antennas, an entire
microwave radiometer and a diplexer to electrically isolate
the transmitter from the receiver, the catheter is still quite
small and flexible so that it can be used in many minimally
invasive medical applications.

[0052] It will thus be seen that the objects set forth above,
among those made apparent from the preceding description,
are efficiently attained. Also, certain changes may be made
in the above construction without departing from the scope
of the invention. For example, in some applications, the
transmitter 76 could transmit in the microwave region. In
that event, however, cable 14 would be a coaxial cable which
would make it less flexible and more lossy. Also, of course,
if the catheter is to be used only for detection, the diplexer
including stub S and circuit 54 could be omitted.

[0053] Therefore, it is intended that all matter contained in
the above description or shown in the accompanying draw-
ings shall be interpreted as illustrative and not in a limiting
sense.
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[0054] Ttis also to be understood that the following claims
are intended to cover all of the generic and specific features
of the invention described herein.

1. Medical catheter apparatus for radiating electromag-
netic waves of a first frequency capable of heating tissue and
detecting electromagnetic waves of a second frequency
emitted by said tissue indicative of tissue temperature, said
catheter comprising

a center conductor having a leading end and a trailing end
for connection to a signal transmission path;

a quarter-wave stub interposed between the leading and
trailing ends of the center conductor and tuned to said
second frequency;

a filter circuit inside the catheter and comprising a signal
receiving path, said filter circuit having an input and an
output, and

a coupling capacitor connected between the input of the
filter circuit and a location on the center conductor at a
leading end of said stub, said stub and filter circuit
together constituting a diplexer for electrically isolating
said first frequency from the signal receiving path and
said second frequency from said signal transmitting
path.

2. The apparatus defined in claims 11 wherein the stub

comprises

a segment of the center conductor extending rearward
from said location and a tubular outer conductor con-
centric to said segment and having a leading end
located adjacent to said location and a trailing end,

a heel cap closing the trailing end of the outer conductor
and short circuiting the inner and outer conductors, and

a dielectric sleeve interposed between said segment and
the outer conductor along the entire lengths thereof, the
length and dielectric constant of said sleeve being
selected so as to tune the quarter wave stub to said
second frequency.

3. The apparatus defined in claim 2 and further including

a dielectric sheath surrounding the outer conductor, said
sheath having a leading end spaced rearwardly from the
leading end of the outer conductor and extending to the
trailing end of the outer conductor.

4. The apparatus defined in claim 2 and further including
an electrically conductive insert snuggly received in said
catheter between said sleeve and the outer conductor, said
insert extending from the leading end to the trailing end of
the outer conductor.

5. The apparatus defined in claims 4 wherein the insert is
also thermally conductive.

6. The apparatus defined in claim 5 wherein the filter
circuit is an integrated circuit chip mounted to the insert so
that the insert constitutes a heat sink for said chip.

7. The apparatus defined in claim 6 and further including
a radiometer circuit in the form of a monolithic microwave
integrated circuit (MMIC) chip mounted to said insert, said
MMIC chip having an input connected to the output of the
filter circuit and an output, said MMIC chip also comprising
said signal receiving path.

8. The apparatus defined in claim 7 and further including
a cable having a leading end anchored to the heel cap, said
cable including a first connector connected to the trailing
end of said center conductor in said signal transmitting path
and a second connector connected to the output of the
radiometer circuit in said signal receiving path, said cable
also having a trailing end terminated by a connector.
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9. The apparatus defined in claim 2

wherein the leading end of the center conductor is
rounded and has a maximum diameter that is substan-
tially the same of that of the outer conductor, and

further including a discoid dielectric spacer member
encircling the center conductor and extending substan-
tially from the leading end of the center conductor to
the leading end of the outer conductor.

10. The apparatus defined in claim 9 and further including

a small bridging wire extending along the spacer member
and electrically connecting the leading ends of the center
and outer conductors.

11. The apparatus defined in claim 2 wherein the leading
end of the center conductor has a hollow interior, and

further including at least one fluid path leading from the
hollow interior of the center conductor along the cath-
eter to the heel cap.

12. The apparatus defined in claim 1 wherein said stub is
tuned to a second frequency in the range of 1 to 26 GHz.

13. Medical catheter apparatus comprising a probe for
radiating electromagnetic waves of a first frequency capable
of heating tissue and detecting thermal emissions from said
tissue of a second frequency indicative of tissue temperature,
said probe including

an inner conductor extending along said probe to a
conductive probe tip;

a tubular outer conductor spaced radially out from the
inner conductor and having a leading end spaced rear-
wardly from the probe tip and a trailing end shorted to
the inner conductor;

a dielectric sheath surrounding the outer conductor, said
sheath having a leading end spaced rearwardly from the
leading end of the outer conductor;

a diplexer, said diplexer including a filter circuit posi-
tioned inside the outer conductor, said filter circuit
having an input and an output, and

a coupling capacitor connected between a point along the
inner conductor and said filter circuit input such that the
conductors between said point and the trailing end of
the outer conductor constitute a quarter wave stub at
said second frequency.

14. The apparatus defined in claim 13 and further includ-

ing

an electrically conductive insert within the outer conduc-
tor and extending between the leading and trailing ends
thereof, said insert having an axial passage for receiv-
ing the inner conductor, and

an electrical insulator between the inner conductor and the
insert.

15. The apparatus defined in claim 14 wherein the filter
circuit is comprised of an integrated circuit chip mounted to
the insert.

16. The apparatus defined claim 15 and further including
a microwave radiometer circuit comprised of a microwave
integrated circuit chip mounted to the insert, said microwave
integrated circuit chip having an input connected to the
output of the filter circuit and an output for delivering a
temperature-indicating signal to an external control unit.

17. The apparatus defined in claim 16 and further includ-
ing

an external control unit including a transmitter for trans-
mitting signals at said first frequency and a processor
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for controlling the transmitter in response to said tem-
perature-indicating signals from the radiometer circuit,
and

a cable connected between the probe and the control unit,
said cable including a first conductor connecting the
transmitter to said inner conductor and a second con-
ductor connecting the radiometer output to the proces-
sor.

18. The apparatus defined in claim 17 wherein the control
unit also includes a display controlled by the processor in
response to the temperature-indicating signals from the
radiometer circuit.

19. The apparatus defined in claim 17 wherein the cable
is a non-coaxial cable and the transmitter transmits at a first
frequency in the RF range.

20. The apparatus defined in claim 17 wherein the trans-
mitter transmits at a first frequency less than 300 MHz and
the radiometer circuit operates at a second frequency of 1 to
26 GHz.

21. The apparatus defined in claim 17 wherein the cable
is a coaxial cable and the transmitter transmits at a first
frequency in the microwave range.

22. The apparatus defined in claim 14

wherein the probe tip is hollow, and

further including at least one passage leading from the
interior of the probe tip along the insert past the trailing
end of the outer conductor.

23. The apparatus defined in claim 22 wherein the insert
is thermally conductive so that it can function as a heat sink
when a heating/cooling fluid is flowed to the interior of said
tip through said at least one passage.

24. The apparatus defined in claim 13

wherein the probe tip is rounded and has a maximum
diameter that is substantially the same as that of said
outer conductor, and

further including a dielectric spacer member filling the
space between the catheter tip and the leading end of
the outer conductor.

25. The apparatus defined in claim 24 and further includ-
ing a small wire extending along the spacer member and
electrically connecting the probe tip to the leading end of the
outer conductor.

26. A medical catheter apparatus comprising

an inner conductor having a front end and a rear end;

a tubular outer conductor spaced radially out from the
inner conductor and having a trailing end and a leading
end spaced rearwardly from said front end of the inner
conductor to form an antenna;

a conductive insert received in said outer conductor and
extending between the leading and trailing ends
thereof,
said insert being in electrical contact with the outer

conductor, and
having an axial passage receiving the inner conductor
and a flat surface spaced from the outer conductor;
an insulator electrically insulating the insert from the
inner conductor therein;

a monolithic microwave integrated circuit chip mounted
to said surface in intimate contact therewith, said
circuit chip having an input and an output, and

a circuit path connecting the inner conductor to said input.

27. The apparatus defined in claim 26 wherein said circuit
path includes
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a filter circuit mounted to said surface, said filter circuit
having an output connected to the input of said chip and
an input, and

a coupling capacitor connected between said inner con-
ductor adjacent to the insert and the input of said filter
circuit.

28. The apparatus defined in claim 26 wherein the front
end of the inner conductor has substantially the same
diameter as the leading end of the outer conductor.

29. The apparatus defined in claim 28 and further includ-
ing a dielectric spacer extending between the front end of the
inner conductor and the leading end of the outer conductor.

30. The apparatus defined in claim 29 and further includ-
ing a wire wound around the spacer and connecting the
adjacent ends of the inner and outer conductors.

31. The apparatus defined in claim 29

wherein the front end of the inner conductor has a hollow
interior and
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further including at least one passage extending from the
interior of the inner conductor through said spacer and
along said insert at least to the trailing end of the outer
conductor.

32. The apparatus defined in claim 26 wherein the insert
has a generally T-shaped cross section.

33. The apparatus defined in claim 26 wherein the rear end
of the inner conductor is shorted to the trailing end of the
outer conductor so that said conductors bounding the insert
form a quarter wave stub tuned to a selected frequency.

34. The apparatus defined in claim 26 and further includ-
ing a dielectric sheath surrounding the outer conductor, said
sheath having a leading end spaced rearwardly from the
leading end of the outer conductor and a trailing end that
extends at least to the trailing end of the outer conductor.



TRAFROE) ATFHeINANERNBMERBRSERE
NIF(2E)E US20070299488A1
HiES US11/474883

PRI B (EFR)A(E) CARRKENNETHAS

B (EFIR)A(GR) CARR KENNETHA &

HETHFEFRN)AGE) CARR KENNETHARH

[#RI &8 A CARR KENNETH L
KREBA CARR, KENNETH L.
IPCHE& A61F2/00 A61N1/00 A61B5/00
CPCH¥%k=
A61B2018/00702 A61B2018/00791 A61B2017/00084
H 20 FF S0k US7769469
SNEBEEE Espacenet USPTO
MWE(F)

ATHEINANERSEREEA TR E — RN BROKMERL
B — IR MAA LN R B NALRERN S ZME R ALRN
MRS, REEFBREEFRDSBRERNKHNSENELERAS
&, HERNRE RinE G E R 8RN 5 A S 458 20 86 Rk,
BRI ERSENSE , R EEEMNSEREIR R /5 BT E
o ERAERKXTIMIREEN THSERIBE IR R BIENIEREE
NS LN RAERBRENMAZANBESRRHR , BEEARENG
REY IR R im 2 R MY S 58 SRR M 5 2 — R KR EL.

2007-12-27

2006-06-26

patsnap

A61B5/01 A61B18/1492 A61B18/18 A61B2017/00039 A61N1/403 A61B2018/00005 A61B2018/00023

26~\ 52-\
Ll
2 18
76~ ' 76a 72
L
_l* XMTR _L
74 PROCESSja—  AMP. | .

821

N—

78

84b
COOLHEAT :
UNIT
84'{ 84a

50a

50


https://share-analytics.zhihuiya.com/view/84fcfe8d-6cc3-4773-beb9-a1d659aade48
https://worldwide.espacenet.com/patent/search/family/038649982/publication/US2007299488A1?q=US2007299488A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070299488%22.PGNR.&OS=DN/20070299488&RS=DN/20070299488

