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Description

[0001] The present invention relates in one aspect to
a system for recording intracardiac signals, and in par-
ticular to a system for recording intracardiac signals rep-
resenting electrophysiological potentials from a plurality
of electrodes at respective intracardiac locations. In a
further aspect, the invention relates to a method for
processing intracardiac signals, in particular a method
for processing intracardiac signals representing electro-
physiological potentials probed by a plurality of elec-
trodes at respective intracardiac locations. In yet a further
aspect, the present invention relates to a system for per-
forming intracardiac procedures including steps of re-
cording intracardiac signals and steps of applying stim-
ulus and/or ablation energy at intracardiac locations.

BACKGROUND OF THE INVENTION

[0002] Intracardiac electrophysiological measure-
ments are considered an important tool for understanding
and treating cardiac problems, such as arrhythmia phe-
nomena. Intracardiac measurements are obtained in so-
called minimally invasive procedures using intracardiac
catheters. Advanced equipment includes multiple elec-
trode catheters having a plurality of electrodes that can
be located inside the heart. Depending on the procedures
to be performed, such catheters are at their distal end
equipped with electrodes configured for picking up an
electrophysiological potential at the respective location
of the electrodes. The electrophysiological potentials are
passed via electrical conductors from the distal end of
the catheter to a connector interface at the proximal end
of the catheter, and further to recording equipment for
amplification, processing, display and storage of signals
representative of the intracardiac electrophysiological
potentials. The intracardiac electrophysiological signals
are the observation of the intracardiac electrophysiolog-
ical potentials as a function of time, wherein the intrac-
ardiac electrophysiological signals are measured by am-
plifying the potential difference between a first terminal
and a second terminal, wherein at least the first terminal
is connected to an electrode that is placed inside the
heart. The obtained intracardiac signals may be further
amplified/processed and/or digitized for display on a
computer and/or storage on a digital storage medium.
[0003] By recording/mapping a plurality of electrophys-
iological signals from signal electrodes placed inside the
heart, details about a pathological state relating to car-
diac arrhythmia in an individual can be obtained and prop-
er treatment, such as an ablation treatment, can be de-
veloped. The aspects of the recorded intracardiac signals
to be studied include the presence or absence of char-
acteristic features in a given signal, the periodicity and
regularity of repetition of the signals, as well as the am-
plitude and morphology of the signals.
[0004] A major challenge in the recording of intracar-
diac electrophysiological signals is the interference from

electrical noise sources, which is picked up by the highly
sensitive apparatus. Amongst the main causes for such
noise is in particular the prominent mains interference at
around 50 Hz or around 60 Hz - depending on the local
frequency standard for mains supply. Other sources of
noise include internal amplifier noise, artefacts due to
movement of the wiring used for recording, and electrode
DC-offsets. The noise may include noise components
common to all signals (common mode noise) and noise
components that vary from signal to signal (differential
mode noise).
[0005] Processing the signals e.g. by filtering at fre-
quencies corresponding to the noise sources may sup-
press some of the noise. However such filtering tends to
affect the morphology of the signals and therefore has
to be done with the utmost care.
[0006] US 2015/0005585 A1 discloses a system and
method for the acquisition of bio-potential signals, such
as, for example, ECG (electrocardiography), EEG (elec-
troen-cephalography), or EMG (electromyography) sig-
nals. The disclosed bio-potential acquisition system uses
multiple active electrodes attached to the outside of the
body, in which each of the electrodes is integrated with
an amplifier and an analogue-to-digital converter for the
suppression of interference picked up from cables. An
improvement of the bio-potential acquisition system ac-
cording to US 2015/0005585 A1, resides in adjusting the
gain of the amplifiers to compensate for component mis-
match by feeding back a common mode test signal to an
adjustable gain control of the amplifiers in the respective
active electrodes. However, the system of US
2015/0005585 A1 relies on the use of active electrodes,
in which pre-amplifying electronics is located next to and
integrated with a passive electrode. The use of such ac-
tive electrodes is incompatible with the particularly strin-
gent spatial constraints for acquiring potentials from int-
racardiac locations - or would at least lead to a prohibi-
tively complex design of the instruments/catheters for
minimally invasive procedures, in particular when multi-
ple electrodes are to be placed in intracardiac locations.
Furthermore, the use of pre-amplifying electronics next
to an electrode in an intracardiac location is incompatible
with the desire to not only record signals when performing
intracardiac procedures, but also to pass a stimulus pulse
or even ablation energy there through. US 2006/0293603
A1 discloses a system for detecting heart events includ-
ing an electrode lead provided with a multi-dot electrode
unit adapted to be used for intra-corporal sensing of heart
signals. The heart signals sensed by each of the dot elec-
trodes are combined to form a synthetic reference signal.
The differences between each dot electrode heart signal
and the synthetic reference voltage are determined, and
an indication signal is formed based upon said differenc-
es, wherein said indication signal is used to detect heart
events.
[0007] Two configurations for measuring intracardiac
electrophysiological signals are known - a unipolar con-
figuration and a bipolar configuration. In the unipolar con-
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figuration, the intracardiac signal is recorded by referenc-
ing the electrophysiological potentials from the intracar-
diac signal electrode to a so-called indifferent electrode,
which is considered to provide a potential reference that
is largely independent of the local potential inside the
heart. The indifferent electrode is typically arranged out-
side and distant from the heart. Commonly, the indifferent
reference is obtained from electrodes arranged on the
outside surface of the individual, such as a Wilson central
terminal (WCT) defined by connecting electrodes ar-
ranged on the arms and the left leg of a patient through
high impedance resistors. However, recent studies also
suggest using an intravascular electrode as reference
electrode in order to reduce pick-up of electro-magnetic
interference. Such an intravascular electrode is, for ex-
ample, advantageously arranged in the inferior vena ca-
va (Stevenson et al., Journal of Cardiovascular Electro-
physiology, 2005, pp. 1017-1022). Advantages of unipo-
lar recordings include providing an increased spatial res-
olution of the local potentials at the signal electrode, pro-
viding information about the direction of impulse propa-
gation, and allowing to pace and record at the same lo-
cation. Disadvantages of unipolar recordings include a
strong susceptibility to mains interference, and a tenden-
cy to retain far-field components that make it difficult to
separate local from distant activity in the recorded signal.
In the bipolar configuration the intracardiac signal is re-
corded as the difference between two neighbouring int-
racardiac electrodes. Thereby, far-field components of
the recorded signal are largely eliminated, leaving the
local components of the electrophysiological signal. Ad-
vantages of the bipolar configuration include a low sus-
ceptibility to noise interference, and a more precise cap-
ture of high-frequency components. Disadvantages of
the bipolar configuration include that the direction of prop-
agation of activation with respect to the orientation of the
electrode pair affects the amplitude of the recorded sig-
nal. The bipolar signal therefore does not provide reliable
information on the direction of propagation of an activa-
tion wave front. Furthermore, the spatial resolution of the
bipolar configuration is limited by the spatial separation
between the two intracardiac electrodes used.
[0008] A disadvantage of intracardiac electrophysio-
logical signals obtained from known setups is therefore,
that a user of the signals is confronted with data that is
excessively noisy or deprived of valuable information
content that may be useful, or even indispensable, in the
context of a particular study, analysis, diagnosis or treat-
ment for which the data is to be used.
[0009] It is therefore desirable to provide a technique
for obtaining intracardiac electrophysiological signals
that allows for an efficient suppression of noise; that is
easily reconfigurable depending on context; that over-
comes at least some of the above-mentioned limitations;
and/or that provides an alternative to known systems. In
addition thereto, it is desirable that such technique further
allows for immediately performing intracardiac proce-
dures including steps of recording intracardiac signals

and steps of applying intracardiac stimulus and/or abla-
tion energy using the same hardware. This requirement
imposes strict constraints on the architecture of the sys-
tem to ensure compatibility of the hardware with these
uses.

SUMMARY OF THE INVENTION

[0010] According to a broad aspect of the invention, a
system for recording intracardiac signals is defined in
claim 1 and comprises a plurality of intracardiac terminals
adapted to collecting intracardiac electrophysiological
potentials from electrodes probing respective intracardi-
ac locations in an individual; amplifying means adapted
to amplifying the collected intracardiac electrophysiolog-
ical potentials with respect to a signal reference to obtain
intracardiac signals; a processor device adapted to de-
termining a common mode signal as an average of the
intracardiac signals, adapted to determining respective
differential mode intracardiac signals by subtracting the
common mode signal from the intracardiac signals, and
adapted to providing intracardiac data as an output based
on the differential mode intracardiac signals.
[0011] By separating the common mode signal from
the differential mode signals, the overall mains interfer-
ence is efficiently suppressed. In particular, when using
an amplifier stage of the average reference amplifier type
in the recording stage for amplifying the collected intrac-
ardiac electrophysiological potentials, noise is therefore
surprisingly well reduced.
[0012] However, the morphology of the differential
mode intracardiac signals has changed as compared to
traditional type unipolar or bipolar leads. Despite a re-
markable noise reduction, differential mode signals may
therefore in many practical applications be inexpedient
for the subsequent interpretation of the obtained intrac-
ardiac data, e.g. with respect to the propagation of an
activation signal through a particular electrophysiological
region within the heart.
[0013] Without being bound by theory, it may further
be noted that the signal reference in such a configuration
is an average of the intracardiac potentials, which due to
its definition as an average is affected by the actual po-
tentials that have been probed by the individual intracar-
diac electrodes. The signal reference is thus affected by
the actual locations of the intracardiac electrodes within
the intracardiac region to be studied and may be difficult
to relate to a well-defined electrophysiological reference.
[0014] According to a preferred aspect, the object of
the invention is achieved by a system for recording int-
racardiac signals, the system comprising

- a plurality of intracardiac terminals adapted to col-
lecting intracardiac electrophysiological potentials
from a plurality of intracardiac electrodes at respec-
tive intracardiac locations in an individual;

- an indifferent terminal adapted to collecting indiffer-
ent electrophysiological potentials from the individ-
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ual;
- a differential amplifier stage adapted to receiving and

amplifying the electrophysiological potentials col-
lected from the intracardiac and indifferent terminals
with respect to a signal reference to obtain respective
intracardiac and indifferent signals;

- a processor device adapted to determining a com-
mon mode signal as an average of the intracardiac
and indifferent signals and adapted to providing an
output of intracardiac data based at least on the in-
tracardiac signals, wherein the intracardiac signals
are referenced with respect to the common mode
signal.

[0015] Advantageously according to one embodiment,
the system further comprises the plurality of passive in-
tracardiac electrodes adapted for placement at intracar-
diac locations in the individual. Further advantageously,
the system further comprises one or more indifferent
electrodes adapted for placement in or on the individual.
[0016] Advantageously according to one embodiment,
a system for recording intracardiac signals and for pro-
viding stimulation pulses and/or ablation energy at int-
racardiac locations is provided, the system comprising

- a plurality of passive intracardiac electrodes (1a-d)
adapted for placement at intracardiac locations in an
individual (99);

- a plurality of intracardiac terminals (10a-d) adapted
to collecting respective intracardiac electrophysio-
logical potentials from the plurality of passive intrac-
ardiac electrodes (1a-d);

- one or more indifferent electrodes (2) adapted for
placement in or on the individual (99);

- an indifferent terminal (20) adapted to collecting in-
different electrophysiological potentials from the one
or more indifferent electrodes (2);

- a differential amplifier stage (30) adapted to receiv-
ing and amplifying the electrophysiological poten-
tials collected from the intracardiac and indifferent
terminals (10a-d, 20) with respect to a signal refer-
ence to obtain respective intracardiac and indifferent
signals (201a-d, 202) ; and

- a processor device 40 adapted to determining a com-
mon mode signal (900) as an average of the intrac-
ardiac and indifferent signals (201a-d, 202) and
adapted to providing an output of intracardiac data
based at least on the intracardiac signals (201a-d),
wherein the intracardiac signals (201a-d) are refer-
enced with respect to the common mode signal
(900).

[0017] In operation, the intracardiac terminals collect
intracardiac electrophysiological potentials from corre-
sponding intracardiac electrodes placed in the heart of
the individual. A plurality of electrodes is provided to si-
multaneously probe electrophysiological potentials at dif-
ferent locations within an electro-physiologically con-

nected region in a synchronized manner, e.g. for observ-
ing the propagation of an activation potential through that
region. The electrodes are typically arranged at a distal
end of a multiple electrode catheter adapted for intrac-
ardiac procedures including measuring/probing, pacing,
and/or ablation. The electrodes used for measuring are
adapted for probing a potential at an intracardiac location
in the individual. An electrical conductor connects the
probing electrode to a proximal interface where the
probed potential can be collected by a corresponding in-
tracardiac terminal of the recording system. Furthermore,
the indifferent terminal collects an indifferent electro-
physiological potential from one or more indifferent elec-
trodes placed in or on the individual. The one or more
indifferent electrodes probing/defining the indifferent
electrophysiological potential have to be located "distant"
from the electrophysiological region to be meas-
ured/mapped to provide an electrophysiological refer-
ence potential that is essentially indifferent with respect
to the electrophysiological potentials in the region to be
measured/mapped. For ease of access and availability,
the indifferent terminal may be collected from electrodes
probing body surface potentials, such as a Wilson Central
Terminal defining a known electrophysiological refer-
ence. Preferably, the indifferent terminal is adapted to
collecting electrophysiological potentials from electrodes
probing an intra-cardiovascular location, wherein a pre-
ferred location for probing a useful signal reference is the
inferior vena cava. Other intra-cardiovascular locations
are, however, conceivable.
[0018] By including an indifferent signal from an indif-
ferent terminal, requiring the indifferent signal to be in-
cluded in the common mode signal, and referencing the
intracardiac signal with respect to that common mode
signal, noise reduced intracardiac data is obtained, which
is related to a reliable electrophysiological reference.
Based on this improved data, output signals with a reli-
able morphology may be derived.
[0019] Most preferably, the processor device is a digital
processor device. By performing at least a part of the
processing of the signals in a digital processor device a
significantly improved flexibility is achieved allowing for
tailoring, configuring and reconfiguring the signal record-
ing and processing according to e.g. the context of a spe-
cific set-up, the intracardiac procedures to be performed,
and/or a particular noise environment.
[0020] Further according to one embodiment of the
system for recording intracardiac signals, the differential
amplifier stage is an average reference amplifier, wherein
the average of the intracardiac and indifferent signals is
fed back as a signal reference to the input side of the
differential amplifier stage so as to reference the intrac-
ardiac signals and the indifferent signal to the common
mode signal. Thereby, a surprisingly good mains inter-
ference suppression is already achieved in the amplifier
stage for the intracardiac signals and, where applicable,
also for the indifferent signal. The differential amplifier
stage thus provides significantly less noisy signals to the
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processor device for subsequent processing in the digital
domain. The average to be fed back may be determined
analogue or digital, within the amplifier stage or by the
processor device, and suitably converted for being used
as a signal reference in the differential amplifier stage.
Note, that even though the average of the intracardiac
and indifferent signals in this configuration may already
be determined within the amplifier stage, the obtained
average also corresponds to the common mode signal
of the intracardiac and indifferent signals.
[0021] According to another embodiment of the system
for recording intracardiac signals, the differential ampli-
fier stage is a common reference amplifier, wherein a
common reference signal is provided to the channels of
the differential amplifier stage for amplifying the intrac-
ardiac signals and, where present, the indifferent signal.
The common reference signal is preferably defined by
one or more electrodes providing a well-defined electro-
physiological potential independent of the electrophysi-
ological potentials collected by the intracardiac terminals
and, where present, by the indifferent terminal. Prefera-
bly, the common reference signal is defined such that it
may be considered an electrophysiological reference
point or electrophysiological "zero" of the individual.
[0022] In general, the signal reference for all channels
of the differential amplifier stage is either the same, or
the signal references of the different channels are at least
unambiguously related to each other. The former is pref-
erable, when the amplifier channels are for signals col-
lected by similar probes. The latter, more complex con-
figuration may be a necessity when some of the probes
are subject to particular constraints resulting in differing
hardware requirements, such as electrical protection re-
quirements for different channels/terminals for patient
safety reasons, for the protection of the apparatus, or for
the protection of a user of the apparatus. Such require-
ments may include defibrillation protection, specific filter-
ing needs for some of the probes, and/or specific band-
width requirements for intracardiac channels as com-
pared to other channels. In all cases, the intracardiac
signals and, where present, the indifferent signal have
to be synchronized with respect to each other.
[0023] Further according to one embodiment of the
system for recording intracardiac signals the processor
device is further adapted to determining respective dif-
ferential mode intracardiac signals by subtracting the
common mode signal from the intracardiac signals so as
to reference the intracardiac signals to the common mode
signal. Thereby, a strict separation of the intracardiac
signals into differential mode components and a common
mode component is achieved. The differential mode
components are indicative of the local variations in the
intracardiac signals with a spatial resolution correspond-
ing to the dimension of the probing electrode from which
the electrophysiological potential has been collected.
The common mode component contains common noise
affecting all intracardiac probes and amplifier channels,
such as power line interference, but also far field com-

ponents of the electrophysiological environment probed
commonly by all the intracardiac electrodes. A surpris-
ingly efficient suppression of the power line interference
is achieved in the differential mode intracardiac signals
also for signals obtained using a set-up or an amplifier
configuration with less than ideal power line interference
suppression. The separation into differential mode sig-
nals and a common mode signal thus allows for reducing
the noise in intracardiac signals probed by a single elec-
trode to a level that makes it possible to identify localized
variations with the spatial resolution of a single electrode.
[0024] Further according to one embodiment of the
system for recording intracardiac signals the processor
device is further adapted to determining a differential
mode indifferent signal by subtracting the common mode
signal from the indifferent signal. Thereby bringing the
indifferent signal in line with the intracardiac signals,
wherein the common mode signal is obtained as the av-
erage of the intracardiac and indifferent signals.
[0025] Further according to one embodiment of the
system for recording intracardiac signals, the intracardi-
ac data comprises

- an ensemble of the differential mode intracardiac sig-
nals and/or the differential mode indifferent signal;

- an ensemble of unipolar intracardiac signals ob-
tained by subtracting the indifferent signal from the
intracardiac signals; and/or

- an ensemble of unipolar intracardiac signals ob-
tained by subtracting the differential mode indifferent
signal from the differential mode intracardiac signals;
and/or

- an ensemble of bipolar intracardiac signals obtained
by subtracting a second one of the intracardiac sig-
nals from a first one of the intracardiac signals; and/or

- an ensemble of bipolar intracardiac signals obtained
by subtracting a second one of the differential mode
intracardiac signals from a first one of the differential
mode intracardiac signals.

[0026] By including these signals in the intracardiac
data, the following advantages are achieved. As men-
tioned above separation into differential mode signals
and a common mode signal allows for reducing the power
line noise in intracardiac signals probed by a single elec-
trode to a level that makes it possible to identify localized
variations with the spatial resolution of a single electrode.
By referring the intracardiac signals to the indifferent sig-
nal or equivalently by referring the differential mode int-
racardiac signals to the differential mode indifferent sig-
nal, unipolar intracardiac signals with a well-defined mor-
phology are obtained. Accordingly, also bipolar intracar-
diac signals may be obtained by referring two intracardiac
signals to each other, or equivalently by referring two
differential mode intracardiac signals to each other.
[0027] Further according to one embodiment of the
system for recording intracardiac signals the indifferent
terminal is adapted to collecting indifferent electrophys-
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iological potentials from one or more indifferent elec-
trodes probing an intra-cardiovascular location in the in-
dividual. By using an indifferent signal that has been col-
lected from an electrode in an intra-cardiovascular loca-
tion, a closer resemblance of the noise environment seen
by the intracardiac probes and the indifferent probe is
achieved as compared to other locations, such as a body
surface probe, resulting in an improved suppression of
the noise components as common mode noise. A par-
ticularly advantageous intra-cardiovascular location for
probing an indifferent electrophysiological potential is in
the inferior vena cava.
[0028] According to one embodiment of the system for
recording intracardiac signals, the processor device fur-
ther implements filtering means adapted for selectively
filtering the intracardiac and indifferent signals and/or the
differential mode intracardiac and indifferent signals, pri-
or to generating intracardiac output data. By implement-
ing the filtering in the processor device, full flexibility for
tailoring the filters is achieved, e.g. for the context of a
specific set-up, for the characteristics of a specific chan-
nel, for the intracardiac procedures to be performed,
and/or for a particular noise environment. The selective
filtering may include noise frequency tracking filtering or
otherwise adaptive filtering, e.g. using noise pattern rec-
ognition for estimating the noise pattern from the com-
mon mode signal and/or from additional information,
such as mains frequency, synchronously monitored
mains frequency, or the like. The filter characteristics of
the adaptive filter may then be adapted according to that
noise pattern and/or additional information.
[0029] According to a further aspect of the invention,
a measuring system for probing and recording intracar-
diac signals includes a recording system for recording
intracardiac signals according to any of the above-men-
tioned embodiments, and further includes one or more
intracardiac catheters having at a distal end multiple in-
tracardiac electrodes for probing intracardiac electro-
physiological potentials, and having at a proximal end an
interface for providing the probed intracardiac electro-
physiological potentials to the intracardiac terminals of
the recording system. More preferably, the measuring
system further comprises one or more indifferent elec-
trodes adapted for probing an indifferent electrophysio-
logical potential and connected to an interface for pro-
viding the probed indifferent electrophysiological poten-
tial to the indifferent terminal of the recording system.
Most preferably, the one or more indifferent electrodes
are arranged on a catheter for probing the indifferent elec-
trophysiological potential at an intra-cardiovascular loca-
tion, such as in the inferior vena cava. Advantageously,
the intracardiac and indifferent electrodes are arranged
on the same catheter.
[0030] According to a second preferred aspect, the ob-
ject of the invention is achieved by a method for process-
ing intracardiac signals as disclosed in the following,
wherein the same advantages as discussed above with
respect to the system are also achieved by the corre-

sponding features of the method.
[0031] According to one embodiment, a method for
processing intracardiac signals comprises:

- receiving multiple sequences of electrophysiological
potentials collected from a plurality of intracardiac
terminals and an indifferent terminal;

- amplifying the electrophysiological potentials in a dif-
ferential amplifier stage with respect to a signal ref-
erence to obtain respective intracardiac and indiffer-
ent signals;

- determining a common mode signal as an average
of the intracardiac and indifferent signals; and

- providing an output of intracardiac data based at
least on the intracardiac signals, wherein the intrac-
ardiac signals are referenced with respect to the
common mode signal.

[0032] The electrophysiological potentials have pref-
erably been collected from a plurality of intracardiac elec-
trodes at intracardiac locations in an individual via cor-
responding intracardiac terminals and from at least one
indifferent electrode in or on the individual via one or more
corresponding indifferent terminals. At least when placed
in the individual, the electrodes are most preferably pas-
sive electrodes.
[0033] Further according to one embodiment of the
method for processing intracardiac signals, the method
further comprises feeding the average of the intracardiac
and indifferent signals back to the input side of the am-
plifier stage in an average reference amplifier configura-
tion so as to reference the intracardiac signals and the
indifferent signal with respect to the common mode sig-
nal.
[0034] Further according to one embodiment of the
method for processing intracardiac signals, the method
further comprises subtracting the indifferent signal from
one or more of the intracardiac signals to generate re-
spective unipolar intracardiac output signals.
[0035] Further according to one embodiment of the
method for processing intracardiac signals, the method
further comprises selectively applying a channel-specific
filtering step to one or more of the intracardiac and indif-
ferent signals prior to generating the intracardiac output
signals.
[0036] Further according to one embodiment of the
method for processing intracardiac signals, the method
further comprises subtracting the common mode signal
from one or more of the intracardiac signals to obtain
corresponding differential mode intracardiac signals
and/or subtracting the common mode signal from the in-
different signal to obtain a corresponding differential
mode indifferent signal.
[0037] Further according to one embodiment of the
method for processing intracardiac signals, the method
further comprises subtracting the differential mode indif-
ferent signal from one or more of the differential mode
intracardiac signals to generate respective unipolar int-
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racardiac output signals.
[0038] Further according to one embodiment of the
method for processing intracardiac signals, the method
further comprises selectively applying a channel-specific
filtering step to one or more of the differential mode int-
racardiac and indifferent signals prior to generating the
intracardiac output signals;
Further according to one embodiment of the method for
processing intracardiac signals, the average is the arith-
metic mean of the intracardiac and indifferent signals.
[0039] According to one embodiment of the method for
processing intracardiac signals, the average is the
weighted arithmetic mean of the intracardiac and indif-
ferent signals. In the special case that all weights are
equal, the weighted arithmetic mean is equal to the arith-
metic mean. By applying different weighting factors, the
intracardiac and indifferent signals obtained from the re-
spective channels of the differential amplifier stage con-
tribute to the average at different weights. Such a con-
figuration is advantageous in order to compensate to
hardware related variations between the different chan-
nels. For example, such variations may be due to different
amplification factors for the different channels.
[0040] According to some embodiments of the method
for processing intracardiac signals, the number of intrac-
ardiac signals is 3, 4, 5, 6, 7, 8, 9, at least 10, up to or at
least 20, up to or at least 50, up to or at least 100, or even
more. Correspondingly, in some embodiments of the
above-mentioned system for recording intracardiac sig-
nals, the number of intracardiac terminals is 3, 4, 5, 6, 7,
8, 9, at least 10, up to or at least 20, up to or at least 50,
up to or at least 100, or even more.
[0041] Further according to one embodiment of the in-
vention, a system for recording intracardiac signals ac-
cording to any of the above-mentioned embodiments is
adapted to performing the method for processing intrac-
ardiac signals according to any of the above-mentioned
embodiments. At least a part of the system thus imple-
ments the method to obtain noise reduced intracardiac
data, and in particular to obtain noise reduced intracar-
diac data for providing output signals with a reliable or at
least reproducible morphology as discussed above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] Preferred embodiments of the invention will be
described in more detail in connection with the appended
drawings, which show in

FIG. 1 Schematic of a set-up including a system for
recording intracardiac signals according to
one embodiment of the invention,

FIG. 2 composite plot of a first set of signals including
intracardiac and indifferent signals,

FIG. 3 composite plot of a second set of signals in-
cluding intracardiac signals,

FIG. 4 plot of the average of the signals of the second
set,

FIG. 5 composite plot of intracardiac data based on
the intracardiac signals of the second set,

FIG. 6 composite plot of a third set of signals includ-
ing intracardiac signals,

FIG. 7 plot of the average of the signals of the third
set,

FIG. 8 composite plot of intracardiac data based on
the intracardiac signals of the third set,

FIG. 9 plot of the average of the signals of the first
set,

FIG. 10 composite plot of differential mode intracar-
diac and indifferent signals obtained from the
first set,

FIG. 11 composite plot of intracardiac data with uni-
polar intracardiac output signals generated
from the differential mode signals of the first
set,

FIG. 12 composite plot of differential mode intracar-
diac and indifferent signals of a fourth set of
signals, shown on a larger scale,

FIG. 13 composite plot of intracardiac data with uni-
polar intracardiac output signals generated
from the differential mode signals of Fig.12,

FIG. 14 composite plot of the differential mode signals
of Fig.12 after selective filtering, and in

FIG. 15 composite plot of intracardiac data with uni-
polar intracardiac output signals generated
from the selectively filtered differential mode
signals of Fig.14.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0043] FIG. 1 shows schematically a set-up for record-
ing intracardiac signals from an individual 99 using a sys-
tem according to one embodiment of the invention. The
system comprises a plurality of intracardiac terminals
10a-d that are connected to respective intracardiac elec-
trodes 1a-d at the distal end of a multi-electrode catheter
3 via an interface 5 at the proximal end of the catheter
3. The system further comprises an indifferent terminal
20 that is connected to an intra-cardiovascular indifferent
electrode 2 at the distal end of a catheter 4 via an interface
6 at the proximal end of the catheter 4. A typical set-up
may include further apparatus, such as for 3D mapping
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catheter probes, for monitoring the individual, for stimu-
lation of the heart, for applying defibrillation, and/or for
performing ablation procedures. Such further apparatus
has been omitted in Fig.1 for reasons of clarity. The sys-
tem further comprises a differential amplifier stage 30
and a processor device 40 communicating with each oth-
er via a link 50.
[0044] Prior to recording, the electrodes 1a-d have
been placed in an intracardiac location in a known man-
ner, e.g. in a minimally invasive procedure by means of
a catheter 3 carrying the plurality of electrodes 1a-d. The
intracardiac electrodes are located within the same heart
chamber to be monitored and probe the intracardiac elec-
trophysiological potentials at their respective intracardiac
locations. Accordingly, the electrode 2 has been placed
in an intra-cardiovascular location, e.g. in the inferior ve-
na cava, by means of a catheter 4, and probes electro-
physiological potentials that are considered indifferent
with respect to the intracardiac electrophysiological po-
tentials. The probed electrophysiological potentials from
the electrodes 1a-d, 2 are transmitted to the interfaces
5, 6 at the proximal end of the catheters 3, 4 via respective
leads. Advantageously, the intracardiac electrodes 1a-d
and their respective leads are bundled in a single catheter
3, whereas the indifferent electrode 2 is placed on a sep-
arate catheter 4. However, different bundling combina-
tions may be conceived, e.g. a set-up where the intrac-
ardiac electrodes 1a-d and the indifferent electrode 2 are
grouped on one catheter, or a set-up comprising multiple
catheters comprising multiple groups of intracardiac
electrodes for simultaneously probing intracardiac poten-
tials at respective locations. Furthermore, the number of
four intracardiac electrodes shown in Fig.1 is to be con-
sidered as an example and different numbers of intrac-
ardiac electrodes, such as 5, 6, 7, 8, 9, 10, 20, 50, 100,
or even more may be conceived. The intracardiac poten-
tials from the intracardiac electrodes 1a-d are collected
at interface 5 by the respective intracardiac terminals
10a-d. Accordingly, the indifferent potential from the in-
different electrode 2 is collected at interface 6 by the in-
different terminal 20. While the indifferent potential pro-
vided at the interface 6 in the set-up shown in Fig.1 is
defined by a single electrode 2, it may also be conceived
that the indifferent potential collected by the indifferent
terminal 20 is defined as a combination of potentials
probed by a plurality of electrodes.
[0045] The intracardiac and indifferent electrophysio-
logical potentials collected by the terminals 10a-d, 20 are
passed on the input side 31 of the differential amplifier
stage 30 to respective amplifier channels where they are
amplified with respect to a signal reference. The respec-
tive intracardiac and indifferent signals obtained from the
amplifier stage 30 are passed from an output side 32, via
link 50, to an input interface 41 of a processor device 40.
The processor device 40 determines a common mode
signal as an average of the intracardiac and indifferent
signals received from the amplifier stage 30 and gener-
ates an output of intracardiac data at an output interface

42. The intracardiac data output is based at least on the
intracardiac signals, wherein the intracardiac signals are
referenced with respect to the common mode signal.
[0046] Preferably, the signal reference is common for
all amplifier channels. In a particularly advantageous em-
bodiment, the amplifier stage has an average reference
amplifier configuration, wherein the average of all ampli-
fier output signals is fed back to the input side of the
amplifier stage and is used as the signal reference.
Thereby a good first level suppression of mains interfer-
ence as common mode noise is achieved already in the
differential amplifier stage. Alternatively, the amplifier
stage has a common reference amplifier configuration,
wherein an indifferent potential may be used as common
reference for all amplifier channels.
[0047] In the following, the advantageous processing
of intracardiac signals by different embodiments of a
method according to the present invention is described
by way of example. Processing has been performed on
different sets of signals that have been obtained on a pig
99 with a set-up corresponding to the one shown in Fig.1,
using a system 10, 20, 30, 40, 50 according to one em-
bodiment of the system according to the invention.
[0048] A first set of four intracardiac signals 201a-d
(Channels 1-4) and one indifferent signal 202 (Channel
IVC) is shown in the composite plot of Fig.2, wherein all
channels are shown on the same time scale and at the
same vertical scale indicated by the vertical scale bar
labelled 1mV. The same time scale and vertical voltage
scale also apply to the plots of Figs.3-11. The plots of
Figs.12-14 are shown on a larger time scale and in par-
ticular on an about 80 times larger vertical voltage scale
as indicated in each of the plots by the vertical scale bar
labelled 0.01mV.
[0049] The intracardiac and indifferent signals 201a-d,
202 shown in Fig.2 have been obtained by amplifying
intracardiac and indifferent potentials collected from the
intracardiac and indifferent terminals 10a-d, 20 in an av-
erage reference amplifier configuration using the arith-
metic mean of all five channels as the signal reference
fed back to the input side 31 of the differential amplifier
stage 30.
[0050] A second set of four intracardiac signals 301a-
d (Channels 1-4) is shown in the composite plot of Fig.3,
wherein the intracardiac signals 301a-d have been ob-
tained by amplifying intracardiac potentials collected
from intracardiac terminals 10a-d in a common reference
amplifier configuration using the potentials collected from
the indifferent terminal 20 as a common signal reference
for all intracardiac signals 301a-d. A prominent mains
interference contribution is observed as a regular peri-
odic ripple present in all intracardiac signals 301a-d. Note
that no indifferent signal can be provided, since the in-
different terminal is used as a common signal reference.
The intracardiac signals 301a-d of Fig.3 are passed to
the processor 40, and the common mode signal 400 of
all four intracardiac signals 301a-d is determined as the
arithmetic mean shown in Fig.4. The common mode sig-
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nal 400 of Fig.4 is then subtracted from each of the int-
racardiac signals 301a-d of Fig.3 to obtain the corre-
sponding differential mode signals 501a-d shown in the
composite plot of Fig.5. The differential mode signals
501a-d may then be output as intracardiac data based
on the intracardiac signals 301a-d of Fig.3, wherein the
intracardiac signals 301a-d are referenced with respect
to the common mode signal 400. By referencing the int-
racardiac signals 301a-d to the common mode signal
400, the mains interference is clearly reduced, even
though a remainder of the periodic ripple characteristic
for mains interference is still evident.
[0051] A third set of four intracardiac signals 601a-d
(Channels 1-4) is shown in the composite plot of Fig.6,
wherein the intracardiac signals 601a-d have been ob-
tained by amplifying intracardiac potentials collected
from intracardiac terminals 10a-d in an average refer-
ence amplifier configuration feeding the arithmetic mean
of the intracardiac signals 601a-d back to the input side
31 of the amplifier stage 30 as signal reference for all
amplifier channels. The mains interference contribution
is largely reduced as compared to the intracardiac signals
obtained in the common reference amplifier configura-
tion. As for the second set of signals, no indifferent signal
is present in the third set. The intracardiac signals 601a-
d of Fig.6 are passed to the processor 40, and the com-
mon mode signal 700 of all four intracardiac signals 601a-
d is determined as the arithmetic mean shown in Fig.7.
The common mode signal 700 of Fig.7 is then subtracted
from each of the intracardiac signals 601a-d of Fig.6 to
obtain the corresponding differential mode signals 801a-
d shown in the composite plot of Fig.8. The differential
mode signals 801a-d may then be output as intracardiac
data based on the intracardiac signals 601a-d of Fig.6,
wherein the intracardiac signals 601a-d are referenced
with respect to the common mode signal 700. Also in this
case, the mains interference is clearly reduced by refer-
encing the intracardiac signals 601a-d to their common
mode signal 700.
[0052] While subtracting the common mode signal
from the intracardiac signals and also amplifying the in-
tracardiac signals in an average amplifier configuration
thus clearly achieves a significant improvement in terms
of reducing the detrimental effects of mains interference
on the intracardiac signals, this results in a distortion of
the signals beyond recognition with respect to well-
known unipolar signal shapes. The resulting deviant mor-
phology can be seen e.g. in the above-mentioned differ-
ential mode intracardiac signals 501a-d and 801a-d and
in a similar manner in the intracardiac signals 201a-d and
601a-d obtained in the average reference amplifier con-
figuration as compared to the unipolar morphology of the
more noisy intracardiac signal data 301a-d obtained in
the common reference amplifier configuration. Further-
more, the morphology of intracardiac differential mode
signals, such as signals 501a-d and 801a-d, as well as
of intracardiac signals obtained from the average refer-
ence amplifier configuration, such as signals 201a-d and

601a-d, depends by definition on the actual intracardiac
potentials probed and also on the actual number and
location of the intracardiac electrodes 1a-d within the in-
tracardiac region to be studied. The obtained intracardiac
data may therefore be difficult to relate to a well-defined
electrophysiological reference.
[0053] However, the deviant morphology may be re-
paired and a unipolar morphology may be restored by
requiring that the set of signals in addition to the plurality
of intracardiac signals collected from intracardiac termi-
nals 10a-d also includes an indifferent signal from an
indifferent terminal 20, and that the indifferent signal is
included in the common mode signal to which the intrac-
ardiac signal is to be referenced. This is illustrated in the
following by revisiting the first set of signals, which in-
cludes intracardiac signals 201a-d from intracardiac ter-
minals 10a-d, and an indifferent signal 202 from an indif-
ferent terminal 20.
[0054] Just like in the previous embodiments for the
second and third set of signals 301a-d and 601a-d, the
signals provided by the amplifier stage 30 are passed to
the processor 40. However, now the set of signals passed
to the processor 40 includes both the intracardiac signals
201a-d and the indifferent signal 202. As mentioned
above, the intracardiac and indifferent signals 201a-d,
202 are obtained in an average reference amplifier con-
figuration leading to an efficient suppression of mains
interference noise, but severely affects the morphology
of the intracardiac signals. Analogue to the above men-
tioned embodiments, differential mode signals may be
derived by determining the common mode signal 900 as
the arithmetic mean of all five signals including the four
intracardiac signals 201a-d and the indifferent signal 202.
The common mode signal 900 is shown in Fig.9. The
common mode signal 900 of Fig.9 is then subtracted from
each of the intracardiac and indifferent signals 201a-d,
202 of Fig.2 to obtain the corresponding differential mode
signals 1001a-d, 1002 shown in the composite plot of
Fig.10. The differential mode intracardiac signals 1001a-
d may again be output as intracardiac data for further
use. The differential mode signals 1001a-d exhibit again
very little mains interference. Yet again, the morphology
of the differential mode signals 1001a-d is distorted as
in the cases discussed above. However, since the set of
signal includes a compatible indifferent signal, the mor-
phology may be restored by either directly subtracting
the indifferent signal 202 from the intracardiac signals
201a-d to generate respective unipolar intracardiac out-
put signals (not shown), or by subtracting the differential
mode indifferent signal 1002 from the differential mode
intracardiac signals 1001a-d to generate respective un-
ipolar intracardiac output signals 1101a-d.
[0055] The short-cut of directly subtracting the indiffer-
ent signal from the intracardiac signals is possible without
compromising the noise suppression properties of the
method, when the signals are referenced to a common
mode signal already in the amplifier stage, e.g. in the
above-mentioned average reference amplifier configu-
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ration, which is also applied for the first set of signals
201a-d, 202. Including the steps of deriving the differen-
tial mode signals first before performing the subtraction
is also possible in this case where the intracardiac signals
are referenced to the common mode signal already in
the amplifier stage. However, the additional step of de-
riving the differential mode signals first is particularly ad-
vantageous, when efficient common mode suppression
could not be applied or simply has not been applied to
the signals in the amplifier stage.
[0056] A further improvement of the noise reduction
may be achieved by selectively applying a channel-spe-
cific filtering step to one or more of the intracardiac and
indifferent signals, or differential mode intracardiac and
indifferent signals, prior to generating the intracardiac
output signals. This is described by way of example in
the following for a fourth set of signals including a plurality
of intracardiac signals and an indifferent signal. Fig.12
shows the respective differential mode intracardiac and
indifferent signals 1201a-d, 1202 obtained by subtracting
the common mode signal from the intracardiac and indif-
ferent signals. On the large scale of this plot, the differ-
ential mode indifferent signal 1202 clearly exhibits a re-
maining mains interference signal as evident from the
periodic ripple, whereas a corresponding noise compo-
nent is absent from the differential mode intracardiac sig-
nals 1201a-d. Fig. 13 shows the respective unipolar int-
racardiac output signals 1301a-d generated by subtract-
ing the differential mode indifferent signal 1202 from the
differential mode intracardiac signals 1201a-d. The noisy
differential mode indifferent signal 1202 clearly contam-
inates the unipolar intracardiac output signals 1301a-d.
Fig. 14 shows a composite plot of differential mode int-
racardiac and indifferent signals 1401a-d corresponding
to those of Fig.12 after a selective filtering step has been
applied. In fact, the differential mode intracardiac signals
1401a-d are identical to the differential mode intracardiac
signals 1201a-d. Only the differential mode indifferent
signal 1202 has selectively been subjected to a filtering
step, thereby removing the remaining periodic ripple and
obtaining the filtered differential mode indifferent signal
1402. As a result, unipolar intracardiac output signals
1501a-d as shown in Fig.15 may be obtained with a sig-
nificantly reduced noise contamination from the filtered
differential mode indifferent signal 1402.

Claims

1. System for recording intracardiac signals and for pro-
viding stimulation pulses and/or ablation energy at
intracardiac locations, the system comprising:

- a plurality of intracardiac terminals (10a-d)
adapted to collecting intracardiac electrophysi-
ological potentials from a plurality of passive in-
tracardiac electrodes (1a-d) at respective intrac-
ardiac locations in an individual (99);

- an indifferent terminal (20) adapted to collect-
ing indifferent electrophysiological potentials
from one or more indifferent electrodes (2) in or
on the individual (99);
- a differential amplifier stage (30) adapted to
receiving and amplifying the electrophysiologi-
cal potentials collected from the intracardiac and
indifferent terminals (10a-d, 20) with respect to
a signal reference to obtain respective intracar-
diac and indifferent signals (201a-d, 202) ; and
- a processor device 40 adapted to determining
a common mode signal (900) as an average of
the intracardiac and indifferent signals (201a-d,
202) and adapted to providing an output of int-
racardiac data based at least on the intracardiac
signals (201a-d), wherein the intracardiac sig-
nals (201a-d) are referenced with respect to the
common mode signal (900).

2. System according to claim 1, wherein the differential
amplifier stage (30) is an average reference ampli-
fier, wherein the average of the intracardiac and in-
different signals (201a-d, 202) is fed back as a signal
reference to the input side of the differential amplifier
stage so as to reference the intracardiac signals and
the indifferent signal to the common mode signal
(900).

3. System according to claim 1 or claim 2, wherein the
processor device (40) is further adapted to determin-
ing respective differential mode intracardiac signals
(1001a-d) by subtracting the common mode signal
(900) from the intracardiac signals (201a-d) so as to
reference the intracardiac signals (201a-d) to the
common mode signal (900).

4. System according to claim 3, wherein the processor
device (40) is further adapted to determining a dif-
ferential mode indifferent signal (1002) by subtract-
ing the common mode signal (900) from the indiffer-
ent signal (202).

5. System according to any of the preceding claims,
wherein the intracardiac data comprises

- an ensemble of the differential mode intracar-
diac signals (1001a-d) and/or the differential
mode indifferent signal (1002);
- an ensemble of unipolar intracardiac signals
obtained by subtracting the indifferent signal
(202) from the intracardiac signals (201a-d);
and/or
- an ensemble of unipolar intracardiac signals
(1101a-d) obtained by subtracting the differen-
tial mode indifferent signal (1002) from the dif-
ferential mode intracardiac signals (1001a-d);
and/or
- an ensemble of bipolar intracardiac signals ob-
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tained by subtracting a second one of the intrac-
ardiac signals (201a-d) from a first one of the
intracardiac signals (201a-d); and/or
- an ensemble of bipolar intracardiac signals ob-
tained by subtracting a second one of the differ-
ential mode intracardiac signals (1001a-d) from
a first one of the differential mode intracardiac
signals (1001a-d).

6. System according to any of the preceding claims,
wherein the indifferent terminal (20) is adapted to
collecting indifferent electrophysiological potentials
from one or more indifferent electrodes (2) probing
an intra-cardiovascular location in the individual (99).

7. Method for processing intracardiac signals, the
method comprising:

- receiving multiple sequences of electrophysi-
ological potentials collected from a plurality of
passive intracardiac electrodes (1) via corre-
sponding intracardiac terminals (10a-d) and
from at least one indifferent electrode (2) via a
corresponding indifferent terminal (20);
- amplifying the electrophysiological potentials
in a differential amplifier stage (30) with respect
to a signal reference to obtain respective intrac-
ardiac and indifferent signals (201a-d, 202);
- determining a common mode signal (900) as
an average of the intracardiac and indifferent
signals (201a-d, 202); and
- providing an output of intracardiac data based
at least on the intracardiac signals (201a-d),
wherein the intracardiac signals (201a-d) are
referenced with respect to the common mode
signal (900).

8. Method according to claim 7, further comprising
feeding the average of the intracardiac and indiffer-
ent signals (201a-d, 202) back to the input side of
the amplifier stage (30) in an average reference am-
plifier configuration so as to reference the intracar-
diac signals (201a-d) and the indifferent signal (202)
with respect to the common mode signal (900).

9. Method according to claim 8, further comprising sub-
tracting the indifferent signal (202) from one or more
of the intracardiac signals (201a-d) to generate re-
spective unipolar intracardiac output signals.

10. Method according to claim 9, further comprising se-
lectively applying a channel-specific filtering step to
one or more of the intracardiac and indifferent signals
(201a-d, 202) prior to generating the intracardiac out-
put signals.

11. Method according to any one of claims 7-10, further
comprising subtracting the common mode signal

(900) from one or more of the intracardiac signals
(201a-d) to obtain corresponding differential mode
intracardiac signals (1001a-d) and/or subtracting the
common mode signal (900) from the indifferent sig-
nal (202) to obtain a corresponding differential mode
indifferent signal (1002).

12. Method according to claim 11, further comprising
subtracting the differential mode indifferent signal
(1002) from one or more of the differential mode in-
tracardiac signals (1001a-d) to generate respective
unipolar intracardiac output signals (1101a-d).

13. Method according to claim 12, further comprising se-
lectively applying a channel-specific filtering step to
one or more of the differential mode intracardiac and
indifferent signals (1001a-d, 1002) prior to generat-
ing the intracardiac output signals;

14. Method according to any one of claims 7-13, wherein
the average is the arithmetic mean of the intracardiac
and indifferent signals (201a-d, 202).

Patentansprüche

1. System zur Aufzeichnung intrakardialer Signale und
zum Bereitstellen von Stimulationsimpulsen
und/oder Ablationsenergie an intrakardialen Orten,
wobei das System umfasst:

- eine Vielzahl von intrakardialen Anschlüssen
(10a-d), die geeignet sind, um intrakardiale elek-
trophysiologische Potenziale von einer Vielzahl
von passiven intrakardialen Elektroden (1a-d)
an jeweiligen intrakardialen Orten in einem In-
dividuum (99) zu sammeln;
- einen indifferenten Anschluss (20), der geeig-
net ist, indifferente elektrophysiologische Po-
tenziale von einer oder mehreren indifferenten
Elektroden (2) in oder an dem Individuum (99)
zu sammeln;
- eine Differenzverstärkerstufe (30), die zum
Empfangen und Verstärken der von den intra-
kardialen und indifferenten Anschlüssen (10a-
d, 20) gesammelten elektrophysiologischen Po-
tenziale in Bezug auf eine Signalreferenz zum
Erhalten der jeweiligen intrakardialen und indif-
ferenten Signale (201a-d, 202) geeignet ist; und
- eine Prozessorvorrichtung 40, die zum Bestim-
men eines Gleichtaktsignals (900) als Mittelwert
der intrakardialen und indifferenten Signale
(201a-d, 202) geeignet ist und zum Bereitstellen
einer Ausgabe von intrakardialen Daten basie-
rend auf mindestens den intrakardialen Signa-
len (201a-d) geeignet ist, wobei die intrakardia-
len Signale (201a-d) in Bezug auf das Gleicht-
aktsignal (900) referenziert sind.
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2. System nach Anspruch 1, wobei die Differenzver-
stärkerstufe (30) ein durchschnittlicher Referenzver-
stärker ist, wobei der Mittelwert der intrakardialen
und indifferenten Signale (201a-d, 202) als Signal-
bezug auf die Eingangsseite der Differenzverstär-
kerstufe zurückgeführt wird, um die intrakardialen Si-
gnale und das indifferente Signal auf das Gleichtakt-
signal (900) zu beziehen.

3. System nach Anspruch 1 oder Anspruch 2, wobei
die Prozessorvorrichtung (40) weiter zum Bestim-
men der jeweiligen intrakardialen Differenzmodus-
Signale (1001a-d) durch Subtrahieren des Gleicht-
aktsignals (900) von den intrakardialen Signalen
(201a-d) geeignet ist, um die intrakardialen Signale
(201a-d) auf das Gleichtaktsignal (900) zu beziehen.

4. System nach Anspruch 3, wobei die Prozessorvor-
richtung (40) weiter geeignet ist, um ein indifferentes
Differenzmodus-Signal (1002) zu bestimmen, indem
das Gleichtaktsignal (900) von dem indifferenten Si-
gnal (202) subtrahiert wird.

5. System nach einem der vorstehenden Ansprüche,
wobei die intrakardialen Daten umfassen

- eine Gruppe der intrakardialen Differenzmo-
dus-Signale (1001a-d) und/oder des indifferen-
ten Differenzmodus-Signals (1002);
- eine Gruppe von unipolaren intrakardialen Si-
gnalen, die durch Subtrahieren des indifferenten
Signals (202) von den intrakardialen Signalen
(201a-d) erhalten werden; und/oder
- eine Gruppe von unipolaren intrakardialen Si-
gnalen (1101a-d), die durch Subtrahieren des
indifferenten Differenzmodus-Signals (1002)
von den intrakardialen Differenzmodus-Signa-
len (1001a-d) erhalten werden; und/oder
- eine Gruppe von bipolaren intrakardialen Sig-
nalen, die durch Subtrahieren eines zweiten der
intrakardialen Signale (201a-d) von einem ers-
ten der intrakardialen Signale (201a-d) erhalten
werden; und/oder
- eine Gruppe von bipolaren intrakardialen Sig-
nalen, die durch Subtrahieren eines zweiten der
intrakardialen Differenzmodus-Signale (1001a-
d) von einem ersten der intrakardialen Differenz-
modus-Signale (1001a-d) erhalten werden.

6. System nach einem der vorstehenden Ansprüche,
wobei der indifferente Anschluss (20) geeignet ist,
um indifferente elektrophysiologische Potenziale
von einer oder mehreren indifferenten Elektroden (2)
zu sammeln, die einen intrakardiovaskulären Ort in
dem Individuum (99) untersuchen.

7. Verfahren zur Verarbeitung intrakardialer Signale,
wobei das Verfahren umfasst:

- Empfangen mehrerer Sequenzen elektrophy-
siologischer Potenziale, die von einer Vielzahl
passiver intrakardialer Elektroden (1) über ent-
sprechende intrakardiale Anschlüsse (10a-d)
und von mindestens einer indifferenten Elektro-
de (2) über einen entsprechenden indifferenten
Anschluss (20) gesammelt wurden;
- Verstärken der elektrophysiologischen Poten-
ziale in einer Differenzverstärkerstufe (30) in Be-
zug auf eine Signalreferenz, um entsprechende
intrakardiale und indifferente Signale (201a-d,
202) zu erhalten;
- Bestimmen eines Gleichtaktsignals (900) als
Mittelwert der intrakardialen und indifferenten
Signale (201a-d, 202); und
- Bereitstellen einer Ausgabe von intrakardialen
Daten basierend auf mindestens den intrakar-
dialen Signalen (201a-d), wobei die intrakardi-
alen Signale (201a-d) in Bezug auf das Gleicht-
aktsignal (900) referenziert werden.

8. Verfahren nach Anspruch 7, weiter umfassend das
Zurückführen des Mittelwertes der intrakardialen
und indifferenten Signale (201a-d, 202) auf die Ein-
gangsseite der Verstärkerstufe (30) in einer
Durchschnittsreferenzverstärkerkonfiguration, um
die intrakardialen Signale (201a-d) und das indiffe-
rente Signal (202) in Bezug auf das Gleichtaktsignal
(900) zu referenzieren.

9. Verfahren nach Anspruch 8, weiter umfassend das
Subtrahieren des indifferenten Signals (202) von ei-
nem oder mehreren der intrakardialen Signale
(201a-d), um entsprechende unipolare intrakardiale
Ausgangssignale zu erzeugen.

10. Verfahren nach Anspruch 9, weiter umfassend das
selektive Anwenden eines kanalspezifischen Filter-
schritts auf eines oder mehrere der intrakardialen
und indifferenten Signale (201a-d, 202) vor dem Er-
zeugen der intrakardialen Ausgangssignale.

11. Verfahren nach einem der Ansprüche 7-10, weiter
umfassend das Subtrahieren des Gleichtaktsignals
(900) von einem oder mehreren der intrakardialen
Signale (201a-d), um entsprechende intrakardiale
Differenzmodus-Signale (1001a-d) zu erhalten,
und/oder das Subtrahieren des Gleichtaktsignals
(900) von dem indifferenten Signal (202), um ein ent-
sprechendes indifferentes Differenzmodus-Signal
(1002) zu erhalten.

12. Verfahren nach Anspruch 11, weiter umfassend das
Subtrahieren des indifferenten Differenzmodus-Sig-
nals (1002) von einem oder mehreren der intrakar-
dialen Differenzmodus-Signale (1001a-d), um ent-
sprechende unipolare intrakardiale Ausgangssigna-
le (1101a-d) zu erzeugen.
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13. Verfahren nach Anspruch 12, weiter umfassend das
selektive Anwenden eines kanalspezifischen Filter-
schritts auf eines oder mehrere der intrakardialen
und indifferenten Differenzmodus-Signale (1001a-d,
1002) vor dem Erzeugen der intrakardialen Aus-
gangssignale.

14. Verfahren nach einem der Ansprüche 7-13, wobei
der Durchschnitt das arithmetische Mittel der intra-
kardialen und indifferenten Signale (201a-d, 202) ist.

Revendications

1. Système pour enregistrer des signaux intracardia-
ques et pour fournir des impulsions de stimulation
et/ou de l’énergie d’ablation en des emplacements
intracardiaques, le système comprenant :

- une pluralité de bornes intracardiaques (10a-
d) adaptées à collecter des potentiels électro-
physiologiques intracardiaques à partir d’une
pluralité d’électrodes intracardiaques passives
(1a-d) à des emplacements intracardiaques res-
pectifs chez un individu (99) ;
- une borne indifférente (20) adaptée à collecter
des potentiels électrophysiologiques indiffé-
rents d’une ou plusieurs électrodes indifférentes
(2) dans ou sur l’individu (99) ;
- un étage amplificateur différentiel (30) adapté
à recevoir et amplifier les potentiels électrophy-
siologiques collectés à partir des bornes intra-
cardiaques et indifférentes (10a-d, 20) par rap-
port à une référence de signal afin d’obtenir des
signaux intracardiaques et indifférents respec-
tifs (201a-d, 202) ; et
- un dispositif de traitement (40) adapté à déter-
miner un signal de mode commun (900) en tant
que moyenne des signaux intracardiaques et in-
différents (201a-d, 202) et adapté à fournir une
sortie de données intracardiaques basée au
moins sur les signaux intracardiaques (201a-d),
dans lequel les signaux intracardiaques (201a-
d) sont référencés par rapport au signal de mode
commun (900).

2. Système selon la revendication 1, dans lequel l’éta-
ge amplificateur différentiel (30) est un amplificateur
de référence moyenne, dans lequel la moyenne des
signaux intracardiaques et indifférents (201a-d, 202)
est renvoyée en tant que référence de signal au côté
entrée de l’étage de l’amplificateur différentiel de ma-
nière à référencer les signaux intracardiaques et le
signal indifférent au signal de mode commun (900).

3. Système selon la revendication 1 ou la revendication
2, dans lequel le dispositif de traitement (40) est en
outre adapté à déterminer des signaux intracardia-

ques en mode différentiel respectifs (1001a-d) en
soustrayant le signal de mode commun (900) des
signaux intracardiaques (201a-d) afin de référencer
les signaux intracardiaques (201a-d) au signal de
mode commun (900).

4. Système selon la revendication 3, dans lequel le dis-
positif de traitement (40) est en outre adapté à dé-
terminer un signal indifférent de mode différentiel
(1002) en soustrayant le signal de mode commun
(900) du signal indifférent (202).

5. Système selon l’une quelconque des revendications
précédentes, dans lequel les données intracardia-
ques comprennent

- un ensemble des signaux intracardiaques en
mode différentiel (1001a-d) et/ou le signal indif-
férent en mode différentiel (1002) ;
- un ensemble de signaux intracardiaques uni-
polaires obtenus en soustrayant le signal indif-
férent (202) des signaux intracardiaques (201a-
d) ; et/ou
- un ensemble de signaux intracardiaques uni-
polaires (1101a-d) obtenus en soustrayant le si-
gnal indifférent en mode différentiel (1002) des
signaux intracardiaques en mode différentiel
(1001a-d) ; et/ou
- un ensemble de signaux intracardiaques bipo-
laires obtenus en soustrayant un deuxième des
signaux intracardiaques (201a-d) d’un premier
des signaux intracardiaques (201a-d) ; et/ou
- un ensemble de signaux intracardiaques bipo-
laires obtenus en soustrayant un deuxième des
signaux intracardiaques en mode différentiel
(1001a-d) d’un premier signal des signaux intra-
cardiaques en mode différentiel (1001a-d).

6. Système selon l’une quelconque des revendications
précédentes, dans lequel la borne indifférente (20)
est adaptée à collecter des potentiels électrophysio-
logiques indifférents d’une ou plusieurs électrodes
indifférentes (2) sondant un emplacement intra-car-
diovasculaire chez l’individu (99).

7. Procédé de traitement de signaux intracardiaques,
le procédé comprenant :

- recevoir de multiples séquences de potentiels
électrophysiologiques collectées à partir d’une
pluralité d’électrodes intracardiaques passives
(1) via des bornes intracardiaques correspon-
dantes (10a-d) et d’au moins une électrode in-
différente (2) via une borne indifférente corres-
pondante (20) ;
- amplifier les potentiels électrophysiologiques
dans un étage amplificateur différentiel (30) par
rapport à une référence de signal pour obtenir
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des signaux intracardiaques et indifférents res-
pectifs (201a-d, 202) ;
- déterminer un signal de mode commun (900)
en tant que moyenne des signaux intracardia-
ques et indifférents (201a-d, 202) ; et
- fournir une sortie de données intracardiaques
basée au moins sur les signaux intracardiaques
(201a-d), dans lequel les signaux intracardia-
ques (201a-d) sont référencés par rapport au
signal de mode commun (900).

8. Procédé selon la revendication 7, comprenant en
outre le renvoi de la moyenne des signaux intracar-
diaques et indifférents (201a-d, 202) du côté entrée
de l’étage amplificateur (30) dans une configuration
d’amplificateur de référence moyenne de manière à
référencer les signaux intracardiaques (201a-d) et
le signal indifférent (202) par rapport au signal de
mode commun (900).

9. Procédé selon la revendication 8, comprenant en
outre la soustraction du signal indifférent (202) à un
ou plusieurs des signaux intracardiaques (201a-d)
pour générer des signaux de sortie intracardiaques
unipolaires respectifs.

10. Procédé selon la revendication 9, comprenant en
outre l’application sélective d’une étape de filtrage
spécifique de canal à un ou plusieurs des signaux
intracardiaques et indifférents (201a-d, 202) avant
de générer les signaux de sortie intracardiaques.

11. Procédé selon l’une quelconque des revendications
7 à 10, comprenant en outre la soustraction du signal
de mode commun (900) à un ou plusieurs des si-
gnaux intracardiaques (201a-d) pour obtenir des si-
gnaux intracardiaques en mode différentiel corres-
pondants (1001a-d) et/ou la soustraction du signal
de mode commun (900) du signal indifférent (202)
pour obtenir un signal indifférent de mode différentiel
correspondant (1002).

12. Procédé selon la revendication 11, comprenant en
outre la soustraction du signal indifférent en mode
différentiel (1002) à un ou plusieurs des signaux in-
tracardiaques en mode différentiel (1001a-d) pour
générer des signaux de sortie intracardiaques uni-
polaires respectifs (1101a-d).

13. Procédé selon la revendication 12, comprenant en
outre l’étape d’application sélectivement d’une étape
de filtrage spécifique de canal à un ou plusieurs des
signaux intracardiaques et indifférents en mode dif-
férentiel (1001a-d, 1002) avant de générer les si-
gnaux de sortie intracardiaques.

14. Procédé selon l’une quelconque des revendications
7 à 13, dans lequel la moyenne est la moyenne arith-

métique des signaux intracardiaques et indifférents
(201a-d, 202).
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