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AVOIDING DRIVE CIRCUIT SATURATION
IN AN ECG SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates generally to meth-
ods, systems, and apparatuses related to avoiding drive
circuit saturation in Electrocardiography (ECG) systems.
The disclosed techniques are especially applicable to ECG
systems that utilize low-voltage application specific inte-
grated circuits (ASICs) or other low-voltage components.

BACKGROUND

[0002] Electrocardiography (ECG) systems are used to
measure and monitor the cardiac function of a patient.
Typically, electric potentials for measuring or deriving the
heart signals are detected by an ECG system with ECG
electrodes connected to a plurality of contact points or
“leads” on the skin of the patient. These electrodes include
measurement electrodes placed on the patient’s chest that
record the sum of the electrical activity of cardiac muscle
fibers. This sum is referred to herein as the ECG output
signal. In addition to the measuring electrodes, an additional
electrode is placed on the patient’s right leg used for
potential compensation. This additional electrode, often
referred to as “the right leg drive electrode” or the “RLD”
electrode, provides a signal to a circuit (the “RLD circuit™)
that cancels noise and maintains common mode voltage
across the ECG system. Typically, this circuit eliminates
both the unwanted common mode alternating current (AC)
and direct current (DC) signal content.

[0003] As with many electronic systems, the various elec-
trical components of an ECG system have evolved a great
deal in recent years. The components of ECG systems are
becoming increasingly miniaturized. At the same time,
lower voltage application specific integrated circuits
(ASICs) specifically tailored for ECG systems have been
designed with much lower voltage requirements than their
predecessors. These low-voltage ECG ASICs are now the
first (and some cases only) solution recommended by ECG
component manufacturers.

[0004] Modermn low-voltage ECG systems suffer from a
particular drawback that will likely impede widespread
market implementation and further miniaturization efforts
until solved. In particular, the RLD circuit may be easily
saturated by typical ECG electrode impedances. The tradi-
tional solution to this problem is to add a high performance
hardware preamplifier circuit to the front end of the ASIC at
a higher voltage. However, this solution is not desirable in
modern ECG design due to its large size and higher voltage
power infrastructure.

SUMMARY

[0005] Embodiments of the present invention address and
overcome one or more of the above shortcomings and
drawbacks, by providing methods, systems, and apparatuses
related to avoiding saturation of the right leg drive circuit in
ECG systems. Briefly, the charge of each individual elec-
trode is balanced irrespective of the RLD circuitry by
varying the amount of bias current flowing into each elec-
trode via the current source sense signal. This technology
described herein maximizes the removal of unwanted DC
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signal content from an ECG system on an electrode by
electrode basis and paves the way for the next generation of
EBCG system miniaturization.

[0006] According to some embodiments, an ECG system
configured to produce an ECG output signal of a patient
includes a plurality of electrodes, a monitoring circuit, a
drive circuit, a lead circuit, and a control module. The
electrodes form a plurality of leads. The monitoring circuit
is configured to monitor a voltage differential on the leads
and produce the ECG output signal. The drive circuit is
configured to deliver a current to the electrodes based on a
measured voltage at the electrodes. The lead fault detection
system comprises one or more current sources configured to
produce a current to deliver to the electrodes. The control
module is configured to vary the current produced by the
current sources based on a measured parameter at one or
more of the electrodes.

[0007] According to other embodiments, a method for
avoiding oversaturation of a right leg drive circuitinan ECG
system includes measuring one or more parameters associ-
ated with bias currents flowing from a plurality of electrodes
connecting a patient to the right leg drive circuit. The
method further includes determining, based on the measured
parameters, an amount of current leakage in the ECG system
due to a contact state of a first electrode included in the
plurality of electrodes. Then, the bias current flowing into
the first electrode is adjusted via a current source to com-
pensate for the amount of current leakage.

[0008] According to other embodiments, an ECG system
configured to produce an ECG output signal of a patient
includes a plurality of electrodes, a monitoring circuit, a lead
circuit, and a control module. The electrodes form a plurality
of leads. The monitoring circuit is configured to monitor a
voltage differential on the leads and produce the ECG output
signal. The lead fault detection system includes one or more
current sources configured to produce a current to deliver to
the electrodes. The control module is configured to (a) apply
a pulsed direct current to the current sources, (b) identify an
expected signal based on a time-amplitude correlation of the
pulsed direct current, and (c) remove an artifact from the
ECG output signal that corresponds to the expected signal.
[0009] Additional features and advantages of the inven-
tion will be made apparent from the following detailed
description of illustrative embodiments that proceeds with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and other aspects of the present
invention are best understood from the following detailed
description when read in connection with the accompanying
drawings. For the purpose of illustrating the invention, there
are shown in the drawings embodiments that are presently
preferred, it being understood, however, that the invention is
not limited to the specific instrumentalities disclosed.
Included in the drawings are the following Figures:

[0011] FIG. 11is a diagram of an ECG system applied to a
patient, according to some embodiments;

[0012] FIG. 2 is a circuit diagram of the ECG system and
an associated drive circuit and lead fault detection circuit,
according to some embodiments;

[0013] FIG. 3 is a flowchart of an exemplary process for
varying a current source to avoid DC build-up on a drive
circuit, according to some embodiments; and



US 2020/0155072 A1

[0014] FIG. 4 is a flowchart of an exemplary process for
applying a pulsed current in a lead fault detection system to
avoid DC build-up on a drive circuit, according to some
embodiments.

DETAILED DESCRIPTION

[0015] Systems, methods, and apparatuses are described
herein which relate generally to the addressing oversatura-
tion in the RLD circuits of an ECG system by removing
unwanted DC signal content on an electrode by electrode
basis. As explained above, DC signal content is supplied
through the RLD circuit as part of a lead fault detection
function. However, variations in the electrodes (e.g.,
increased resistance due to a lack of solid contact) may result
in an unexpected impedance that results in excess current
build-up that may produce drive circuit saturation. Tuning
each electrode as described herein eliminates unwanted DC
charge injection from the RLD circuitry thereby allowing for
the maximum utilization of the drive circuit in eliminating
unwanted common mode AC content from the system and
providing the best possible common mode rejection.
[0016] In a first example, a disclosed embodiment utilizes
current source control to adjust the current supplied as part
of the lead fault detection system to match resistance at the
electrodes. For example, the lead fault detection circuit may
adjust a current flowing into the drive circuit in order to
balance a charge at each electrode. The lead fault detection
circuit may balance the charge at each individual electrode
irrespective of the drive circuit by varying the amount of
current flowing into each electrode.

[0017] In some embodiments, the lead fault detection
circuit may adjust the current flowing into the drive circuit
on an electrode-by-electrode basis. For example, the lead
fault detection circuit may measure a parameter at one or
more of the plurality of electrodes. The lead fault detection
circuit may use this parameter, such as a resistance at the
electrode, to determine an amount of voltage that has
“leaked” into the ECG system. This “leaked” voltage may
otherwise build-up on the drive circuit. The lead fault
detection circuit may measure a parameter indicative of this
voltage and adjust the associated current source in order to
compensate for it and avoid build-up of current on the drive
circuit amplifier output of the ECG system.

[0018] Ina second example, an embodiment uses a pulsed
current in place of a steady DC input. The pulsed current
may be injected into either the limb leads or the drive circuit.
The pulsed current avoids the problem of continuous DC
charge build-up on the drive circuit that may lead to satu-
ration. The rest periods between each pulse allow the charge
build-up to reset but can be set to be short enough such that
lead fault detection is still possible.

[0019] FIG. 1 is an example diagram of an ECG system
100. The ECG system 100 includes a monitoring circuit 101
connected to a first electrode 102, a second electrode 104,
and a third electrode 106 positioned on a patient. In an
exemplary embodiment, the first electrode 102 is a right arm
electrode R, the second electrode 104 is a left arm electrode
L, and the third electrode 106 is a leg (e.g., left leg) or foot
electrode F. The three electrodes correspondingly create
three limb leads L1, [.2, and L3. The voltages at the three
electrodes 102, 104, 106 are measured and used to determine
a central terminal 108. The central terminal 108 (e.g.,
Wilson’s central terminal) is an average of the voltages at the
three electrodes 102, 104, 106 relative to a reference voltage
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(not shown in FIG. 1). The central terminal 108 may be used
as a virtual electrode for additional leads, such as precordial
leads, which are associated with separate chest electrodes.
The monitoring circuit 101 monitors the voltage difference
between the relevant leads to ultimately produce the ECG
output signal.

[0020] The ECG system 100 further illustrates a fourth
electrode 110. The fourth electrode 110, in an exemplary
embodiment, is a right leg (RL) electrode. The fourth
electrode 110 is an element of a drive circuit 112, such as a
RLD circuit. One of the purposes of the drive circuit 112 is
to remove noise from the ECG. There are at least two types
of noise that are found at the drive circuit 112. A first type
of noise is common mode noise. The drive circuit 112 is
configured to cancel the common mode noise, a concept
known in the art as common mode rejection. Effective
common mode rejection allows the monitoring circuit 101 to
more accurately detect the desired signals at the electrode
locations, without interference from common mode noise. A
second type of noise at the drive circuit 112 is DC noise that
leaks to drive circuit 112 from a lead fault detection circuit
114. While the monitoring circuit 101, drive circuit 112, and
lead fault detection circuit 114 are illustrated as separate
components, it should be understood that the ECG system
100 may be made up of only one circuit with features that
contribute to one or more of monitoring, noise cancellation,
or lead fault detection.

[0021] Regarding common mode noise, the patient’s body
will often possess detectable signals that are present at each
of the electrode locations and measured by each electrode.
The drive circuit 112 cancels the common mode noise by
using the voltage at the central terminal 108 (e.g., the
average voltage at the first, second, and third electrodes 102,
104, 106), inverting the signal, and applying the inverted
voltage signal to the fourth electrode 110.

[0022] The lead fault detection circuit 114 is a source of
the second type of noise that is found at the drive circuit 112.
The lead fault detection circuit 114 includes a current source
for each lead that produces a DC current flow to each
electrode of the ECG system 100. If an electrode loses
contact with the body of the patient, the resistance at the
electrode increases and is detected by the lead fault detection
circuit 114. For instance, if the voltage at an electrode
exceeds a threshold, an alert may be generated to indicate
that an electrode is not properly positioned. If the DC current
faces no resistance at the electrodes, then there will be
minimal build-up of DC noise at the drive circuit 112.
However, in practice, the electrodes provide some resis-
tance, resulting in a build-up of current on the output of the
drive circuit 112. As this current builds up the drive circuit
112 may saturate, degrading performance of the ECG sys-
tem 100.

[0023] FIG. 2 is a circuit 200 that represents an embodi-
ment of the ECG system 100. The circuit 200 includes a
plurality of electrodes for forming a plurality of leads. For
example, the circuit 200 may include a four-electrode,
six-lead configuration, a ten-electrode, twelve-lead configu-
ration, or other ECG configuration. In an exemplary embodi-
ment, the circuit 200 includes at least a first electrode 202
(e.g., right arm electrode R), a second electrode 204 (e.g.,
left arm electrode 1), and a third electrode 206 (e.g., left leg
or foot electrode F). These electrodes together form limb
leads that are used to produce an ECG output signal through
monitoring of the voltage differences on the leads within a



US 2020/0155072 A1

target frequency band in a manner known in the art. These
voltage differences may be determined based on voltage
measurements Vy, V;, and V. taken at the electrodes 202,
204, and 206, respectively.

[0024] The circuit 200 further includes a fourth electrode
208 (e.g., aright leg electrode RL). The fourth electrode 208
may be an element of a drive circuit to cancel common mode
AC noise. In some embodiments, the circuit 200 may be a
four-electrode ECG system. In other embodiments, the
circuit 200 may further include one or more chest electrodes
210 that create precordial leads as part of a 12-electrode
ECG system, for example. It should be understood that the
circuit 200 may include additional or alternative features to
those illustrated. For example, additional electrodes may be
employed in some embodiments.

[0025] The circuit 200 further includes a Wilson terminal
212 that is calculated as an average voltage of Vg, V,, and
V.. The Wilson terminal 212 voltage is inverted and ampli-
fied by a drive circuit amplifier 214. The drive circuit
amplifier 214 includes an output to the fourth electrode 208.
The output of the drive circuit amplifier 214 offsets the
common mode AC noise such that the circuit 200 is able to
produce accurate ECG measurements in the target frequency
band.

[0026] The circuit 200 further includes a plurality of
current sources 216. Each current source 216 may be asso-
ciated with a respective one of the first electrode 202, second
electrode 204, third electrode 206, and one or more of the
chest electrodes 210. The current sources 216 may be part of
a lead fault detection feature of the circuit 200. The current
sources 216 may deliver direct current to the plurality of
electrodes. For example, each current source 216 may
produce 100 mA that is directed to the associated electrode
202, 204, 206. The circuit 200 further includes a control
module 218 that measures a resistance at each electrode 202,
204, 206. If any one of the electrodes 202, 204, 206 become
dislodged or removed from the patient, an increased resis-
tance will be detected by the control module 218. If the
resistance exceeds a threshold value, the control module 218
produces an alert (e.g., an auditory alert or an alert displayed
on a graphical user interface (GUT)). In this way, the circuit
200 includes a lead fault detection function.

[0027] As described above, there is the potential for addi-
tional DC build-up on the drive circuit amplifier 214 output
due to the lead fault detection function and the current
produced by the current sources 216. The individual currents
that are associated with each current source 216 add up on
the drive circuit amplifier 214 because all of these currents
travel through the drive circuit and the fourth electrode 208
in order to create a complete circuit through each individual
electrode 202, 204, 206. In other words, for a four-electrode
configuration with each limb lead current source 216 pro-
ducing 100 mA, 300 mA of direct current will be added to
the output of the drive circuit amplifier 214. In greater
electrode configurations, the DC content flowing through the
drive circuit amplifier 214 will be even greater. With this
direct current, there is the possibility of voltage “leaking”
and causing build-up on the output of the drive circuit
amplifier 214. For instance, if the impedance at one or more
of the electrodes 202, 204, 206, 208, 210 is not what is
expected (e.g., because of less-than-ideal contact between an
electrode and the patient), then excess current may be
present in the circuit 200. This DC build-up may cause
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saturation of the drive circuit amplifier 214 and thereby
degrade the performance of the ECG system.

[0028] According to an exemplary embodiment, the con-
trol module 218 is configured to adjust the current sources
216 in order to compensate for excess current that is being
supplied to the drive circuit amplifier 214 and causing an
unwanted build-up of DC content that may lead to saturation
of the drive circuit.

[0029] FIG. 3 is a flowchart of an exemplary process 300
for varying a current source 216 to avoid DC build-up on the
drive circuit amplifier 214. In step 310, the control module
218 measures a parameter at one or more of the electrodes
202, 204, 206, 208, 210. For example, the control module
218 may measure resistance, impedance, voltage, and/or
current at each electrode. In step 320, the control module
218 determines an amount of voltage and/or current leakage
that is occurring at the associated electrode 202, 204, 206,
208, 210. In step 330, the control module 218 matches the
leakage to one of the electrodes 202, 204, 206, 208, and 210
to identify the current source 216 associated with the elec-
trode. In step 340, the control module 218 adjusts one or
more of the current sources 216 in order to compensate for
the mismatch on the circuit 200 due to the measured
parameter. In one example, the control module 218 adjusts
the current source 216 associated with the matched electrode
determined at step 330. For instance, if the control module
218 determines that —20 mA of excess current is due the
connection of the second electrode 204, the control module
218 may inject 20 mA into the circuit 200 via the current
source 216 associated with the second electrode 204. If the
control module 218 determines that the leakage is due to an
increase resistance of the fourth electrode 208 (i.e., the RLD
circuit electrode), the control module 218 may select a
designated one of the current sources 216 and/or may adjust
each of the current sources 216 to address the leakage.
[0030] As a result of the process 300, the control module
218 may discretely or periodically inject current into the
circuit 200 through one or more of the current sources 216
in order to compensate for DC leakage that builds-up on the
drive circuit amplifier 214. If the current injections are
cyclical, the periodic injections may alias a signal that could
produce an artifact that skews the actual ECG monitoring
function. Therefore, in order for process 300 to be imple-
mented, the rate of charge injection on each electrode 202,
204, 206, 208, 210 by the control module 218 should be
below the minimum high pass filter setting of the monitoring
function of the circuit 200. For instance, the rate of charge
injections may be less than 0.05 Hz to avoid unwanted low
frequency content from appearing in the actual measured
ECG signal.

[0031] The present disclosure describes an ECG system
that includes a control module 218 that is configured to
compensate for current or voltage leaks that occur due to the
DC content produced by a lead fault detection circuit within
the ECG system. The control module 218 is configured to
measure a parameter at each electrode and perform discrete
and/or periodic current injections in order to balance the
circuit and avoid direct current build-up on the drive circuit,
which receives the sum of all of the current supplied by the
current sources (due to the configuration of a drive circuit in
ECG systems).

[0032] FIG. 4 is a flowchart of a process 400 for using a
pulsed current as a supplement or alternative to the process
300 for addressing the problem of DC build-up on a drive
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circuit. In step 410, the control module 218 creates a feed of
pulsed direct current from each current source 216, thereby
creating a pulsed voltage at each electrode 202, 204, 206,
208, 210. Pulsed voltages and/or currents injected into either
the leads or drive circuit help to avoid unwanted charge
build-up on the circuit 200 (e.g., on the drive circuit ampli-
fier 214). For example, the “rest” time created by the pulsed
current allows the current to go to ground and avoids a
current build-up on the drive circuit amplifier 214. This
pulsed functionality thereby enhances the ability of the
circuit 200 to avoid saturation of the drive circuit. However,
the periodic nature of the pulsed current injections may alias
frequency content that is then mistaken for a signal that is
measured as the actual ECG output.

[0033] To address the aliasing, in step 420, the control
module 218 measures or identifies the excitation signal
associated with the pulsed direct current injections. For
example, the control module 218 may perform a time-
amplitude correlation to identify a signal that might be
expected to be found as an artifact in an actual ECG signal
due to the pulsing current. In step 430, the control module
218 removes the artifact from the ECG signal prior to it
being output to a user. The control module 218 may use any
of a number of signal processing techniques that may be
used to find a portion of a signal based on a known
time-amplitude of the signal.

[0034] The processes 300 and 400 may be used in con-
Junction with one another or separately in order to improve
ECG circuits that may be susceptible to drive circuit satu-
ration. For example, the artifact removal technique of pro-
cess 400 may be used in conjunction with the process 300 in
order to remove an unwanted artifact in an ECG output
signal that is due to periodic current injections. Other minor
variations and/or combinations of steps are within the scope
of the present disclosure in order to adjust a current source
to compensate for excess DC content that may build up on
the drive circuit and lead to unwanted drive circuit satura-
tion. Given the rise of low-voltage circuits that are suscep-
tible to saturation given real-world ECG electrode imped-
ances, this effect is desirable and helps to provide effective
use of these lower-cost components in ECG systems.
[0035] The embodiments of the present disclosure may be
implemented with any combination of hardware and soft-
ware. In addition, the embodiments of the present disclosure
may be included in an article of manufacture (e.g., one or
more computer program products) having, for example,
computer-readable, non-transitory media. The media has
embodied therein, for instance, computer readable program
code for providing and facilitating the mechanisms of the
embodiments of the present disclosure. The article of manu-
facture can be included as part of a computer system or sold
separately.

[0036] While various aspects and embodiments have been
disclosed herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustra-
tion and are not intended to be limiting, with the true scope
and spirit being indicated by the following claims.

[0037] Unless stated otherwise as apparent from the fol-
lowing discussion, it will be appreciated that terms such as
“applying,” “generating,” “identifying,” “determining,”
“processing,” “computing,” “selecting,” or the like may
refer to the actions and processes of a computer system, or
similar electronic computing device, that manipulates and
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transforms data represented as physical (e.g., electronic)
quantities within the computer system’s registers and memo-
ries into other data similarly represented as physical quan-
tities within the computer system memories or registers or
other such information storage, transmission or display
devices. Embodiments of the methods described herein may
be implemented using computer software. If written in a
programming language conforming to a recognized stan-
dard, sequences of instructions designed to implement the
methods can be compiled for execution on a variety of
hardware platforms and for interface to a variety of operat-
ing systems. In addition, embodiments of the present inven-
tion are not described with reference to any particular
programming language. It will be appreciated that a variety
of programming languages may be used to implement
embodiments of the present invention.

[0038] Insome embodiments, information associated with
the ECG signal may be output to a graphical user interface
(GUI). For example, in one embodiment, the GUI outputs
the ECG signal itself as well as an indication of any current
adjustments applied to address leakage issues. In some
embodiments, a graphical alarm may be presented in the
GUI to alert a physician to the presence of leakage. A
“graphical user interface” (GUI), as used herein, comprises
one or more display images, generated by a display proces-
sor and enabling user interaction with a processor or other
device and associated data acquisition and processing func-
tions. The GUI may also include an executable procedure or
executable application that generates signals representing
the GUI display images. These signals are supplied to a
display device which displays the image for viewing by the
physician (or other user). The processor, under control of an
executable procedure or executable application, manipulates
the GUT display images in response to signals received from
the input devices. In this way, the user may interact with the
display image using the input devices, enabling user inter-
action with the processor or other device.

[0039] An executable application, as used herein, com-
prises code or machine readable instructions for condition-
ing the processor to implement predetermined functions,
such as those of an operating system, a context data acqui-
sition system or other information processing system, for
example, in response to user command or input. An execut-
able procedure is a segment of code or machine readable
instruction, sub-routine, or other distinct section of code or
portion of an executable application for performing one or
more particular processes. These processes may include
receiving input data and/or parameters, performing opera-
tions on received input data and/or performing functions in
response to received input parameters, and providing result-
ing output data and/or parameters.

[0040] The functions and process steps herein may be
performed automatically or wholly or partially in response
to user command. An activity (including a step) performed
automatically is performed in response to one or more
executable instructions or device operation without user
direct initiation of the activity.

[0041] The system and processes of the figures are not
exclusive. Other systems, processes and menus may be
derived in accordance with the principles of the invention to
accomplish the same objectives. Although this invention has
been described with reference to particular embodiments, it
is to be understood that the embodiments and variations
shown and described herein are for illustration purposes
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only. Modifications to the current design may be imple-
mented by those skilled in the art, without departing from
the scope of the invention. As described herein, the various
systems, subsystems, agents, managers and processes can be
implemented using hardware components, software compo-
nents, and/or combinations thereof. No claim element herein
is to be construed under the provisions of 35 U.S.C. 112(f)
the element is expressly recited using the phrase “means
for.”

We claim:

1. An Electrocardiography (ECG) system configured to
produce an ECG output signal of a patient, the ECG system
comprising:

a plurality of electrodes forming a plurality of leads;

a monitoring circuit configured to monitor a voltage
differential on the plurality of leads and produce the
ECG output signal,

a drive circuit configured to deliver a current to the
plurality of electrodes based on a measured voltage at
the electrodes;

a lead fault detection system comprising one or more
current sources configured to produce a current to
deliver to the electrodes; and

a control module configured to vary the current produced
by the one or more current sources based on a measured
parameter at one or more of the plurality of electrodes.

2. The ECG system of claim 1, wherein each of the
plurality of electrodes includes an associated current source
in the lead fault detection system.

3. The ECG system of claim 2, wherein the control
module is configured to adjust current injections from each
current source based on the measured parameter of the
associated electrode.

4. The ECG system of claim 1, wherein the measured
parameter is one or more of a resistance, impedance, current
or voltage at the associated electrode.

5. The ECG system of claim 1, wherein the measured
parameter is indicative of a current leakage due to a contact
state of one or more of the electrodes to the patient.

6. The ECG system of claim 1, wherein the current
sources produce direct current.

7. The ECG system of claim 6, wherein the control
module is configured to pulse the direct current.

8. The ECG system of claim 7, wherein the control
module is configured to identify an expected signal based on
a time-amplitude correlation of the pulsed direct current and
remove an artifact from the ECG output signal that corre-
sponds to the expected signal.

9. The ECG system of claim 7, wherein the control
module is configured to control the pulsing of the direct
current to be less than a minimum high pass filter setting
associated with the monitoring circuit.

10. A method for avoiding oversaturation of a right leg
drive circuit in an ECG system, the method comprising:
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measuring one or more parameters associated with bias
currents flowing from a plurality of electrodes connect-
ing a patient to the right leg drive circuit;

based on the measured parameters, determining an
amount of current leakage in the ECG system due to a
contact state of a first electrode included in the plurality
of electrodes; and

adjusting bias current flowing into the first electrode via
a current source to compensate for the amount of
current leakage.

11. The method of claim 10, wherein the parameters

correspond to skin-electrode resistance at each electrode.

12. The method of claim 10, wherein the parameters
correspond to skin-electrode impedance at each electrode.

13. The method of claim 10, wherein the parameters
correspond to (a) skin-electrode resistance at each electrode
and (b) skin-electrode impedance at each electrode.

14. The method of claim 10, wherein the parameters
provide a measurement of the bias currents flowing from the
electrodes.

15. The method of claim 10, wherein the current source
produces direct current.

16. The method of claim 15, wherein the direct current
produced by the current source is pulsed by the ECG system.

17. The method of claim 16, further comprising:

generating an ECG output signal based on the bias
currents flowing from the plurality of electrodes;

identifying an expected signal based on a time-amplitude
correlation of the pulsed direct current; and

remove an artifact from the ECG output signal that
corresponds to the expected signal.

18. The method of claim 15, further comprising:

control the pulsing of the direct current to be less than a
minimum high pass filter setting associated with a
monitoring circuit of the ECG system.

19. An ECG system configured to produce an ECG output

signal of a patient, the ECG system comprising:

a plurality of electrodes forming a plurality of leads;

a monitoring circuit configured to monitor a voltage
differential on the plurality of leads and produce the
ECG output signal;

a lead fault detection system comprising one or more
current sources configured to produce a current to
deliver to the electrodes: and

a control module configured to (a) apply a pulsed direct
current to the current sources, (b) identify an expected
signal based on a time-amplitude correlation of the
pulsed direct current, and (¢) remove an artifact from
the ECG output signal that corresponds to the expected
signal.

20. The ECG system of claim 19, wherein the control
module is configured to control the pulsing of the direct
current to be less than a minimum high pass filter setting
associated with the monitoring circuit.
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