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(7) ABSTRACT

A medical method of automatically improving signals
received from a patient’s physiological system can include
delivering stimulation signals to a nerve pathway of a patient
with electrical pulses via electrodes placed over the nerve
pathway to generate a plurality of resultant electrical wave-
forms (EPs) based on a plurality of electrophysiological
responses (ERs); recording the plurality of resultant EPs;
generating an ensemble average waveform (EA), the gen-
erating comprising averaging a subset of the plurality of
ERs; and denoising the EA, the denoising comprising apply-
ing a wavelet transform to the EA.
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100~
102~

Causing stimulation of a nerve pathway of a patient with electrical
pulses via electrodes placed over the nerve pathway o generale a
plurality of resultant electrical waveforms (EPs) based on
a plurality of electrophysiological responses (ER)

104~_
Recording the plurality of resultant EPs
106~
Generating an ensemble average waveform (EA) comprising
averaging a subset of the plurality of ERs
108~_
Denoising the EA
110~
Comparing the denoised EA to a threshold EA
112~

indicating an alert when a change is determined between the
dencised EA and the threshold EA

FIG. 2B
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MEDICAL SYSTEMS AND METHODS FOR
DETECTING CHANGES IN
ELECTROPHYSIOLOGICAL EVOKED
POTENTIALS

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/475,097, filed on Mar. 22, 2017, the
entirety of which is incorporated by reference herein.
[0002] This application is related to International Patent
Application No. PCT/US2016/0030605 (published as Inter-
national Publication W02016/179191), filed May 3, 2016,
entitled “SYSTEM, METHOD, AND COMPUTER ALGO-
RITHM FOR MEASURING, DISPLAYING, AND ACCU-
RATELY DETECTING CHANGES IN ELECTROPHYSI-
OLOGICAL EVOKED POTENTIALS,” which claims the
benefit of and priority to U.S. Provisional Application No.
62/156,874 filed May 4, 2015, both of which are incorpo-
rated herein by reference in their entireties.

BACKGROUND

[0003] The present invention relates generally to medical
systems, instruments, apparatus and methods for improving
and automatically detecting changes in evoked potentials
(EPs), and more particularly to medical systems and medical
methods to automatically detect changes in evoked poten-
tials (EPs) by removing confounding noise from the signals.
[0004] Bio-electrical potentials such as Somatosensory
evoked potentials (SSEP), auditory evoked potentials (AER)
and/or visual evoked potentials (VER), among others are
summated electrical potentials usually recorded after repeat-
edly stimulating a peripheral nerve or other parts of the
nervous system. Monitoring patients by recording wave-
forms such as somatosensory evoked potentials during sur-
gery has been shown to allow early identification of impend-
ing injury, such as a nerve injury.

[0005] Such monitoring generally requires highly trained
technologists under physician supervision with sophisti-
cated, multichannel amplifier and display equipment. Unfor-
tunately, such personnel and equipment are limited in their
availability, require pre-booking, and are costly. In addition,
such monitoring is fraught with difficulties due to the small
size of potentials and large amounts of ongoing noise which
makes recognizing significant changes and when to alert for
these changes difficult. In typical systems that are used to
generate alerts automatically, substantial noise and variabil-
ity can cause false alerts. In typical systems, the generated
signals may be preprocessed and/or not accurate measure
and/or account for noise.

[0006] Embodiments described herein relate to improved,
medical systems, instruments, methods and devices for
accurately detecting changes in electrophysiological evoked
potentials. Improvements to existing systems include reduc-
tion in erroneous assessments of waveform changes and
erroneous alerting due to signal noise. Accordingly, the
improved systems, methods, and devices generate more
accurate alerts. Reducing the number of erroneous alerts also
creates more efficient systems, methods, and devices com-
pared to known systems.

SUMMARY OF THE INVENTION

[0007] When seeking to accurately monitor or detect EPs,
the waveforms can require acquisition at specific frequen-
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cies and averaging together to help attenuate random and
cyclical noise. Even a few aberrant waveforms heavily
affected by noise can markedly change the apparent ampli-
tude (height) or latency (time of onset) of a waveform of
interest when averaged together. While this is partly avoided
by careful choice of stimulation frequencies and filtering of
the waveforms, such methods cannot be complete as the
waveforms of interest fall within the frequency range of the
background noise and the cyclical background noise varies
somewhat in frequency. The difficulty with analyzing and
detecting changes in the waveforms lies in the wide varia-
tion in the amplitude, frequency and shape of the wave-
forms. These variations are caused by many factors includ-
ing anesthesia and any preexisting abnormalities of the
nerves, however the main cause is electrical interference
from ambient electrical noise or from other devices. For
example, initially placing electrodes on the patient can
create a substantial amount of noise. In such situations,
impedance measured by the electrodes around the time of
initial placement can be higher, which can create a large
amount of noise.

[0008] Typically, averaging of waveforms and both elec-
tronic and digital filters and waveform classifiers have been
employed to try to attenuate noise from the signals and allow
better viewing and assessment or interpretation of the wave-
forms. These methods typically work in three ways: by
limiting recorded waveform frequency range, by rejecting
periods of recordings where signals of high amplitude that
contain clear artifact are present, or by extending the number
of averages included in an averaged signal. Standard filters
that limit the frequency range (frequency filters) of the
recordings or waveform classifiers that reject raw recordings
over a certain amplitude threshold (rejection threshold fil-
ters) may have difficulty removing sufficient noise or artifact
from evoked potential recordings leading to inability to
record accurate signals and thus result in inaccurate calcu-
lation of waveform changes. Furthermore, these methods
offer only partial removal of noise and may further alter the
morphology, amplitude or even presence/absence of the
underlying potentials of interest making assessment/inter-
pretation difficult and highly dependent on experience. This
in turn may lead to erroneous assessments of waveform
changes and erroneous alerting.

[0009] Automated alerting systems which search for sig-
nificant changes in waveforms are hampered by the transient
nature of electrical noise and the limitations of typical
methods for removing it. Artifacts that fall in the middle of
the averaged waveform of interest can change the overall
morphology of the averaged waveform that is used for
analysis by introducing additional phases and making an
analysis of latency of the component of interest difficult.
This may lead to variation of choice in the components of
the waveform being analyzed that trigger an alert and result
in false alerting. Otherwise, such systems may require a
trained professional to continuously monitor the waveform
and make assessments. Such assessments may be inaccurate
and/or costly. Such assessments may be inaccurate due to
human error and/or due to the displayed waveform that does
not sufficiently account for noise.

[0010] Similarly, noise introduced into the signal may
alter the amplitude of the averaged signal and trigger a false
alert or even mask a real change in amplitude.

[0011] Certain typical methods for detecting and removing
artifact from electroencephalographic signals primarily
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apply to continuous EEG or ECG recordings. These methods
may not be applied to stimulus evoked monitoring, are
related to recurrent timed artifact, and/or do not improve
alerting to signal changes. Such methods are not typically
applied to evoked potentials and/or coupled to improve-
ments in automated alerting of waveform change, among
other improvements.

[0012] In view of the foregoing, there is a need for
methods, devices, systems, apparatuses and/or means to
automatically and more fully attenuate unwanted artifact
from an ongoing series of recorded evoked potential signals
in real time without significantly altering the character of the
signal of interest so that alerts regarding changes in the
waveform are consistent and accurate. Such configurations
can allow for automated calculation of the alerts, and/or
more accurate automated calculation and indicating of the
alerts. The result is producing alerts free of the influence of
variable noise and bias, while minimizing or eliminating
false negative and false positive errors. Embodiments
described herein generally relate to the computer signal
processing to accomplish this task. Embodiments described
herein can be used in lieu of and/or improve upon expert
analysis typically provided by the technologist and physi-
cian. For example, without more accurate filtering and/or
denoised signals, a technologist and/or physician may not be
able to accurate asses the waveform. Further, various
embodiments can be used in conjunction with other equip-
ment. For example, upon detecting a change in EPs, an
operating room table can be moved. Such movement allows
the patient to be automatically moved to ameliorate or avoid
patient injury. Thus various embodiments extend the benefit
of such equipment by automatically controlling the equip-
ment based upon the EPs.

[0013] Insome embodiments of the current subject matter,
a system and/or method can identify and attenuate unwanted
noise or artifact from electrophysiological Eps, resulting in
improved automated alerting of waveform changes. An EP
can be defined as a voltage versus time signal obtained by
ensemble averaging (EA) the electrophysiological responses
(ER) to repetitive stimulation of a specific sensory neural
system detected using suitable electrodes. Examples of EPs
are somatosensory, auditory and/or visual EPs, among other
EPs. The systems and methods can be applied to every ER
signal recorded after each stimulation that survives any
initial frequency and amplitude rejection filtering or classi-
fication, and/or after summation of those timed signals into
an EA. The systems and/or methods can then establish the
presence or absence of baseline waveform of interest and
calculate any subsequent changes from the baseline in
subsequent EAs.

[0014] The systems can communicate with ancillary hard-
ware and/or other systemsdeveloped to acquire the sequence
of EPs and provide suitable feedback to ensure an effective
clinical workflow. The systems and/or methods can provide
the basis for a clinically effective application such that false
positives and false negatives are minimized.

[0015] According to some implementations, an automated
evoked potential analysis apparatus for improved monitor-
ing, detecting and identifying changes to a patient’s physi-
ological system is shown and described herein.

[0016] In some aspects, a method for automatically
improving a signal received from a patient’s physiological
system and providing a more accurate alert as to changes in
the patient’s physiological system is described herein.
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[0017] In some aspects, an automated evoked potential
analysis apparatus for improved monitoring, detecting and
identifying changes to a patient’s physiological system can
include an input device and a computing system. The input
device can obtain electrical potential data from the patient’s
physiological system after application of stimulation to a
patient’s nerve. The computing system can receive and
analyze the electrical potential data. The computing system
can include a processing circuit that can generate a plurality
of evoked potential waveforms (EPs) based on the electrical
potential data; calculate an ensemble average waveform
(EA) of a subset of the plurality of EPs; apply a mathemati-
cal wavelet transform to the resultant EA; attenuate noise
components from the transformed EA; and/or apply an
inverse transform to the transformed EA to generate a
denoised EA, among other things.

[0018] In some aspects, the computing system can calcu-
late a change in the denoised EA relative to a previous
denoised EA; and provide an alert based on the calculated
change.

[0019] In some aspects, the apparatus can integrate into
other devices in a surgical environment.

[0020] In some aspects, the computing system can feed
information to other devices in the surgical environment that
allows these devices to manually or automatically identify
changes between the denoised EA and a previous denoised
BA.

[0021] In some aspects, the computing system can feed
information to other devices in the surgical environment that
allows these devices to manually or automatically amelio-
rate or mitigate the physiological changes and improve
subsequently acquired EP waveforms.

[0022] In some aspects, the computing system can obtain
information from an anesthesia or blood pressure machine;
and determine when changes in EP waveforms are due to
anesthesia or blood pressure changes.

[0023] In some aspects, the computing system can pro-
cesses EAs sequentially looking for one or more character-
istics.

[0024] Insome aspects, the computing system can process
EA sequentially looking a change in one or more charac-
teristics.

[0025] In some aspects, the characteristics comprise at
least one of amplitude, rise time, fall time, peak duration and
pre and post peak slope.

[0026] In some aspects, the computing system can alter
the one or more characteristics.

[0027] In some aspects, the apparatus can include a
graphical alerting system that conveys a change in EAs to a
user.

[0028] In some aspects, a method of automatically
improving signals received from a patient’s physiological
system can include stimulating a peripheral nerve with
electrical pulses; recording resultant electrical waveforms
(EPs) generated by the nervous system though electrodes
placed over the nerve pathway; calculating an ensemble
average waveform (EA) of a subset of the plurality of EPs;
applying a mathematical wavelet transform to the resultant
EA; attenuating noise components from the transformed EA;
and applying an inverse transform to the transformed EA to
generate a denoised EA, among other things.
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[0029] In some aspects, the method can include calculat-
ing a change in the denoised EA relative to a previous
denoised EA; and providing an alert based on the calculated
change.

[0030] In some aspects, the method can include feeding
information to other devices in a surgical environment
thereby allowing these devices to manually or automatically
identify changes between the denoised EA and a previous
denoised EA.

[0031] In some aspects, the method can include feeding
information to other devices in a surgical environment
thereby allowing these devices to manually or automatically
ameliorate or mitigate the physiological changes and
improve subsequently acquired EP waveforms.

[0032] In some aspects, the method can include obtaining
information from an anesthesia or blood pressure machine;
and determining when changes in EP waveforms are due to
anesthesia or blood pressure changes.

[0033] Insome aspects, the method can include processing
EAs sequentially looking for one or more characteristics.
[0034] In some aspects, the method can include processing
EAs sequentially looking a change in one or more charac-
teristics.

[0035] In some aspects, the characteristics comprise at
least one of amplitude, rise time, fall time, peak duration and
pre and post peak slope.

[0036] In some aspects, the method can include altering
the one or more characteristics.

[0037] Insome aspects, the method can include conveying
a change in EAs to a user.

[0038] In some aspects, electrodes are placed at the neck
or head.
[0039] In some aspects, a method of automatically

improving signals received from a patient’s physiological
system can include delivering stimulation signals to a nerve
pathway of a patient with electrical pulses via electrodes
placed over the nerve pathway to generate a plurality of
resultant electrical waveforms (EPs) based on a plurality of
electrophysiological responses (ERs); recording the plural-
ity of resultant EPs; generating an ensemble average wave-
form (EA), the generating comprising averaging a subset of
the plurality of ERs; and denoising the EA, the denoising
comprising applying a wavelet transform to the EA.
[0040] In some aspects, an automated evoked potential
analysis system for improved monitoring, detecting and
identifying changes to a patient’s physiological system can
include an input device, at least one processor, and at least
one memory. The input device can obtain electrical potential
data from the patient’s physiological system after applica-
tion of stimulation to a patient’s nerve pathway. The at least
one memory can store instructions which, when executed by
the at least one data processor, result in operations compris-
ing: causing stimulation of a nerve pathway of a patient with
electrical pulses via electrodes placed over the nerve path-
way to generate a plurality of resultant electrical waveforms
(EPs) based on a plurality of electrophysiological responses
(ERs); recording the plurality of resultant EPs; generating an
ensemble average waveform (EA), the generating compris-
ing averaging a subset of the plurality of ERs; and denoising
the EA, the denoising comprising applying a wavelet trans-
form to the EA.

[0041] Further features and advantages of the current
subject matter, as well as the structure and operation of
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various embodiments of the invention, are described in
detail below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The foregoing and other features and advantages of
the invention will be apparent from the following, more
particular description of a preferred embodiment of the
invention, as illustrated in the accompanying drawings.
[0043] FIG. 1 illustrates a typical method of evoked poten-
tial waveform (EP) acquisition and display.

[0044] FIG. 2A illustrates a comparison of an ensemble
average with and without application of a filtering technique
according to implementations of the current subject matter.
[0045] FIG. 2B illustrates an example method of improv-
ing signals according to implementations of the current
suibject matter.

[0046] FIG. 3 illustrates a sliding window method of EP
acquisition, display, and alerting, according to implementa-
tions of the current subject matter.

[0047] FIG. 4 is a block diagram of a model EP analysis
apparatus according to implementations of the current sub-
ject matter.

DETAILED DESCRIPTION

[0048] Various exemplary embodiments of the invention
including preferred embodiments are discussed in detail
below. While specific exemplary embodiments are dis-
cussed, it should be understood that this is done for illus-
tration purposes only. A person skilled in the relevant art will
recognize that other components and configurations can be
used without parting from the spirit and scope of the
invention.

[0049] FIG. 1. illustrates a typical method in which EPs
are acquired and displayed. Using this method, a series of
stimulations are applied and the resultant individual wave-
forms are displayed either as each is acquired, or as an
evolving average of the ongoing average until a final
ensemble average is acquired and displayed on which to
base clinical interpretation. If the user is satisfied with the
average they may set that average as the “baseline’ to which
all others are compared, or repeat it to confirm the presence
and morphology of the waveform of interest. The whole
process can then be repeated with the next series of stimu-
lations. Comparison of that series is then made to the
preceding one that is chosen to be the baseline.

[0050] Since as few as five or six noisy individual wave-
forms that escape filtering can cause the waveform mor-
phology, amplitude, and latency to widely vary, applying
this method in an electrically noisy environment may lead to
erroneous alerting of potential, imminent injury if an auto-
mated alerting system is used. This generally requires expert
interpretation of the individual waveforms that takes into
account the clinical situation, expected waveform and gen-
eral trend in the waveform pattern over time. In some
situations, placing electrodes on the patient can cause a
significant amount of noise. This can cause the recorded
amplitudes to be larger or smaller. Such situations can
significantly alter the averaged waveform. In some typical
methods, such as described herein and/or as shown in FIG.
1, if signals are measured, such as in a high noise environ-
ment, the signal may be significantly distorted. In such
typical situations, it can be difficult to differentiate between
false positives and/or negatives. Noise can add a significant
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amount of variance in measured amplitude and/or latency.
Certain portions of the body may make it more difficult to
determine whether a change is due to noise or otherwise
without examples of the post-processing techniques
described herein. Typical systems can make it difficult to
automate alerting when a change is determined due to noise
or otherwise and/or differentiate from a false positive and/or
negative. As described herein, implementations according to
the current subject matter can help to reduce noise, such as
by using post-processing techniques to minimize and/or
eliminate noise in the averaged signal. Such noise may be
minimized and/or eliminated. reducing and/or eliminating
false positives and/or false negatives determined by the
system.

[0051] An embodiment of the present invention relates to
the computer signal processing and algorithms for attenu-
ating or removing confounding artifact or similar noise, and
feed the resultant signal to an automated alerting algorithm
to improve recognition of changes in the underlying signals.
This system may substitute for the expert analysis typically
provided by the technologist and physician. The computer
algorithm running in software installed on an EP machine
may be used in any surgery or situation where a patient is at
risk, in order to detect, alert, and ameliorate positioning
effect, or any nerve injury or abnormality.

[0052] FIG. 2A illustrates a comparison between a soma-
tosensory evoked response ensemble average signal
obtained with typical filtering techniques and a somatosen-
sory evoked response ensemble average signal obtained with
a denoising filter as described herein. As shown in at least
FIG. 2A, the denoised signal is smoother and has reduced
extraneous peaks, while still maintaining the overall mor-
phology of the signal. The denoised signal provides better
reliability of the signal and the generation of an alert
resulting therefrom.

[0053] FIG. 2B illustrates an example method 100 for
automatically improving signals received from a patient’s
physiological system according to implementations of the
current subject matter.

[0054] At step 102, the system can (e.g., automatically)
cause stimulation of a nerve pathway of the patient with
electrical pulses via electrodes placed over the nerve path-
way. The stimulation can generate a plurality of resultant
EPs from a plurality of electrophysiological responses
(ERs). The plurality of resultant EPs can be recorded, for
example automatically recorded, by the system at step 104.
[0055] At step 106, the system can (e.g., automatically)
generate an ensemble average waveform (EA). The EA can
be generated using at least a subset of the plurality of ERs.
The EA waveform can be determined and/or otherwise
calculated using methods described herein. For example, in
some implementations, the EA can be automatically calcu-
lated from ERs using one or more averaging techniques and
rejection classifiers.

[0056] At step 108, the EA can be automatically denoised.
In some implementations, the denoising method can include
applying (e.g., automatically applying) at least one wavelet
transform, such as a mathematical wavelet transform, to the
EA. As explained below, in some implementations, noise
components can be attenuated from the transformed EA
and/or an invenrse transform can be applied to the trans-
formed FEA to generate a denoised EA.

[0057] In some implementations, the wavelet transform
can include a discrete wavelet transform (DWT) and/or an
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inverse discrete wavelet transform (IDWT), among others.
Assuming a finite length signal with a length equal to some
power of 2, the transform can be computed using Mallat’s
algorithm.

[0058] Before and/or after the wavelet transform is applied
to the EA, the EA can be decomposed, such as by automatic
decomposition. For example, the system can decompose the
signal in a hierarchical fashion, such as by using a series of
filter banks, chosen to divide the signal power spectrum
consecutively using several levels of low-pass (LP) and/or
high-pass (HP) filter pairs. In some examples, each LP and
HP filter pair divides the power spectrum in half. At the
output of each filter, the signal can be decimated by a factor
of 2, according to the Nyquist Criterion. In some implemen-
tations, the LP and HP filters can be applied to the signal in
at least one iteration. For example, the initial EA can be
decomposed by a pair of LP and HP filters to generate two
signal bands. Each resultant signal band can then be decom-
posed further by a second pair of LP and HP filters to
generate two signal bands for each of the signal bands. Such
decomposition can result in four signal bands, etc. The
hierarchical decomposition can be iterated at least five or six
times. In some implementations, the hierarchical decompo-
sition can be iterated for less than 10 times. The hierarchical
decomposition can allow the filtering of high-frequency
noise, for example. Such configurations can help to desir-
ably focus on low-frequency signals. This can help to
produce more accurate waveforms and/or measurements.

[0059] In some implementations, the filter coeflicients of
the LP and HP filters can derived from the mother wavelet.
The LP coeflicients are denoted as the approximation coef-
ficients and the HP coeflicients are called the detail coeffi-
cients. By assuming that the recorded, and/or EA can be
represented as a series of noise-less samples, contaminated
by noise: y_(i=f{t_i)+)n_i where ni is N(0, o), and f{ti) are
the noiseless samples.

[0060] By the orthogonal property of the mother wavelet,
the wavelet coeflicients can translate into wavelet coeffi-
cients also contaminated with white noise. The coefficients
of the DWT may be sparse, such that a threshold can be
applied to the coeflicients to de-noise the signal. Applying a
threshold to the coefficients performs the de-noising; if the
threshold is not met, the coefficients are set to zero. The
time-domain signal can then recovered by applying the
IDWT.

[0061] In some implementations, the denocised EA can be
compared, such as automatically compared, to a threshold
EA, such as at step 110. The threshold EA can be the
previously denoised FA and/or any selected previously
denoised EA, and/or other EA. By comparing the denoised
EA to the threshold EA, the system can determine whether
any changes have occurred in the denoised EA relative to the
threshold EA.

[0062] At step 112, the system can indicate (e.g., auto-
matically) an alert when a change is determined between the
denoised EA and the threshold EA. In some implementa-
tions, one or more of the denoised EAs are fed to an alerting
process. The alerting process can calculate changes in one or
more of amplitude, latency or morphology, among other
characteristics of the waveform. In some implementations,
the method may display the denoised EAs, EPs, and/or ERs,
and/or use the denoised EAs, EPs, and/or ERs, for calcula-
tion in thealerting process.
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[0063] According to implementations of the current sub-
ject matter, various thresholds may be used to optimize the
de-noising calculation. In some implementations, various
known or constructed mother wavelets may be used in the
de-noising calculation and calculation may be taken to 1 or
more levels of decomposition. In an exemplary embodiment
of the present invention scaling of the source EAs may be
undertaken to optimize the results of the de-noising calcu-
lation.

[0064] FIG. 3 illustrates an exemplary depiction of a
sliding window of analysis and alerting using metadata from
automatically calculated alerts that takes into consideration
variation in noise and automatically looks back at the trend
of the waveform over time, according to the present inven-
tion. This sliding window analysis and alerting process may
be used in addition to, in conjunction with, before, or after
the application of the method of improving signals and/or
filtering described above. Examples of the sliding window
analysis and alerting process is described in International
Patent Application No. PCT/US2016/0030605 (published as
International Publication W0O2016/179191), filed May 3,
2016, entitled “SYSTEM, METHOD, AND COMPUTER
ALGORITHM FOR MEASURING, DISPLAYING, AND
ACCURATELY DETECTING CHANGES IN ELECTRO-
PHYSIOLOGICAL EVOKED POTENTIALS,” which is
incorporated by reference herein in its entirety.

[0065] Referring to FIG. 4, according to some implemen-
tations of the current subject matter, the EP analysis
described above is implemented with an EP analysis appa-
ratus 30. The EP analysis apparatus 30 includes hardware
and software for operation and control of the system.
According to some implementations, the EP analysis appa-
ratus 30 includes a computing system 31, an input device 36,
and a graphical alerting system, such as display device 37,
among other componetnts. The computing system comprises
a processing circuit 32 having a processor 33 and memory
34. Processor 33 can be implemented as a general purpose
processor, an application specific integrated circuit (ASIC),
one or more field programmable gate arrays (FPGAs), a
group of processing components, or other suitable electronic
processing components. Memory 34 (e.g., menmory, memory
unit, storage device, etc.) is one or more devices (e.g., RAM,
ROM., Flash-memory, hard disk storage, etc.) for storing
data and/or computer code for completing or facilitating the
various processes described in the present application.
Memory 34 may be or include volatile memory or non-
volatile memory. Memory 34 may include database compo-
nents, object code components, script components, or any
other type of information structure for supporting the vari-
ous activities described in the present application. According
to some implementations, memory 34 is communicably
connected to processor 33 and includes computer code for
executing one or more processes described herein. The
memory 34 may contain a variety of modules, each capable
of storing data and/or computer code related to specific types
of functions.

[0066] Referring still to FIG. 4, the computing system 31
further includes a communication interface 35. The com-
munication interface 35 can be or include wired or wireless
interfaces (e.g., jacks, antennas, transmitters, receivers,
transceivers, wire terminals, etc.) for conducting data com-
munications with external sources via a direct connection or
a network connection (e.g., an Internet connection, a LAN,
WAN. or WLAN connection, etc.).
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What is claimed is:

1. A medical method of automatically improving signals
received from a patient’s physiological system comprising:

delivering stimulation signals to a nerve pathway of a

patient with electrical pulses via electrodes placed over
the nerve pathway to generate a plurality of resultant
electrical waveforms (EPs) based on a plurality of
electrophysiological responses (ERs);

recording the plurality of resultant EPs;

generating an ensemble average waveform (EA), the

generating comprising averaging a subset of the plu-
rality of ERs; and

denoising the EA, the denoising comprising applying a

wavelet transform to the EA.

2. The method of claim 1, wherein the denoising further
comprises:

attenuating noise components from the transformed EA

by decomposing the transformed EA; and

applying an inverse transform to the transformed EA to

generate a denoised EA.

3. The method of claim 1, further comprising comparing
the denoised EA to a threshold EA.

4. The method of claim 3, wherein the threshold EA can
include a previously denoised EA.

5. The method of claim 3, further comprising determining
a change between the denoised EA and the threshold EA.

6. The method of claim 5, further comprising indicating
an alert that a change between the denoised EA and the
threshold EA has occurred.

7. The method of claim 1, further comprising;

calculating a change in the denoised EA relative to a

previously denoised EA; and

providing an alert based on the calculated change.

8. The method of claim 1, further comprising transmitting
information to other devices in a surgical environment
thereby allowing the devices to manually or automatically
identify changes between the denoised EA and a previously
denoised EA.

9. The method of claim 1, further comprising:

obtaining information from an anesthesia or blood pres-

sure machine; and

determining when changes in EPs are due to anesthesia or

blood pressure changes.

10. The method of claim 1, further comprising displaying
the denoised EA on a monitor device.

11. An automated evoked potential analysis system for
improved monitoring, detecting and identifving changes to
a patient’s physiological system, wherein the system com-
prises:

an input device for obtaining electrical potential data from

the patient’s physiological system after application of
stimulation to a patient’s nerve pathway;

at least one processor; and

at least one memory storing instructions which, when

executed by the at least one data processor, result in

operations comprising;

causing stimulation of a nerve pathway of a patient
with electrical pulses via electrodes placed over the
nerve pathway to generate a plurality of resultant
electrical waveforms (EPs) based on a plurality of
electrophysiological responses (ERs);

recording the plurality of resultant EPs;
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generating an ensemble average waveform (EA), the
generating comprising averaging a subset of the
plurality of ERs; and
denoising the EA, the denoising comprising applying a
wavelet transform to the EA.
12. The system of claim 11, wherein the denoising further
comprises:
attenuating noise components from the transformed EA
by decomposing the transformed EA; and
applying an inverse transform to the transformed EA to
generate a denoised EA.
13. The system of claim 11, wherein the operations further
comprises comparing the denoised EA to a threshold EA.
14. The system of claim 13, wherein the threshold EA
includes a previously denoised EA.
15. The system of claim 14, wherein the operations further

comprise determining a change between the denoised EA
and the threshold EA.
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16. The system of claim 13, wherein the operations further
comprise indicating an alert that a change between the
denoised EA and the threshold EA has occurred.

17. The system of claim 11, wherein the operations further
comprise:

calculating a change in the denoised EA relative to a

previously denoised EA; and

providing an alert based on the calculated change.

18. The system of claim 11, wherein the operations further
comprise transmitting information to other devices in a
surgical environment thereby allowing the devices to manu-
ally or automatically identify changes between the denoised
EA and a previously denoised EA.

19. The system of claim 11, wherein the operations further
comprise:

obtaining information from an anesthesia or blood pres-

sure machine; and

determining when changes in EPs are due to anesthesia or

blood pressure changes.
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