US 20150012222A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0012222 Al

Warner et al,

(43) Pub, Date: Jan, 8, 2015

(54)

(1)

(72)

(73)

1)
(22)

METHOD AND SYSTEM FOR ANALYZING
NOISE IN AN ELECTROPHYSIOLOGY
STUDY

Applicant: General Electric Company,
Schenectady, NY (US)

Inventors: Adrian F. Warner, Wauwatosa, WI
(US); Claudio P. Mejia, Wauwatosa, W1
(US); Daniel R. Schneidewend,
Wauwatosa, WI (US); Timothy P.
Stiemke, Wauwatosa, W1 (US); Payam
Karbassi, Wauwatosa, WI (US)

Assignee: GENERAL ELECTRIC COMPANY,
Schenectady, NY (US)

Appl. No.: 13/934,723

Filed: Jul. 3, 2013

104

Publication Classification

(51) Int.CL
AGIB 5/00 (2006.01)
GO1J 3/28 (2006.01)
AGIB 5/04 (2006.01)
(52) US.CL
CPC ....... AGIB 5/7203 (2013.01): A61B 5/04012
(2013.01); GO1J 3/28 (2013.01); GOLJ
2003/2859 (2013.01)
USPC oo 702/19
(57) ABSTRACT

A method for analyzing noise in an electronic signal moni-
toring study includes selecting a study signal for analysis,
removing a study subject’s physiological signal from the
study signal, and performing a quantitative analysis on the
study signal. A fingerprint of any noise present in the study
signal is then created.
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METHOD AND SYSTEM FOR ANALYZING
NOISE IN AN ELECTROPHYSIOLOGY

STUDY
BACKGROUND
[0001] 1. Technical Field
[0002] Embodiments of the invention relate generally to

electronic signal monitoring and more specifically to meth-
ods for analyzing noise in an electrophysiology study.

[0003] 2. Discussion of Art

[0004] Electrocardiography (ECG) studies record the elec-
trical activity and pathways of'a heart to identify, measure and
diagnose arrhythmias. To accomplish this, ECGs utilize elec-
trodes that are combined into pairs, the output of which are
referred to as a lead. ECG leads are used in electrophysiology
(EP) studies, which assess electrical activity through the use
of catheters placed in the heart through veins or arteries. More
specifically, surface ECG leads attached to the patient are
used as the reference for the intra cardiac signals from the
catheters. That is, they apply a voltage reference to the patient
for measurement by other leads.

[0005] In the electrophysiology context, ECG and intra
cardiac leads may encounter line frequency noise, magnetic
noise and/or noise from muscle tremor. Study noise may
result from the use of wireless electrical devices, ablation
equipment, the attachment of multiple medical devices to a
subject, ungrounded electrical extension cords, electrical
sockets, high-energy consumption equipment, and the like. In
addition, the leads have to measure relatively small electrical
signals from the patient, less than 20 uV in someinstances. As
will be appreciated, given the above considerations, achiev-
ing acceptable study recordings may be challenging and
eliminating/reducing study noise is an important consider-
ation.

[0006] Inview oftheabove, it is desirable to accurately and
efficiently identify sources of noise, and quantify the effects
of noise, in electronic signal monitoring studies such as EP
studies and the like, so that the sources may be removed.

BRIEF DESCRIPTION

[0007] Inanembodiment. a method for analyzing noise in
an electronic signal monitoring study includes selecting a
study signal for analysis, removing a study subject’s physi-
ological signal from the study signal, and performing a quan-
titative analysis on the study signal. A fingerprint of any noise
present in the study signal is then created.

[0008] Inan embodiment. a method for analyzing noise in
an electrophysiology study includes selecting a study signal
for analysis, removing a study subject’s cardiac signal from
the study signal, performing a power spectral density analysis
on thestudy signal. A fingerprint creating of any noise present
in the study signal is then created.

[0009] Inanembodiment, system for analyzing noise in an
electronic signal monitoring study includes a controller and a
user interface operatively connected to the controller. The
controller contains a set of instructions that it can execute to
receive an electronic signal from a study subject, remove the
subject’s physiological signal from the signal, perform a
quantitative analysis on the signal and create a noise finger-
print.
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DRAWINGS

[0010] The present invention will be better understood
from reading the following description of non-limiting
embodiments, with reference to the attached drawings,
wherein below:

[0011] FIG. 1 is a flowchart depicting a method of analyz-
ing noise in accordance with an embodiment of the present
invention.

[0012] FIG. 2 is a flowchart depicting a method of analyz-
ing power spectral density peaks to create a signal fingerprint,
according to an embodiment of the invention.

[0013] FIG. 3 is a chart depicting computation of a regu-
larity index as part of the method of FIG. 2.

[0014] FIG. 4 is a chart depicting computation of an orga-
nizational index as part of the method of FIG. 2.

[0015] FIG. 5 is a chart depicting an ECG signal that
includes a cardiac component as well as noise that may be
analyzed according to an embodiment of the present inven-
tion.

[0016] FIG. 6 is a chart depicting the signal of FIG. 5 with
the cardiac component removed leaving the noise to be ana-
lyzed.

[0017] FIG. 7isachart depicting a spectral density analysis
of the signal of FIG. 6 in accordance with an embodiment of
the invention.

DETAILED DESCRIPTION

[0018] Reference will be made below in detail to exemplary
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference characters used throughout the drawings refer
to the same or like parts. Although embodiments of the
present invention are described as intended for use with elec-
trocardiograph systems, it will be appreciated that embodi-
ments may be adapted for use with other electronic signal
monitoring systems that encounter noise, wander, and/or
other performance affecting phenomena. These may include,
but are not limited to, electro encephalogram, electroneuro-
gram, and electromyogram systems.

[0019] Moreover, embodiments of the system can be used
with various ECG signal acquisition applications such as
BCG monitoring in an EP study, stress test ECG, resting
ECG, exercise ECG, patient monitoring, defibrillators, etc.
involving, sensitive electrical signal recording and process-
ing. Types of noise may include, but are not limited to, noise
resulting from muscle tremor, line frequency, and/or mag-
netic noise, among other sources. Such noise may result from
the use of ablation equipment, the attachment of multiple
medical devices to a subject, ungrounded electrical extension
cords, electrical sockets, high-energy consumption equip-
ment, and the like. Embodiments of the inventive system are
intended for use in testing subjects, which, as will be appre-
ciated, may be animals or humans.

[0020] Referring now to FIG. 1, an embodiment of the
inventive method is graphically depicted. As shown, the
method 2 includes an initial step 10 in which a signal to be
analyzed is selected or identified. The signal may be greater
than a predetermined duration threshold duration, such as 1
second. The signal may be a surface ECG signal, an intra
cardiac signal or a pressure signal. In other embodiments,
signals from various other electronic signal monitoring sys-
tems, e.g., an electroneurogram or electromyogram, may be
identified for analysis.
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[0021] In embodiments, the signal to be analyzed is iden-
tified or selected in real time or near real time, i.e., directly
from the signal acquisition system computer during the study.
In other embodiments, the signal may be selected from study
data that has been prerecorded and stored in a storage device
such as a solid-state drive. If the data is prerecorded, embodi-
ments of the invention can be used to provide a retrospective
signal noise analysis.

[0022] After the signal has been identified, the cardiac com-
ponent of the signal is removed at step 20. That is, the study
subject’s own physiological signal is removed so that only
noise, if present, remains. In an embodiment, R-wave ampli-
tude from the QRS complex is first detected using a peak
detector. A region of interest from between R-waves is then
selected. The region of interest being a baseline quiescent
period having none of the subject’s physiological electrical
impulses. Data in the region of interest is then sampled for
further analysis.

[0023] At step 30, a quantitative analysis is performed on
the sampled signal data. In an embodiment, spectral analysis
is performed on the data. In particular, a power spectral den-
sity analysis calculated through the use of, for example, a
Welch method. The power spectra density may then be
smoothed using a moving average. In other embodiments, a
power spectral density analysis may be accomplished
through other Fourier transform based methods, such as a
periodogram or multitaper method. In yet other embodi-
ments, instead of a power spectral density analysis. a mean
square spectrum, or time-frequency signal representation
using a spectrogram function may be used.

[0024] Once the quantitative analysis has been performed,
asignal fingerprint is created (step 32). As used herein, signal
“fingerprint” refers to any electromagnetic signal character-
istic or characteristics that allow for the potential identifica-
tion of a source or class of sources capable of producing that
signal. In an embodiment, the signal fingerprint is the power
spectra peaks produced as a result of a power spectral density
analysis. Other fingerprint types may include, but are not
limited to, the degree of noise and the time the noise occurred,
noise frequency, standard deviation of noise frequencies,
amplitude, etc.

[0025] Continuing to refer to FIG. 1, after the signal finger-
print has been obtained, the fingerprint is compared to a
database of reference signal fingerprints, e.g., spectra peaks,
etc., at step 40. The reference signal fingerprints represent
sources of signal noise, or other defining or identifying char-
acteristics of signal noise. For example, there may be a ref-
erence signal fingerprint for noise resulting from muscle
tremor, line frequency, and/or magnetic noise, among other
sources. Accordingly, at step 50, the signal noise is identified
based on the signal fingerprint comparison.

[0026] The fingerprint comparison may be accomplished
by, for example, comparing the signal fingerprint with the
reference fingerprint and producing a parameter which quan-
tifies the degree of similarity or dissimilarity between the two.
In embodiments, the parameter may be a correlation coeffi-
cient.

[0027] Referring now to FIG. 2, a method of creating a
signal fingerprint according to an embodiment is shown. In
particular, a dominant frequency analysis may be utilized to
create a spectral peak fingerprint. The first step, step 60, in the
dominant frequency analysis is to identify the peak, which
involves searching for the highest spectra density peak within
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arange, such as, for example, between 3 and 30 Hz. The range
selected should be broad enough to capture all possible types/
sources of noise.

[0028] At step 70, the identified peaks are qualified. In an
embodiment, qualification involves assessing whether the
peak meets certain criteria, e.g., whether the power density
value of the half-bandwidth of the peak is less than or equal to
the half-height of the peak value. If the peak is not qualified,
adominant frequency (DF) is not found and the DF, Ol and RI
are set to =1, 0 and O, respectively (step 80). If qualified,
regularity and organization indices are calculated at steps 100
and 110.

[0029] As depicted in FIGS. 3 and 4, the R1 s defined as the
spectra power within a band, here 0.75 Hz, around the maxi-
mum spectra peak 140 divided by the spectra peak between
the peak range selected for analysis, e.g., RI=Power of Max-
Peak/Overall power 23 to 30 Hz (132). The Ol is defined as
the spectrapower withina 0.75 Hz band around the maximum
spectra peak 160 and its harmonics divided by the spectra
peak range selected for analysis, e.g., OI=(Power of Maxi-
mum Peak+1* Harmonic+2"¢ Harmonic)/Overall power 3
to 30 Hz (150).

[0030] At step 120, an evaluation is made as to whether the
RI and OI are greater than predetermined values a and b,
respectively. If they are, then the peak frequency is the domi-
nant frequency. If not, then the DF, Ol and RI are again set to
-1,0 and 0. In an embodiment, a is 0.2 and b is 0.25 though
other values may be used as where appropriate. The resulting
peak dominant frequencies of the signal noise then become
the noise fingerprint.

[0031] Although dominant frequency peak analysis is
described in connection with creating a signal fingerprint, it
will be appreciated that many other signal fingerprints may be
utilized, and that the invention is not limited to any specific
type of signal fingerprint.

[0032] Referring now to FIGS. 5-7, the creation of a signal
fingerprint according to an embodiment is depicted. In FIG. 5
a subject’s signal is depicted. The signal includes the sub-
ject’s physiological signal, i.e., the cardiac component which
includes the QRS complex with two R-waves 170. Once the
R-wave amplitude from is detected using, for example, a peak
detector, the region, or regions, of interest 172 from between
R-waves is then selected. As stated, the region of interest 172
is a baseline quiescent period having none of the subject’s
physiological electrical impulses.

[0033] Once the cardiac component is removed, all that
remains in the signal is noise 182 (FIG. 6). A fingerprint of the
noise 182 may then be created via a quantitative analysis,
using, for example, power spectra density and dominant fre-
quency analyses, or other methods.

[0034] FIG. 7 depicts the results of a quantitative analysis,
here a power spectral density analysis 190, on the noise 182
from FIG. 6. As shown, multiple peaks 200 are present.
Dominant frequency analysis may then be performed on the
depicted peaks 200.

[0035] It is anticipated that once the source of the noise is
identified via a comparison of the fingerprint to the reference
fingerprints, that the source will be eliminated. This is in
contrast to using filters to eliminate noise from the signal.
That said, in certain embodiments, methods of the present
invention may be used in connection with or in addition to
filters. In certain embodiments, the effects of the noise on the
signal may be reduced or mitigated through the use of filters
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such as Butterworth filters, or through the use of specific
noise-reducing circuit topologies.

[0036] A system to execute methods of the present inven-
tion may, in certain embodiments, be operatively connected
to the electronic signal monitoring system, e.g., an electro-
physiology system. In such embodiments, the system may
include a controller that receives the study subject’s signal,
and a user interface, such as a computer monitor and key-
board, touch screen, or other human computer interface.
[0037] The controller includes a processor that executes a
program of instructions to identify the signal, remove the
cardiac component, perform a quantitative analysis on the
signal, compare the signal to reference signals, and identify
the source of noise based on the comparison. The controller
may also include, or otherwise be connected to, memory
storage, such as a solid-state drive. The memory storage con-
tains the program of instructions to execute embodiments of
the invention and may also include the reference fingerprint
database.

[0038] In certain embodiments, the memory storage may
be external to the controller and may be wirelessly connected
to the controller. In certain embodiments, the controller may
be user programmable to select, for example, the type of
quantitative analysis to be performed and/or the data used for
the fingerprint. In embodiments, there may be a separate
database for the reference fingerprints.

[0039] The data from prior studies may be collected and
analyzed via a MATLAB® signal processing program. In
these embodiments, the data may be stored on a flash drive or
the like, or may be transferred wirelessly for further analysis.
As will be appreciated, the signal data collected may be
analyzed in real time, near real time or retrospectively,
depending upon the embodiment.

[0040] Inan embodiment, a method for analyzing noise in
an electronic signal monitoring study includes selecting a
study signal for analysis, removing a study subject’s cardiac
signal from the study signal, performing a quantitative analy-
sis on the study signal and creating a signal fingerprint of any
noise present in the study signal. The method further includes
comparing the fingerprint to one or more reference noise
fingerprints to determine a source of the noise based on the
fingerprint comparison. In certain embodiments the noise is
then eliminated or reduced. The quantitative analysis may be
aspectral analysis and may be a power spectral density analy-
sis. The signal fingerprint includes spectra peaks resulting
from the quantitative analysis and a dominant frequency
analysis may be conducted on the spectral peaks to create the
fingerprint.

[0041] A method for analyzing noise in an electrophysiol-
ogy study includes selecting a study signal for analysis,
removing a study subject’s cardiac signal from the study
signal, performing a power spectral density analysis on the
study signal; and creating a signal fingerprint of any noise
present in the study signal. The method also includes com-
paring the fingerprint to one or more reference noise finger-
prints and determining a source of the noise based on the
fingerprint comparison. The source of noise may then be
eliminated or the effects of the noise may be reduced. The
signal fingerprint includes spectral peaks resulting from the
power spectral density analysis and a dominant frequency
analysis has been conducted on the spectral peaks to create
the fingerprint.

[0042] In an embodiment, a system for analyzing noise in
an electronic signal monitoring study includes a controller
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and a user interface operatively connected to the controller.
The controller contains a set of instructions that it can execute
to receive a signal from a study subject, remove the subject’s
physiological signal from the signal, perform a quantitative
analysis on the signal and create a noise fingerprint. The
system also includes a database operatively connected to the
controller and user interface, the database containing one or
more reference fingerprint spectra. The controller further
contains instructions enabling it to compare the signal finger-
prints with the reference fingerprints to identify a source of
the noise.

[0043] In embodiments, the controller is programmable
such that a user may select quantitative analysis from among
a plurality of quantitative analyses and/or a type of noise
fingerprint from among a plurality of fingerprint types.

[0044] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the invention without
departing from its scope. While the dimensions and types of
materials described herein are intended to define the param-
eters of the invention, they are by no means limiting and are
exemplary embodiments. Many other embodiments will be
apparent to those of skill in the art upon reviewing the above
description. The scope of the invention should, therefore, be
determined with reference to the appended claims, along with
the full scope of equivalents to which such claims are entitled.
In the appended claims, the terms “including” and “in which”
are used as the plain-English equivalents of the respective
terms “comprising” and “wherein.” Moreover, in the follow-
ing claims, terms such as “first,” “second,” “third,” “upper,”
“lower,” “bottom,” “top,” etc. are used merely as labels, and
are not intended to impose numerical or positional require-
ments on their objects. Further, the limitations of the follow-
ing claims are not written in means-plus-function format and
are not intended to be interpreted based on 35 U.S.C. §122,
sixth paragraph, unless and until such claim limitations
expressly use the phrase “means for” followed by a statement
of function void of further structure.

[0045] This written description uses examples to disclose
several embodiments of the invention, including the best
mode, and also to enable one of ordinary skill in the art to
practice the embodiments of invention, including making and
using any devices or systems and performing any incorpo-
rated methods. The patentable scope of the invention is
defined by the claims, and may include other examples that
occur to one of ordinary skill in the art. Such other examples
are intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of the claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.

[0046] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, refer-
ences to “one embodiment” of the present invention are not
intended to be interpreted as excluding the existence of addi-
tional embodiments that also incorporate the recited features.
Moreover, unless explicitly stated to the contrary, embodi-
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plurality of elements having a particular property may
include additional such elements not having that property.
[0047] Since certain changes may be made in the above-
described invention, without departing from the spirit and
scopeof the invention herein involved, it is intended that all of
the subject matter of the above description or shown in the
accompanying drawings shall be interpreted merely as
examples illustrating the inventive concept herein and shall
not be construed as limiting the invention.

What is claimed is:

1. A method for analyzing noise in an electronic signal
monitoring study comprising:

selecting a study signal for analysis;

removing a study subject’s cardiac signal from the study

signal,

performing a quantitative analysis on the study signal; and

creating a signal fingerprint of any noise present in the

study signal.

2. The method of claim 1 further comprising:

comparing the fingerprint to one or more reference noise

fingerprints; and

determining a source of the noise based on the fingerprint

comparison.

3. The method of claim 1 further comprising:

eliminating the source of noise.

4. The method of claim 1 further comprising:

reducing the effects of the noise.

5. The method of claim 1 further comprising:

storing the fingerprint in a database for future use as a

reference fingerprint.

6. The method of claim 1 wherein the quantitative analysis
is a spectral analysis.

7. The method of claim 6 wherein the spectral analysis is a
power spectral density analysis.

8. The method of claim 1 wherein the electronic signal
monitoring study is an electocardiography study.

9. The method of claim 1 wherein the signal fingerprint
comprises spectra peaks resulting from the quantitative
analysis.

10. The method of claim 9 wherein a dominant frequency
analysis has been conducted on the spectral peaks to create
the fingerprint.

11. A method for analyzing noise in an electrophysiology
study comprising:
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selecting a study signal for analysis;

removing a study subject’s cardiac signal from the study

signal,

performing a power spectral density analysis on the study

signal; and

creating a signal fingerprint of any noise present in the

study signal.

12. The method of claim 11 further comprising:

comparing the fingerprint to one or more reference noise

fingerprints; and

determining a source of the noise based on the fingerprint

comparison.

13. The method of claim 12 further comprising:

eliminating the source of noise.

14. The method of claim 12 further comprising:

reducing the effects of the noise.

15. The method of claim 14 wherein the signal fingerprint
comprises spectral peaks resulting from the power spectral
density analysis.

16. The method of claim 15 wherein a dominant frequency
analysis has been conducted on the spectral peaks to create
the fingerprint.

17. A system for analyzing noise in an electronic signal
monitoring study comprises:

a controller;

auserinterface operatively connected to the controller; and

wherein the controller contains a set of instructions that it

can execute to receive a signal from a study subject,
remove the subject’s physiological signal from the sig-
nal, perform a quantitative analysis on the signal and
create a noise fingerprint.

18. The system of claim 17 further comprising:

a database operatively connected to the controller and user

interface; and

wherein the database contains one or more reference fin-

gerprint spectra.

19. The system of claim 18 wherein the controller further
contains instructions enabling it to compare the signal finger-
prints with the reference fingerprints to identify a source of
the noise.

20. The system of claim 17 wherein the controller is pro-
grammable such that a user may select quantitative analysis
from among a plurality of quantitative analyses.

21. The system of claim 17 wherein the controller is pro-
grammable such that a user may select a type of noise finget-
print from among a plurality of fingerprint types.

L S S T



TRBI(E)

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

HAT R E (TR AGE)

patsnap

AT oHeEEE2MRPHNREN T ENMRLE

US20150012222A1 NIF(nE)B 2015-01-08
US13/934723 RiEH 2013-07-03
BRBRSXTH
BABRSANTH
BRBESWNH

[#R1 &% BB A WARNER ADRIAN F
MEJIA CLAUDIO P
SCHNEIDEWEND DANIEL R
STIEMKE TIMOTHY P
KARBASSI PAYAM
KBAA WARNER, ADRIAN F.
MEJIA, CLAUDIO P.
SCHNEIDEWEND, DANIEL R.
STIEMKE, TIMOTHY P.
KARBASSI, PAYAM
IPCHEE A61B5/00 G01J3/28 A61B5/04
CPCH %5 A61B5/7203 G01J2003/2859 G01J3/28 A61B5/04012 GO1N33/66 G16B30/00 G16B40/00
H T 3Rk US10172563
SNERaE Espacenet USPTO
BE(%) 105 _
R s . L2 [1dentify Signall]
ATA e FESENHRINEFN S EZBFERAToNNHRE \ 20
5 MNHEREEHERAENRNERES , UENHRESHITEE Remove Cardiac
2. AECERRESHFENTMESIEL. ﬁgm%ﬁ;gﬁg}
30~ v
Perform

Quantitative
Analysis on Signal

32~ v

Create Signal
Fingerprint

40

Compare to
Reference Database

50—

Identify Noise Based
on omiparison



https://share-analytics.zhihuiya.com/view/941ff625-3814-4bf4-bcfc-079def9e2eea
https://worldwide.espacenet.com/patent/search/family/052133379/publication/US2015012222A1?q=US2015012222A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150012222%22.PGNR.&OS=DN/20150012222&RS=DN/20150012222

