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Description

[0001] The following relates generally to medical im-
aging and patient monitoring. It finds particular applica-
tion in conjunction with monitoring patients during mag-
netic resonance imaging and/or spectroscopy proce-
dures, and will be described with particular reference
thereto. However, it will be understood that it also finds
application in other usage scenarios and is not neces-
sarily limited to the aforementioned application.

[0002] In Magnetic Resonance (MR) Imaging, a sub-
ject is located in a static magnetic field. Magnetic reso-
nance is excited in tissues of a subject by applying radio
frequency (RF) pulses. Gradient magnetic fields or puls-
es are applied to the subject for spatial encoding, induc-
ing gradient echoes, and the like. As the magnetic reso-
nance in the subject decays, weak RF resonance signals
are emitted. The weak RF resonance signals induce cur-
rent in one or more coils which are used to reconstruct
images.

[0003] During the imaging process, subjects often are
monitored for physiological signs. The physiological
monitoring provides monitoring of the vital signs for the
subject. The physiological monitor can also be used to
correct for motion or other artifacts.

[0004] In order to monitor the subject such as for pulse
or heart rate, electrodes with lead wires are placed on
the skin of the subject. The electrodes measure electrical
activity to compute the heartrate or pulse. The lead wires
from the electrodes are connected to a physiological de-
vice which converts the sensed electrical activity into a
waveform signal such as the electrocardiogram signal
(ECG). The waveform signal is transmitted along a wire,
an optical medium, or wirelessly to a patient monitor or
other like device.

[0005] Because the wires from the electrodes are elec-
trically conductive, the lead wires and other wires are
susceptible to interference currents induced by the gra-
dientfield pulses applied to the subject. The induced cur-
rents in the electrodes, the electrode lead wires, or a lead
wire to the patient monitor, or a combination thereof pro-
duces gradient noise interference on the ECG signal. In-
terference from gradient pulses typically has an ampli-
tude of about = 100 mV but can reach as high as = 10V.
An ECG typically has an amplitude of about 300uV to
5mV peak-to-peak.

[0006] One approach to reducing MR interference is
shielding. Heavy shielded cables can be used except for
near the electrodes. Shielding the electrodes is difficult
and expensive and in most cases prohibitive due to leak-
age current limitations. Some approaches use fiber optic
cable or wireless communication between the device
which generates the physiological waveform and the pa-
tient monitor. However, interference still occurs at the
electrode and the lead wires between the electrodes and
the circuitry for converting the electrical ECG signal into
light signal, or the like.

[0007] Another approach is to use filters. The analog
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ECG signal can be filtered in the analog domain. Alter-
natively, digital filtering can be performed after conver-
sion of the analog signal to digital. However, additional
firmware resources are needed and the digital signal
processing dynamic ranges are often reduced which
leads to performance issues and/or increased cost.
[0008] Another approach is to determine the theoreti-
cal gradient noise interference and use that information
to subtract the expected interference from the ECG sig-
nal. For example, a connection to a gradient controller
of a MR scanner can provide the identity and timing of
each gradient field applied to the subject. However, the
predicted interference based on the generated sources
of interference (e.g. measure of generated gradient
fields) and the actual interference on each wire lead or
lead cable can vary with electrode placementand the like.
[0009] The following discloses a new and improved re-
duction of MRI interference from the ECG using lead (or
electrode) information which addresses the above refer-
enced issues, and others.

[0010] Inaccordance with one aspect, a circuit for use
in an magnetic resonance (MR) system to reduce MR
interference of a physiological signal S(f) includes a first
summing/subtraction node, a high pass filter, and a sec-
ond summing/subtraction node (42). The first sum-
ming/subtraction node inputs a first signal including all
interference components generated by the MRI scanner
N(f) and a physiological signal S(f), and a second signal
including the physiological signal S(f) and an error signal
E(f), and subtractively combines the second signal with
the first signal to generate a difference signal N(f)- E(f).
The high pass filter filters the difference signal N(f)-E(f)
from the first summing/subtraction node. The second
summing/subtraction node subtractively combines the
first signal S(f)+N(f) and the filtered signal H(f)*[N(f)-E(f)]
from the high pass filter, and generates the second signal
S(f)+E(f).

[0011] In accordance with another aspect, a method
for use in an MR system to reduce MR interference of a
physiological signal S(f) includes inputting (46) a first sig-
nal (34) which includes all interference components gen-
erated by the MRI scanner N(f) and a physiological signal
S(f). The second signal (38) S(f)+E(f) including the phys-
iological signal S(f) and an error signal E(f) is combined
subtractively from the first signal S(f)+N(f), and generates
a difference signal N(f)-E(f). The difference signal is fil-
tered using a high pass filter. The first signal S(f)+N(f)
and the filtered signal H(f) * [N(f)-E(f)] from the high pass
filter are combined subtractively, and generate the sec-
ond signal S(f)+E(f). Document EP0470764, which is
considered the closest prior art, discloses a circuit for
use in an magnetic resonance (MR) system to reduce
MR interference of a physiological signal S(f) including
alead, a feed forward path, and a node. The lead carries
an input signal including S(f) contaminated with N(f). The
feed forward path feeds forward N(f) in a feed forward
circuit. The node subtractively combines the input signal
and the feed forward signal to generate an output signal.
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[0012] One advantage is reduced MR gradient inter-
ference.

[0013] Another advantage resides in removal of inter-
ference in hardware before analog-to-digital conversion.
[0014] Another advantage resides in using actual in-
terference itself to correct the ECG signal for gradient
interference.

[0015] Another advantage resides in maintaining the
physiological waveform morphology.

[0016] Another advantage is a more robust physiolog-
ical signal quality independent of the scan sequence.
[0017] Another advantage is more reliable cardiac gat-
ing performance.

[0018] Another advantage is not requiring additional
electrodes, lead wires, gauss sensors, or the like to cap-
ture the interference components generated by the MRI
scanner.

[0019] Still further advantages will be appreciated to
those of ordinary skill in the art upon reading and under-
standing the following detailed description.

[0020] The invention may take form in various compo-
nents and arrangements of components, and in various
steps and arrangement of steps. The drawings are only
for purposes of illustrating the preferred embodiments
and are not to be construed as limiting the invention.

FIGURE 1 diagrammatically illustrates an embodi-
ment of the interference reduction circuit disposed
in a Magnetic Resonance Imaging system.
FIGURE 2 diagrammatically illustrates another em-
bodiment of the circuit disposed in a Magnetic Res-
onance Imaging system.

FIGURE 3 diagrammatically illustrates an embodi-
ment of the interference reduction circuit in a block
diagram.

FIGURE 4 schematically illustrates an embodiment
of the circuit in a circuit diagram.

FIGURE 5 graphically illustrates an ECG waveform
with reduced MR interference.

FIGURE 6 flowcharts one method of using an em-
bodiment of reducing MR interference on a lead.

[0021] With reference to FIGURE 1, an embodiment
of the interference reduction circuit disposed in a Mag-
netic Resonance Imaging system is diagrammatically il-
lustrated. The system includes a MR scanner 2in a cross
section view. The scanner 2 includes a main magnet 4,
one or more gradient coils 6, and one or more radio fre-
quency (RF) coils 8. The main magnet 4 generates a
static or By magnetic field. The RF coils generate RF
pulses which excite and manipulate magnetic resonance
in a subject 10. The one or more gradient coils 6 generate
gradient magnetic fields across the static magnetic field
spatially encode the induced resonance, induced gradi-
ent echoes, and the like. The scanner includes an open-
ing 12 or bore that defines an examination region in which
the subject 10 is placed for a spectroscopic and/or im-
aging examination. The subject is supported by a subject
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support such as padding14.

[0022] The subjectis monitored by a monitoring device
16. The monitoring device 16 includes a display 18, one
or more processors 20, and can include atleast one input
device 22. The display 18 displays the monitored wave-
forms such as ECG. The one or more processors provide
analog to digital signal conversion, filtering, formatting
for display of the signal. The monitoring device can in-
clude keypad, keyboard, mouse, etc., for entry of infor-
mation about the subject, and commands to drive the
monitoring device. The monitoring device can be con-
nected to a hospital information system (HIS) and the like.
[0023] One or more sensors, such as ECG electrodes
24 are attached to the subject to monitor physiological
signals from the body surface. The ECG electrodes 24
can be attached with a temporary adhesive that adheres
to the skin to sense heart related electrical activity. The
electrodes 24 connect to a physiological device 26 by
small wires 28 which generates a waveform signal such
as an ECG signal. The generated waveform signal is
transmitted between the physiological device 26 and the
monitoring device 16 via a cable 30. A interference re-
duction circuit 32 is disposed along the cable 30. The
circuit 32 can be disposed at either end or in the middle
of the cable. The circuit 32 inputs a signal which includes
the waveform signal and interference from the magnetic
resonance gradient pulses. The circuit 32 outputs the
physiological signal with reduced or removed magnetic
interference. The circuit can connect to the physiological
device, patient monitor, and/or the cable using standard
hardware interfaces such that the circuit can be used with
existing devices.

[0024] In an alternate embodiment, the circuit 32 can
be included in either the physiological device 26 or the
monitoring device 20. Incorporating the circuit into one
of the devices is advantageous where the signal is trans-
mitted wirelessly or fiber optically. Alternatively the circuit
can be included in the cable, a connector, a separate
adapter, and/or any combination.

[0025] A ’processor’ as used herein encompasses an
electronic component which is able to execute a program
or machine executable instruction. References to the
computing device comprising "a processor" should be
interpreted as possibly containing more than one proc-
essoror processing core. The processor may forinstance
be a multi-core processor. A processor may also refer to
a collection of processors within a single computer sys-
tem or distributed amongst multiple computer systems.
The term computing device should also be interpreted to
possibly refer to a collection or network of computing de-
vices each comprising a processor or processors. Many
programs have their instructions performed by multiple
processors that may be within the same computing de-
vice or which may even be distributed across multiple
computing devices.

[0026] A ’hardware interface’ as used herein encom-
passes an interface which enables the processor of a
computer system to interact with and/or control an exter-
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nal computing device and/or apparatus. A hardware in-
terface may allow a processor to send control signals or
instructions to an external computing device and/or ap-
paratus. A hardware interface may also enable a proc-
essor to exchange data with an external computing de-
vice and/or apparatus. Examples of a hardware interface
include, but are notlimited to: a universal serial bus, IEEE
1394 port, parallel port, IEEE 1284 port, serial port, RS-
232 port, IEEE-488 port, Bluetooth® connection, Wire-
less local area network connection, TCP/IP connection,
Ethernet connection, control voltage interface, MIDI in-
terface, analog input interface, and digital input interface.
[0027] A ’display’ or ’display device’ as used herein
encompasses an output device or a user interface adapt-
ed for displaying images or data. A display may output
visual, audio, and or tactile data. Examples of a display
include, but are not limited to: a computer monitor, a tel-
evision screen, a touch screen, tactile electronic display,
Braille screen, Cathode ray tube (CRT), Storage tube,
Bistable display, Electronic paper, Vector display, Flat
panel display, Vacuum fluorescent display (VF), Light-
emitting diode (LED) displays, Electroluminescent dis-
play (ELD), Plasma display panels (PDP), Liquid crystal
display (LCD), Organic light-emitting diode displays
(OLED), a projector, and Head-mounted display.
[0028] Magnetic Resonance (MR) data is defined
herein as being the recorded measurements of radio fre-
quency signals emitted by atomic spins by the antenna
of a Magnetic resonance apparatus during a magnetic
resonance imaging scan. A Magnetic Resonance Imag-
ing (MRI) image is defined herein as being the recon-
structed two or three dimensional visualization of ana-
tomic data contained within the magnetic resonance im-
aging data. This visualization can be performed using a
computer.

[0029] FIGURE 2 diagrammatically illustrates another
embodiment of the interference reduction circuit 32 dis-
posed in a Magnetic Resonance Imaging system. The
circuit 32 is electrically connected with each of the wire
leads 28 from the electrodes 24 affixed to the subject 10
to the physiological device 26. Each wire lead 28 is fil-
tered using the circuit 32 to generate the reduced inter-
ference physiological waveform. The physiological de-
vice 26 communicates with the patient monitor 16 wire-
lessly.

[0030] FIGURE 3 diagrammatically illustrates an em-
bodiment of the interference reduction circuit 32 in ablock
diagram. The circuit inputs a signal 34 which includes a
physiological signal and interference from magnetic res-
onance such as gradient pulses. The physiological signal
is represented by S(f), and the interference or noise of
the magnetic resonance represented by N(f). The circuit
includes a first summing/subtraction node 36 which re-
ceives the input signal 34, S(f) + N(f) and a second or
feedback signal 38 which includes the physiological sig-
nal and an error component, S(f) + E(f). The first node
36 subtracts the second signal 38 from the input signal
34 which is then fed to a high pass filter 40 such as a
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Sallen-Keyfilter. The high pass filter 40 seeks to preserve
the interference signal N(f) and minimize an error com-
ponent E(f). The filtered signal from the high pass filter
40, H(f) * [N(f) - E(f)], is input or fed forward into a second
summing/subtraction node 42. The second node 42 sub-
tracts the signal from the high pass filter, H(f) * [N(f) -
E(f)] from the original input signal 34, S(f) + N(f), which
generates the second signal 38, S(f) + E(f). The second
signal 38 includes the physiological signal and the error
component which are fed back into the first node 36. The
error feedback process minimizes the error signal, E(f),
such that the output signal 39 of the circuit is the physi-
ological signal.

[0031] The interference reduction circuit can convert
the output signal to a digital waveform for further process-
ing, filtering, or display as the physiological signal on the
display 18. Prior to the analog-to-digital conversion other
options can be included such as low pass filtering, slew-
rate limiting, or interpolation stages or any combination
thereof. The low pass filter can reduce or eliminate the
high frequency component remaining from the subtrac-
tion process at the second node 42. The interference
reduction circuit can further include an electro-optical
transducer, an RF transmitter or the like to convert the
output signal 39 to a non-electrical format.

[0032] FIGURE 4 schematically illustrates an embod-
iment of the interference reduction circuit 32 in a circuit
diagram. The illustrated embodiment includes an ECG
filter with an ECG lead input. The ECG lead 28 includes
the physiological signal, 34 e.g. ECG signal, and the mag-
netic resonance interference such as from gradient puls-
es. The first node 36 includes an operational amplifier
and discrete components, and inputs the signal 34 from
the lead and subtracts a second signal 38 which includes
the ECG signal and an error component. The remaining
signal which includes the noise or interference compo-
nent and the error component is fed into the high pass
filter 40. The high pass filter 40 includes an operational
amplifier and discrete components. The output signal of
the high pass filter is fed into the second node 42. The
second node 42 subtracts the output of the high pass
filter from the input signal 34 which leaves the physiolog-
ical signal and the error component and then feeds back
the second signal 38 to the first node 36 to minimize the
error component E(f). The second node 42 includes an
operational amplifier and discrete components. The sec-
ond signal 38 is fed into an optional low pass filter 44.
The output from the low pass filter forms the output 39
from the circuit. The low pass filter includes an opera-
tional amplifier and discrete components. The circuit of
this embodiment can be implemented with a quad amp
package with discrete components.

[0033] FIGURE 5 graphically illustrates an ECG wave-
form with reduced MR interference. The overall peak to
peak ECG signal is not decreased and the noise of the
gradient pulse is reduced. The gradient pulses result in
about 2 mV of the noise on the ECG signal. The cause
ofthe remaining noise is the start and finish of the gradient
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sequences, which are likely due to the head and tail of
the high pass filter.

[0034] FIGURE 6 flowcharts one method of using an
embodiment of reducing MR interference on alead. In a
step 46, the signal 34 from a lead wire or electrode wire
is input. The signal 34 includes the physiological signal
S(f) such as ECG and interference N(f) from magnetic
resonance imaging such as from gradient pulses. In an
iterative series of steps, beginning with a step 48, the
second signal 38 which includes the physiological signal
S(f) and the error component E(f) is subtracted from the
input signal 34 at the node 36. The subtracted signal S(f)
+ N(f) - [S(f) + E(f)] is filtered to isolate the interference
using the high pass filter 40 in a step 50. The high pass
filter preserves the noise or interference N(f) from the
magnetic resonance imaging. The filtered signal
H(f)*[N(f)-E(f)] is subtracted from the input signal 34 at
node 42 in a step 52, and the physiological signal S(f)
and the error component E(f) are fed back into the earlier
step 48 of subtracting by the node 36 the second signal
from the input signal. The feedback and subtracting proc-
esses minimize the error component leaving only the
physiological signal S(f) such as the ECG signal.
[0035] In an optional step 54, the second signal 38 is
filtered using the low pass filter 44. The output of the filter
can then converted from an analog waveform to digital
waveform in a step 56. The analog-to-digital conversion
can be optionally included in the circuit 32 or separate.
The signal can be transmitted wirelessly, optically, or via
wired connection or the like to the patient monitor.
[0036] It is to be appreciated that in connection with
the particular illustrative embodiments presented herein
certain structural and/or function features are described
as being incorporated in defined elements and/or com-
ponents. However, it is contemplated that these features
may, to the same or similar benefit, also likewise be in-
corporated in other elements and/or components where
appropriate. It is also to be appreciated that different as-
pects of the exemplary embodiments may be selectively
employed as appropriate to achieve other alternate em-
bodiments suited for desired applications, the other al-
ternate embodiments thereby realizing the respective ad-
vantages of the aspects incorporated therein.

[0037] It is also to be appreciated that particular ele-
ments or components described herein may have their
functionality suitably implemented via hardware, soft-
ware, firmware or a combination thereof. Additionally, it
istobe appreciated that certain elements described here-
in as incorporated together may under suitable circum-
stances be stand-alone elements or otherwise divided.
Similarly, a plurality of particular functions described as
being carried out by one particular element may be car-
ried out by a plurality of distinct elements acting inde-
pendently to carry out individual functions, or certain in-
dividual functions may be split-up and carried out by a
plurality of distinct elements acting in concert. Alternately,
some elements or components otherwise described
and/or shown herein as distinct from one another may
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be physically or functionally combined where appropri-
ate.

[0038] In short, the present specification has been set
forth with reference to preferred embodiments. Obvious-
ly, modifications and alterations will occur to others upon
reading and understanding the present specification. It
is intended that the invention be construed as including
all such modifications and alterations insofar as they
come within the scope of the appended claims. That is
to say, it will be appreciated that various of the above-
disclosed and other features and functions, or alterna-
tives thereof, may be desirably combined into many other
different systems or applications, and also that various
presently unforeseen or unanticipated alternatives, mod-
ifications, variations or improvements therein may be
subsequently made by those skilled in the art.

Claims

1. Acircuit (32) for use in an magnetic resonance (MR)
system to reduce MR interference of a physiological
signal S(f), the circuit comprising:

a first summing/subtraction node (36) config-
ured to input a first signal S(f)+N(f) (34) including
all interference components generated by an
MR imaging scanner N(f) and a physiological
signal S(f), and a second signal S(f)+E(f) (38)
including the physiological signal S(f) and an er-
ror signal E(f), and which is configured to sub-
tractively combine the second signal S(f)+E(f)
(38) with the first signal S(f)+N(f) (34) to gener-
ate a difference signal N(f)-E(f);

a high pass filter (40) which is configured to filter
the difference signal N(f)-E(f) from the first sum-
ming/subtraction node (36) to a filtered signal
H(f) * IN()-E(H]; and

a second summing/subtraction node (42) which
is configured to subtractively combine the first
signal S(f)+N(f) (34) and the filtered signal H(f)
* [N(f)-E(f)] from the high pass filter, and gener-
ate the second signal S(f)+E(f) (38).

2. Thecircuit (32) accordingto claim 1, furtherincluding
at least one of:

a low pass filter (44);
a slew-rate limit unit; and
an interpolation unit.

3. The circuit (32) according to either one of claims 1
and 2, wherein the first summing/subtraction node
(36), the second summing/subtraction node (42),
and the high pass filter (40) each include an opera-
tional amplifier.

4. The circuit (32) according to any one of claims 1-3,
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wherein the physiological signal includes an electro-
cardiogram (ECG) signal.

The circuit (32) according to any one of claims 1-4,
further including:

an analog to digital converterwhich is configured
to convert the second signal to a digital signal.

The circuit (32) according to any one of claims 1-5,
wherein the high pass filter (40) includes a Sallen-
Key filter.

The circuit (32) according to any one of claims 1-6,
wherein the frequency magnetic resonance interfer-
ence includes gradient pulse interference.

An electrocardiographic system comprising:

at least one electrode (24);

at least one wire (28), each wire connected to
an electrode (24);

the circuit (32) of any one of claims 1-7 connect-
ed to the at least one wire to remove the mag-
netic resonance interference N(f).

The system according to claim 8, wherein each at
least one wire is connected to a separate circuit (32).

The system according to either one of claims 8 and
9, further including:

at least one patient monitor (16) which is con-
figured to receive the physiological signal S(f)
with reduced magnetic resonance interference.

A method for use in an magnetic resonance (MR)
system to reduce MR interference of a physiological
signal S(f), the method comprising:

inputting (46) a first signal S(f)+N(f) (34) which
includes all interference components generated
by an MR imaging scanner N(f) and a physio-
logical signal S(f);

combining subtractively (48) a second signal
S(f)+E(f) (38) including the physiological signal
S(f) and an error signal E(f) from the first signal
S(f)+N(f) (34), and generating a difference sig-
nal N(f)-E(f),

filtering (50) the difference signal using a high
pass filter (40) to a filtered signal H(f) * [N(f)-E(f)];
combining subtractively (52) the first signal
S(f)+N(f) (34) and the filtered signal H(f) *
[N(f)-E(f)] from the high pass filter, and generat-
ing the second signal S(f)+E(f) (38).

The method according to claim 11, further including:
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13.

14.

15.

filtering (54) the second signal (38) using a low
pass filter (44).

The method either one of claims 11 and 12, wherein
the physiological signal is an electrocardiogram
(ECG) signal.

The method according to any one of claims 11-13,
further including:

converting the second signal from an analog
waveform to a digital waveform.

The method according to any one of claims 11-14,
wherein the method is performed on each of a plu-
rality of electrocardiogram (ECG) electrode leads
(28).

Patentanspriiche

1.

Schaltung (32) zur Verwendung in einem Magnetre-
sonanz- (MR) System zur Reduzierung von MR-In-
terferenzen eines physiologischen Signals S(f), wo-
bei die Schaltung Folgendes umfasst:

einen ersten Summier-/Subtrahierknoten (36),
der konfiguriert ist, um ein erstes Signal S(f) +
N(f) (34), umfassend alle durch einen MR-Bild-
gebungsscanner N(f) erzeugten Interferenz-
komponenten und ein physiologisches Signal
S(f), und ein zweites Signal S(f) + E(f) (38), um-
fassend das physiologische Signal S(f) und ein
Fehlersignal E(f), einzugeben, und der konfigu-
riert ist, um das zweite Signal S(f) + E(f) (38)
subtraktiv mit dem ersten Signal S(f) + N(f) (34)
zu kombinieren, um ein Differenzsignal N(f) -
E(f) zu erzeugen;

einen Hochpassfilter (40), der konfiguriert ist,
um das Differenzsignal N(f) - E(f) aus dem ers-
ten Summier-/Subtrahierknoten (36) zu einem
gefilterten Signal H(f) * [N(f) - E(f)] zu filtern; und
einen zweiten Summier-/Subtrahierknoten (42),
der konfiguriert ist, um das erste Signal S(f) +
N(f) (34) und das gefilterte Signal H(f) * [N(f) -
E(f)] aus dem Hochpassfilter subtraktiv zu kom-
binieren und das zweite Signal S(f) + E(f) (38)
Zu erzeugen.

Schaltung (32) nach Anspruch 1, die weiterhin min-
destens eines von Folgendem umfasst:

einen Tiefpassfilter (44);
eine Anstiegsraten-Begrenzungseinheit; und
eine Interpolationseinheit.

Schaltung (32) nach einem der Anspriiche 1 und 2,
wobei der erste Summier-/Subtrahierknoten (36),
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der zweite Summier-/Subtrahierknoten (42) und der
Hochpassfilter (40) jeweils einen Operationsverstar-
ker umfassen.

Schaltung (32) nach einem der Anspriiche 1 bis 3,
wobei das physiologische Signal ein Elektrokardio-
gramm- (EKG) Signal umfasst.

Schaltung (32) nach einem der Anspriiche 1 bis 4,
weiterhin umfassend:

einen Analog-Digital-Umsetzer, der konfiguriert
ist, um das zweite Signal in ein digitales Signal
umzusetzen.

Schaltung (32) nach einem der Anspriiche 1 bis 5,
wobei der Hochpassfilter (40) einen Sallen-Key-Fil-
ter umfasst.

Schaltung (32) nach einem der Anspriiche 1 bis 6,
wobei die Magnetresonanz-Interferenz Gradienten-
impuls-Interferenz umfasst.

Elektrokardiografisches System, umfassend:

mindestens eine Elektrode (24);

mindestens einen Draht (28), wobei jeder Draht
mit einer Elektrode (24) verbunden ist;

die Schaltung (32) nach einem der Anspriiche
1 bis 7, verbunden mit mindestens einem Draht,
um die Magnetresonanz-Interferenz N(f) zu ent-
fernen.

System nach Anspruch 8, wobei jeder der mindes-
tens einen Drahte mit einer separaten Schaltung (32)
verbunden ist.

System nach einem der Anspriiche 8 und 9, weiter-
hin umfassend:

mindestens einen Patientenmonitor (16), der
konfiguriert ist, um das physiologische Signal
S(f) mit reduzierter Magnetresonanz-Interfe-
renz zu empfangen.

Verfahren zur Verwendung in einem Magnetreso-
nanz- (MR) System zur Reduzierung von MR-Inter-
ferenzen eines physiologischen Signals S(f), wobei
das Verfahren Folgendes umfasst:

Eingeben (46) eines ersten Signals S(f) + N(f)
(34), das alle durch einen MR-Bildge-
bungsscanner N(f) erzeugten Interferenzkom-
ponenten und ein physiologisches Signal S(f)
umfasst;

subtraktives Kombinieren (48) eines zweiten Si-
gnals S(f) + E(f) (38) umfassend das physiolo-
gische Signal S(f) und ein Fehlersignal E(f) aus
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dem ersten Signal S(f) + N(f) (34), und Erzeugen
eines Differenzsignals N(f) - E(f),

Filtern (50) des Differenzsignals unter Verwen-
dung eines Hochpassfilters (40) zu einem gefil-
terten Signal H(f) * [N(f) - E(f)];

subtraktives Kombinieren (52) des ersten Sig-
nals S(f) + N(f) (34) und des gefilterten Signals
H(f) * [N(f) - E(f)] aus dem Hochpassfilter, und
Erzeugen des zweiten Signal S(f) + E(f) (38).

Verfahren nach Anspruch 11, weiterhin umfassend:

Filtern (54) des zweiten Signals (38) unter Ver-
wendung eines Tiefpassfilters (44).

Verfahren nach einem der Anspriche 11 und 12,
wobei das physiologische Signal ein Elektrokardio-
gramm- (EKG) Signal ist.

Verfahren nach einem der Anspriiche 11 bis 13, wei-
terhin umfassend:

Umsetzen des zweiten Signals von einer ana-
logen Wellenform in eine digitale Wellenform.

Verfahren nach einem der Anspriiche 11 bis 14, wo-
bei das Verfahren fir jede von einer Vielzahl von
Elektrokardiogramm- (EKG) Elektrodenableitungen
(28) durchgefihrt wird.

Revendications

Circuit (32) pour I'utilisation dans un systéme de ré-
sonance magnétique (MR) pour réduire 'interféren-
ce MR d'un signal physiologique S(f), le circuit
comprenant :

un premier noeud additionneur/soustracteur
(36) configuré pour recevoir en entrée un pre-
mier signal S(f)+N(f) (34) comprenant toutes les
composantes d’interférence générées par un
scanner d’'imagerie par résonance magnétique
N(f) et un signal physiologique S(f), etun deuxie-
me signal S(f)+E(f) (38) comprenant le signal
physiologique S(f) et un signal d’erreur E(f), et
qui est configuré pour combiner de maniéere
soustractive le deuxiéme signal S(f)+E(f) (38)
avec le premier signal S(f)+N(f) (34) pour géné-
rer un signal de différence N(f)-E(f) ;

un filtre passe-haut (40) qui est configuré pour
filtrer le signal de différence N(f)-E(f) provenant
du premier noeud additionneur/soustracteur
(36) en un signal filtré H(f) * [N(f)-E(f)] ; et

un deuxiéme noeud additionneur/soustracteur
(42) qui est configuré pour combiner de maniere
soustractive le premier signal S(f)+N(f) (34) et
le signal filtré H(f) * [N(f)-E(f)] provenant du filtre
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passe-haut, et générer le deuxiéme signal
S(f)+E(f) (38).

Circuit (32) selon la revendication 1, comprenant en
outre au moins un parmi :

un filtre passe-bas (44) ;
une unité de limite de vitesse de balayage ; et
une unité d’interpolation.

Circuit (32) selon I'une ou I'autre des revendications
1 et 2, dans lequel le premier noeud addition-
neur/soustracteur (36), le deuxiéme noeud addition-
neur/soustracteur (42) et le filtre passe-haut (40)
comprennent chacun un amplificateur opérationnel.

Circuit (32) selon I'une quelconque des revendica-
tions 1 a 3, dans lequel le signal physiologique com-
prend un signal d’électrocardiogramme (ECG).

Circuit (32) selon I'une quelconque des revendica-
tions 1 a 4, comprenant en outre :

un convertisseur analogique-numérique qui est
configuré pour convertir le deuxiéme signal en
un signal numérique.

Circuit (32) selon I'une quelconque des revendica-
tions 1 a 5, dans lequel le filire passe-haut (40) com-
prend un filtre a clé de Sallen.

Circuit (32) selon I'une quelconque des revendica-
tions 1 a 6, dans lequel 'interférence de résonance
magnétique comprend une interférence d'impulsion
de gradient.

Systeme d’électrocardiographie comprenant :

au moins une électrode (24) ;

au moins un fil (28), chaque fil étant connecté a
une électrode (24) ;

le circuit (32) selon I'une quelconque des reven-
dications 1 a 7 connecté a I'au moins un fil pour
éliminer l'interférence de résonnance magnéti-
que N(f).

Systeme selon la revendication 8, dans lequel cha-
que au moins un fil est connecté a un circuit (32)
séparé.

Systeme selon I'une ou I'autre des revendications 8
et 9, comprenant en outre :

au moins un moniteur de patient (16) qui est
configuré pour recevoir le signal physiologique
S(f) avec une interférence de résonnance ma-
gnétique réduite.
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Procédé pour I'utilisation dans un systéme de réso-
nance magnétique (MR) pour réduire l'interférence
MR d'un signal physiologique S(f), le procédé
comprenant :

I'application en entrée (46) d’'un premier signal
S(f)+N(f) (34) qui comprend toutes les compo-
santes d’interférence générées par un scanner
d’'imagerie par résonance magnétique N(f) etun
signal physiologique S(f) ;

la combinaison de maniere soustractive (48)
d’un deuxieéme signal S(f)+E(f) (38) comprenant
le signal physiologique S(f) et un signal d’erreur
E(f) par rapport au premier signal S(f)+N(f) (34)
et la génération d'un signal de différence
N(f)-E(),

le filtrage (50) du signal de différence en utilisant
un filtre passe-haut (40) en un signal filtré H(f)
* [IN(-EM] ;

la combinaison de maniére soustractive (52) du
premier signal S(f)+N(f) (34) et du signal filtré
H(f) * [N(f)-E(f)] provenant du filtre passe-haut,
et la génération du deuxieme signal S(f)+E(f)
(38).

Procédé selon la revendication 11, comprenant en
outre :

le filtrage (54) du deuxiéme signal (38) en utili-
sant un filtre passe-bas (44).

Procédé selon 'une ou I'autre des revendications 11
et 12, dans lequel le signal physiologique est un si-
gnal d’électrocardiogramme (ECG).

Procédé selon 'une quelconque des revendications
11 a 13, comprenant en outre :

la conversion du deuxiéme signal d’'une forme
d’'onde analogique en une forme d’onde numé-
rique.

Procédé selon 'une quelconque des revendications
11 a 14, dans lequel le procédé est effectué sur cha-
cun d'une pluralité de conducteurs d’électrode
d’électrocardiogramme (ECG) (28).
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