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SYSTEM AND METHOD FOR SUPPRESSING
NOISE FROM ELECTROCARDIOGRAPHIC
(ECG) SIGNALS

BACKGROUND

Field

The present disclosure relates to systems and methods for
suppressing noise generated in an electrocardiographic
(ECG) signal displayed on an ECG monitor due to external
electrical equipment and, more particularly, to the suppres-
sion of noise generated in an ECG signal due to the presence
of a powered injector in the vicinity of a patient.

Description of Related Art

Angiography is used generally in the detection and treat-
ment of abnormalities or restrictions in blood vessels. In an
angiographic procedure, one obtains a radiographic image of
vascular structure with the assistance of a radiographic
contrast medium (sometimes referred to simply as contrast)
injected through a catheter. The vascular structures in fluid
connection with the vein or artery in which the contrast is
injected are filled with contrast. X-rays passing through the
region of interest are absorbed by the contrast, causing a
radiographic outline or image of blood vessels containing
the contrast. The resulting images can be displayed on, for
example, a monitor and recorded.

With reference to FIG. 1, in a typical medical imaging
environment, a patient 100 is positioned in a room that
includes an imaging system (not shown) as well as an
injection system for injecting contrast and/or saline into the
patient. One example of the injection system can include an
injector 10 such as the MEDRAD® Stellant® CT Injection
System available from the Radiology business of the Phar-
maceutical Division of Bayer AG of Indianola, Pa., U.S.A.
The injector 10 includes two syringe interfaces 20a and 205
to which two syringes 30a and 305 are removably attach-
able. Two drive members or pistons 40a and 405 operatively
connect to plungers 50a and 505 slidably disposed in
syringes 30a and 304, respectively, to pressurize and inject
the fluid therefrom into the patient 100 via a catheter 60 in
fluid connection with syringes 30a and 305. In addition,
heater jackets 70a and 705 may be provided to maintain the
fluid within the syringes 30a and 3054 at a predetermined
temperature. As shown in FIG. 1, such heater jackets 70a
and 705 may each include an arcuate resistance heater
portion configured to snap over the cylindrical body of the
syringes 30a and 304.

Further details of such injectors, control systems therefor,
and injector protocols used therewith are described, for
example, in U.S. Pat. Nos. 5,494,036, 6,339,718, 6,643,537,
and 6,958,053, the disclosures of which are incorporated
herein by reference.

In many instances, a patient scheduled for a scanning
procedure may also be connected to a vital signs monitoring
system, such as an ECG monitor 80, via a plurality of
electrodes 82 attached to the skin of the patient. Each
electrode 82 is connected via a lead 84 to the ECG monitor
80. Electrical noise/disturbance(s) are generated as a result
of the use of the injector 10 and related equipment. For
instance, electrical noise may be generated when the heater
jackets 70a and 706 are turned on and off or due to an
electrical disturbance (i.e., an ESD field) that may develop
during the delivery of a fluid by the injector 10 due to the
dissimilarities between the materials used for the barrels of
the syringes 30a and 305 (e.g., plastic) and the plungers 50a
and 505 (e.g., rubber). This electrical noise can be conveyed
from the injector 10 and related equipment to the patient 100
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via, for example, a fluid path 55 connecting the injector 10
to the catheter 60, which is conductive by virtue of the
contrast medium or saline therein.

Unless this noise is safely routed to earth (low imped-
ance), the noise will be picked up by the electrodes 82 of the
ECG monitor 80. The noise/electrical disturbance then
causes a distortion 86 of the ECG signals displayed on the
ECG monitor 80. This is because the noise that is generated
by the injector 10 and related equipment occupies the same
part of the electromagnetic/frequency spectrum as the elec-
trical (cardiac) signals generated by the heart of the patient
100.

Accordingly, a need exists for a system to safely route to
ground noise generated by external electrical equipment,
such as a powered injector system, positioned in proximity
to a patient connected to an ECG monitor such that this noise
is prevented from causing distortions in the ECG signals that
are displayed on an ECG monitor.

SUMMARY

The present disclosure describes examples of filtering
circuitry that, when in use, will be connected in series
between ground and a non-magnetic, yet metallic, element,
such as a wrist strap, configured to be positioned in contact
with a patient. The filtering circuitry, which may employ an
array of selected capacitors, allows the system to filter to
ground the electrical noise generated by the injector and
related equipment while the cardiac signals generated by the
heart are still picked up by the electrodes of an ECG monitor
and conveyed to the ECG monitor for display free of such
noise.

Accordingly, provided is a system for suppressing elec-
trical noise in an electrocardiogram (ECG) signal displayed
on an ECG monitor. The system comprises: a conductive
material provided in contact with a surface of a patient; and
filtering circuitry connected in series between the conductive
material and ground. The filtering circuitry is configured to
filter to ground the electrical noise present within the patient.

In one example, the electrical noise may be generated by
at least one electrical device located near the patient. In the
examples described hereinafter, the at least one electrical
device may be a powered injector and associated devices.
However, this is not to be construed as limiting the present
disclosure as the electrical noise may be generated by other
electrical devices located near the patient such as a heating
device, anesthesiology equipment, or electrosurgical equip-
ment.

In an example of the present disclosure, the conductive
material may be provided as a bracelet configured to be worn
on a wrist of the patient. The conductive material may be
provided on an interior surface of the bracelet with an
exterior surface of the bracelet is made from an insulated
material. In addition, the conductive material is desirably
non-magnetic so as not to interfere with medical imaging
equipment.

In one example, the filtering circuitry may be configured
as an array of capacitors. The array of capacitors may
include four capacitors, each of which having a capacitance
of about 0.0047 pF.

A specific example of the system comprises a wrist strap
positioned around the wrist of a patient and comprising a
conductive material provided in contact with a surface of the
patient; and filtering circuitry comprising an array of capaci-
tors connected in series between the conductive material of
the wrist strap and ground. The filtering circuitry is config-
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ured to filter to ground the electrical noise present within the
patient that is generated by at least one electrical device
located near the patient.

Also provided is a method for suppressing electrical noise
in an electrocardiogram (ECG) signal displayed on an ECG
monitor. The method comprises: providing a conductive
material in contact with a surface of a patient; providing
filtering circuitry connected in series between the conductive
material and ground; and filtering to ground, with the
filtering circuitry, electrical noise present within the patient.

These and other features and characteristics of the device
of the present disclosure, as well as the methods of operation
and functions of the related elements of structures and the
combination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the device of the
present disclosure. As used in the specification and the
claims, the singular form of “a”, “an”, and “the” include
plural referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a conventional arrange-
ment for delivering a fluid to a patient with an injector
system during an imaging procedure;

FIG. 2 is a schematic diagram of an arrangement for
delivering a fluid to a patient with an injector system during
an imaging procedure that includes a system for suppressing
electrical noise in an ECG signal displayed on an ECG
monitor in accordance with the present disclosure;

FIG. 3 is a schematic diagram of an example of the system
for suppressing electrical noise in an ECG signal displayed
on an ECG monitor in accordance with the present disclo-
sure;

FIG. 4 is a waveform obtained that illustrates the noise
generated when a heater jacket is turned on and off;

FIG. 5 is a waveform obtained that illustrates the manner
in which the noise generated by the heating jacket is
suppressed utilizing the system of the present disclosure;

FIG. 6 is a waveform obtained that illustrates the noise
generated due to an electrical disturbance that develops
during the delivery of a fluid by the injector system due to
the dissimilarities between the materials used for the barrels
of the syringes and the plungers; and

FIG. 7 is a waveform obtained that illustrates the manner
in which the noise generated by the dissimilarities between
the materials of the barrels of the syringes and the plungers
is suppressed utilizing the system of the present disclosure.

DETAILED DESCRIPTION

For purposes of the description hereinafter, the terms
“upper”, “lower”, “right”, “left”, “vertical”, “horizontal”,
“top”, “bottom”, “lateral”, “longitudinal”, and derivatives
thereof, shall relate to the device of the present disclosure as
it is oriented in the drawing figures. However, it is to be
understood that the device of the present disclosure may
assume various alternative variations, except where
expressly specified to the contrary. It is also to be understood
that the specific devices illustrated in the attached drawings,
and described in the following specification, are simply
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exemplary embodiments of the device of the present disclo-
sure. Hence, specific dimensions and other physical charac-
teristics related to the embodiments disclosed herein are not
to be considered as limiting.

A system is disclosed herein to prevent the noise gener-
ated by a powered injector or other electrical equipment
located in an operating room from being conducted via the
patient (and then the ECG leads) to an ECG monitor. The
system routes that noise from the patient through the filter-
ing circuitry discussed hereinafter to ground. By filtering the
noise before it reaches the ECG leads/monitor, the circuitry
essentially suppresses the noise upon its appearance on the
patient (i.e., immediately routes that noise from the patient
to ground) and prevents it from reaching, and being received
by, the ECG leads, and thus prevents the noise from dis-
torting the ECG waveforms that are displayed on the moni-
tor.

With specific reference to FIG. 2, a patient 100 undergo-
ing a medical imaging procedure is positioned in a room that
includes an imaging system (not shown) and an injection
system for injecting contrast and/or saline into the patient.
As discussed hereinabove, the injection system can include
an injector 10, such as the MEDRAD® STELLANT®
injector, that includes two syringe interfaces 20a and 205 to
which two syringes 30a and 305 are removably attachable.
Two drive members or pistons 40¢ and 405 operatively
connect to plungers 50a and 505 slidably disposed in
syringes 30a and 305, respectively, to pressurize and inject
the fluid therefrom into the patient 100 via a catheter 60 in
fluid connection with syringes 30a and 305. In addition,
heater jackets 70a and 705 may be provided to maintain the
fluid within the syringes 30a and 3056 at a predetermined
temperature. As shown in FIG. 2, such heater jackets 70a
and 705 may each include an arcuate resistance heater
portion configured to snap over the cylindrical body of the
syringes 30a and 304.

In many instances, a patient scheduled for a scanning
procedure may also be connected to a vital signs monitoring
system, such as an ECG monitor 80, via a plurality of
electrodes 82 attached to the skin of the patient. Each
electrode 82 is connected via a lead 84 to the ECG monitor
80. As discussed hereinabove, electrical noise/disturbance(s)
are generated as a result of the use of the injector 10 and
related equipment. For instance, electrical noise may be
generated when the heater jackets 70a and 705 are turned on
and off or due to an electrical disturbance (i.e., an ESD field)
that may develop during the delivery of a fluid by the
injector 10 due to the dissimilarities between the materials
used for the barrels of the syringes 30a and 305 (e.g., plastic)
and the plungers 50a and 505 (e.g., rubber). This electrical
noise can be conveyed from the injector 10 and related
equipment to the patient 100 via, for example, the fluid path
55 connecting the injector 10 to the catheter 60, which is
conductive by virtue of the contrast medium or saline
therein.

This noise will be picked up by the electrodes 82 of the
ECG monitor 80 and cause a distortion of the ECG signal
displayed on the ECG monitor 80 as shown in FIG. 1 unless
the noise is routed to ground. Directly grounding the patient
would allow for the greatest noise suppression. However,
doing so could cause a hazardous condition of an electrical
shock if the patient comes into contact with a high current
conductor line in the vicinity of the patient. Accordingly, the
system of the present disclosure suppresses noise by pre-
venting DC currents from flowing while also providing an
impedance to ground that limits the patient leakage current
to under a maximum patient leakage current of 500 micro-
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amps, which is the maximum allowable current during a
single fault under the IEC/EN 60601-1 standard.

With reference to FIG. 3 and continued reference to FIG.
2, illustrated is a system, denoted generally as reference
numeral 200, for suppressing electrical noise in an electro-
cardiogram (ECG) signal displayed on an ECG monitor 80.
The system 200 includes a conductive material 202 provided
in contact with a surface of the patient 100; and filtering
circuitry 204 connected in series between the conductive
material 202 and ground 206.

The filtering circuitry 204 is configured to filter to ground
206 the electrical noise present within the patient 100 that is
generated by the injector 10 and associated equipment
located near the patient 100. As can be seen from the output
displayed on ECG monitor 80 in F1G. 2, the distortion 86 of
the ECG signals displayed on the ECG monitor as shown in
FIG. 1 have been removed because the noise generated by
the injector 10 and the associated equipment has been
effectively filtered to ground 206 by the filtering circuitry
204.

While the injector 10 and associated equipment is dis-
cussed herein as generating the electrical noise within the
patient 100, this is not to be construed as limiting the present
disclosure as the electrical noise may be generated by other
electrical devices located near the patient 100 such as
anesthesiology equipment or electrosurgical equipment. As
can be seen from the output displayed on ECG monitor 80,
the distortion 86 of the ECG signals displayed on the ECG
monitor as shown in FIG. 1 have been removed because the
noise generated by the injector 10 and the associated equip-
ment has been effectively filtered to ground 206 by the
filtering circuitry 204.

The filtering circuitry 204 may be configured as an array
of capacitors 208. For instance, the array of capacitors 208
may include four capacitors arranged as shown in FIG. 3.
The size of the capacitors 208 is chosen such that the
capacitance is high enough to effectively filter the noise
generated by the injector 10 while also maintaining an
impedance that is high enough to limit the patient leakage
current to under the maximum patient leakage current of 500
microamps. An exemplary value of the capacitance for each
of the capacitors of the array of capacitors 208 is about
0.0047 pF. In addition, the configuration of the array of
capacitors 208 shown in FIG. 3 was chosen to provide
redundancy to the system. More specifically, by utilizing the
configuration for the array of capacitors 208 shown in FIG.
3, if any one of the capacitors 208 fails, the filtering circuitry
204 will continue to function properly to filter noise.

While one example of the filtering circuitry 204 is spe-
cifically illustrated in FIG. 3, this is not to be construed as
limiting the present disclosure as other arrangements for the
filtering circuitry have been contemplated. For example, the
filtering circuitry 204 may be configured as multiple strings
of series capacitors, with those strings connected together in
parallel.

With continued reference to FIGS. 2 and 3, the conductive
material 202 of the system 200 may be provided as a bracelet
or wrist strap, denoted generally as reference numeral 210,
configured to be worn on a wrist of the patient 100. The
conductive material 202 may be provided on an interior
surface 212 of the bracelet 210 with an exterior surface 214
of the bracelet 210 made from an insulated material 216. The
insulated material 216 may take the form of any suitable
insulated material such as, but not limited to, plastics, paints,
anodization, or other non-conductive surface treatments.
While the use of a bracelet or wrist strap has been described
hereinabove as providing a connection for the conductive
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material 202 to the patient 100, this is not to be construed as
limiting the present disclosure as any suitable manner for
providing a resistive connection between the conductive
material 202 to the patient 100 may be utilized. For instance,
the patient 100 may be required to wear a conductive gown
that is operatively connected to the filtering circuitry 204.

The conductive material 202 may be manufactured from
any suitable metallic material. In addition, the conductive
material 202 is desirably non-magnetic so as not to interfere
with medical imaging equipment such as that found within
a Magnetic Resonance Imaging (MRI) suite. Examples of
materials that can be utilized as conductive material 202
include, but are not limited to, non-magnetic austenitic
stainless steel, aluminum or aluminum alloy with an anti-
corrosive but electrically conductive surface treatment, cop-
per with an anti-corrosive but electrically conductive surface
treatment, a gold plating on a non-magnetic material, tita-
nium or any other suitable material.

EXAMPLES

As discussed hereinabove, one of the elements of the
injection system that may generate electrical noise are the
heater jackets 70a and 705 when they turn on and off. FIG.
4 is a waveform that illustrates the noise generated when a
heater jacket is turned on and off (i.e., cycled). This noise is
clearly shown by the spike 250 generated when the heater
jackets 70a and 706 are turned on and the spike 252
generated when the heater jackets 70a and 705 are turned
off. With reference to FIG. 5, another waveform was
obtained when the heater jackets 70a and 705 were turned on
and off. However, when this waveform was obtained, the
patient 100 was connected to ground 206 via the filtering
circuitry 204. As can be seen in the waveform illustrated in
FIG. 5, the spikes 250 and 252 have been eliminated from
the signal represented on the waveform.

Another element of the injection system that may generate
electrical noise is an electrical disturbance that develops
during the delivery of a fluid by the injector system due to
the dissimilarities between the materials used for the barrels
of the syringes 30a and 305 and the plungers 50a and 505.
FIG. 6 is a waveform that illustrates the noise generated
during fluid delivery by the injection system due to the
dissimilarities between the materials used for the barrels of
the syringes 30a and 305 and the plungers 50q and 505. This
noise is clearly shown by the spikes 254 illustrated on the
waveform. With reference to FIG. 7, another waveform was
obtained during a fluid injection procedure with the injection
system. However, when this waveform was obtained, the
patient 100 was connected to ground 206 via the filtering
circuitry 204. As can be seen in the waveform illustrated in
FIG. 7, the spikes 254 have been eliminated from the signal
represented on the waveform.

While specific embodiments of the device of the present
disclosure have been described in detail, it will be appreci-
ated by those skilled in the art that various modifications and
alternatives to those details could be developed in light of
the overall teachings of the disclosure. Accordingly, the
particular arrangements disclosed are meant to be illustrative
only and not limiting as to the scope of the device of the
present disclosure which is to be given the full breadth of the
claims appended and any and all equivalents thereof.

The invention claimed is:

1. A system for suppressing electrical noise in an elec-
trocardiogram (ECG) signal obtained by at least one elec-
trode and displayed on an ECG monitor, the system com-
prising:
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a conductive material distinct from the at least one
electrode and configured to contact a surface of a
patient; and

filtering circuitry connected in series between the con-
ductive material and ground,

wherein the filtering circuitry is configured to filter to
ground the electrical noise present within the patient
such that the electrical noise is filtered before it is
received by the at least one electrode and is prevented
from distorting the ECG signal that is displayed on the
ECG monitor.

2. The system of claim 1, wherein the electrical noise is
generated by at least one electrical device located near the
patient.

3. The system of claim 2, wherein the at least one
electrical device is at least one of a powered injector, a
heating device, anesthesiology equipment, and electrosurgi-
cal equipment.

4. The system of claim 1, wherein the conductive material
is provided as a bracelet configured to be worn on a wrist of
the patient.

5. The system of claim 4, wherein the conductive material
is provided on an interior surface of the bracelet and an
exterior surface of the bracelet is made from an insulated
material.

6. The system of claim 1, wherein the conductive material
is non-magnetic.

7. The system of claim 1, wherein the filtering circuitry is
configured as an array of capacitors.

8. The system of claim 7, wherein the array of capacitors
includes four capacitors.

9. The system of claim 8, wherein each of the capacitors
of the array of capacitors has a capacitance of about (0.0047
pF.
10. A method for suppressing electrical noise in an
electrocardiogram (ECG) signal obtained by at least one
electrode and displayed on an ECG monitor, the method
comprising:

providing a conductive material that is distinct from the at
least one electrode and in contact with a surface of a
patient;

providing filtering circuitry connected in series between
the conductive material and ground; and

filtering to ground, with the filtering circuitry, electrical
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11. The method of claim 10, wherein the electrical noise
is generated by at least one electrical device located near the
patient.

12. The method of claim 11, wherein the at least one
electrical device is at least one of a powered injector, a
heating device, anesthesiology equipment, and electrosurgi-
cal equipment.

13. The method of claim 10, wherein the conductive
material is provided as a bracelet configured to be worn on
a wrist of the patient.

14. The method of claim 13, wherein the conductive
material is provided on an interior surface of the bracelet and
an exterior surface of the bracelet is made from an insulated
material.

15. The method of claim 10, wherein the conductive
material is non-magpetic.

16. The method of claim 10, wherein the filtering circuitry
is configured as an array of capacitors.

17. The method of claim 16, wherein the array of capaci-
tors includes four capacitors.

18. The method of claim 17, wherein each of the capaci-
tors of the array of capacitors has a capacitance of about
0.0047 pF.

19. A system for suppressing electrical noise in an elec-
trocardiogram (ECG) signal obtained by at least one elec-
trode and displayed on an ECG monitor, the system com-
prising:

a wrist strap positioned around a wrist of a patient and
comprising a conductive material distinct from the at
least one electrode and configured to contact a surface
of the patient; and

filtering circuitry comprising an array of capacitors con-
nected in series between the conductive material of the
wrist strap and ground,

wherein the filtering circuitry 1s configured to filter to
ground the electrical noise present within the patient
that is generated by at least one electrical device
located near the patient such that the electrical noise is
filtered before it is received by the at least one electrode
and is prevented from distorting the ECG signal that is
displayed on the ECG monitor.

20. The system of claim 19, wherein the at least one
electrical device is at least one of a powered injector, a
heating device, anesthesiology equipment, and electrosurgi-
cal equipment.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCH &

CPCH %S

REA(F)

S\EReERE

BEG®)

ATHHIRELEE (ECG) EENRBENRENSE
Us9757071 DF(E)A
US15/142737
FERERFEERIELNA
EHEHRBRERIREILA
EEEHRBERTENT

FAZI JR BRUNO
PALMER JASON

FAZI, JR., BRUNO
PALMER, JASON

A61B5/00 HO3H7/01 A61B5/044 HO3H7/00

patsnap

2017-09-12

2016-04-29

A61B5/7217 A61B5/044 A61B5/7203 A61B5/6804 HO3H7/004 HO3H7/0138 A61B5/0402 A61B5/6831

A61B5/7225 A61M5/14546

$EXFH , JAMESR.
MILLER , RYAN

Espacenet  USPTO

DNFTRTHHBEED —PERIREH R REECCHEMZR LW OB

(ECG) FEEHHNEBERFNREMAGE. ZRETESHRED -8

WARN SRR, AEREENZMBENRE , UARES BB
b2 [B) R BRI AV IR R . IRR B T UREENEBRERED -

BREK N BEANFENERFRITIRRAESE , AR
EECGK MR L ERHECGES KK,

200

Filtering
circuitry

80



https://share-analytics.zhihuiya.com/view/1119c3f7-eba0-4619-ae8f-53aab96b068e
https://worldwide.espacenet.com/patent/search/family/058692624/publication/US9757071B1?q=US9757071B1
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9757071.PN.&OS=PN/9757071&RS=PN/9757071

