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USING ELECTRODES TO OBTAIN FIRST SIGNALS OVER TIME RELATING TO 100
MYOELECTRICAL ACTIVITY OF CONTRACTILE, HOLLOW INTERNAL BODILY ORGAN OF APATIENT

PROVIDING ARESPIRATION SENSOR TO OBTAIN, SIMULTANEOUSLY WITH THE 110
FIRST SIGNALS, SECOND SIGNALS RELATING TO RESPIRATION OF THE PATIENT

ESTABLISHING AN INITIAL PARAMETER RANGE OF THE ' | ~111
FIRST AND SECOND SIGNALS OVER APERIOD OF TIME

DETERMINING, VIA APROCESSOR, MINUTES WHEN ARTIFACT OCCURS IN BOTH THE 112
FIRST AND SECOND SIGNALS BASED ON THE INITIAL PARAMETER RANGE

DETERMINING WHETHER THERE ARE ARTIFACT FREE MINUTES |_~114
OF THE FIRST AND SECOND SIGNALS

CHANGING A CONDITION OF THE PATIENT AFTER DETERMINING |_~116
THAT THERE ARE SUFFICIENT ARTIFACT FREE MINUTES

RECORDING, IN MEMORY, THE FIRST AND SECOND SIGNALS SIMULTANEQUSLY 118
FOR APERIOD OF TIME AFTER CHANGING THE CONDITION OF THE PATIENT

DETERMINING, VIA A PROCESSOR, WHETHER ARTIFACT OCCURS IN THE RECORDED FIRSTAND | ~120
SECOND SIGNALS BASED ON A COMPARISON WITH THE INITIAL PARAMETER RANGE

SELECTING ARTIFACT FREE MINUTES OF THE RECORDED FIRST AND 122
SECOND SIGNALS FOR ANALYSIS

ANALYZING, VIA THE COMPUTER, THE SELECTED MINUTES TO |_—124
AUTOMATICALLY DETERMINE A CONDITION OF THE ORGAN

FIG. 3
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INTELLIGENT SELF-INTERPRETING
ELECTROVISCEROGRAM SYSTEM AND
METHOD

This application is based on U.S. Provisional Application
No. 60/550,333, filed on Mar. 8, 2004, claims the benefit
thereof for priority purposes, and is incorporated herein by
reference for all purposes.

FIELD OF THE INVENTION

The invention relates to a system and method for detect-
ing myoelectrical activity of intrabdominal (gastrointestinal)
organs, identifying artifact, selecting ideal signal for inter-
pretation, and providing computer analysis and interpreta-
tion of the signal.

BACKGROUND OF THE INVENTION

Nausea, bloating, post-prandial fullness, early satiety,
increased eructus, bowel irregularity, abdominal pain, and
vomiting are symptoms that may be characteristic of a
number of different diseases, which affect the stomach and
upper or lower gastrointestinal tract. The symptoms may be
mild, or may develop into chronic, severe, or even debili-
tating conditions, which adversely affect the physical and/or
mental well being of an individual. The gastroenterologist,
internist, or family physician that is evaluating the patient
with these symptoms has many difference diseases to con-
sider. The patients may become difficult to manage, espe-
cially when standard tests such as barium studies, ultra-
sound, CAT scan, MR, and endoscopy are normal, and trials
of empiric therapy fail.

Electrogastrograms (EGG) have been employed in the
past to diagnose stomach disorders. These devices have been
able to collect myoelectrical impulses, and accurately iden-
tify spurious signals, which have allowed manual interpre-
tation of signals to assist in the diagnosis of gastrointestinal
motility disorders. Current devices have been successful in
filtering out spurious signals such as electrocardiographic
electrical activity. However, some artifactual signals, such as
respiratory signals, occur in frequency ranges of interest.
Typically the interpretation of these signals requires manual
interpretation and considerable expertise to insure accuracy
and uniformity of diagnosis and accuracy of potential treat-
ment. Even once artifact has been excluded, signal interpre-
tation if often variable and based upon the expertise or lack
thereof of the end user. Other factors such as the proper
functioning of the device and acquisition of the myoelectri-
cal signal may lead to erroneous signal recording and
inaccurate subsequent interpretation and diagnosis. Even
when signal is accurately acquired, and artifact is eliminated
or recognized, experiential factors lead to variability in
interpretation and diagnosis.

Recent research conducted with the standard electrogas-
trogram (EGG), has resulted in the ability to distinguish
unique patterns to better diagnose various specific gastric
motility disorders, including: 1) gastroesophageal reflux
disease, 2) gastric outlet obstruction, and 3) pure gastric
rhythm disturbances. In addition, it has been possible to
further document resolution or improvement of these con-
ditions following appropriate corrective treatment using the
same device platform.

However, the current device platform requires manual
post-procedural review and analysis of the signal to deter-
mine that the signal was recorded accurately to allow for
subsequent manual selection of signal components for inter-
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pretation, and to arrive at a diagnostic conclusion, which
must then be manually recorded.

Accordingly, there is a need to provide a novel method
and system to gather and evaluate myoelectrical signals
from intrabdominal and other intra-cavitary, motility based
organs, such as the stomach, that will aid in the diagnosis of
disorders and identify when said disorders may have been
corrected, which is based upon the acquisition of the nascent
signals and identification of spurious signals, but also pro-
vide for: 1) real-time analysis to allow recognition and
correction of faulty signals or processes intra-procedurally,
2) intelligent auto-selection of signal components to be
interpreted, 3) auto-interpretation of signals, 4) auto-diag-
nosis of results, and 5) instant automatic results reporting.
Since the system and method are not limited to the stomach,
the term “electroviscerogram” (EVG) is used herein.

SUMMARY OF THE INVENTION

An object of the invention is to fulfill the need referred to
above. In accordance with the principles of the present
invention, this objective is obtained by a method of detecting
and interpreting myoelectrical activity from an intra-ab-
dominal organ. Electrodes are used to obtain first signals
over time relating to myoelectrical activity of the intra-
abdominal organ of a patient. A respiration sensor obtains,
simultaneously with the first signals, second signals relating
to respiration of the patient. An initial parameter range of the
first and second signals is established. A processor deter-
mines minutes when artifact occurs in both the first and
second signals based on the initial parameter range of the
first and second signals. It is then determined whether there
are artifact free minutes of the first and second signals. A
condition of the patient is changed after determining that
there are sufficient artifact free minutes. This could include
introducing a water load in the stomach of the patient. The
first and second signals are recorded in memory simulta-
neously for a period of time after changing the condition of
the patient. A processor determines whether artifact occurs
in the recorded first and second signals based on a compari-
son with the initial parameter range. Artifact free minutes of
the recorded first and second signals are selected for analy-
sis. Via the processor, the selected minutes are analyzed to
automatically determine a condition of the organ.

In accordance with another aspect of the invention, a
system for detecting and interpreting myoelectrical activity
from an intra-abdominal organ is provided. The system
includes electrodes constructed and arranged to obtain first
analog signals over time relating to myoelectrical activity of
the intra-abdominal organ of a patient. A respiration sensor
is constructed and arranged to obtain, simultaneously with
the first signals, second analog signals relating to respiration
of' the patient. Filtering structure is constructed and arranged
to filter the first and second analog signals. An analog to
digital converter is constructed and arranged to convert the
filtered first and second analog signals to respective first and
second digital signals. A processing device is constructed
and arranged to receive the first and second digital signals.
The processing device configured for executing instructions
for 1) determining whether artifact occurs in the first and
second digital signals based on an analysis of the first and
second digital signals, and 2) analyzing artifact free minutes
of the first and second signals thereby determining a con-
dition of the organ. A storage device is associated with the
processing device and is constructed and arranged to store
data received from the processing device.
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Other objects, features and characteristics of the present
invention, as well as the methods of operation and the
functions of the related elements of the structure, the com-
bination of parts and economics of manufacture will become
more apparent upon consideration of the following detailed
description and appended claims with reference to the
accompanying drawings, all of which form a part of this
specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood from the follow-
ing detailed description of the preferred embodiments
thereof, taken in conjunction with the accompanying draw-
ings, wherein like reference numerals refer to like parts, in
which:

FIG. 1is a block diagram of an electroviscerogram system
provided in accordance with the principles of the present
invention.

FIG. 2 is block diagram of an electroviscerogram system
provided in accordance with a second embodiment of the
invention.

FIG. 3 is a flow chart of an embodiment of the invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENT

U.S. Pat. No. 6,351,665, hereby incorporated by reference
into this specification for all purposes, discloses an EGG
system that includes of a set of functional subsystems. The
first subsystem consists of EGG electrodes, an isolation
cable and amplifier/filters that amplifies the low level EGG
signal and filters it with a passband of approximately 1-15
cpm. The second subsystem consists of a respiration sensor
and amplifier. The third subsystem consists of a strip chart
recorder that receives both the EGG and respiration ampli-
fied signals for recording on a strip chart. The fourth
subsystem consists of an analog to digital converter that
receives both the EGG and respiration amplified signals,
digitizes these signals and sends them to a computer that is
part of the subsystem.

The EGG system of the U.S. Pat. No. 6,351,665 consists
primarily of off-the-shelf components. Electrodes are con-
nected to an ISO-Z (Dataq) preamplifier that also provides
patient isolation. The preamplifier is a small box (approxi-
mately 1.2" high by 3.5" wide by 4.3" deep) connected by
a long cable (approximately 6') to a BMA-931 (Dataq)
general purpose amplifier that has been modified to provide
0.016 Hz high pass and 0.25 Hz low pass cutoff frequencies.
The amplified and filtered signal is then connected to a 12 bit
A/D converter PCMCIA card (Measurement Computing)
that is inserted into a standard laptop computer, to which is
connected a printer. The respiratory sensor connects to a
general purpose amplifier (PM-1000, Dataq). The general
purpose amplifiers are arranged in a cage housing that is
approximately 8" high by 11" wide by 12" deep. Power is
supplied to the housing (a standard DC supply), where it is
distributed to the general purpose amplifiers; the modified
BMA-931 supplies power to the ISO-Z preamplifier. The
strip chart recorder is optionally connected to the amplifier
cage housing. The system is large, requiring a large cart to
hold all the components. It is difficult to setup and maintain
due to the varied cables and components of which it is
comprised. The bulk of the system increases the anxiety of
some patients, making recording of EGG more difficult.

The invention relates generally to methods, apparatus,
self-correcting processes, auto-interpretive diagnostics, and
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results reporting of myoelectric signals from contractile,
hollow internal body organs for the purpose of diagnosis of
various disorders. The general term for the system of the
invention is the intelligent, self-interpreting electroviscero-
gram (EVG), which measures and self-interprets myoelec-
trical activity from various organs within a body cavity.
Specifically, the invention relates to the use of an electro-
gastrographic system that acquires, auto-corrects, analyzes,
self-interprets, and reports results and diagnoses of recorded
signals associated with functional, neurological, or neuro-
muscular disorders of the gastrointestinal, urinary, or other
motility based organs.

An embodiment of the EVG System of the invention is a
system that results in substantial size and cost savings as
compared to the conventional EGG system. A block diagram
of an embodiment of the system 10 is shown in FIG. 1.
Electrodes 12 (preferably two or three) and a respiratory
sensor 14 connect to a single Signal Processing Module 16
(SPM). The SPM 16 is approximately 1" high by 2.5" wide
by 4.5" long. A standard instrumentation amplifier 18 pro-
vides the first gain stage for the electrode(s) signal 17. A high
pass filter 20 provides additional gain and is followed by a
low pass filter 22. The respiration signal 19 is filtered by low
pass filter 21 and is then passed on to a 16-bit A/D converter
24. The electrode signal 17 is also passed to the on board
16-bit A/D converter 24. The digitized electrode signal 17'
and digitized respiration signal 19' are each passed to a
microcontroller 26, which coordinates data transfer to a host
computer 28 and printer 30 via a standard Universal Serial
Bus (USB) connection, or a wireless signal transmitter 32.
The A/D converter 24 can be part of the microcontroller 26.
The host computer 28 can be considered a processing
device.

Power is supplied to the SPM 16 via an internal 9V
battery 34 in the preferred embodiment, but power may also
be supplied from an external DC supply or via the USB port
directly (the latter two require additional patient electrical
isolation circuitry, whereas the battery achieves patient
electrical isolation directly).

Considerable effort and cost can be applied to the con-
figuration of analog (hardware) filters that provide for suit-
able attenuation of unwanted frequencies in the acquired
EVG signal 17. It has been determined that a more practical
approach to the configuration of the analog filters is such that
they pass frequencies beyond the ideal passband, then digi-
tally filter these signals after analog-to-digital conversion
with a more narrow passband of suitable attenuation. Such
digital filters can be made much more accurate than their
analog counterparts and are not subject to the same effects
of analog component tolerances that lead to less than ideal
performance from device to device and over time. Analog
components can be manually sorted such that only ideal
components are used, but there is considerable cost involved
that will drive up the end price to the physician and these
components are still subject to the ravages of environmental
stresses and time that impairs their accuracy. The preferred
embodiment employs a passband comprised of a first or
second order high pass analog filter 20 with cutoff frequency
in the range 0.001 to 0.016 Hz and a first or second order low
pass analog filter 22 with cutoff frequency in the range 0.25
to 0.5 Hz. The configuration of such analog filters is known
in the art.

A digital filter is employed in software in the micro
controller 26 of the SPM 16 with a high pass cutoff in the
range 0.008 to 0.016 Hz and a low pass cutoff in the range
0.25 to 0.3 Hz, generally both of second order, but higher
order digital filters can be implemented. An optional second
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digital filter may be implemented in the software (computer
readable medium) of host computer 28 for high pass and/or
low pass functions to achieve the desired 0.016 to 0.25 Hz
bandpass filtering of EVG signals 17" prior to software
analysis. This approach also provides greater flexibility in
the system for changing specific frequency ranges in the
digital filter to focus on specific aspects of the EVG or any
general electroviscerogram waveform; such changes can be
controlled by software running on the host computer to
allow quick reconfiguration of the system as needed during
a particular patient exam.

Gain in the preferred embodiment of the SPM 16 is fixed
and set according to the greatest peak to peak EVG signal
normally expected. The 16 bit A/D converter 24 provides
sufficient resolution to adequately process lower level sig-
nals, such as may be recorded from a person with substantial
amount of fat tissue interposed between the electrodes on the
skin surface and the stomach. Of course, gain may be made
controllable either via an analog control or via digital control
at additional cost.

Use of the USB connector or wireless transmitter 32 for
data communication with the host computer 28 removes the
need for cumbersome cables and complicated interfaces that
each present distinct possibilities for intermittent or total
failure that can degrade system performance. The USB
specification allows for cables up to 16' (5 m), thereby
allowing the device to be placed well away from the host
computer 28. This, coupled with the devices very small size,
substantially reduces the equipment anxiety that manifests
itself in some patients, thereby easing the process of record-
ing EVG. Although USB is the preferred embodiment
because of its ubiquitous availability in standard personal
computers, other serial (e.g., FireWire), optical or wireless
(e.g, 802.11b) data communication systems may be used.
Optical isolation 36 is necessary for any hardwired (e.g.,
cable connected) communication system for patient electri-
cal isolation; the wireless system enhances patient isolation
but at considerable additional cost and complexity.

The SPM 16 has on-board calibration specifically suited
to EVG. The microcontroller 26 is able to switch in self-
generated calibration signal(s) 27 into the amplifier 18 under
control of the host computer software, which can then
analyze the acquired waveform and determine if the system
is performing within specification. The preferred and more
traditional embodiment implements a single frequency sine
wave, with a peak-to-peak voltage typical for the EVG (e.g.,
200 micro volts peak-to-peak); the frequency is chosen to be
in the middle of the passband of the filters. A second
embodiment allows the host computer software to select
specific single frequency waveforms that cover the center
range of each of the diagnostic frequency bands (bradyga-
stria or 1-2.5 cpm, normal or 2.5-3.75 cpm, tachygastria or
3.75-10.0 cpm, duodenal/respiratory or 10.0-15.0 cpm). A
third embodiment implements one or more complex wave-
forms, consisting of two or more frequencies and selectable
by the host computer software, with predetermined fre-
quency content that could simulate an actual EVG. The latter
is particularly unique and useful for ensuring that the SPM
hardware amplifier gain, SPM hardware filter frequency
response, SPM digital filter frequency response and diag-
nostic routines in the host computer software are also
working correctly by simply selecting a simulated EVG
waveform that simulates one or more of the diagnostic
categories provided by the host computer software. Of
course, the calibration waveforms can be adjusted for any
electroviscerogram waveform.

Regarding waveform storage, the preferred embodiment
has enough on-board memory 38 to hold the sampled and
filtered data for a few minutes of data recording; the host
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computer software periodically acquires the data during the
typical exam time of 45-60 minutes. The memory 38 can be
part of or separate from the computer 28.

With reference to FIG. 2, another embodiment of the
system 10' is shown. In this embodiment, the micro-con-
troller 26' includes a processor 27 that executes all the
necessary software. Thus, the micro-controller 26' can be
considered a processing device. Hence, the computer 28 of
FIG. 1 need not be provided in the system 10'. The storage
38' provides enough on-board memory to store an entire
exam’s worth of data for later download. This type of
storage is easily implemented on memory cards such as
those used with digital cameras, thereby allowing the system
10’ to be taken to any out-of-the-way clinic or home setting
to conduct the patient exam, then download the data into a
host computer back at a central office or hospital for analysis
and diagnosis. Modern technology can also be implemented
for transmitting the data in real time or immediately after the
exam to a host system for more immediate diagnosis.

The system 10' can be entirely implemented as a stand-
alone, highly portable system with the micro-controller 26'
comprising one of the many hand held computers available
even today, e.g., Palm OS or Windows CE based systems,
and a plug-in SPM. These systems are small enough to be
placed right next to the patient during data collection, and
are capable of implementing the host computer functions
including diagnostic assistance. Patient reports can be
“printed” to a digital memory card (e.g., storage 38' of FIG.
2) for immediate insertion into a printer that accommodates
these cards, causing the report to be printed as if it were a
digital picture. Similar systems, regarding printing to digital
memory card concept, are described in U.S. Pat. Nos.
5,827,179, 6,159,147 and 5,876,351, the contents of which
are hereby incorporated herein by reference.

A method of and interpreting myoelectrical activity from
an intra-abdominal organ includes using the electrodes 12 in
order to obtain a plurality of first signals over time. These
first signals are produced by a contractile, hollow internal
organ of a living being. The signals include spurious signals
as a result of artifact. The respiration sensor 14 obtains a
second plurality of signals. These second signals are pro-
duced by the respiratory function of a living being, and
include spurious signal indicative of artifact. The first and
second signals are recorded simultaneously. The occurrence
of artifact is identified by noting irregularities in both the
first and second recorded signals during a specific time
frame. Suitability of the non-artifactual signal is determined
based upon uniformity of first and second signals during
specific time comparison periods. A signal meeting criteria
for suitability is subjected to computer analysis related to
particular time periods. Computer calculation matches a
suitable signal to established diagnostic patterns. The result-
ant device represents a novel apparatus with self-contained,
auto-instructional, auto-controlling, and auto-interpretive
methodology.

The following outlines define examples of software algo-
rithms in accordance with the invention. The step can be
implemented as executable code stored on a computer
readable medium (e.g., a hard disk drive, a floppy drive, a
random access memory, a read only memory, an EPROM, a
compact disc, etc., executed by the computer 28 or micro-
controller 26'.

EVG Artifact Identification

1. DEFINITION

A. EVG artifact identification is defined by voltage
parameters of the recorded EVG signal. The program
identifies these parameters.





















