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Variable Value Description
Slope Threshald 15 Minimum rate of change required to alert
the algorithm.
Window Length {mg) 20 If a large positive and large negative
slope are found within this window, the

algorithm continues processing.

Amplitude Threshold (uW}y 30 If the amplitnde of 2 non-physiological

signal is larger than this threshold, the
algorithm continues processing.

Rise Time (ms) 035 Maximum time required for a non-
physiclogical signal to reach irs peak.
Activity Threshold (data 3 Threshold to compare instances of
points) varizbility between data points.
Figure 3§
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SYSTEM AND METHOD FOR DETECTING
AND REMOVING PERIODIC
NON-PHYSIOLOGICAL ARTIFACT FROM
EVOKED POTENTIALS

BACKGROUND

[0001] The present invention relates generally to the field
of removing noise from recorded waveform signals, such as
evoked potentials (EPs), and more particularly to a system,
method, and computer algorithm for automatically detecting
periodic non-physiological artifact and removing if from the
EPs.

[0002] Bio-electrical potentials such as somatosensory
evoked potentials (ssep) are summated electrical potentials
usually recorded after stimulating a peripheral nerve or parts
of the nervous system. Monitoring patients by recording
waveforms such as somatosensory evoked potentials during
surgery has been shown to allow early identification of
impending nerve injury. The difficulty with analyzing and
classifying the waveforms lies in the wide variation in the
amplitude, frequency and shape of the waveforms. These
variations are caused by many factors including anesthesia
and any preexisting abnormalities of the nerves, however
one primary cause is electrical interference from ambient
electrical noise or from other devices, such as pacemakers.
[0003] External pacemakers are an essential part to some
cardiac surgeries. Generally, a transcutaneous pacing system
is introduced when the patient starts to experience brady-
cardia (abnormally slow heart action), or if they develop any
other irregularities in their heartbeat. Some patients may
have internal pacemakers already in place for similar issues.
Unfortunately, the electric signals produced by pacing sys-
tems are large relative to the ssep being recorded, but often
smaller than can be reliably captured by a voltage threshold
rejection classifier and contain frequencies not typically
excluded by traditional high-pass and low-pass filters used
to condition the ssep signals. The electrical interference
from the pacing system therefore can represent significant
power in the recorded waveforms.

[0004] Embodiments herein generally relate to improved
systems and methods to automatically and more fully
remove pacemaker or similar artifact from recorded ssep
signals. The systems and methods overcome many draw-
backs caused by non-physiologic, such as pacemaker, noise
and drawbacks of current attempts to eliminate such noise.
For example, described herein according to some embodi-
ments are systems, methods, and computer signal processing
algorithms for the removal of these types of periodic arti-
facts from evoked potential signals, which can be performed
quickly and in real-time without significant processing ovet-
head and without significantly altering the characteristics of
the signal of interest.

SUMMARY OF THE INVENTION

[0005] One embodiment of the invention relates to an
automated EP analysis apparatus for identifying and elimi-
nating signals having non-physiological artifact noise from
an averaged EP signal, wherein the apparatus is adapted to
identify in an electrophysiological response at least one
characteristic representative of non-physiological artifact
noise to classify the signal as an artifact signal and remove
the artifact signal from a collection of signals used to
generate the averaged EP signal.

Mar. 22,2018

[0006] In some embodiments, the non-physiological arti-
fact noise is pacing artifact from a pacemaker. In some
embodiments, the at least one characteristic is at least one
from the group consisting of: a minimum slope, minimum
amplitude, a maximum rise time, a maximum fall time, a
minimum peak duration, and a maximum activity between a
rising edge and a falling edge of the signal.

[0007] In some embodiments, the apparatus further com-
prises: an output operable to couple to at least one stimu-
lating electrode to stimulate one or more peripheral nerves
of a patient, an input operable to couple to at least one
recording electrode to record the electrophysiological
response comprising the resultant electrical waveforms gen-
erated by a nervous system in response to the one or more
stimulating electrodes, and at least one processor, coupled to
said output and said input, operable to cause the apparatus
to identify in the electrophysiological response at least one
characteristic representative of non-physiological artifact
noise to classify the signal as an artifact signal and remove
the artifact signal from a collection of signals used to
generate the averaged EP signal.

[0008] Another embodiment of the invention relates to a
method for identifying and eliminating signals having non-
physiological artifact noise from an averaged EP signal. The
method includes recording resultant waveforms generated
by a nervous system, resulting from stimulation of one or
more nerves of the nervous system, identifying in the
resultant waveforms at least one characteristic representa-
tive of non-physiological artifact noise, if the at least one
characteristic is present in a resultant waveform, classifying
the waveform as an artifact signal, and generating an aver-
aged EP signal using only the resultant waveforms that have
not been classified as an artifact signal.

[0009] In some embodiments, generating an averaged EP
signal using only the resultant waveforms that have not been
classified as an artifact signal is achieved by removing the
artifact signal from a collection of signals used to generate
the averaged EP signal. In some embodiments, the non-
physiological artifact noise is pacing artifact from a pace-
maker. In some embodiments, the at least one characteristic
is at least one from the group consisting of: a minimum
slope, minimum amplitude, a maximum rise time, a maxi-
mum fall time, a minimum peak duration, and a maximum
activity between a rising edge and a falling edge of the
signal.

[0010] In some embodiments, the method further includes
identifying a plurality of characteristics representative of
non-physiological artifact noise by analyzing the signal for
a first characteristic and if the first characteristic is present,
continuing to analyze the signal for a second characteristic.
[0011] Another embodiment of the invention relates to an
automated Evoked Potential (EP) analysis algorithm for
monitoring, detecting, identifying and eliminating non-
physiological artifact noise in the physiological system from
which the EPs or Ensemble Averages (EA) are obtained,
wherein the algorithm identifies artifacts in the individual
electrophysiological responses (ER) to repetitive stimulation
allowing rejection of those containing such artifacts from the
ensemble average.

[0012] In some embodiments, the non-physiological arti-
fact noise is noise from a pacemaker.

[0013] In some embodiments, there is an apparatus for
monitoring, detecting, identifying and eliminating non-
physiological artifact noise in the physiological system from
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which the EPs or Ensemble Averages (EA) are obtained, that
implements the algorithm described above.

[0014] In some embodiments, the apparatus further com-
prises a system that processes ER sequentially looking for a
series of characteristics. In some embodiments, the appara-
tus further comprises a system that processes ER sequen-
tially looking for a single primary characteristic. In some
embodiments, the apparatus further comprises a system that
iteratively processes ER meeting a preceding identified
characteristic for a further characteristic and stops process-
ing if a characteristic is not found, and rejects a ER from an
ensemble average if all characteristics are found.

[0015] In some embodiments, the apparatus further com-
prises a system in which the characteristics comprise but are
not limited to amplitude, rise time, fall time, peak duration
and pre and post peak slope. In some embodiments, the
apparatus further comprises a system in which the charac-
teristics can be altered. In some embodiments, the apparatus
further comprises a system in which integrate such apparatus
into other devices in a surgical environment. In some
embodiments, the apparatus can feed information to other
devices in the surgical environment that allows these devices
to identify the presence of pacer activity. In some embodi-
ments, the apparatus can obtain information from an anes-
thesia or blood pressure machine or pacemaker to calculate
when changes in EP waveforms are due to anesthesia or
physiologic or non-physiologic changes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1A depicts several evoked potential signals
before a pacing signal was applied.

[0017] FIG. 1B depicts the evoked potential signals after
a pacing signal was applied, showing the effect of the pacing
signal on the recorded waveforms.

[0018] FIG. 2A depicts an averaged signal compared with
a baseline signal prior to a pacing signal being applied.

[0019] FIG. 2B depicts an averaged signal compared with
the baseline when an external pacing signal being applied.

[0020] FIG. 3 shows a collection of approximately 1000
ERs obtained during a surgery, to depict the characteristics
of a pacing pulse signal relative to the ER signals obtained
by the system.

[0021] FIG. 4 shows five individual ERs, where one of the
signals (second from top) is contaminated with a pacing
artifact.

[0022] FIG. 5 is a table of threshold values for identifying
characteristics of an artifact signal, according to one
embodiment.

[0023] FIG. 6A depicts an averaged somatosensory
evoked potential recording contaminated by pacemaker arti-
fact.

[0024] FIG. 6B depicts the somatosensory evoked poten-
tial recording of FIG. 6A, but with the signal recordings
containing pacemaker artifact rejected before averaging.

[0025] FIG. 7 depicts an exemplary diagram of the system
according to an exemplary embodiment of the present
invention.

[0026] FIG. 8 depicts an exemplary embodiment of a
computer system that may be used in association with an
exemplary embodiment of the present invention.
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DETAILED DESCRIPTION

[0027] Bio-electrical potentials such as somatosensory
evoked potentials (ssep) are summated electrical potentials
usually recorded after repeatedly stimulating a peripheral
nerve or parts of the nervous system. Monitoring patients by
recording waveforms such as somatosensory evoked poten-
tials during surgery has been shown to allow early identi-
fication of impending nerve injury. Such monitoring is
performed with sophisticated, multichannel amplifier and
display equipment. This monitoring is often fraught with
difficulties due to the small size of potentials and large
amounts of ongoing noise which makes recognizing signifi-
cant changes and when to alert for these changes difficult.

[0028] The difficulty with analyzing and classifying the
waveforms lies in the wide variation in the amplitude,
frequency and shape of the waveforms. These variations are
caused by many factors including anesthesia and any pre-
existing abnormalities of the nerves, however the main
cause is electrical interference from ambient electrical noise
or from other devices such as pacemakers.

[0029] External pacemakers are an essential part to some
cardiac surgeries. Generally, a transcutaneous pacing system
is introduced when the patient starts to experience brady-
cardia (abnormally slow heart action), or if they develop any
other irregularities in their heartbeat. The anesthesiologist
may first attempt to remedy the patient with a drug, but if
that fails, pacing is introduced in order to regulate the
heartbeat. By providing timed pulses while also recording
the hearts activity, the pacing system can bring the patient’s
heart back into a consistent and natural rhythm. Without the
external pacing system, the patient would be more likely to
go into cardiac arrest. Other patients may have internal
pacemakers in place for similar issues.

[0030] Unfortunately, the electric signals produced by
pacing systems are large relative to the somatosensory
evoked potential signals being recorded, but often smaller
than can be reliably captured by a fixed threshold rejection
classifier and contain frequencies not typically attenuated by
high- and low-pass filters used to condition the sseps. These
electrical signals from the pacing system therefore end up
being a major source of noise in the recorded waveforms, as
shown in FIGS. 1 and 2. FIG. 1A depicts several signals
before a pacing signal was applied, and FIG. 1B depicts the
obtained signals after a pacing signal was applied, showing
the effect of the pacing signal on the recorded waveforms.
Similarly, FIG. 2A depicts an averaged signal compared
with a baseline signal prior to a pacing signal being applied,
and FIG. 2B depicts an averaged signal compared with the
baseline with an external pacing signal being applied. It can
be observed how an external pacing signal effects the
physiological signals obtained.

[0031] Although electronic and digital filters are
employed to attenuate noise from the signals and allow
better viewing and interpretation of the waveforms, these
filters typically filter in two ways, by limiting recoded
waveform frequency range or rejecting signals of high
amplitude that contain clear artifact, waveform frequency or
alteration of the overall data such that only partial removal
of noise occurs or the morphology, amplitude or even
presence/absence of the underlying potentials that he user is
interested in are changed making interpretation difficult and
highly dependent on experience. This in turn may lead to
erroneous interpretations.
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[0032] Standard high- and low-pass filters that limit the
bandwidth of the recordings, or classifiers that reject raw
recordings over a certain amplitude threshold (rejection
threshold classifier) may have difficulty removing pace-
maker or pacemaker like artifacts from evoked potential
recordings, leading to inability to record accurate signals.
[0033] There are described methods for detecting and
removing pacemaker artifact from electroencephalographic
signals, however these primarily apply to continuous EEG
or ECG recordings and not to stimulus evoked monitoring.
These methods are also complex and introduce significant
processor overhead

[0034] U.S. Pat. No. 8,440,903 (Donehoo) describes a
variable amplitude threshold that identifies and eliminates a
pacemaker’s pulse from data. Once the initial threshold is
surpassed by a pacing artifact, the threshold decays in
magnitude so that any of the characteristic “ringing” is cut
out. However, evoked potentials are not affected by the
ringing created by the pacing pulses, and therefore do not
have a major need for a variable threshold classifier which
adds complexity and additional processing.

[0035] Accordingly, certain embodiments disclosed herein
provide a lean and fast computer algorithm running on
software installed on an evoked potential monitoring
machine, which can be used in any surgery or situation
where a patient is at risk, to detect and remove confounding
pacemaker or similar noise and display the underlying
signals more accurately to the user(s).

[0036] In an exemplary embodiment of the present inven-
tion a system, method, and computer algorithm for identi-
fication and removal of pacemaker and pacemaker-like
artifact from electrophysiological EPs is disclosed. In this
application, an EP is defined as a voltage versus time signal
obtained by ensemble averaging (EA) the electrophysiologi-
cal responses (ER) to repetitive stimulation of a specific
sensory neural system detected using suitable electrodes.
Examples of EPs are somatosensory, auditory or visual EPs.
Ensemble averaging of the electrophysiological responses
may be performed according to the system and methods
described in U.S. Patent Publication 2014/0020178 entitled
“System, Method, and Computer Algorithm and Charactet-
ization and Classification of Electrophysiological Evoked
Potentials,” which is herein incorporated by reference in its
entirety.

[0037] The methods and algorithms are applied to every
ER signal recoded after each stimulation that survives any
initial frequency and amplitude rejection filtering, and prior
to summation of those timed signals into a EA. The algo-
rithm establishes the presence or absence of a pacemaker or
similar artifact in each ER, and then excludes those in which
it is present from the EA.

[0038] In an exemplary embodiment of the present inven-
tion, in order to perform this task with higher efficiency, the
algorithm processes the individual signals sequentially in a
gated fashion looking for the presence or absence of several
characteristics and only performing further examination for
remaining characteristics if the preceding characteristic is
present. If all characteristics are present, indicative of noise
from a pacing or other similar pulse, it rejects the ER from
the EA.

[0039] FIG. 3 shows a collection of approximately 1000
ERs obtained during a surgery, to depict the characteristics
of a pacing pulse signal relative to the ER signals obtained
by the system. FIG. 4 shows five individual ERs, where one
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of the signals (second from top) is contaminated with a
pacing artifact. As shown in FIGS. 3 and 4, the pacing pulse
has several characteristics that distinguish it from the ER
signals. Accordingly, several key characteristics of the pac-
ing artifact are focused upon in order to identify contami-
nated traces. Since the pacing artifact resembles a square
wave, the characteristics identified as important are the
magnitude of the rising and falling edges, the amplitude, and
the level of activity in between the edges. The order in which
the algorithm examines these features is decided by the
degree of feature’s definition. The most well-defined traits of
the artifact are the distinctive rising and falling edges,
therefore the algorithm may primarily look for a steep
positive slope followed by a steep negative slope within
some time range. The amplitude is then considered the next
best defined trait, since the pacing artifact is significantly
greater in magnitude than the rest of the data. Then, the level
of activity between the two edges may be investigated.

[0040] Accordingly, in an exemplary embodiment of the
present invention, the algorithm first looks for any ER that
contain sudden increases in amplitude (signal having a steep
rising edge), characteristic of non-physiological artifact. If
none is present, no further processing is required. If this
characteristic is present, the algorithm looks for the presence
of a sudden decrease in amplitude occurring within a speci-
fied time or window length from initial increase. If this
characteristic is present, the algorithm continues to analyze
each ER through a series of characteristics which may
include but are not limited to amplitude, rise time, peak
duration and pre and post peak slope. If all defined charac-
teristics are present it rejects the signal from the ensemble
averaging. This process is described in greater detail below.

[0041] Since the artifact has a steep rising edge followed
by a steep falling edge, the slopes of the original data are
firstly taken into consideration. After taking the first differ-
ence of the pre-collected raw data, the algorithm would use
a threshold trigger to start the identification process. Fol-
lowing an initial large positive slope, a pre-defined time
window is set, starting at the point of threshold triggering, so
that if there is a large negative slope within the window, the
data has positively identified a first characteristic of a pacing
signal (or similar noise), and the identification process
moves on. If there is not a large negative slope within that
time window, the algorithm ignores the original window
starting point, and continues looking through that trace for
a different positive slope.

[0042] If a large negative slope was confirmed within the
time window, the amplitude of this deviation in the data is
calculated. The amplitude is calculated by first recognizing
a base for the data. The artifacts’ onset and trough are not
often the same voltage, and should be averaged to achieve
a more consistent amplitude check. Once the base is estab-
lished, the difference between the voltage of the base and the
midpoint of the artifact is considered to be the amplitude. If
the amplitude of the deviation is large enough, the algorithm
continues the identification process, and if the amplitude of
the deviation is smaller than the threshold value, then the
process is stopped and the algorithm continues to look for
the next large positive slope. This step is necessary to
confirm that the deviation is large enough to be considered
a pacing artifact, as there is often oscillatory noise in the raw
data that contains relatively large positive and negative
slopes in a small window.
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[0043] Finally, the slope between the edges is examined to
confirm if there is consistent data with little slope between
the edges. The pacing artifact resembles a square wave, and
therefore has little activity in between the two edges. If there
is too much activity between the edges, this suggests that the
deviation being analyzed is noise and not artifact. If the data
between the two edges is “flat” enough, then the trace is
identified as having an artifact, and the algorithm stops
looking for a large positive slope. To be considered flat the
data between the two edges has to have several data points
with little to no slope.

[0044] In order to detect the characteristics described
above to identify the traces with pacing artifact, threshold
values for each piece of data is set. In some embodiments,
the threshold values are set as shown in FIG. 5. A slope
threshold (to identify a steep rising and falling edge)
describes a minimum rate of change required to alert the
algorithm to the possible existence of pacing artifact. In
some embodiments, the slope minimum is 15. A window
length describes the window of time in which the algorithm
looks for the large positive and negative slope (i.e., the steep
rising and falling edge). In some embodiments, the window
length is 2.0 ms. In other embodiments the window length
may be between 2.0 to 2.5 ms. An amplitude threshold
describes the minimum amplitude of the artifact, to confirm
that processing to determine presence of a pacing artifact
should continue on the current signal. In some embodiments,
the amplitude minimum is 30 uV. Finally, the activity
threshold describes the minimum number of data points to
compare, to determine variability and slope between data
points. In some embodiments, the minimum number of data
points between the rising and falling edges, to determine
activity, is three.

[0045] Ifthe algorithm studies the entire trace as described
above, and an artifact has not been identified, then the trace
is identified as being “clean”. The clean traces are then
separated into one data set, while the “dirty” traces (those
were a pacing artifact is identified) are separated into
another. The clean data set can then be used to make an EA
that would be void of pacing artifact. Since pacemaker
artifact occurs out of phase with typical evoked potential
stimuli and usually at a much slower rate, only a small subset
of raw time recordings shows the artifact as present and
exclusion of those from the ensemble average does not affect
the overall integrity of the ensemble average (EA).

[0046] FIGS. 6A and 6B provide a comparison showing
the effect of the above-described methods on the obtained
EA. FIG. 6A depicts an averaged somatosensory evoked
potential recording contaminated by pacemaker artifact,
while FIG. 6B depicts the somatosensory evoked potential
recording of FIG. 6A, but with the signal recordings con-
taining pacemaker artifact rejected before averaging.
Accordingly, the EA of FIG. 6B provides a more accurate
depiction of the signals being obtained by the system, in
order to make a more accurate analysis of signals and
determination of whether a nerve injury is impending.
[0047] FIG. 7 depicts an exemplary diagram of a system
according to an exemplary embodiment of the present
invention. According to an exemplary embodiment, the
system 100, which may be coupled to a patient 101, may
include, e.g., but not limited to, one or more recording
electrodes 102, one or more stimulating electrodes 103, a
positioning effect detection device (PEDD) 104, a table
integration unit 105, an alert and display (or other output)
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unit 106, and a table 107. In an exemplary embodiment, the
table 107 may include, e.g., but not limited to, any surface
upon which the patient 101 may be placed, a bed, a chair, an
operating room table, a pre-op table, and/or a post-op table,
etc. Related or additional functions, components, capabili-
ties, details, and other characteristics of such a system, not
described herein, are described in U.S. Pat. No. 9,211,074,
entitled “System, Method, Apparatus, Device, and Com-
puter Program Product for Automatically Detecting Posi-
tioning Effect,” which is hereby incorporated by reference in
its entirety.

[0048] According to an exemplary embodiment, the
recording electrodes 102 may be coupled to the head, neck,
spine, arms, legs, trunk, Erb’s point and/or torso of the
patient 101, and stimulating electrodes 103 may be coupled
to the arms and/or legs of the patient 101.

[0049] According to an exemplary embodiment, the
PEDD 104 may be electronically coupled to recording
electrodes 102 and stimulating electrodes 103. In an exem-
plary embodiment, the PEDD 104 may be part of, may be
coupled to, and/or may include, a computer. According to an
exemplary embodiment, the PEDD 104 may include a
computer, such as, e.g., but not limited to, the computer set
forth in and described further below with reference to FIG.
8. In an exemplary embodiment, PEDD 104 may be elec-
trically, electronically, and/or mechanically coupled to the
table integration unit 105 and/or the alert and display unit
106.

[0050] In an exemplary embodiment, the PEDD 104 may
detect positioning effect in a patient 101 lying on the table
107 using the stimulating electrodes 103 and the recording
electrodes 102. According to an exemplary embodiment, the
PEDD 104 may communicate positioning effect information
using the alert and display unit 106 to, e.g., operating room
personnel.

[0051] According to an exemplary embodiment, the
PEDD 104 may stimulate sensory or mixed nerves of the
patient using the stimulating electrodes 103 to produce EPs.
In an exemplary embodiment, a PEDD 104 may be attached,
coupled and/or connected to the patient 101 with stimulating
electrodes 103, e.g., near the arms or legs over peripheral
nervous structures, such as, but not limited to, e.g., the ulnar
nerves, median nerves and posterior tibial nerves.

[0052] According to an exemplary embodiment, the
PEDD 104 may use the recording electrodes 102 to detect
ERs generated by a patient’s nervous system in response to
the stimulation from the stimulating electrodes 103. These
ERs may then be subject to the analysis described above to
identify a pacing artifact and remove the signal containing
the artifact from the averaged EPs.

[0053] According to an exemplary embodiment, based on
the observed EPs, the PEDD 104 may identify potential
positioning effect injuries caused by positioning of the
patient 101. In an exemplary embodiment, the PEDD 104
may detect changes in the EPs, such as, e.g., but not limited
to, changes in latency, changes in amplitude or changes in
morphology. According to an exemplary embodiment,
changes, such as, e.g., but not limited to, reductions or
aberrations in the EPs may indicate a positioning effect. In
an exemplary embodiment, the PEDD 104 may identify a
particular nerve structure affected by positioning effect
based on the EPs. The PEDD 104 may further recommend
actions to ameliorate the positioning effect by recommend-
ing changes in position. In one exemplary embodiment, the
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PEDD 104 may move the patient automatically so as to
prevent positioning effect injury to the patient 101.

[0054] FIG. 8 depicts an exemplary embodiment of a
computer system 200 that may be used in association with,
in connection with, and/or in place of, e.g., but not limited
to, any of the foregoing components and/or systems.
[0055] The present embodiments (or any part(s) or func-
tion(s) thereof) may be implemented using hardware, soft-
ware, firmware, or a combination thereof and may be
implemented in one or more computer systems or other
processing systems. In fact, in one exemplary embodiment,
the invention may be directed toward one or more computer
systems capable of carrying out the functionality described
herein. An example of a computer system 200 is shown in
FIG. 8, depicting an exemplary embodiment of a block
diagram of an exemplary computer system useful for imple-
menting the present invention. Specifically, FIG. § illustrates
an example computer 200, which in an exemplary embodi-
ment may be, e.g., (but not limited to) a personal computer
(PC) system running an operating system such as, e.g., (but
not limited to) WINDOWS MOBILE™ for POCKET PC, or
MICROSOFT® WINDOWS®  NT/98/2000/XP/CE/7/
VISTA, etc. available from MICROSOFT® Corporation of
Redmond, Wash., U.S.A., SOLARIS® from SUN® Micro-
systems of Santa Clara, Calif., US.A., OS/2 from IBM®
Corporation of Armonk, N.Y.,, USA., Mac/OS from
APPLE® Corporation of Cupertino, Calif., U.S.A.| etc., or
any of various versions of UNIX® (a trademark of the Open
Group of San Francisco, Calif, USA) including, e.g.,
LINUX®, HPUX®, IBM AIX®, and SCO/UNIX®, etc.
However, the invention may not be limited to these plat-
forms. Instead, the invention may be implemented on any
appropriate computer system running any appropriate opet-
ating system. In one exemplary embodiment, the present
invention may be implemented on a computer system oper-
ating as discussed herein. An exemplary computer system,
computer 200 is shown in FIG. 8. Other components of the
invention, such as, e.g., (but not limited to) a computing
device, a communications device, a telephone, a personal
digital assistant (PDA), a personal computer (PC), a hand-
held PC, client workstations, thin clients, thick clients, proxy
servers, network communication servers, remote access
devices, client computers, server computers, routers, web
servers, data, media, audio, video, telephony or streaming
technology servers, etc., may also be implemented using a
computer such as that shown in FIG. 8.

[0056] The computer system 200 may include one or more
processors, such as, e.g., but not limited to, processor(s) 204.
The processor(s) 204 may be connected to a communication
infrastructure 206 (e.g., but not limited to, a communications
bus, cross-over bar, or network, etc.). Various exemplary
software embodiments may be described in terms of this
exemplary computer system. After reading this description,
it will become apparent to a person skilled in the relevant
art(s) how to implement the invention using other computer
systems and/or architectures.

[0057] Computer system 200 may include a display inter-
face 202 that may forward, e.g., but not limited to, graphics,
text, and other data, etc., from the communication infra-
structure 206 (or from a frame buffer, etc., not shown) for
display on the display unit 230.

[0058] The computer system 200 may also include, e.g.,
but may not be limited to, a main memory 208, random
access memory (RAM), and a secondary memory 210, etc.
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The secondary memory 210 may include, for example, (but
may not be limited to) a hard disk drive 212 and/or a
removable storage drive 214, representing a floppy diskette
drive, a magnetic tape drive, an optical disk drive, a mag-
neto-optical disk drive, a compact disk drive CD-ROM, a
digital versatile disk (DVD), a write once read many
(WORM) device, a flash memory device, etc. The remov-
able storage drive 214 may, e.g., but not limited to, read from
and/or write to a removable storage unit 218 in a well-known
manner. Removable storage unit 218, also called a program
storage device or a computer program product, may repre-
sent, e.g., but not limited to, a floppy disk, a magnetic tape,
an optical disk, a magneto-optical disk, a compact disk, a
flash memory device, etc. which may be read from and
written to by removable storage drive 214. As will be
appreciated, the removable storage unit 218 may include a
computer usable storage medium having stored therein
computer software and/or data.

[0059] In alternative exemplary embodiments, secondary
memory 210 may include other similar devices for allowing
computer programs or other instructions to be loaded into
computer system 200. Such devices may include, for
example, a removable storage unit 222 and an interface 220.
Examples of such may include a program cartridge and
cartridge interface (such as, e.g., but not limited to, those
found in video game devices), a removable memory chip
(such as, e.g., but not limited to, an erasable programmable
read only memory (EPROM), or programmable read only
memory (PROM) and associated socket, and other remov-
able storage units 222 and interfaces 220, which may allow
software and data to be transferred from the removable
storage unit 222 to computer system 200.

[0060] Computer 200 may also include an input device
216 such as, e.g., (but not limited to) a mouse or other
pointing device such as a digitizer, and a keyboard or other
data entry device (none of which are labeled).

[0061] Computer 200 may also include output devices
240, such as, e.g., (but not limited to) display 230, and
display interface 202. Computer 200 may include input/
output (I/O) devices such as, e.g., (but not limited to)
communications interface 224, cable 228 and communica-
tions path 226, etc. These devices may include, e.g., but not
limited to, a network interface card, and modems (neither
are labeled). Communications interface 224 may allow
software and data to be transferred between computer sys-
tem 200 and external devices. Examples of communications
interface 224 may include, e.g., but may not be limited to,
a modem, a network interface (such as, e.g., an Ethernet
card), a communications port, a Personal Computer Memory
Card International Association (PCMCIA) slot and card, etc.
Software and data transferred via communications interface
224 may be in the form of signals 228 which may be
electronic, electromagnetic, optical or other signals capable
of being received by communications interface 224. These
signals 228 may be provided to communications interface
224 via, e.g., but not limited to, a communications path 226
(e.g., but not limited to, a channel). This channel 226 may
carry signals 228, which may include, e.g., but not limited
to, propagated signals, and may be implemented using, e.g.,
but not limited to, wire or cable, fiber optics, a telephone
line, a cellular link, an radio frequency (RF) link and other
communications channels, etc.

[0062] In this document, the terms “computer program
medium” and “computer readable medium” may be used to
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generally refer to media such as, e.g., but not limited to
removable storage drive 214, a hard disk installed in hard
disk drive and/or other storage device 212, and signals 228,
etc. These computer program products may provide soft-
ware to computer system 200. The invention may be
directed to such computer program products.

[0063] An algorithm is here, and generally, considered to
be a self-consistent sequence of acts or operations leading to
a desired result. These include physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at
times, principally for reasons of common usage, to refer to
these signals as bits, values, elements, symbols, characters,
terms, numbers or the like. It should be understood, how-
ever, that all of these and similar terms are to be associated
with the appropriate physical quantities and are merely
convenient labels applied to these quantities.

[0064] Unless specifically stated otherwise, as apparent
from the following discussions, it is appreciated that
throughout the specification discussions utilizing terms such
as “processing,” “computing,” “calculating,” “determining,”
or the like, refer to the action and/or processes of a computer
or computing system, or similar electronic computing
device, that manipulate and/or transform data represented as
physical, such as electronic, quantities within the computing
system’s registers and/or memories into other data similarly
represented as physical quantities within the computing
system’s memories, registers or other such information
storage, transmission or display devices.

[0065] Ina similar manner, the term “processor” may refer
to any device or portion of a device that processes electronic
data from registers and/or memory to transform that elec-
tronic data into other electronic data that may be stored in
registers and/or memory. A “computing platform” may com-
prise one or more pProcessors.

[0066] Embodiments of the present invention may include
apparatuses and/or devices for performing the operations
herein. An apparatus may be specially constructed for the
desired purposes, or it may comprise a general purpose
device selectively activated or reconfigured by a program
stored in the device.

[0067] Embodiments of the invention may be imple-
mented in one or a combination of hardware, firmware, and
software. Embodiments of the invention may also be imple-
mented as instructions stored on a machine-readable
medium, which may be read and executed by a computing
platform to perform the operations described herein. A
machine-readable medium may include any mechanism for
storing or transmitting information in a form readable by a
machine (e.g., a computer). For example, an exemplary
machine-readable storage medium may include, e.g., but not
limited to, read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical stor-
age media; magneto-optical storage media; flash memory
devices; other exemplary storage devices capable of storing
electrical, optical. acoustical or other form of propagated
signals (e.g., carrier waves, infrared signals, digital signals,
etc.) thereon, and others.

[0068] Computer programs (also called computer control
logic), may include object oriented computer programs, and
may be stored in main memory 208 and/or the secondary
memory 210 and/or removable storage units 214, also called
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computer program products. Such computer programs,
when executed, may enable the computer system 200 to
perform the features of the present invention as discussed
herein. In particular, the computer programs, when
executed, may enable the processor or processors 204 to
provide a method to control and/or manage operation of a
positioning effect detection device according to an exem-
plary embodiment of the present invention. Accordingly,
such computer programs may represent controllers of the
computer system 200.

[0069] In another exemplary embodiment, the invention
may be directed to a computer program product comprising
a computer readable medium having control logic (computer
software) stored therein. The control logic, when executed
by the processor 204, may cause the processor 204 to
perform the functions of the invention as described herein.
In another exemplary embodiment where the invention may
be implemented using software, the software may be stored
in a computer program product and loaded into computer
system 200 using, e.g., but not limited to, removable storage
drive 214, hard drive 212 or communications interface 224,
etc. The control logic (software), when executed by the
processor 204, may cause the processor 204 to perform the
functions of the invention as described herein. The computer
software may run as a standalone software application
program running atop an operating system, or may be
integrated into the operating system.

[0070] In yet another embodiment, the invention may be
implemented primarily in hardware using, for example, but
not limited to, hardware components such as application
specific integrated circuits (ASICs), or one or more state
machines, etc. Implementation of the hardware state
machine so as to perform the functions described herein will
be apparent to persons skilled in the relevant art(s).

[0071] In another exemplary embodiment, the invention
may be implemented primarily in firmware. In yet another
exemplary embodiment, the invention may be implemented
using a combination of any of, e.g., but not limited to,
hardware, firmware, and software, etc.

[0072] Exemplary embodiments of the invention may also
be implemented as instructions stored on a machine-read-
able or accessible storage medium, which may be read and
executed by a computing platform to perform the operations
described herein. A machine-readable storage medium may
include any mechanism for storing or transmitting informa-
tion in a form readable by a machine (e.g., a computer). For
example, a machine-readable medium may include, e.g., but
not limited to, read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical stor-
age media; magneto-optical storage media; flash memory
devices; other exemplary storage devices capable of storing
electrical, optical, acoustical or other form of propagated
signals (e.g., carrier waves, infrared signals, digital signals,
etc.) thereon, and others.

[0073] The exemplary embodiment of the present inven-
tion makes reference to, e.g., but not limited to, communi-
cations links, wired, and/or wireless networks. Wired net-
works may include any of a wide variety of well-known
means for coupling voice and data communications devices
together. Alternatively, various exemplary wireless network
technologies may be used to implement the embodiments of
the present invention.

[0074] Unless specifically stated otherwise, as apparent
from the following discussions, it may be appreciated that
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throughout the specification discussions utilizing terms such
as “processing,” “computing,” “calculating,” “determining,”
or the like, refer to the action and/or processes of a computer
or computing system, or similar electronic computing
device, that manipulate and/or transform data represented as
physical, such as electronic, quantities within the computing
system’s registers and/or memories into other data similarly
represented as physical quantities within the computing
system’s memories, registers or other such information
storage, transmission or display devices.
[0075] Ina similar manner, the term “processor” may refer
to any device or portion of a device that processes electronic
data from registers and/or memory to transform that elec-
tronic data into other electronic data that may be stored in
registers and/or memory. A “computing platform” may com-
prise one or more processors.
[0076] According to an exemplary embodiment, exem-
plary methods set forth herein may be performed by an
exemplary one or more computer processor(s) adapted to
process program logic, which may be embodied on an
exemplary computer accessible storage medium, which
when such program logic is executed on the exemplary one
or more processor(s) may perform such exemplary steps as
set forth in the exemplary methods.
What is claimed is:
1. An automated evoked potential analysis apparatus for
identifying and eliminating signals having non-physiologi-
cal artifact noise from an averaged evoked potential signal,
wherein the apparatus is adapted to identify in an electro-
physiological response at least one characteristic represen-
tative of non-physiological artifact noise to classify the
signal as an artifact signal and remove the artifact signal
from a collection of signals used to generate the averaged
evoked potential signal.
2. The apparatus of claim 1, wherein the non-physiologi-
cal artifact noise 1s pacing artifact from a pacemaker.
3. The apparatus of claim 1, wherein the at least one
characteristic is at least one from the group consisting of: a
minimum slope, minimum amplitude, a maximum rise time,
a maximum fall time, a minimum peak duration, and a
maximum activity between a rising edge and a falling edge
of the signal.
4. The apparatus of claim 1, further comprising:
an output operable to couple to at least one stimulating
electrode to stimulate one or more peripheral nerves of
a patient;

an input operable to couple to at least one recording
electrode to record the electrophysiological response
comprising the resultant electrical waveforms gener-
ated by a nervous system in response to the one or more
stimulating electrodes;

at least one processor, coupled to said output and said

input, operable to cause the apparatus to identify in the
electrophysiological response at least one characteristic
representative of non-physiological artifact noise to
classify the signal as an artifact signal and remove the
artifact signal from a collection of signals used to
generate the averaged evoked potential signal.

5. A method for identifying and eliminating signals hav-
ing non-physiological artifact noise from an averaged
evoked potential signal, the method comprising:

recording resultant waveforms generated by a nervous

system, resulting from stimulation of one or more
nerves of the nervous system;
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identifying in the resultant waveforms at least one char-
acteristic representative of non-physiological artifact
noise;

if the at least one characteristic is present in a resultant

waveform, classifying the waveform as an artifact
signal,

generating an averaged evoked potential signal using only

the resultant waveforms that have not been classified as
an artifact signal.

6. The method of claim 5, wherein generating an averaged
evoked potential signal using only the resultant waveforms
that have not been classified as an artifact signal is achieved
by removing the artifact signal from a collection of signals
used to generate the averaged evoked potential signal.

7. The method of claim 5, wherein the non-physiological
artifact noise is pacing artifact from a pacemaker.

8. The method of claim 5, wherein the at least one
characteristic is at least one from the group consisting of: a
minimum slope, minimum amplitude, a maximum rise time,
a maximum fall time, a minimum peak duration, and a
maximum activity between a rising edge and a falling edge
of the signal.

9. The method of claim 5, further comprising identifying
a plurality of characteristics representative of non-physi-
ological artifact noise by analyzing the signal for a first
characteristic and if the first characteristic is present, con-
tinuing to analyze the signal for a second characteristic.

10. An apparatus for monitoring, detecting, identifying
and eliminating non-physiological artifact noise in the
physiological system from which the evoked potentials or
ensemble averages are obtained, wherein the apparatus is
configured to identify artifacts in the individual electro-
physiological responses to repetitive stimulation and reject
those containing such artifacts from the ensemble average.

11. The apparatus of claim 10, wherein said apparatus
further comprises a system that processes electrophysiologi-
cal responses sequentially looking for a series of character-
istics.

12. The apparatus of claim 10, wherein said apparatus
further comprises a system that processes electrophysiologi-
cal responses sequentially looking for a single primary
characteristic

13. The apparatus of claim 10, wherein said apparatus
further comprises a system that iteratively processes elec-
trophysiological responses meeting a preceding identified
characteristic for a further characteristic and stops process-
ing if a characteristic is not found, and rejects a electro-
physiological responses from an ensemble average if all
characteristics are found.

14. The apparatus of claim 10, wherein said apparatus
further comprises a system in which the characteristics
comprise but are not limited to amplitude, rise time, fall
time, peak duration and pre and post peak slope.

15. The apparatus of claim 10, wherein said apparatus
further comprises a system in which the characteristics can
be altered.

16. The apparatus of claim 10, wherein said apparatus
further comprises a system in which integrate such apparatus
into other devices in a surgical environment; and

17. The apparatus in claim 10, wherein said apparatus can
feed information to other devices in the surgical environ-
ment that allows these devices to identify the presence of
pacer activity.
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18. The apparatus in claim 10, wherein said apparatus can
obtain information from an anesthesia or blood pressure
machine or pacemaker to calculate when changes in evoked
potential waveforms are due to anesthesia or physiologic or
non-physiologic changes.

19. An automated evoked potential analysis algorithm for
monitoring, detecting, identifying and eliminating non-
physiological artifact noise in the physiological system from
which the evoked potentials or ensemble averages of the
evoked potentials are obtained, wherein the algorithm iden-
tifies artifacts in the individual electrophysiological
responses to repetitive stimulation allowing rejection of
those containing such artifacts from the ensemble average.

20. The algorithm of claim 19, wherein the non-physi-
ological artifact noise is noise from a pacemaker.
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