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(57) Abstract

The invention relates to a method and a device for detecting
the contact and/or interaction of a catheter with the tissue of a patient,
said catheter being positioned in a vessel of the patient, especially
in the bloodstream of the patient. The aim of the invention is to
help provide better detection of such contact or to make it possible
to provide certain information during an ablation procedure as to
the depth of ablation or interaction with the tissue. To this end,
a device for detecting a voltage at at least one catheter electrode
is provided. According to the invention, the voltage between the
catheter electrode and the additional electrode is measured, said
additional electrode being an indifferent electrode which is in contact
with the body of the patient being treated or another electrode
attached to the catheter.

(57) Zusammenfassung

Um bei einem Verfahren und einer Vorrichtung zur Erfassung
des Kontaktes und/oder der Wechselwirkung eines in einem Gefi
eines Patienten, insbesondere in der Blutbahn eines Patienten, an-
geordneten Katheters zw/mit dem Gewebe des Patienten zu einer
verbesserten Erfassung dieses Kontaktes beizutragen oder es erst-
mals zu ermdglichen, wihrend eines Ablationsvorgangs Aussagen
iiber die Ablationstiefe bzw. tiber die Wechselwirkung mit dem
Gewebe zu gestatten, ist eine Einrichtung zur Erfassung einer Span-
nung an zumindest einer Katheterelektrode vorgesehen, wobei die
Spannung zwischen der Katheterelektrode und einer weiteren Elek-
trode gemessen wird, und wobei die weitere Elektrode eine mit dem
Korper des zu behandelnden Patienten in Kontakt stehende, indif-
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ferente Elektrode oder eine weitere an dem Katheter angebrachte Elektrode ist.
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Process and Apparatus for the Detection of Catheter-Tissue Contact,

and also of Interactions with the Tissue During Catheter Ablation

SPECIFICATION

The invention relates to a process and an apparatus for the detection
of contact with tissue by a catheter which is arranged in a patient's vessel,
particularly in a patient's blood stream, and furthermore to a process and
an apparatus for the detection of the interaction of high frequency energy
with the patient's tissue.

In many medical applications or treatments it is of the greatest
importance for the doctor to detect, to follow, and in many cases also to
record, the contact of an instrument with the patient's body, with high
precision, since the result of the treatment frequently depends on this to a
considerable degree.

In particular, in catheter ablation, the desired treatment effect is as a
rule only obtained when a contact between the ablation catheter and the
patient's tissue to be treated can be insured during the whole period during
which ablation power is delivered.

Resistance measurements between at least two catheter electrodes, or
the cathode electrodes and a neutral electrode arranged on the patient's
body, were heretofore carried out for the detection of catheter-tissue

contact. However, this manner of proceeding is disadvantageous,

P

xticularly in high frequency catheter ablation, since the resistance
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measurement is connected in principle with a flow or current through the
region to be measured. However, additional currents are thereby introduced
during the ablation, and can cause severe disturbances, for example in the
detection of electrocardiogram signals. If direct current resistance |
measurement methods are used, in order to avoid high frequency signals
which affect the detection of electrocardiogram signals, undesired electrolytic
effects are produced, and lead to a further chemical stress for the patient.
Furthermore, resistance measurements are difficult to carry out and subject to
disturbance, where corrosive effects and surface contamination hinder the
flow of current or falsify the measurement result. Such a situation is however
already present in the field of medical applications, since here the blood or
body fluids of the patient have salts or coagulating substances which can
undesirably interact with the surface of electrodes or contacts. Furthermore,
the tissue contact during the ablation can be judged by means of impedance
measurements, only with difficulty, since many factors can affect the

impedance value.

Consequently, the invention has as its object to avoid the abovementioned
disadvantage and to contribute to an improved detection of contact between
the catheter and the patient's tissue. This object is attained in a most
surprising manner by a process according to claim 1 and an apparatus

according to claim 11.

The inventor has found in a surprising manner that in many cases, when
electrodes are placed on a patient's tissue., in particular in the case of tissues
bathed in blood, voltages arise between the electrodes and in particular
during HF ablation. The preferably metallic electrode of an ablation catheter

for example produces the voltage signal shown in Fig. 1
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and obtained according to the invention in the measuring arrangement shown

in Fig. 2.

The inventor has found in a most surprising manner that a catheter arranged
in the blood stream produces at first only a very weak voltage signal, denoted
here by Uo, in contrast to which there then follows an abrupt rise in voltage
when the catheter electrode comes into contact with the tissue. The
instantaneous value or amplitude of the voltage signal derived in this manner
represents a measure of the quality of the catheter tissue contact and can be
detected without the use of additional external currents. Consequently in the
manner according to the invention no electrolytic processes arise, and as a
result of this, further measurements such as the recording of
electrocardiogram signals, for example, are not adversely affected.

It has furthermore been found that the voltage measurement according to the
invention is clearly superior to the conventional resistance measurement in
regard to the measurement data obtained. Firstly, the voltage is an extremely
accurate measure for the contact of the catheter electrode with the tissue,
while an impedance measurement during the ablation permits only conditional
conclusions about the tissue contact of the catheter, and secondly this signal
appears nearly without any time delay, which makes this suitable for real time

measurements.

It has further been found in a particularly surprising manner that the height of
the measured signal is very precisely correlated with the temperature of the
tissue, particularly that of a tissue which is heated during ablation. It could be
shown by parallel measurement processes that with the invention,
temperature values of the tissue in contact with the
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catheter could already be measured with an accuracy of + 1°C.
Furthermore, accuracies of + 2°C could be measured with simple means,
i.e., simple, high ohmic voltage measurement devices. Here the |
temperature is in regular, linear proportion to the measured voltage, which
made it possible to allocate standardized voltage measurement values to
the same ablation catheter or to a group of catheters of like construction.

Since voltages can in principle also be measured without current, for
example by impressing a counter-voltage of equal height, or by measuring
with very high-ohmic instrumentation amplifiers, transition resistances of
contacts within the measurement region play a far smaller part than in all
the conventional measurement processes. Conséquently, the apparatus
according to the invention or the process according to the invention is
exposed to fewer disturbances and can be used more conveniently and
reliably. Furthermore, thermal (transit) resistances, and also thermal
capacitanceé, of the catheter have far smaller effects on the accuracy and
also speed of the measurement of the temperature.

It has been found in a further most surprising manner that in catheter
ablation itself, its results can be considerably improved. If, for example,
the catheter temperature is taken as the control value, as in the
conventional catheter temperature control, and thus as a measure of the
energy delivery, it can happen that with a relatively cold cathetef, for
example, at a temperature of only about 40°C, a marked lesion in the tissue
is already produced, when the catheter is located in very close contact with
the tissue and hence a large portion of the ablation energy could be
delivered into it.

. The conventional, pure temperature control with thermal sensors
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would not have detected the lesion in this case. Furthermore, only small
lesion effect or ablation effect take place even at a higher catheter
temperature when the catheter-tissue contact is very poor. In both cases,
an inexact or false opinion of the result of the treatment could be derived
from the conventional processes and apparatuses.

The starting point according to the invention, however, is that it is
always insured by the voltage signals which arise and are detected that the
energy delivery takes place substantially into the tissue, and consequently
in the invention the power delivered by the catheter is allocated more
directly and exactly to a treatment effect. Furthermore, after the abrupt
voltage rise has detected the catheter/ tissue contact, the absolute height of
the voltage signal can be used for very accurate temperature measurement.

Furthermore, it is possible to use the arising voltage signal for the
control or monitoring of the ablation process itself. If, for example, during
high frequency ablation, the voltage signals are determined during the
delivery of high frequency power, and if switching off or at least a
reduction of the delivery of high frequency power is effected on exceeding
or falling below the value, it is always insured that the high frequency
power was substantially delivered into the patient's tissue, and this leads to
a treatment with overall cooler catheter electrodes and higher action.

It is furthermore advantageous to integrate the voltage signal and
thus to attain a statement concerning the interaction, i.e., concerning the
temperature acting and the treatment time.

Furthermore, contaminations of the catheter due to coagulation occur

in only a very small amount because of the lower catheter temperatures

~which have been made possible based on the precise measurement, and a
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discontinuance of treatment caused by such contaminations, and the
resulting increased stress for the patient, are avoided.

If the switching off, or at least the reduction, of the delivery of the
high frequency power is effected when there is a rapid rise or fall of the
potential values, the vaporization of the treated tissues can hereby also be
prevented or at least greatly limited, since now a very rapid regulation is
possible, and undesired overheating of the tissues no longer occurs.

In a most surprising manner, it has furthermore been found that the
potentials or voltage signals according to the invention can always be very
reliably detected while the high frequency ablation is being carried out,
independently of whether the high frequency signals for the ablation are
applied continuously or as pulses. If the high frequency power delivered
by the catheter is integrated over time, as long as the voltage signals are
situated above a predeterminable boundary value which insures that a
catheter/tissue contact is present, and if the integrated power is calculated
as the ablation energy delivered into the tissue up to this point in time, not
only can the progress of the treatment result be displayed to the doctor
who is performing the treatment, but also, with a correspondingly
programmed control device, the treatment can be ended by an automated
switching off or reduction of the high frequency power when a
predetermined energy value is reached. A far higher degree of treatment
safety can hereby be provided, than was possible with the processes
heretofore. It is hereby possible for the first time to already determine the
ablation action in the course of the treatment, by the integration of the

dehvered power, and to display it in real time to the doctor performing the
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Furthermore, in a further development according to the invention,
the doctor performing the treatment can predetermine tissue depths which
are allocated to the time integral of the measured potential. The apparatus
according to the invention can then either end the whole ablation process
after the predetermined value is reached, or in the case of catheters having
several electrodes, local associated sections of the catheter within which the
predetermined values were reached can be switched off, or a low power
can be supplied to these. |

If catheters with several ablation electrodes are used for this purpose
in a preferred manner according to the invention, the signal data of the
respective special electrode can be determined, calculated and displayed,
and the course of the treatment can be programmably ended, allocated to
the treatment site. Hereby optimized data for the treatment can also be
already predetermined, locally allocated, before the beginning of the
treatment, and a treatment which is optimized for the respective patient
can be carried out.

The invention is described in detail hereinbelow by means of

preferred embodiments and with reference to the accompanying drawings.

Fig. 1shows the signal form of the voltage according to the invention,
as it appears in a system with a neutral platinum elec-
trode and also a platinum catheter electrode, when there
is a catheter electrode - tissue contact which is limited in

time.

Fig. 2is a schematic representation for carrying out the invention,

L WoT
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| with a catheter and also an apparatus, which for example
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corresponds to that described in PCT/DE96/00638, but
however further developed according to the invention.

Fig. 3 shows a laboratory setup for the standardization or calibration
and also acquiring measurement data by means of a pig
heart.

Fig. 4 shows a low pass filter, which can be used together with an
oscilloscope for the recovery of the voltage signal
according to the invention.

Fig. 5 shows a comparison of the potential values recovered accord-
ing to the invention with locally allocated temperature
values recovered at an ablation catheter during catheter
ablation in a living heart.

Fig. 6 shows a comparison of the values of the time integral of the
potential values recovered according to the invention
with various temperatures of the ablation catheter

reached during catheter ablation.

The invention is described hereinbelow with reference to preferred
embodiments and first with reference to Figs. 1 and 4.

In a first embodiment, which is kept as simple as possible for
illustration, the voltage signal shown in Fig. 1 is recovered with the voltage
measurement apparatus 1, which is preceded by a low pass filter 2.

The voltage tappings a and b of the low pass filter are connected to
platinum electrodes of a bipolar catheter, as was described, for example, in

PCT/DE96/00638.

However, the catheter 3, for carrying out the present invention,
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generally does not need any additional means for determination of the
catheter temperature, such as thermal sensors for example, although this is
not excluded by the invention.

As an alternative to the tapping of the voltage at the catheter
electrodes a and b, the voltage can also be determined between the neutral
electrode(s) 4 and one of the electrodes a, b of the catheter 3, or determined
in relation to the place of the respective catheter electrode a, b.

The low pass filter 2 of the first embodiment according to the
invention is connected to a storage oscilloscope of type Hameg HM 1007,
which in the usual manner represents a two-dimensional display apparatus
for display of the time course of the voltage.

The signal form of the time course of voltage was first obtained with
the measurement setup shown in Fig. 3; the timebase was 20 sec
TIME/DIV and the displayed voltage corresponded to 10 mV VOLTS/DIV.

The at first low flat section 5 of the base signal Uo represents the voltage
when the catheter 3 is in the blood stream, and shows a clearly marked
signal flank 6 as soon as the catheter 3 comes into contact with the tissue 7.

The signal shoulder 8 which extends substantially flat after the
abrupt rise of the signal flank 6 shows a time modulation which can be
attributed to the mechanical catheter-tissue contact between the catheter
electrode b and the tissue 7 in relation to the neutral electrode 4 or the
electrode a, or can be connected to the production and transport of
chemical substances which arise due to electrical potentials at the location
of the catheter.

If the catheter is removed from the tissue, a falling signal flank 9
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relative to the base signal 0.

The abrupt rise 6 and fall 9 of the signal flank indicates with high
certainty the generation and also ending of a catheter/tissue contact.

The construction used for the recovery of the signal form shown in
Fig. 1 is schematically shown in Fig. 3 in the form of a stationary measuring
construction, which is used for standardization and calibration. A HF
generator 11 is connected to the appliance described in the abovecited PCT
Application for the controlled delivery of HF power to the catheter 3,
which has several ablation electrodes, and supplies pulsed high frequency
power to the electrodes of the catheter 3. .

However, in an alternative development according to the invention,
the high frequency power can also be supplied continuously in time to the
catheter 3.

Arranged within a trough 13 are the neutral electrode 4
and also the tissue 7, on which ablation processes are effected by means of
the catheter 3. The trough 11 can be filled either with blood or with
another liquid, in order to simulate the conditions present in the patient's
body.

The neutral electrode 4 and also the electrodes a and b of the catheter
are platinum coated or consist of platinum, and are cleaned with formalin
or formaldehyde gas immediately before use, so that substantially no
surface residues remain on the catheter or on the neutral electrode 4.

It has been found that the cleaning with formalin or formaldehyde
gas led to very good and sufficiently reproducible measurement results,
which were very exactly traceable over a time span of several days.

/"-\,\
j ‘»ST Mgwever, it is also within the scope of the invention to use other cleaning
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processes in order to obtain an electrode surface which is substantially free
from residues.

Furthermore the use is not excluded of other metals or chemical
substances which are capable of producing the voltage according to the
invention or similar voltages which arise on contact of the cathode
electrodes with the tissue. For this purpose, in the sense according to the
invention, but however without limitation of its generality, the starting
point was that free radicals or at least chemical substances are produced
during the catheter ablation and give rise to the potentials according to the
invention. A further starting point was that in the case of a strong
interaction of the high frequency power with the tissue an increased
emergence of the abovementioned substances from the tissue takes place,
and the apparatus according to the invention can provide direct evidence
regarding the damage or lesion action produced in the tissue.

Reference is next made to Fig. 5, which represents the comparison of
the potential values according to the invention with temperatures which
were determined at the same time at the place of the potential
measurement. The correspondence of the temperature values, shown
dashed, with the potential value 23, shown by a full line, agrees well with
the previously stated model, as expected, since also chemical potentials are
substantially temperature-independent. However, if the temperature after
the treatment falls further, as shown on the right-hand side of Fig. 5, the
potential only falls to the increased value Uz, which can be well explained
by the presence of the chemical substances discussed hereinabove.

A distinction between a loss of mechanical contact and a fall of
—

ng:f Agperature is easily possible in that the delivered power is determined
5
o . #
OFe>
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“and from it a threshold value is formed. This threshold value gives the
minimum expected voltage value, and can effect the shutting off of the
delivery of ablation energy when the actual value falls below the threshold.

Further clear support of the explanatory model of the arising
potential is given in Fig. 6, which shows the dependence of the depth of the
lesions produced in the tissue of a patient in HF ablation on the time
integral of the potentials which arise. Over a temperature range of the
ablation catheter of more than 20°C, namely from less than 55°C up to
more than 75°C as the ablation temperature, these values are well
correlated with each other. Consequently, with known catheter properties,
the time integral of the potential can be sufficient to obtain suitable
evidence on the course of the treatment, without having additionally to
determine temperature values.

Such catheters could dispense with thermal sensors and consequently
be produced more simply, at more favorable cost, and with a smaller
diameter.

It is furthermore within the scope of the invention, for simpler
embodiments, to limit the delivered power of the HF ablation generator,
without temperature measurement, so that predetermined maximum
temperatures are never exceeded, so that in this case also a suppression of
undesired coagulation processes and a vaporization of the tissue are
stopped.

In order to improve the accuracy of the measurement, or the
correlation between the magnitudes shown in Fig. 6, a measurement of the

potential values, preferably in real time, and weighted by or functionally

v\>9’T&’ﬂm/nected to the delivered power, can be undertaken by the evaluation
Y
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unit 18.

A further embodiment according to the invention is shown in Fig. 2, in which
the generator 11, operated in pulsed mode and described in the
abovementioned PCT Application, is connected to the catheter 3 and also its
catheter electrodes a and b. The catheter electrodes a and b are either the
ablation electrodes themselves or associated measurement electrodes which
are arranged in their neighborhood and connected to the low pass filter 2 that

filters out both the high frequency signal and also ripple signal interference.

The evaluation unit 15 which follows includes the voltage measuring device 1,
which has a high-ohmic input resistance of at least more than 100 kQ and

preferably several MQ, in order to suppress any additional current flow to the
ablation process and also of further measurement processes to a no longer
measurable value. In the sense according to the invention, a high-ohmic
voltage measurement is a voltage measurement which, during the
performance of the ablation or of the measurement of electrocardiogram

signals, for example, is no longer noticeable or is no longer detectable.

In a particularly preferred embodiment, for example a storage oscilloscope
which can be connected to a personal computer as a control device, has an
input resistance of about 1 M Q, and its input capacitance is no more than 30

pF.

The measurement data recovered with the voltage measurement device 1 are
displayed and stored in the evaluation unit 15. The data can be shown in two-
dimensional form on a display unit 21, either in real time or by reading out
from the memory of the evaluation unit 15, and may be reproduced for

comparison purposes or for assessment of the results of the
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treatment.

The representation can take place here as an instantaneous voltage
signal, as a bar chart, or in optional other ways which are ergonomically
favorable for the doctor performing the treatment.

Furthermore, the control unit 16 allocated to the evaluation unit 15
can effect the switching off or the reduction of the power delivered by the
HF generator 11 when the measured voltage signal falls below a
predetermined threshold value Ug1 17, in order to thus prevent the catheter
or the surroundings heatihg up without thereby producing the desired
ablation. The threshold value Ug 17 can be changed, and thus very
accurately predetermined, in dependence on the respective instantaneous
delivered ablation power or integrated delivered ablation power, i.e.,
delivered ablation energy. By this means, a contamination of the catheter
with coagulated substances can be reduced to a considerable degree or
prevented.

Furthermore, the control device 16 can begin, when a further
threshold value Ug2 18 is exceeded at the beginning of the ablation process,
to integrate the power delivered by the HF generator 11 until the voltage
signal falls either below the threshold value Ug1 17 or below an optional
other predeterminable value. By this means, the value associated with the
energy delivery into the tissue is determined which enables the doctor
performing the treatment to make statements concerning the ablation
effect. It furthermore falls within the scope of the invention to carry out
the integration of the power 11 delivered by the HF generator, multiplied

by the height of the voltage signal, in order to arrive at an improved or
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It likewise falls within the scope of the invention to take into account further
functional values in dependence on the instantaneous voltage U1 in the
integration of the power delivered by the HF generator, such as for example
the tabulated functional values of the lesion effects for a standardized catheter
3 or for an individual catheter 3, as determined by standard measurements.,

for example.
If a parameter obtained for a given catheter type, or for an individual catheter,

is available for the determination of the lesion effect, the depth of the lesion

can also be displayed as a function of the delivered energy and used for

shutting off the lesion process. Coordinated with the respective catheter
electrode, the possibility is thereby afforded to the doctor performing the
treatment of defining locally different depths, or given depths and lengths, of
the lesions produced, to set them on the control device 16. and subsequently

to convert them in an automated manner during the treatment.

Instead of the automated switching off, an optical or acoustic signal can be
given to the doctor performing the treatment, which supports him during the
performance of the treatment and which does not impede the further carrying

- out of the ablation, for example, based on electrocardiogram data.

If with a very high delivery of energy, evaporation or vaporization is effected
within the tissue to be treated, as a rule a voltage peak is formed, which was
measured as peak 20 in Fig. 1. Such processes can according to the
invention be used by means of determining the time differential and/ or the
absolute 'value of the course of the potential, or by means of a function in
dependence on both measured values, as control magnitudes in order to

interrupt the supply of high frequency energy associated with the process,
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or at least locally to reduce it.

It furthermore falls within the scope of the invention to embody the
control device 16 by means of an external computer or a personal computer
19.

The invention is likewise not limited to high frequency catheter
ablation, but can be applied with success in most other catheter ablation

processes for the monitoring of the result of the respective treatment.
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CLAIMS:

1. Process for the determination of the interaction of a catheter
arranged in a patient’s vessel, particularly in a patient's blood stream, with the
patient’s tissue,

characterized by

the detection of a contact between said catheter and the patient’s tissue by
means of the voltage signals which arise when an electrode of the catheter

comes into contact, and/or stays in contact, with the patient’s tissue.

2. Process according to claim 1, wherein the detection of the voltage
signals includes their measurement with a high-ohmic measuring device,

which preferably has an input resistance of at least 500 kQ.

3. Process for HF catheter ablation, in which tissue sections of a
patient to be treated are ablated by the irradiation of high frequency,
furthermore including a process according to claim 1 or 2 for the detection of

the contact between the catheter and the patient's tissue.

4. Process according to claim 3, charaterized in that the catheter used
for ablation has available several, separately controllable, ablation electrodes,
at which the voltage signals appear, or includes further separately connected
electrodes which are respectively allocated to ablation electrodes, wherein the
voltage signals are detected at the separate ablation electrodes or at the

allocated electrodes.

5. Process according to claim 3 or 4, characterized in that the voltage
signals are detected during the performance of the HF ablation, wherein the
high frequency signals for ablation are applied either continuously or in a

pulsed manner.

Process according to claims 3-5, characterized in that the voltage
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signals are detected during the delivery of the HF power, and when a
threshold value is fallen below or exceeded, effect the switching off or at least

the reduction of the delivery of the high frequency power.

7. Process according to one of claims 3-6, characterized in that the
high frequency power delivered by the catheter is integrated over time, as
long as the voltage signal is situated above a predetermined threshold, and
the integrated power is calculated and displayed as ablation energy hitherto

delivered into the tissue.

8. Process according to claim 7, characterized in that on reaching a
predetermined ablation energy value, the delivery of high frequency power to
the allocated catheter electrode is shut off or at least reduce.

9. Process according to one of claims 3-8, characterized in that the
course of the voltage signals and also of the delivered and/or of the time
integrated ablation power is recorded and stored, allocated to the respective

catheter electrode.

10. Process according to one of claims 3-9, characterized in that the
voltage signal which appears is displayed optically and/or acoustically,
wherein the optical display takes place in the form of bar charts, real time
representation of the voltage signals in a two-dimensional coordinate system

and/or in a display of time-integrated power data.

11. Apparatus, in particular for the carrying out of processes according
to claims 1-10 or 25-27, characterized by a device (1) for detection of a
contact between a catheter and the patient’s tissue by means of a voltage on
at least one catheter electrode (a, b), wherein the voltage between the
catheter electrode (a, b) and a further electrode (a, b, 4) is measured, wherein
the further electrode is a neutral electrode (4) which remains in contact with

,\)gm the body of the patient to be treated, or a further electrode (a, b) installed on
/ N\
< /
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the catheter (3).

12. Apparatus according to claim 11, characterized in that the voltage
measurement takes place substantially with such a high-ohmic input that no
currents appear which disturb the ablation or measurement of

electrocardiogram signals.

13. Apparatus according to claim 11 or 12, characterized in that the
catheter electrodes (a, b) attached to the voltage measuring device (1), and

the neutral electrode (4), all consist of platinum or are coated with platinum.

14. Apparatus according to one of claims 11-13, characterized in that

the voltage measuring device (1) has an input resistance of at least more than
100 kQ and preferably several MQ.

15. Apparatus according to claim 14, characterized in that the voltage
measuring device (1) has an input resistance of about 1 megohm and an input

capacitance of no more than 30 pf.

16. Apparatus according to one of claims 11-15, characterized in that
the measurement of the voltage can be carried out by means of the voltage

measuring device (1) during the delivery of the high frequency ablation power.

17. Apparatus according to one of claims 11-16, characterized in that
the ablation catheter (3) includes high frequency ablation electrodes (a, b)
consisting of platinum or coated with platinum, at which the voltage signals for
recognizing the catheter-tissue contact and/or the tissue u temperature are

taken off.

18. Apparatus according to one of claims 11-17, further characterized
by a low pass filter (2) for the suppression of interferences of the high

frequency ablation signals and also of ripple interference.
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19. - Apparatus according to one of claims 11-18, further characterized
by a device (15) for the recording and storage of the voltage signals, and also
preferably also of the delivered high frequency ablation power and energy.

20. Apparatus according to claim 19, characterized in that the course of
the voltage signals and also the instantaneously delivered and/or the time-
integrated ablation power are recorded and stored, allocated to the respective

catheter electrodes (a, b).

21. Apparatus according to claim 19 or 20, further characterized by a
device (16, 19) for the display and/or evaluation of the voltage signals, by
means of which the voltage signals which arise are displayed optically or
acoustically, wherein the optical display preferably takes place in the form of
bar charts, real time representation of the voltage signal in a two-dimensional
coordinate system, and/or by the display of power data which are integrated

over time.

22. Apparatus according to one of claims 11-21, further characterized
by a device (15, 16, 19) by means of which the voltage signals are detected
during the delivery of the high frequency power and, in the case that the
voltage signal falls below a preassignable, settable threshold value (Ug, 17),
the switching off, or at least the reduction, of the delivery of the high frequency

power is effected.

23. Apparatus according to one of claims 11-22, further characterized
by a device (18, 19) by which the high frequency power delivered by the
catheter is integrated over time, as long as the voltage signals are situated
above predetermined threshold value (Ug, 18) and by which the integrated
power is calculated and displayed as ablation energy delivered into the tissue
hitherto, or attained interaction with the tissue, or attained ablation depth in
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24. Apparatus according to claim 23, further characterized in that on
reaching a predetermined value of ablation energy delivered into the tissue
hitherto, or attained interaction with the tissue or attained depth of ablation,

the delivery of high frequency power to the associated catheter electrode is

switched off or at least reduced.

25. Process according to one of claims 3-10, characterized in that the

temperature of the patient’s tissue is detected.
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