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(57) ABSTRACT

Embodiments include an electrocardiography system that
includes or is connected to a sensor arrangement, wherein the
sensor arrangement includes surface electrodes that record
electric signals. The electrocardiography system includes a
signal processing unit, with filters and amplifiers, which is
electrically connected to the sensor arrangement. The elec-
trocardiography system includes a signal evaluation unit con-
nected via a first signal input to the signal processing unit. The
signal evaluation unit processes one or more prepared ECG
signals provided by the signal processing unit in order to
recover an electrocardiogram signal and to display the elec-
trocardiogram signal. The signal evaluation unit includes a
second signal input that receives secondary signals obtained
by body sensors or monitors, wherein the signal evaluation
unit processes the prepared ECG signals depending on the
secondary signals.
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ELECTROCARDIOGRAPHY SYSTEM

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application 62/084,582 filed on 26 Nov. 2014,
the specification of which is hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention generally relate to an
electrocardiography system with a sensor arrangement that
includes surface electrodes to record electric signals.

[0004] 2. Description of the Related Art

[0005] Generally, known electrocardiography systems are
used to record cardiograms. To this end, typically, surface
electrodes are applied to the skin of a patient and electric
potentials are detected, which are recorded as electric signals
and are prepared for example by amplification and filtering.
Generally, the prepared signals are then further processed and
for example are presented to a doctor in the form of an
electrocardiogram.

[0006] Typically, the electrocardiogram (ECG) shows the
electric potential changes occurring with the contraction and
expansion of heart chambers and atriums and therefore pro-
vides enlightening information concerning the respective
acute state of the heart. It is therefore, generally, usual to
record electrocardiograms continuously, even during other
examinations or treatments. Typically, besides fluoroscopy,
the n-channel ECG (n>1) is therefore the most important
instrument in an electrophysiological examination (EPE) in
order to diagnose cardiological arrhythmias, for example
with catheterization and ablation.

[0007] Generally, magnetic resonance tomography, also
known as MRT, is an image producing method of the mag-
netic resonance tomography as well as the therefore neces-
sary magnetic resonance tomographs, wherein volume
images even of soft tissue may be recorded in real time. To
this end, typically, the object to be examined or the person to
be examined is exposed in a magnetic resonance imaging
(MRI) scanner to strong, changing magnetic fields. Gener-
ally, magnetic resonance imaging (MRI) provides a spatially
and temporally resolved soft tissue contrast and thus enables
a broad spectrum of diagnostic applications for organs or
anatomies that are difficult to access, such as the brain, the
spinal column, the joints, the abdomen, the cardiovascular
system, etc.

[0008] Typically, the recording of electrocardiograms dur-
ing the execution of magnetic resonance imaging in an MRI
scanner, which is desirable per se, is not so easy however,
because, during the measurement of electrocardiogram
(ECG) signals in the MRI scanner, signal interference may
occur, caused inter alia by the magneto hydrodynamic effect
(MHD effect). Generally, this effect is produced by the high
static primary magnetic field in the magnetic resonance imag-
ing (MRI) scanner.

[0009] Typically, a combination of both medical measure-
ment methods would make it possible to perform an EPS and
MRI up to interventional or intraoperative MR (iMR) with the
objective of performing ablations more precisely and particu-
larly in a manner that is non-ionizing for the patient and
hospital staff.

[0010] Generally, the direct combination of ECG and MRI
poses technical challenges for physical reasons alone, in par-
ticular due to the fact that the three main components of the
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MRI scanner are independent of one another and conse-
quently may be addressed separately. For example, typically,
the three main components include the strong homogenous
static magnetic field in the Tesla range (1), the three magnetic
gradient fields directed orthogonally to one another (2), and
the electromagnetic high-frequency fields (3).

[0011] Generally, the magneto hydrodynamic effect (MHD
effect) is caused physically by moved charge carriers in a
magnetic field that are forced by the Lorentz force in a certain
direction, depending on the vectorial direction of movement
of the charge carriers and the orientation of the magnetic field.
Typically, the MHD effect, as a pseudo-periodic electrophysi-
ological disturbance variable in the ECG, is induced prima-
rily by the blood flow in the aortic arch during systole. Gen-
erally, moved charge carriers in the blood are pressed against
the blood vessel wall by the Lorentz force and temporarily
accumulate there locally. Typically, this temporary charge
density superimposes, as potential, the ECG to be recorded, in
particular in the QRS complex thereof, and may be measured
with the ECG on the skin surface of the patient.

[0012] Generally, a hardware solution for eliminating the
MHD contribution from the ECG uses integrated 3-channel
ECG monitors, which are based on optical fibers and which
are suitable exclusively for ensuring a monitoring of the heart
rate of sedated patients or patients at risk or for enabling
synchronized heartbeat-based imaging control (gating). Typi-
cally, key morphological analyses for EPSs are not possible
due to the poor signal quality.

[0013] Generally, a 3-channel monitor is also known that
indeed may also be operated in the examination room of the
MRI scanner, but cannot be used above a field strength of 40
mT and therefore in the isocenter of the magnet in the MRI
scanner.

[0014] Typically, two principle solution approaches for fil-
tering the MHD effect have been suggested, including math-
ematical model-based approaches and conventional digital
filters. Generally, mathematical approaches start by modeling
the blood flow in the aorta and then predict from this the MHD
effect in order to remove it from the distorted ECG. For
example, “Realistic MHD Modeling Based on MRI Blood
Flow Measurements”, a publication of The International
Society for Magnetic Resonance in Medicine 20th Scientific
Meeting & Exhibition, 2012 May, Melbourne, Australia,
based on a human torso model, to Oster et al., presents
research with an improved mathematical model, of an already
provided mathematical model, of the MHD effect and of the
ECG with an additional aorta model, and has validated this
with real MRI data supported by contrast agent. According to
Oster et al., the blood flow was determined in the MRI data
with two regions of interest (ROIs) both in the ascending and
in the descending aorta and was transferred to the aorta as a
whole. As described in Oster et al., the potentials of the MHD
effect and of the ECG were then calculated from the quanti-
fied blood flow.

[0015] Generally, various non-patent literature regarding
digital filters have set about training an (adaptive) filter. For
example, the non-patent literature include Adaptive Least
Mean Square (LMS) Filtering, see for example “A 1.5T MRI-
Conditional 12-Lead Electrocardiogram for MRI and Intra-
MR Intervention”, a publication of Magnetic Resonance in
Medicine, Volume 71, Issue 3, pages 1336-1347, March
2014, Adaptive Noise Cancellation (ANC), see for example
“Adaptive noise cancellation to suppress electrocardiography
artifacts during real-time interventional MR1”, a publication
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of the Journal of Magnetic Resonance Imaging, 2011 May,
33(5), pages 1184-1193, Wiener Filtering, see for example
“The limited applicability of Wiener filtering to ECG signals
disturbed by the MHD effect”, a publication of the Proc. of
EUSIPCO 2012 Conference, August 27-31, Bucharest,
Romania, and Template Matching, see for example “Extrac-
tion of the magnetohydrodynamic blood flow potential from
the surface electrocardiogram in magnetic resonance imag-
ing”, a publication of Medical & Biological Engineering &
Computing, July 2008, Volume 46, Issue 7, pages 729-733.
[0016] Typically, ifthe objective is to separate cleanly from
one another the ECG signals and disturbance signals induced
by the MHD effect and to utilize this for diagnostic purposes,
the known solutions from the industry are insufficient. Gen-
erally, the 3-channel ECGs, which may be used as monitors
for patient monitoring and for synchronized imaging of MRI
scanners (gating), are provided with the explicit instruction
from the manufacturer not to derive any cardiological diag-
nostic characteristic variables, key for EPSs, or morphologi-
cal analyses of the heart from the measurements.

[0017] Typically, the mathematical approaches in science
have contributed significantly to the theoretical understand-
ing of the influence of external and internal (bio)physical
variables with regard to the MHD effect. Generally, the
described models, however, show the complexity of the
hemodynamic sequences of successive heartbeats of an indi-
vidual only insufficiently, since unpredictable events, such as
spontaneous arthythmias or arrhythmias induced in a con-
trolled manner during an EPS, for example by selective
stimulation of the heart, the individual anatomy ofthe patient,
and also extrasystoles, etc., could prevent a correct real-time
separation of ECG and MHD effect.

[0018] Typically, filter-based solutions from the research
are next in line from the practical viewpoint of a separation of
ECG and MHD effect and adapt successful approaches from
other technical fields, such as telecommunications or data
compression. Generally, the pure transfer of the technology
has proven to be inadequate, since itisunable to cope with the
depolarization of the individual heart cells.

[0019] In addition, typically, all solution approaches in the
case of the separation of MHD effect and ECG have the
common feature that neither one nor more additional direct or
indirect independent measured variables corresponding to the
blood flow are included, fed back in real time, in a filter.

BRIEF SUMMARY OF THE INVENTION

[0020] One or more embodiments of the invention provide
a system that measures a diagnostic ECG in an MRI scanner,
and therefrom, for example, an electrophysiological exami-
nation (EPE).

[0021] At least one embodiment of the invention includes
an electrocardiography system with a sensor arrangement. In
one or more embodiments, the sensor arrangement may
include surface electrodes that record electric signals. In at
least one embodiment, the electrocardiography system may
be connected to the sensor arrangement. In one or more
embodiments, the electrocardiography system may include a
signal processing unit, for example with filters and amplifiers,
wherein the signal processing unit may be electrically con-
nected to the sensor arrangement. In at least one embodiment,
the electrocardiography system may include a signal evalua-
tion unit, which may be connected via a first signal input to the
signal processing unit. In one or more embodiments, the
signal evaluation unit may process one or more prepared ECG
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signals provided by the signal processing unit in order to
recover an electrocardiogram signal and one or more of dis-
play the electrocardiogram signal and output the electrocar-
diogram to be displayed. The signal evaluation unit, in at least
one embodiment, may include a second signal input that
receives secondary signals obtained using body sensors or
monitors. In one or more embodiments, the signal evaluation
unit may process the prepared ECG signals in accordance
with the secondary signals.

[0022] In at least one embodiment, the signal evaluation
unit may include, form or adapt a compensation function in
accordance with the secondary signals, and may apply the
compensation function to the prepared ECG signal.

[0023] By way of one or more embodiments, with the aid of
the secondary signals recovered and provided by additional
independent sensors, inreal time, an ECG falsified in the MRI
scanner may be corrected by determining and compensating
for the influence of the magneto hydrodynamic effect (MHD
effect). In at least one embodiment, for the ECG in the MRI
scanner, a falsified measured signal, caused by MHD-induced
disturbance signals, may be obtained. In one or more embodi-
ments, the falsified measured signal may be represented as
ECG(MRI)=ECG+MHD, expressed in the measured volt-
ages as Vecoamn™Y ecetY s

[0024] In at least one embodiment, the signal evaluation
unit may include an adaptive filter, which may be adapted by
coupling the ECG measurement with initial filter/transfer
function using the secondary signals. In one or more embodi-
ments, the adaptive filter may be provided effectively with
relatively a few additional hardware outlay by use of the
intracardial ECG already provided with the electrophysi-
ological examination (EPE) and the additional sensors.
[0025] By way of at least one embodiment, for a healthy,
regularly beating heart, a transfer function between the mea-
surement in the MR1 scanner and outside may be established.
In one or more embodiments, the transfer function may func-
tion as long as no irregularities occur, wherein the signal
remains predictable. In at least one embodiment, during an
electrophysiological (EP) procedure, the signal may not be
predictable, since arrhythmias may occur, for example by the
procedure itself, such as by selective stimulation of the heart,
and also because the heart is almost always a pathologically
modified heart.

[0026] As such, one or more embodiments of the invention
may perform an initial filter calculation by detecting the
change of the ECG measurement at the patient when intro-
duced into the MRI scanner. In at least one embodiment, the
initial filter calculation may then be adapted continuously by
independent sensors and measurements. In one or more
embodiments, the independent sensors may deliver the sec-
ondary signals, and may not be influenced by the MHD effect.
At least one embodiment may include one or more indepen-
dent sensors in order to train the adaptive filter function and to
improve the ECG measurement.

[0027] By way of one or more embodiments, the electro-
cardiography system may perform a parallel measurement
and correction of an n-channel electrocardiogram (ECG n>1)
in a magnetic resonance imaging (MRI) scanner for diagnos-
tic purposes and simultaneous use of the magneto hydrody-
namic effect (MHD effect) for hemodynamic diagnostic
statements. In at least one embodiment, the parallel measure-
ment and correction may include simultaneous scanning of
the anatomy of the patient by the MRI scanner, an automatic
segmentation of the aorta and calculation of the MHD effect
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from the blood flow under consideration of further physi-
ological real-time measurements with imaging methods inde-
pendent of the ECG.

[0028] One or more embodiments of the invention provide
disturbance-free measurement of the electrophysiological
signals in the environment of strong homogenous static mag-
netic fields, which may be falsified by the MHD effect. In at
least one embodiment, the signal evaluation unit may clean up
an n-channel electrocardiogram (ECG, n>1) recorded in the
environment of strong magnetic fields. In one or more
embodiments, the n-channel electrocardiogram may have
been distorted by induced magneto hydrodynamic distur-
bance signals. In at least one embodiment, the signal evalua-
tion unit may clean up the n-channel electrocardiogram to
draw diagnostic conclusions concerning both the hemody-
namics and the electrophysiology of the heart in an environ-
ment of strong static magnetic fields.

[0029] In one or more embodiments, the sensor arrange-
ment may include secondary sensors, which are different
from the surface electrodes, to detect a further physical vari-
able. In at least one embodiment, the secondary sensors may
deliver one or more secondary signals. In one or more
embodiments, the signal evaluation unit may include anadap-
tive filter, of which the transfer function is influenced and/or
controlled by the secondary signal or the secondary signals.
In at least one embodiment, the adaptive filter may allow a
measurement of a surface-ECG signal without MHD-induced
disturbance signals. In one or more embodiments, the adap-
tation of the filter may be achieved by an evaluation of one or
more independent sensors.

[0030] By way of at least one embodiment, the adaptive
filter may include a transfer function that compensates for a
transfer function between ECG signals recorded outside an
MRI scanner and ECG signals recorded within the magnetic
fields. In one or more embodiments, the transfer function of
the adaptive filter may be an inverse to the transfer function
caused by the influence of the MRI scanner on the ECG, such
as the ECG signals recorded in the MRI scanner.

[0031] In at least one embodiment, the signal evaluation
unit may form an initial transfer function of the adaptive filter
by detecting the change of the ECG measurement at patients
when introduced into the MRI scanner.

[0032] In one or more embodiments, the secondary sensor
may record an intracardial ECG and may deliver an intracar-
dial ECG as a secondary signal. In at least one embodiment,
an intracardial ECG may deliver values suitable for the adap-
tive filter calculation. In one or more embodiments, an intra-
cardial ECG may be recorded via additional diagnostic cath-
eters as secondary sensors, which may be used during an EP
procedure. According to at least one embodiment, due to the
small vector between the electrodes with the signal recording
of the intracardial ECG, the MHD effect may have no influ-
ence in the MRI scanner during the measurement. In one or
more embodiments, since the surface-ECG and the intracar-
dial ECG are associated with one another, the joint ECG may
be used as a measured value independent of the MHD effect
during adaptive filter calculation. In at least one embodiment,
changes in the cardiac rhythm may be identified in the intra-
cardial ECG and therefore may be used for the calculation.
[0033] In one or more embodiments, the secondary sensor
may include or may be an acoustic sensor, for example to
record heart sounds. In at least one embodiment, the heart
sounds are not influenced by the MHD effect and therefore
may be used for filter calculation and adaptation.
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[0034] By way of one or more embodiments, the secondary
sensor may include or may be a pulse oximeter, for example
to measure a pulse. In at least one embodiment, the pulse is
not influenced by the MHD effect and therefore may be used
for filter calculation and adaptation.

[0035] In at least one embodiment, acoustic sensors and
pulse oximeters are examples of secondary sensors that may
be used as additional sensors independent of the MHD effect,
whichmay deliver the secondary signals that may be included
into the mathematical model from the adaptive filter.

[0036] In atleast one embodiment, the second signal input
may be connected to a measurement device that measures
real-time blood flow, wherein the secondary signals may rep-
resent a blood flow in real time. In one or more embodiments,
the signal evaluation unit may determine at least one com-
pensation signal from the secondary signals which reflects the
influence of the magneto hydrodynamic effect (MHD), and
may subtract the compensation signal from one or more pre-
pared ECG signals or may otherwise recalculate the signals in
a compensatory mannet.

[0037] As such, in at least one embodiment of the inven-
tion, ECGs and disturbance signals induced by the MHD
effect in the environment of strong magnetic fields may be
separated to then utilize both electrophysiological signals for
diagnostic purposes. In one or more embodiments, the blood
flow corresponding to the MHD effect may be detected via
independent medical imaging in real time, for example in the
MRI scanner, may be quantified by the signal evaluation umt
and may be supplied as a fed-back variable to a filter or a filter
cascade.

[0038] Inatleastoneembodiment, the measurement device
that measures real-time blood flow may be, for example, an
MRI scanner, which delivers digital imaging and communi-
cations in medicine (DICOM) data. In one or more embodi-
ments, the DICOM data may include the secondary signal, as
discussed herein.

[0039] According to at least one embodiment of the inven-
tion, the measurement device that measures real-time blood
flow may be an ultrasound measuring device, which performs
an independent non-ionizing ultrasound measurement.
[0040] In one or more embodiments, the signal evaluation
unit may evaluate DICOM data originating from the MRI
scanner as the secondary signal, for example wherein the
signal evaluation unit may automatically segment the aorta
and calculate the MHD from the blood flow in the aorta.
[0041] By way of at least one embodiment of the invention,
the electrocardiography system may allow the parallel mea-
surement and correction of an n-channel electrocardiogram
(ECG, n>1) in a magnetic resonance imaging (MRI) scanner
for diagnostic purposes, and the simultaneous use of the
magneto hydrodynamic effect (MHD) for hemodynamic
diagnostic statements. For example, in one or more embodi-
ments, the electrocardiography system may scan the anatomy
of the patient by the MRI scanner, may automatically segment
the aorta, and may calculate the MHD effect from the blood
flow under the consideration of further physiological real-
time measurements with imaging methods independent of the
ECG.

[0042] One or more embodiments, as an advantage of the
electrocardiography system discussed herein, may include an
addition of one or more independent measured variables cor-
responding to the blood flow. In at least one embodiment, the
one or more independent measured variables may be addi-
tionally supplied, fed back in real time, to a filter or a filter
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cascade in order to separate the n-channel ECG (n>1) from
the disturbance signals induced by the MHD effect, in order to
draw diagnostic conclusions. As another advantage, embodi-
ments of the invention may include integration of indepen-
dent imaging methods. Generally, using known devices, it is
theoretically impossible to calculate the MHD effect from the
falsified ECG based on the non-stationary related sources
thereof, and this may be implemented in practice only as an
approximation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The above and other aspects, features and advan-
tages of at least one embodiment of the invention will be more
apparent from the following more particular description
thereof, presented in conjunction with the following draw-
ings, wherein:

[0044] FIG.1showsanoverview of anelectrocardiography
system according to one or more embodiments of the inven-
tion;

[0045] FIG. 2 shows a diagram that explains the operating
principle of a signal evaluation unit according to one or more
embodiments of the invention;

[0046] FIG. 3 shows a first variant of an electrocardio-
graphy system according to one or more embodiments of the
invention; and,

[0047] FIG. 4 shows a second variant of an electrocardio-
graphy system according to one or more embodiments of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0048] The following description is of the best mode pres-
ently contemplated for carrying out at least one embodiment
of the invention. This description is not to be taken in a
limiting sense, but is made merely for the purpose of describ-
ing the general principles of the invention. The scope of the
invention should be determined with reference to the claims.
[0049] FIG. 1 showsanoverview of anelectrocardiography
system 10 according to one or more embodiments of the
invention. As shown in FIG. 1, in at least one embodiment of
the invention, the electrocardiography system may include a
sensor arrangement 12 of surface sensors that record electric
signals, a signal processing unit 14 and a signal evaluation
unit 16. In one or more embodiments, the sensor arrangement
may be connected to the signal processing unit 14. In at least
one embodiment, the signal processing unit 14 may amplify
and filter the recorded electric signals. In one or more
embodiments, the electric signals that are processed may be
fed to the signal evaluation unit 16. In at least one embodi-
ment, the signal evaluation unit may evaluate the recorded
and processed electric signals under consideration of second-
ary signals, indicated by the arrow 18.

[0050] By way of one or more embodiments, the secondary
signals 18 may originate from a secondary sensor 20 or from
a plurality of different secondary sensors. At least one
embodiment of the invention may include a secondary signal
processing unit 22 that processes the signals delivered from
the secondary sensor 20 and delivers the corresponding sec-
ondary signals 18 to the signal evaluation unit 16.

[0051] In one or more embodiments, the signal evaluation
unit 16 may determine, from the processed delivered signals
of the sensor arrangement 12 and the secondary signals 18, an
electrocardiogram (ECG), partially or completely, cleaned up
of influence of a magneto hydrodynamic effect (MHD). In at
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least one embodiment, the electrocardiogram (ECG) may one
or more of be displayed on a display and transmitted to a
printer 24.

[0052] In at least one embodiment of the invention, the
signal evaluation unit 16 may include an adaptive filter 26. In
one or more embodiments, the adaptive filter 26 may be
adapted in a controlled manner or may at least be influenced
by the secondary signals 18.

[0053] FIG. 2 shows a diagram that explains the operating
principle of a signal evaluation unit according to one or more
embodiments of the invention. According to at least one
embodiment, the adaptive filter 26 may include an initial
transfer function, which the signal evaluation unit 16 may
have determined from a change of the delivered electric sig-
nals upon introduction of a patient into a magnetic resonance
imaging (MRI) scanner. Prior to the introduction of the
patient into the MRI scanner, at 201, in one or more embodi-
ments, the delivered electric signals may not yet be influenced
by the MRI scanner and in particular by the MHD effect, at
203, whereas, after introduction of the patient into the MRI
scanner, at 204, the delivered electric signals may be influ-
enced by the MHD effect. At least one embodiment of the
invention may compare the electric signals delivered prior to
the introduction of the patient into the MRI scanner, at 201,
with the electric signals delivered in the MRI scanner, at 204,
in order to determine the influence of the MHD effect and to
derive therefrom a transfer function. In one or more embodi-
ments, the transfer function describes the changes of the
delivered electric signals prior to and following introduction
into the MRI scanner, at 202. At least one embodiment may
include an inverse transfer function that may compensate for
the influence of the MHD effect and therefrom may form an
initial transfer function of the adaptive filter 26.

[0054] By way of one or more embodiments, at 205, the
initial transfer function of the adaptive filter 26 may be cor-
rected continuously and in real time, for example during an
electrophysiological examination (EPE) of a patient in the
MRI scanner, with the aid of at least one of the secondary
signals 18, as shown in FIG. 2. By way of one or more
embodiments, with the aid of the secondary signals recovered
and provided by additional independent sensors at 203, in real
time, an ECG falsified in the MRI scanner may be corrected
by determining and compensating for the influence of the
magneto hydrodynamic effect (MHD effect) at 205 and 206.
[0055] In at least one embodiment, a suitable secondary
signal may be, for example, an intracardial electrocardio-
gram, which, by contrast to a surface electrocardiogram, is
hardly influenced by the magneto hydrodynamic effect
(MHD effect) due to the small vector between the intracardial
electrode during the signal recording. In one or more embodi-
ments, since the surface electrocardiogram and the intracar-
dial electrocardiogram are associated, the intracardial elec-
trocardiogram may be used as a secondary signal, which is
largely independent of the magneto hydrodynamic effect, for
adaptive filter calculation.

[0056] In at least one embodiment, if the secondary signal
is an intracardial electrocardiogram, the secondary sensor 20
may be, for example, an additional diagnostic catheter, which
may be used in electrophysiology procedures.

[0057] According to one or more embodiments, the sec-
ondary sensor may be, or may include, an acoustic sensor that
records heart sounds or a pulse oximeter that measures the
pulse. Inatleast one embodiment, both an acoustic sensor and
a pulse oximeter may be suitable secondary sensors, because
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both the acoustic sensor and the pulse oximeter may deliver
secondary signals independent of the MHD effect.

[0058] One or more embodiments may include a plurality
of secondary sensors 20, as indicated by the dashed illustra-
tion in FIG. 1. In at least one embodiment, the secondary
sensors 20 may include a combination of a probe that records
an intracardial electrocardiogram and an acoustic sensor.
[0059] FIGS. 3 and 4 illustrate variants of an electrocardio-
graphy system according to one or more embodiments of the
invention. As shown in FIGS. 3 and 4, in at least one embodi-
ment, the secondary signal may be obtained via the magnetic
resonance imaging (MRI) scanner itself to determine the
current blood flow in the aorta from the DICOM data 22
delivered from the MRI scanner. In one or more embodi-
ments, the signal evaluation unit 16' may automatically seg-
ment the aorta from the DICOM data and may determine the
blood flow in the aorta in real time. In at least one embodi-
ment, via the signal evaluation unit 16', the magneto hydro-
dynamic effect (MHD effect) may be determined from the
blood flow in the aorta. As such, one or more embodiments,
for example via the signal evaluation unit 16', may determine
the influence of the magneto hydrodynamic effect on the
delivered and processed signals and may remove the influ-
ence from the delivered and processed electric signals. As
such, in at least one embodiment, an electrocardiogram
largely corrected of the magneto hydrodynamic effect is pro-
duced. FIG. 3, by way of one or more embodiments, shows a
magnetic resonance imaging (MRI) scanner 30 as a second-
ary sensor.

[0060] In at least one embodiment, proceeding from a
patient located in a MRI scanner, such as scanner 30, to which
the surface electrodes that record an n-channel ECG (n>1)
have already been attached, a four-dimensional (4D) MRI
image sequence (for example phase contrast) may be
recorded from the thorax of the patient. One or more embodi-
ments may include administration of a contrast agent. In at
least one embodiment, the patient’s aorta may be automati-
cally identified from the resultant DICOM data 22 as the basis
for the real-time blood flow measurement and may be seg-
mented. In one or more embodiments, as shown in FIGS. 3
and4,the ECG (ECG_morV . ,,) that may be measured in
the MRI scanner is the ECG of the patient (ECG or V)
falsified additively by the induced disturbance signals of the
MHD effect (S_MHD or Vg ). As shown in FIGS. 3 and
4, in at least one embodiment, the disturbance signal of the
MHD effect calculated by the real-time blood flow measure-
ment (C_MHD or V. ) may be removed from the falsi-
fied measured ECG (ECG_m or V- ), under the assump-
tion that S_MHD or, expressed as potential, V¢ 4, and
C_MHD or, expressed as potential V. , ., are similar. Tn one
or more embodiments, the falsified measured signal may be
represented as ECG(MRI)=ECG+MHD, 12, expressed in the
measured voltages as Vzeoimn™Y zeatV ammn:

[0061] By way of at least one embodiment, the variant
shown in FIG. 4 differs from the variant shown in FIG. 3 in
that an ultrasound device 32 may be included as a further
secondary sensor, as shown in FIG. 4. In one or more embodi-
ments, the ultrasound device 32 may determine the blood flow
by ultrasound measurement. In at least one embodiment, the
determination of the blood flow by ultrasound may not be
influenced by the MRI scanner and therefore may provide a
further measured value as a secondary signal to calculate the
influence of the MHD effect by the signal evaluation unit 16,
16'. Accordingly, in one or more embodiments, the influence
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of the MHD effect may be determined even more precisely
with an electrocardiography system shown in FIG. 4 than
with the electrocardiography system shown in FIG. 3.
[0062] At least one embodiment of the invention may
include an adapted filter to compensate for the magneto
hydrodynamic effect or may include determining the influ-
ence of the magneto hydrodynamic effect with the aid of
real-time blood flow measurements in the MRI scanner, in
order to find an electrocardiogram that is influenced mini-
mally by the magneto hydrodynamic effect. One or more
embodiments of the invention may include both an adapted
filter to compensate the magneto hydrodynamic effect and
determining the influence of the magneto hydrodynamic
effect with the aid of real-time blood flow measurements in
the MRI scanner.

[0063] It will be apparent to those skilled in the art that
numerous modifications and variations of the described
examples and embodiments are possible in light of the above
teaching. The disclosed examples and embodiments are pre-
sented for purposes of illustration only. Other alternate
embodiments may include some or all of the features dis-
closed herein. Therefore, it is the intent to cover all such
modifications and alternate embodiments as may come
within the true scope of this invention.

LIST OF REFERENCE SIGNS
[0064] 10 electrocardiography system
[0065] 12 sensor arrangement
[0066] 14 signal processing unit
[0067] 16, 16 signal evaluation unit
[0068] 18 secondary signal
[0069] 20 secondary sensor
[0070] 22 secondary signal processing unit
[0071] 24 display/printer
[0072] 26 adaptive filter
[0073] 30 magnetic resonance imaging (MRI) scanner
[0074] 32 ultrasound device

What is claimed is:
1. An electrocardiography system comprising:
a sensor arrangement, wherein the sensor arrangement
comprises surface electrodes that record electric signals;
asignal processing unit electrically connected to the sensor
arrangement; and,
a signal evaluation unit connected via a first signal input to
the signal processing unit;
wherein the signal evaluation unit is configured to
process one or more prepared electrocardiograph (ECG)
signals provided by the signal processing unit in order
to
obtain an electrocardiogram signal, and
display the electrocardiogram signal or output the
electrocardiogram signal to be displayed,
wherein the signal evaluation unit comprises a second sig-
nal input that receives one or more secondary signals
obtained via at least one secondary sensor, wherein the at
least one secondary sensor comprise one or more body
sensors or monitors and,
wherein the signal evaluation unit is further configured to
process the prepared ECG signals in accordance with the
secondary signals.
2. The electrocardiography system according to claim 1,
wherein the signal evaluation unit is further configured to
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form or to adapt a compensation function in accordance with
the secondary signals and to apply the compensation function
to the prepared ECG signal.

3. The electrocardiography system according to claim 1,
wherein

the sensor arrangement further comprises the at least one

secondary sensor, wherein the at least one secondary
sensor differs from the surface electrodes, wherein the at
least one secondary sensor is configured to detect a
physical variable and delivery the one or more second-
ary signals, and

the signal evaluation unit further comprises an adaptive

filter with a transfer function, wherein the transfer func-
tion is one or more of influenced by and controlled by the
one or more secondary signals.

4. The electrocardiography system according to claim 3,
wherein the transfer function is configured to compensate for
a transfer function between ECG signals recorded outside an
MRI scanner and ECG signals recorded within magnetic
fields of the MRI scanner.

5. The electrocardiography system according to claim 3,
wherein the signal evaluation unit is further configured to
form an initial transfer function for the adaptive filter,
wherein a change of an ECG measurement of a patient intro-
duced in the MRI scanner is detected to form the initial
transfer function.

6. The electrocardiography system according to claim 3,
wherein the at least one secondary sensor is further config-
ured to record an intracardial ECG, and wherein the one or
more secondary signals comprise an intracardial ECG.

May 26, 2016

7. The electrocardiography system according to claim 3,
wherein the at least one secondary sensor is an acoustic sensor
configured to record heart sounds.

8. The electrocardiography system according to claim 3,
wherein the at least one secondary sensor is a pulse oximeter
configured to measure a pulse.

9. The electrocardiography system according to claim 1,
wherein the second signal input is connected to a measure-
ment device configured to measure real-time blood flow,
wherein the one or more secondary signals represent a blood
flow in real time, and wherein the signal evaluation unit is
further configured to

determine from the one or more secondary signals at least

one compensation signal, wherein the at least one com-
pensation signal reflects an influence of a magneto
hydrodynamic effect (MHD effect), and

subtract the compensation signal from the prepared ECG

signals that have been processed.

10. The electrocardiography system according to claim 9,
wherein the measurement device configured to measure real-
time blood flow is an MRI scanner.

11. The electrocardiography system according to claim 10,
wherein the measurement device configured to measure real-
time blood flow is an ultrasound measuring device.

12. The electrocardiography system according to claim 10,
wherein the signal evaluation unit is further configured to
evaluate data originating from the MRI scanner as the one or
more secondary signals by automatically segmenting an aorta
of a patient and calculating the MHD effect from blood flow
in the aorta.
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