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Description
BACKGROUND OF THE INVENTION

[0001] Thisinvention relates generally to the treatment
of certain diseases by tissue ablation wherein electro-
magnetic energy from an antenna in an ablation catheter
heats tissue sufficiently to cause necrosis and a separate
temperature sensing antenna in a temperature probe
placed in a body passage or cavity adjacent to the abla-
tion site measures tissue temperature to enable the op-
erating surgeon to avoid overheating tissue during the
ablation procedure. It relates especially to apparatus en-
abling the surgeon to align the two antennas to optimize
that temperature measurement.

[0002] In a typical cardiac ablation procedure, an an-
tenna catheter is used to resistively heat heart tissue,
usually at the left side of the heart, sufficiently to inten-
tionally damage the target tissue in order to cure a po-
tentially fatal heart arrhythmia. Typically, heating the tis-
sue to atemperature in excess of 70°C for 30-60 seconds
is sufficient to cause tissue necrosis. During treatment,
electromagnetic energy, usually in the RF frequency
range, is applied between the tip of the antenna catheter
and a ground plate removably affixed to the patient’s
back, creating an electrical circuit. The point of highest
resistance in this circuit, normally the interface between
the catheter tip and the heart tissue, is the region which
heats the most and thus may cause intentional, irrevers-
ible damage to the heart tissue to correct the arrhythmia.
[0003] Anatomically, the esophagus is very close to,
and may even contact, part of the left atrium. Indeed, the
average distance between the endocardial surface of the
left atrium and the anterior surface of the esophagus is
only in the order of 4.4 +/- 1.2 mm. Thus, ablating certain
regions of the left atrium to treat various arrhythmias in
the heart can unintentionally cause thermal damage to
the esophagus, often with severe consequences.
[0004] In order to prevent such overheating, a temper-
ature probe may be positioned in the patient’s esophagus
adjacent to the ablation site in the heart. One conven-
tional temperature probe carries conventional point
source temperature sensors such as thermocouples,
thermistors or the like to monitor, and ultimately prevent
the overheating of, the esophagus wall by cutting off or
reducing the power delivered to the ablation catheter;
see, e.g., US2007/0066968.

[0005] Another type of temperature probe developed
only recently has been disclosed in US2012/035603.
That probe incorporates a microwave antenna which is
connected to an external receiver in the form of a radi-
ometer. The radiometer detects the thermal emissions
picked up by the antenna in the probe which reflect the
temperature of the tissue being examined and produces
corresponding temperature signals to control a display
which displays thattemperature. During ablation, that ap-
paratus can measure the temperature at depth in the
esophageal tissue which is in close proximity to the ab-
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lation site in the patient’'s heart. That measurement can
then be used to prevent unintentional thermal damage
to the esophagus or other body passage.

[0006] As described in the above provisional applica-
tion, a temperature probe using microwave radiometry
provides definite advantages in that it can measure tem-
perature at depth in the passage wall to avoid thermal
damage thereto enabling the operating surgeon to adjust
the power to the ablation catheter as needed to provide
sufficient heating of the heart tissue to cause necrosis,
but not enough to result in surface charring of that tissue
that could cause a stroke and/or the formation of micro-
bubbles (popping) that could rupture the heart vessel
wall. Also, such radiometric sensing allows accurate
measurement of tissue temperature even when cooling
is being provided.

[0007] However, in order to optimize the accuracy of
the temperature measurement provided by the temper-
ature probe, it is desirable that the antenna therein be
aligned properly with the antenna in the ablation catheter.
Until now, there has been no means inthe prior apparatus
of this type to enable the operating surgeon to verify that
the two antennas are indeed in alignment. Resultantly,
in some instances, the temperature measurements may
not be accurate enough to avoid thermal damage to tis-
sue and in others, the ablation procedure may take too
long because of tissue underheating.

[0008] EP 0485 323 A1 discloses a hyperthermia ap-
paratus for heating predetermined tissue in the body of
a subject and which includes a probe device and a heat
applicator each positionable in proximity to the tissue to
be heated.

[0009] US 2007/0299488 A1 discloses an integrated
heating/sensing catheter apparatus for minimally inva-
sive applications, which includes a probe for radiating
electromagnetic waves of a first frequency capable of
heating tissue and detecting thermal emissions from that
tissue of a second frequency indicative of tissue temper-
ature.

[0010] US 2006/0106375 A1 refers to an ablation sys-
tem with a feedback including an ablation catheter that
has an array of ablation elements and a location element,
an esophageal probe also including a location element,
and an interface unit that provides energy to the ablation
catheter.

[0011] US 4,346,716 relates to a microwave detection
system for the detection of cancerous tumors and is par-
ticularly effective in the early detection of such tumors.
The microwave system has a single unit wherein a pas-
sive radiometer with an active microwave transmitter is
combined.

SUMMARY OF THE INVENTION

[0012] Accordingly, an object of the present invention
is to provide an apparatus for implementing a method for
properly aligning the antenna in an ablation catheter po-
sitioned at an ablation site in a human or animal body
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and the antenna in a temperature probe located in a body
passage adjacent to the ablation site.

[0013] Another object is to provide such an apparatus
for implementing a method which can be employed even
when the ablation site and/or passage arefis being
cooled.

[0014] Still another object is to provide such apparatus
wherein the antenna in the temperature probe may be
either directional or omni-directional.

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

[0016] The above objects are solved according to the
invention by the subject-matter of claim 1. Preferred em-
bodiments of the present invention are subject-matter of
the dependent claims.

SUMMARY OF THE INVENTION

[0017] The present disclosure accordingly comprises
the several steps and the relation of one or more of such
steps with respect to each of the others, and the appa-
ratus embodying the features of construction, combina-
tion 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 in-
vention will be indicated in the claims.

[0018] Inapparatus of the type with which this invention
is concerned, an ablation catheter containing a first an-
tenna is positioned at an ablation site in a patient’s body
and a temperature probe containing a second antenna
is placed in abody passage having a wall portion adjacent
to the ablation site so that the probe is more or less op-
posite the ablation site. An electromagnetic signal of a
first frequency may be delivered by an external generator
to the first antenna to ablate tissue at the ablation site,
while the second antenna picks up thermal emissions
from said wall portion and provides a signal which may
be detected and used to control a display so that the
display indicates the temperature of that wall portion. By
viewing the display, an operating surgeon can appropri-
ately control the generator to avoid overheating the wall
tissue.

[0019] In accordance with this invention, an antenna
alignment circuitis connected between the two antennas.
The alignment circuit includes a microwave source which
transmits from one antenna to the other a modulated mi-
crowave signal of a second frequency different from the
first frequency. That microwave signal is picked up by
the other, receiving, antenna connected to a radiometer.
The radiometer detects the microwave signal and pro-
duces an alignment signal whose strength is indicative
of the degree of alignment of the first and second anten-
nas. That is, the alignment signal is strongest when the
two antennas are directly opposite one another. The
alignment signal may be used to control a display ena-
bling an operating surgeon to see exactly when the align-
ment signal strength is at a maximum signifying that the
two antennas are in optimum alignment.
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[0020] As we shall see, the microwave communication
between the two antennas can be implemented in either
direction to properly position the two antennas relatively
both axially and in azimuth. The invention thus allows
optimal delivery of ablation power to the antenna in the
ablation catheter while preventing unwanted surface
charring of the tissue being ablated and thermal damage
to the passage wall adjacent to the ablation site. It will
also allow the ablation procedure to be carried out in a
minimum length of time.

[0021] Using this method, by observing the alignment
display, a surgeon may determine in real time the relative
position of an ablation catheter and a temperature probe
and adjust one or the other to obtain the strongest align-
ment signal before the ablation procedure has com-
menced. Then, during the actual ablation when the RF
energy from the ablation catheter starts to heat beyond
the tissue intended to be heated and/or inadvertently
starts to heat the wall of the adjacent body passage, e.g.
the esophagus, there will be a noticeable temperature
rise signaled by the temperature probe so that the appa-
ratus’ temperature display will provide the surgeon with
a clear, early warning of potential tissue damage.
[0022] While we will describe the invention in a cardiac
ablation context, the same antenna alignment technique
may be used in connection with other procedures where-
in tissue ablation is performed adjacent to a natural pas-
sage in the body, such as the treatment of benign pros-
thetic hyperplasia (BPH) wherein an ablation catheter is
positioned in the patient's urethra and a temperature
probe is located in the rectal cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] For afuller 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 is a diagrammatic view of a patient’s head
and torso showing an ablation catheter in the left
atrium of the heart and a temperature probe situated
in the esophagus adjacent to the catheter;

FIG. 2 is a block diagram of apparatus for aligning
an ablation catheter and a temperature probe ac-
cording to this invention;

FIGS. 3A to 3C are diagrammatic views showing dif-
ferent versions of the coupler portion of the FIG. 2
apparatus, and

FIG. 4 is a diagram similar to FIG. 2 of a second
embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0024] ReferfirsttoFIG. 1 ofthe drawings which shows
the head and torso of a patient having a heart H with a
left ventricle Hy, and a left atrium Hp. As is usually the
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case, the left atrium of the heart is very close to the an-
terior wall of the patient’'s esophagus E. During a con-
ventional cardiac ablation procedure, an ablation cathe-
ter 10 is threaded into the left atrium H via left ventricle
Hy, so that the working end 10a of the catheter contacts
the posterior wall of the left atrium as shown in FIG. 1.
[0025] In order to prevent overheating of the esopha-
gus E during such an ablation procedure, a temperature
probe 12 may be inserted into the patient’s nasal passage
N and threaded down into the esophagus E via the pa-
tient’s pharynx P until the probe is positioned directly op-
posite the catheter end 10a at the ablation site as shown
in FIG. 1. As the heart tissue is being ablated by catheter
10, the temperature probe 12 picks up thermal emissions
from the esophageal wall E,y, and corresponding temper-
ature signals are produced which may be used to prevent
overheating of the esophagus.

[0026] Referring to FIG. 2, catheter 10 includes an ab-
lation antenna 14 which receives an RF signal from an
RF generator 16. Preferably, antenna 14 is of the type
disclosed in US2007/0299488 and it is matched to a se-
lected first frequency, e.g. 550 KHz. However, instead of
receiving this signal from the generator directly, the an-
tennareceives it by way of a microwave coupler 18 which
is part of an alignment circuit to be described in detail
shortly.

[0027] The temperature probe 12 contains an antenna
22 for picking up thermal emissions from the wall portion
Ew. Preferably, the antenna is of the type described in
US2007/0219548. Antenna 22 is connected to the input
of aradiometer 24 which detects the signal from antenna
22 and produces a corresponding temperature signal.
Preferably, the radiometer operates at a center frequency
corresponding to said second frequency, i.e. 4.0 GHz,
so that the apparatus can detect thermal emissions from
relatively deep regions of the esophageal wall Ey,.
[0028] The temperature signal from the radiometer is
routed to a controller 26 which produces a corresponding
control signal for controlling a display 28 which can dis-
play the temperature of the tissue being examined by the
probe 12. Preferably the display indicates esophageal
tissue temperature as a function of time so that the sur-
geon can see that temperature in real time. Of course,
the display 28 may also display other parameters relating
to proper operation of the apparatus.

[0029] The controller 26 may receive instructions via
the control buttons 32a of an operator-controlled input
keyboard 32.

[0030] The temperature signal from controller 26 may
also be coupled to a control input terminal 16a of the
generator 16 to control the power being delivered to the
ablation catheter 10 and the apparatus may include
means for cooling the tissue at the ablation site and/or
the esophagus.

[0031] Still referring to FIG. 2, the alignment circuit
mentioned above is provided in order to assure that the
antenna 22 in probe 12 is aligned with the antenna 14 in
catheter 10 when the ablation procedure is carried out
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to allow optimal delivery of ablation power to the antenna
14 with minimal likelihood of unwanted thermal damage
to the heart and/or to the esophageal wall E,y, during the
ablation procedure.

[0032] The alignment circuit comprises, in addition to
the coupler 18, a microwave source 36 controlled by a
clock signal from radiometer 24 so that the radiometer
and source 36 operate in synchronism. The source 36
provides a signal of a second frequency different from
the first, e.g. 4.0 GHz, which is pulse modulated. This
microwave signal from source 36 is coupled to, and trans-
mitted by, antenna 14, picked up by antenna 22 and de-
tected by radiometer 24. Modulation of the transmitted
waveform allows detection by the radiometer 24 of very
low levels of microwave signal in the presence of high
levels of interfering noise. Thus, the AM pulse modulated
microwave signal from antenna 14 can easily be recog-
nized and detected by the sensitive radiometer 24 and
the strength of this signal is directly related to the degree
of alignment of the two antennas. In response to the de-
tected signal, the radiometer delivers an alignment signal
via controller 26 to display 28 which thereupon provides
an indication of that signal strength as a function of time.
[0033] Preferably, the two antennas 14 and 22 are
aligned prior to the actual ablation procedure. For this,
the controller 26 may be instructed via terminal 32 or a
hand control (not shown) on catheter 10 to apply a control
signal C to the control terminal 16a of generator 16 that
turns off or reduces the RF power output from the gen-
erator for a selected time or until the operator determines
from the display 28 that the antennas are aligned follow-
ing which the signal C from the controller may cause the
generator to operate at full power sufficient to ablate tis-
sue. That same control signal C is applied to a control
terminal 36¢ of source 36 to deactivate that source so
that the generator and source are active alternatively.
[0034] The antenna 22 in temperature probe 12 may
be omni-directional, but is more preferably a directional
antenna of the type described in the above
US2007/0299488. Such a directional antenna provides
a better temperature measurement resolution in the di-
rection of the catheter 10. That is, with a directional an-
tenna, the tissue at wall portion E,y represents a more
significant portion of the antenna pattern of antenna 12,
which will significantly improve the temperature meas-
urement resolution.

[0035] The microwave coupler 18 in the FIG. 2 appa-
ratus may have different forms. Preferably, it is located
near the proximal end of catheter 10 and near the gen-
erator 16. The coupler is basically a diplexer or T/R switch
which couples the microwave signal from source 36 to
antenna 14. A capacitive coupling method is preferred,
with a directional capacitive coupling approach being the
optimum. This approach directs the microwave energy
from source 36 toward the antenna 14 and away from
the RF generator 16. The modulated microwave signal
propagates out to the tip of antenna 14 where it radiates
into the heart tissue.
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[0036] Inthe coupler 18 depicted in FIG. 3A, the signal
from microwave source 36 is capacitively coupled at 42
to the line from RF generator 16 to antenna 14 with an
upstream filter 44 being provided which passes the RF
signal but isolates generator 16 from the microwave sig-
nal.

[0037] InFIG. 3B, the coupler 18 comprises a diplexer
in the form of a transmission line 46 connected between
generator 16 and antenna 14, with a branch 46a receiving
the output signal from source 36 by way of a DC blocking
capacitor 48.

[0038] InFIG. 3C, the coupler 18 comprises a conven-
tional ferrite circulator 52 connected between generator
16 and antenna 14 and designed to operate at said sec-
ond selected frequency, i.e, 4.0 GHz. The circulator cent-
er conductor provides a conductive path that connects
the RF generator 16 to antenna 14. The signal from mi-
crowave source 36 is applied to the circulator by way of
a DC blocking capacitor 54.

[0039] In use, the temperature probe 12 is normally
inserted through the nose and down into the esophagus.
With the apparatus operating in an alignment mode, the
probe antenna 22 is aligned with antenna 14 in the ab-
lation catheter 10 by varying its position in the esophagus
to maximize the received alignment signal strength as
indicated by display 28. Rotating the probe 12 and its
antenna 22 steers the antenna pattern in an azimuth di-
rection while insertion and retraction of the probe shifts
the antenna pattern in an axial direction. The probe 12
is optimally positioned for detection of dangerous abla-
tion temperatures when the two antennas 14 and 22 are
in closest proximity as indicated by display 28 displaying
a maximum received signal strength.

[0040] Following alignment, the apparatus may be
switched to its ablation mode with generator 16 delivering
sufficient power to antenna 14 to ablate tissue. Thus,
alignment of the two antennas is usually, but not neces-
sarily, carried out during an alignment phase prior to the
actual ablation procedure while generator 16 is delivering
zero or sublethal power to antenna 14.

[0041] In the FIG. 2 embodiment of the invention, the
catheter antenna 14 transmits a signal to probe antenna
22 to effect antenna alignment. However, the opposite
may be the case as shown in FIG. 4. In the FIG. 4 appa-
ratus, the catheter 10 is preferably of the type described
in the above US2007/0299488 having a radiometer in-
corporated right in the catheter 10 along with the antenna
14, albeit the radiometer could just as well be outside the
catheter as shown in phantom at R in FIG. 4. In either
event, antenna 14 receives an RF signal from a generator
16 to ablate tissue as before. Here, the primary function
of the radiometer in catheter 10 (or radiometer R) is to
monitor the ablation temperature in the heart atrium H,.
Forthis, the radiometer detects thermal emissions picked
up by antenna 14 and produces a signal which is fed to
a radiometer controller 64 that controls a display 66. As
in the FIG. 2 apparatus, instructions to controller 64 may
be input via a keyboard (not shown).
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[0042] The FIG. 4 apparatus also includes a tempera-
ture probe 12 containing an antenna 22 similar to the one
in FIG. 2. AT/R switch 68 or equivalent connects antenna
22 either to a microwave source 72 similar to source 36
or to a radiometer 74 whose output controls a display 76
which may be combined with display 66.

[0043] A clock signal from the radiometer is applied by
way of controller 64 to the microwave source 72 so that
radiometer in catheter 10 (or radiometer R) and source
72 operate in synchronism.

[0044] Like the FIG. 2 apparatus, the FIG. 4 instrument
may be operated in an alignment mode prior to the ab-
lation procedure. For this, controller 64 may be instructed
to output a control signal C to generator 16 which turns
off the generator and to switch 68 which connects micro-
wave source 72 to the antenna 22 in probe 12, while
isolating the radiometer 74. Antenna 22 will thereupon
transmit a pulse modulated microwave signal to the an-
tenna 14 which is detected by the radiometer in ablation
catheter 10 (or radiometer R). That radiometer will then
deliver analignment signal to controller 64. The controller
controls display 66 so that the latter displays an amplitude
modulated signal whose strength is indicative of the de-
gree of alignment of the two antennas 14 and 22.
[0045] After the alignment step whose duration may
be input by the operator, timed by controller 64 or based
on a selected parameter, e.g. a selected maximum align-
ment signal strength, the controller may activate RF gen-
erator 16 and switch switch 68 so that the antenna 22 in
probe 12 is disconnected from source 72 and coupled to
radiometer 74. That radiometer may thereupon provide
atemperature signal todisplay 76 so thatthe temperature
of the esophagus wall portion E,y can be seen by the
operating surgeon in real time. The surgeon may then
control generator 16 as needed to avoid overheating the
esophagus.

[0046] As noted above, the present apparatus is ap-
plicable not only to align the ablation and temperature
sensing antennas during a cardiac ablation procedure,
it can be used whenever two antennas have to be aligned
on opposite sides of any body passage wall. In all cases,
the apparatus, which utilizes an AM pulse modulated mi-
crowave signal with synchronous detection allows opti-
mal alignment of the two antennas because it provides
high sensitivity and very good noise immunity under nor-
mal operating room conditions.

[0047] 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 appa-
ratus 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 accompanying drawings shall be interpreted as illus-
trative and not in a limiting sense.

[0048] It is also to be understood that the following
claims are intended to cover all the generic and specific
features of the invention described herein.
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Claims

Apparatus for aligning an ablation catheter and a
temperature probe relatively for an ablation proce-
dure, said apparatus comprising

an ablation catheter (10) for ablating tissue at an
ablation site (H,) in a patient’s body, said catheter
including a first antenna (14);

a generator (16) for delivering power to the first an-
tenna (14) to heat the tissue;

a temperature probe (12) containing a second an-
tenna (22) and for placement in a body passage (E)
having a wall portion (Ey) adjacent to the ablation
site so that said second antenna (22) is positioned
opposite the first antenna (14);

a microwave source (36, 72) configured to provide
a pulse modulated microwave signal to one of said
first (14) and second (22) antennas, said signal being
picked up by the other of the first and second anten-
nas;

a radiometer (24, R) having an input in circuit with
the other of the first (14) and second (22) antennas
and an output, and

asynchronizing device (clock in 24, 64) in circuit with
said source (36, 72) and said radiometer (24, R) en-
abling the radiometer to synchronously detect said
microwave signal so that the radiometer output can
provide an alignment signal whose strength reflects
the degree of alignment of the first and second an-
tennas,

characterized in that

a control device (26, 64) is included which is config-
ured to control the operations of the generator (16)
and microwave source (36, 72) in a mutually exclu-
sive fashion so that when the microwave source is
operative, said radiometer (24, R) output provides
said alignment signal and when the generator (16)
is operative to ablate tissue, the radiometer (24, R)
output provides a temperature signal indicating the
temperature of tissue.

The apparatus defined in claim 1 wherein

said one antenna is the first antenna (14);

a microwave coupler (18) is in circuit between said
microwave source (36) and said first antenna (14),
and

the synchronizing device is configured to deliver
clock pulses from the radiometer (24) to the micro-
wave source (36) to synchronize their operations.

The apparatus defined in claim 2 wherein the coupler
(18) comprises a directional capacitive coupling de-
vice (42) and a filter (44) in circuit between the cou-
pling device and the generator (16).

The apparatus defined in claim 2 wherein the coupler
(18) comprises a diplexer (41, 48).
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5.

10.

1.

12.

The apparatus defined in claim 2 wherein the coupler
(18) comprises a ferrite circulator (52).

The apparatus defined in claim 5 wherein the coupler
(18) further includes a lossy transmission line con-
nected between the circulator (52) and the generator
(16) and a capacitor (54) connected between the cir-
culator and an output of the microwave source (36).

The apparatus defined in claim 1 and further includ-
ing a display device (28, 76) connected to the radi-
ometer (24, R) output.

The apparatus defined in claim 1 wherein

said one antenna is the second antenna (22);

the microwave source (72) provides the microwave
signal to the second antenna (22), and

the radiometer (R) input is in circuit with the first an-
tenna (14).

The apparatus defined in claim 8 wherein the radi-
ometer (R) is located in the ablation catheter.

The apparatus defined in claim 8 and further includ-
ing a second radiometer (74) having an input and an
output;

a switching device (68) connected between the sec-
ond antenna (22) and the input of the second radi-
ometer (74), said microwave signal being applied to
the second antenna by way of said switching device,
said control device (64) being configured to control
the operations of the generator (16) and the switch-
ing device (68) so that when the generator (16) is
not operative, the switching device (68) connects the
microwave source (72) to the second antenna (22)
and when the generator is operative, the switching
device (18) connects the second antenna to the input
of the second radiometer (74).

The apparatus defined in claim 10 and further includ-
ing a display device (66) responsive to the signal at
the output of said radiometer (R) so that the display
device (66) displays the strength of the alignment
signal.

The apparatus defined in claim 11 and further includ-
ing a second display device (76) responsive to the
signal at the output of the second radiometer (74) so
that the second display device displays the temper-
ature of said wall portion (Eyy).

Patentanspriiche

1.

Vorrichtung zur relativen Ausrichtung eines Ablati-
onskatheters und eines Temperaturfiihlers flr einen
Ablationsvorgang, wobei die Vorrichtung aufweist:
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einen Ablationskatheter (10) zum Abtragen von
Gewebe an einem Ablationsort (HA) im Kérper
eines Patienten, wobei der Katheter eine erste
Antenne (14) umfasst;

einen Generator (16) zur Lieferung von Energie
fur die erste Antenne (14) zum Erwarmen des
Gewebes;

einen Temperaturfiihler (12), der eine zweite
Antenne (22) enthalt, und zur Unterbringung in
einem Korperkanal (E) mit  einem
Wandabschnitt (Ey), der an den Ablationsort
angrenzt, so dass die zweite Antenne (22) ge-
genuber der ersten Antenne (14) positioniert ist;
eine Mikrowellenquelle (36, 72), die gestaltet ist,
um ein impulsmoduliertes Mikrowellensignal an
eine der ersten (14) und zweiten (22) Antennen
abzugeben, wobei das Signal durch die andere
der ersten und zweiten Antennen aufgefangen
wird;

einen Strahlungsmesser (24, R) mit einem Ein-
gang, angeschlossen mit der anderen der ers-
ten (14) und zweiten (22) Antennen sowie einem
Ausgang,

und

ein Synchronisierungsgerat (Uhr in 24, 64) mit
der Quelle (36, 72) und dem Strahlungsmesser
(24, R) angeschlossen, die es dem Strahlungs-
messer ermdglicht, das Mikrowellensignal syn-
chron zu detektieren, so dass der Ausgang des
Strahlungsmessers ein Ausrichtungssignal be-
reitstellen kann,

dessen Starke den Ausrichtungsgrad der ersten
und zweiten Antennen widerspiegelt,

dadurch gekennzeichnet, dass

ein Steuergerét (26, 64) einbezogen wird, das
gestaltet ist, um die Arbeitsabldufe von Gene-
rator (16) und Mikrowellenquelle (36, 72) in einer
gegenseitig ausschlieRenden Art und Weise zu
steuern, so dass der Ausgang des Strahlungs-
messers (24, R) das Ausrichtungssignal liefert,
wenn die Mikrowellenquelle wirksam ist, und der
Ausgang des Strahlungsmessers (24, R) eindie
Gewebetemperatur anzeigendes Temperatur-
signal liefert, wenn der Generator (16) wirksam
ist, um Gewebe abzutragen.

Vorrichtung nach Anspruch 1, bei der

die eine Antenne die erste Antenne (14) ist;

ein Mikrowellenkoppler (18) zwischen der Mikrowel-
lenquelle (36) und der ersten Antenne (14) ange-
schlossen ist, und

das Synchronisierungsgerat zur Lieferung von Tak-
timpulsen von dem Strahlungsmesser (24) an die
Mikrowellenquelle (36) gestaltet ist, um ihre Arbeits-
ablaufe zeitlich aufeinander abzustimmen.

Vorrichtung nach Anspruch 2, bei der der Koppler
(18) eine kapazitive Richtungskopplungsvorrichtung
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(42) und einen Filter (44) zwischen der Kopplungs-
vorrichtung und dem Generator (16) angeschlossen
aufweist.

Vorrichtung nach Anspruch 2, bei der der Koppler
(18) eine Frequenzweiche (41, 48) aufweist.

Vorrichtung nach Anspruch 2, bei der der Koppler
(18) einen Ferritzirkulator (52) aufweist.

Vorrichtung nach Anspruch 5, bei der der Koppler
(18) des Weiteren eine zwischen dem Zirkulator (52)
und dem Generator (16) angeschlossene, verlust-
behaftete Ubertragungsleitung und einen zwischen
dem Zirkulator und einem Ausgang der Mikrowellen-
quelle (36) verbundenen Kondensator (54) umfasst.

Vorrichtung nach Anspruch 1 und des Weiteren um-
fassend eine Anzeigevorrichtung (28, 76), die mit
dem Ausgang des Strahlungsmessers (24, R) ver-
bunden ist.

Vorrichtung nach Anspruch 1, bei der

die eine Antenne die zweite Antenne (22) ist;

die Mikrowellenquelle (72) das Mikrowellensignal an
die zweite Antenne (22) liefert, und

der Eingang des Strahlungsmessers (R) mit der ers-
ten Antenne (14) angeschlossen ist.

Vorrichtung nach Anspruch 8, bei der der Strah-
lungsmesser (R) sich in dem Ablationskatheter be-
findet.

Vorrichtung nach Anspruch 8 und ferner umfassend
einen zweiten Strahlungsmesser (74) mit einem Ein-
gang und einem Ausgang; ein Schaltelement (68),
das zwischen der zweiten Antenne (22) und dem
Eingang des zweiten Strahlungsmessers (74) ver-
bundenist, wobei das Mikrowellensignal an die zwei-
te Antenne durch das Schaltelement angelegt wird,
das Steuergerat (64) so gestaltet ist, um die Arbeits-
ablaufe des Generators (16) und des Schaltele-
ments (68) zu steuern, so dass das Schaltelement
(68) die Mikrowellenquelle (72) mit der zweiten An-
tenne (22) verbindet, wenn der Generator (16) nicht
betriebsfahig ist, und das Schaltelement (18) die
zweite Antenne mitdem Eingang des zweiten Strah-
lungsmessers (74) verbindet, wenn der Generator
betriebsfahig ist.

Vorrichtung nach Anspruch 10 und des Weiteren
umfassend eine Anzeigevorrichtung (66), die auf
das Signal an dem Ausgang des Strahlungsmessers
(R) anspricht, so dass die Anzeigevorrichtung (66)
die Starke des Ausrichtungssignals anzeigt.

Vorrichtung nach Anspruch 11 und ferner umfas-
send eine zweite Anzeigevorrichtung (76), die auf
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das Signal am Ausgang des zweiten Strahlungs-
messers (74) anspricht, so dass die zweite Anzei-
gevorrichtung die Temperatur des Wandabschnitts
(Ew) anzeigt.

Revendications

Appareil pour aligner relativement un cathéter
d’ablation et une sonde de température pour une
procédure d’ablation, ledit appareil comprenant

un cathéter d’ablation (10) pour I'ablation de tissu au
niveau d’un site d’ablation (H,) dans le corps d'un
patient, ledit cathéter incluant une premiére antenne
(14);

un générateur (16) pour fournir une puissance a la
premiéere antenne (14) afin de chauffer les tissus ;
une sonde de température (12) contenant une se-
conde antenne (22) et destinée a étre mise en place
dans un passage corporel (E) ayant une portion de
paroi (Ew) adjacente au site d’ablation de sorte que
ladite seconde antenne (22) est positionnée a 'op-
posé de la premiere antenne (14) ;

une source de micro-ondes (36, 72) configurée pour
fournir un signal a micro-ondes modulé par impul-
sions a 'une de ladite premiére antenne (14) et ladite
seconde antenne (22), ledit signal étant capté par
'autre de la premiére et de la seconde antenne ;
un radiométre (24, R) ayant une entrée en circuit
avec l'autre de la premiére antenne (14) et de la se-
conde antenne (22), et une sortie, et un dispositif de
synchronisation (horloge en 24, 64) en circuit avec
ladite source (36, 72) et ledit radiometre (24, R) per-
mettant au radiomeétre de détecter de fagon synchro-
ne ledit signal a micro-ondes, de sorte que la sortie
du radiometre peut fournir un signal d’alignement
dont lintensité reflete le degré d’alignement de la
premiére et de la seconde antenne,

caractérisé en ce que

un dispositif de commande (26, 64) est inclus, qui
est configuré pour commander les fonctionnements
du générateur (16) et de la source de micro-ondes
(36, 72) d’'une maniere mutuellement exclusive de
sorte que, quand la source a micro-ondes est en
fonctionnement, ladite sortie du radiometre (24, R)
fournit ledit signal d’alignement et, quand le généra-
teur (16) fonctionne pour I'ablation de tissu, la sortie
du radiométre (24, R) fournit un signal de tempéra-
ture indiquant la température des tissus.

Appareil selon la revendication 1, dans lequel
ladite antenne est la premiére antenne (14) ;

un coupleur de micro-ondes (18) est en circuit entre
ladite source de micro-ondes (36) et ladite premiére
antenne (14), et

le dispositif de synchronisation est configuré pour
fournir des impulsions d’horloge depuis le radiomeé-
tre (24) vers la source de micro-ondes (36) pour syn-
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chroniser leurs fonctionnements.

Appareil selon la revendication 2, dans lequel le cou-
pleur (18) comprend un dispositif de couplage capa-
citif directionnel (42) et un filire (44) en circuit entre
le dispositif de couplage et le générateur (16).

Appareil selon la revendication 2, dans lequel le cou-
pleur (18) comprend un duplexeur (41, 48).

Appareil selon la revendication 2, dans lequel le cou-
pleur (18) comprend un circulateur en ferrite (52).

Appareil selon la revendication 5, dans lequel le cou-
pleur (18) inclut en outre une ligne de transmission
avec pertes connectée entre le circulateur (52) et le
générateur (16) etune capacité (54) connectée entre
le circulateur et une sortie de la source de micro-
ondes (36).

Appareil selon larevendication 1, etincluanten outre
un dispositif d’affichage (28, 76) connecté a la sortie
du radiometre (24, R).

Appareil selon la revendication 1, dans lequel
ladite antenne est la seconde antenne (22) ;

la source de micro-ondes (72) fournit le signal a mi-
cro-ondes a la seconde antenne (22), et

I’entrée du radiomeétre (R) est en circuit avec la pre-
miére antenne (14).

Appareil selon la revendication 8, dans lequel le ra-
diomeétre (R) est situé dans le cathéter d’ablation.

Appareil selon la revendication 8, incluant en outre
un second radiomeétre (74) ayant une entrée et une
sortie ;

un dispositif de commutation (68) connecté entre la
seconde antenne (22) et I'entrée du second radio-
métre (74), ledit signal a micro-ondes étant appliqué
a la seconde antenne au moyen dudit dispositif de
commutation, ledit dispositif de commande (64)
étant configuré pour commander les fonctionne-
ments du générateur (16) et du dispositif de commu-
tation (68) de sorte que, quand le générateur (16)
n’'est pas en fonctionnement, le dispositif de com-
mutation (68) connecte la source de micro-ondes
(72) a la seconde antenne (22) et, quand le généra-
teur est en fonctionnement, le dispositif de commu-
tation (18) connecte la seconde antenne a I'entrée
du second radiometre (74).

Appareil selon la revendication 10, et incluant en
outre un dispositif d’affichage (66) réagissant au si-
gnal a la sortie dudit radiomeétre (R), de sorte que le
dispositif d’affichage (66) affiche I'intensité du signal
d’alignement.
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12. Appareil selon la revendication 11, et incluant en
outre un second dispositif d’affichage (76) réagis-
sant au signal a la sortie du second radiomeétre (74),
de sorte que le second dispositif d’affichage affiche
la température de ladite portion de paroi (Ew).
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