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[1] The present invention is related to electronic systems and, more specifically, to electronic systems
for determining electrical signals generated by a subject. INTRODUCTION   [2] Gastrointestinal
disorders are responsible for a variety of different medical conditions. One type of gastrointestinal
disorder is gastric motility disorders. Gastric motility disorders can include gastric dysrhythmias (such
as bradygastria and tachygastria), gastroparesis and gastric outlet obstruction. Gastric motility
disorders may arise from multiple different causes, such as autonomic neuropathy secondary to
diabetes, prior abdominal surgery, various diseases such as autoimmune disorders, drug side effects,
etc. Symptoms of gastric motility disorders may vary, and may include nausea, vomiting, bloating and
abdominal discomfort. The symptoms may be mild, or may develop into chronic, severe, or even
debilitating conditions, which adversely affect the physical and/or mental well-being of an individual. [3]
Another type of gastrointestinal disorder is gastroesophageal reflux disease (GERD), which is
characterized by chronic symptoms or mucosa!  damage produced by the abnormal reflux in the
esophagus. DeVault KR, Castel! DO (1999). "Updated guidelines for the diagnosis and treatment of
gastroesophageal ref lux disease. The Practice Parameters Committee of the American College of
Gastroenterology". Am. J. Gastroenterol. 94 (6): 1434-42. GERD may arise from transient or
permanent changes in the barrier between the esophagus and the stomach. These changes can arise
from incompetence of the lower esophageal sphincter, transient lower esophageal sphincter
relaxation, impaired expulsion of gastric ref lux from the esophagus, or a hiatus hernia. 



[4] A variety of different tests associated with gastrointestinal disorders exists. One type of test that
has been developed for evaluating gastromotility is the Gastric Emptying Scintigraphy (GES) test. GES
is considered the gold-standard diagnostic test for gastroparesis. Other tests that may be employed for
gastric motility disorders include barium studies, ultrasound, CAT scan, magnetic resonance imaging
(MRI), endoscopy, manometry, and electrogastrograms.  [5] An electrogastrogram (EGG) is a graphic
produced by an electrogastrograph, which records the myoelectrical signals which travel through the
stomach muscles and control the contractions of the stomach muscles. An electrogastroenterogram
(or gastroenterogram) is analogous to an electrogastrogram, with the exception that electric signals
arising from both the stomach and the intestines are employed.  [6] To obtain electrogastrograms and
electrogastroenterograms, sensors (such as electrodes) are applied to the skin surface of a patient
and employed to detect electrical signals indicative of muscular activity of the gastrointestinal system,
or region of interest thereof.  [7] The problem with systems currently being used that employ skin
surface readings is that the electrical signals associated with abdominal muscular activity are hard to
distinguish from electrical signals indicative of muscular activity of the gastrointestinal system.
Therefore what is needed is a system and method for accurately reading and detecting electrical
signals indicative of muscular activity of the gastrointestinal system.  SUMMARY  



[008] In accordance with the teaching of the present invention, systems and methods are disclosed for
capturing electrical signals associated with muscular activity of the gastrointestinal system. The
systems and method disclosed herein can be used with electroviscerography systems and methods of
evaluating gastrointestinal function in a subject. Embodiments of the system include an ingestible
identifier marker and a body-associated receiver configured to detect electrical signals. The system is
configured to receive data from the identifier unit or marker. The information can be used to generate
an electroviscerogram from the received data. Also provided are methods of producing
electroviscerograms using the markers and receivers according to the present invention.
[008a]According to an aspect of the present invention, there is provided a system for detection of
myoelectric activity, the system comprising: a receiver unit capable of detecting voltage potential
changes, wherein the receiver unit comprises a transmission module for sending encoded information
to a remote location and at least one sensor electrode to gather information from a proximal
environment; and an ingestible identifier in communication with the receiver unit, wherein the identifier
comprises: a housing including a first electrode and a second electrode secured thereto; a control unit
electrically coupled to the first and second electrodes, wherein the control unit changes the
conductance between the first and second electrodes; and a detection unit electrically coupled to the
first and second electrodes, wherein the detection unit reads a surrounding environment to collect
information, wherein electrochemical reactions between the first electrode and the surrounding
environment and the second electrode and the surrounding environment respectively produce a
voltage potential that powers the ingestible identifier such that the control unit switches the ingestible
identifier between broadcast mode and detection mode. [008b]According to another aspect of the
present invention, there is provided a system for creating an electroviscerogram for a subject based on
detected myoelectric activity, the system comprising: a receiver unit capable of detecting voltage
potential changes associated with a subject, wherein the receiver unit comprising: a housing having at
least two electrodes secured thereto for  detection of a change in voltage potential associated with
myoelectric activity of the subject; a processing unit for receiving the detected myoelectric information
and providing an encoded message; and a transmission module secured to the housing and
electrically coupled to the processing unit, wherein the transmission module receives the encoded
message from the processing unit; and a decoding system comprising: a receiver module in
communication with the transmission module, wherein the receiver module receives the transmitted
encoded message and decodes the transmitted encoded message to produce a decoded message; a
display module for receiving the decoded message and producing the electroviscerog ram. BRIEF
DESCRIPTION OF THE FIGURES  



[9] Fig. 1 is an illustrative example of a receiver unit attached to a subject and an identifier unit
ingested by the subject.  [10] Fig. 2A is a cross-sectional side view of the identifier unit of Fig. 1 in
accordance with the teachings of the present invention.  [11] Fig. 2B is a top view of the identifier unit
of Fig. 2A.  [12] Fig 3 is a functional component block diagram of the integrated circuit of the identifier
unit of Fig. 2A.  [13] Fig. 4 is a functional component block diagram of the detection unit of the
integrated circuit of Fig. 3.  [14] Fig. 5 is a functional component block diagram of the receiver unit of
Fig. 1. 



[016] Fig. 6 is a block diagram representation of the receiver unit of Fig. 1.  [16] Fig. 7 shows a system
for creating an array of identifier units using a receiver to coordinate position. DETAILED
DESCRIPTION   [17] Referring Fig. 1, a subject is shown with a portion of an electroviscerography
system that collects data about the subject in accordance with the teaching of the present invention.
The electroviscerography system includes a body-associated receiver unit 20 and an identifier unit 22.
An extra-  corporeal data processor 24 communicates with the receiver unit 20. The extracorporeal
data processor 24 may take a variety of configurations, such as a computer with a built-in or peripheral
monitor (such as may be found in a bedside monitor or a health information system), a personal digital
assistant (PDA), a smart phone, a messaging device, etc. To provide data to the extra-corporeal data
processor 24, the receiver unit 20 may be configured to re-transmit data of a received signal to the
location external to said subject. Alternatively, the receiver may be configured to be interrogated by an
external interrogation device to provide data of a received signal to an external location. Any
convenient data transmission protocol may be employed, including both wired and wireless data
transmission protocols. 



[18] The electroviscerography systems of the invention are systems configured to produce
electroviscerograms. Electroviscerograms refer to any usable manifestation of data, such as graphical
reports that can be used to evaluate gastrointestinal function in a subject. Gastrointestinal information
includes one or more parameters that provide information about the myoelectrical activity of a visceral
organ or the gastrointestinal system or a portion thereof. Visceral organs of a subject are the soft
internal organs of the body, especially those contained within the abdominal and thoracic cavities. Of
interest are organs involved in motility, such as organs of the gastrointestinal tract. The term
"gastrointestinal" relates to the stomach and intestines. The phrase "gastrointestinal system" refers
collectively to the stomach, small and large intestine, as well as related structures, such as esophagus,
etc. As such, electroviscerograms produced by systems of the invention include electroenterograms
and electrogastrograms. Additional visceral organs of interest include organs of the urinary tract, such
as the bladder, etc.  [19] According to one aspect of the present invention, the subject ingests the
identifier unit 22 in order to activate the identifier unit 22. As shown in the current example of Fig. 1,
the identifier unit 22 is at an advanced ingested stage. The receiver unit 20 is shown secured to the
subject at a desired location. The location of the receiver unit 20 can be determined by the medical
requirements and the system design. The receiver unit 20 employed in accordance with the aspects of
the present invention are those that are configured to be associated with a body location (either inside
of or on a surface of a body) and to detect  electrical signals from one or more visceral organs of the
body, such as the gastrointestinal tract or a portion thereof, such as the stomach, small intestine, large
intestine, etc. It is also within the scope of the present invention, as detailed below, to have the
receiver unit 20 attached to the clothing of the subject with just electrode leads/wires secured to the
skin of the subject.  [20] Referring now to Fig. 2A and 26, identifier unit 22 includes an integrated
circuit component 30, an upper electrode 32, a lower electrode 34, and a signal amplification element
36. According to the teachings of the present invention, the upper and lower electrodes 32 and 34,
respectively, may have any convenient shape, e.g., square, disc, etc. The signal amplification element
36 is a planar disc structure, where the edge of the signal amplification element 36 extends beyond the
edge of the upper electrode 32 and the lower electrode 34. In the depicted embodiment, the radius of
the signal amplification element 36 is longer than the radius of the upper electrode 32 and the lower
electrode 34, e.g., by 1mm or more, such as by 10 mm or more.  [21] The distance that the edge of the
signal amplification element 36 may extend beyond the edge of electrodes 32 and 34 may vary, and in
certain embodiments is 0.05 mm or more, e.g., 0.1 mm or more, including 1.0 mm or more, such as
5.0 mm or more and including 10 mm or more, where the distance may not exceed 100 mm in certain
embodiments. The upper electrode 32 and lower electrode 34 are configured such that upon contact
with a conducting fluid, such as stomach fluid, a voltage potential is created and current flows through
the integrated circuit 30 to cause one or more functional blocks in the integrated circuit 30 to produce a
unique current signature when the identifier unit 22 is operating in the broadcast mode. The voltage
potential created between the upper electrode 32 and the lower electrode 34 is created through a
chemical reaction between materials that make-up the electrodes 32/34 and the surrounding
conducting fluid. In the broadcast mode, current paths 50 are formed between upper electrode 32 and
lower electrode 34 through the conducting fluid surrounding the identifier unit 22. 



[22] Referring now to Fig. 3, the integrated circuit 30 includes a control unit 38 electrically coupled to a
detection unit 40 and a sensing unit 41. In broadcast mode, the control unit 38 of the integrated circuit
30 controls the conductance between the upper and lower electrodes 32 and 34 respectively. Through
controlling the conductance, the identifier unit 22 is able to produce a unique current signature and has
encoded therein data gathered by the identifier unit 22 during the detection mode. In the detection
mode the detection unit 40 detects the myoelectrical activity of the visceral organs or the
gastrointestinal system or a portion thereof. Myoelectric signals have frequencies ranging from a few
hertz to about 300 Hz, and voltages ranging from approximately 10 microvolts to 1 millivolt. Depending
on the embodiment, the target physiological site or location of activation of the identifier unit 22 may
vary. Representative target physiological sites of interest include, but are not limited to: a location in
the gastrointestinal tract, such as the mouth, esophagus, stomach, small intestine, large intestine, etc.
Identifiers may be configured to be activated upon contact with fluid at the target site, e.g., stomach
fluid, regardless of the particular composition of the target site. Where desired, the identifier may be
configured to be activated by interrogation, following contact of the composition with a target
physiological site. The identifier unit 22 may be configured to be activated at a target site, wherein the
target site is reached after a specified period of time.  [23] The sensing unit 41 includes circuitry for
sensing and detection of various parameters associated with the environment. For example, the
sensing unit 41 may be a temperature sensing or a pH sensing unit or a combination thereof. Other
physiological parameter sensing sensors may be included.  [24] Referring now to Fig. 4, the detection
unit 40 includes power/signal lines 40a and 40b for powering the circuitry that detects the myoelectrical
activity of the visceral organs when the identifier unit 22 is operating in detection mode. The
myoelectric currents are typically lower frequency current sources. The power lines 40a and 40b are
electrically coupled to a zener diode 42 and capacitor 44 for power supply control. Additionally, the
power lines 40a and 40b are electrically coupled in parallel to capacitors 46 and 48 and amplifier 50 for
detection and filtering of the electrical signals associated with the myoelectrical activity of the visceral
organs. More specifically, the signal passes through amplifier 50. The amplified signal is passed to the
bandpass filter unit 52. At the filter unit 52 removes the high frequency portion of the signals so that
the myoelectrical activity and the associated signals are left. The filtered information is passed to a
peak detection unit 54. The peak detection unit 54 is used to determine if a signal is associated with a
true myoelectric activity as well as the  



proximity of the activity to the identifier unit 22, all which can be determined by the peak power or spike
that occur. The peak detection unit 54 is able to adjust the reference or base-line values using the
desired detection parameters. If there is a peak in voltage potential that exceeds the threshold value
set by the peak detection unit 54, then the peak spike signal is passed to a pattern recognition unit 56
to determine the nature and type of myoelectric signal. The output of the pattern recognition unit 56 is
received by a signal acknowledgement module 58, an IPG filter 60, a physiological parameter filter 62,
and a second physiological parameter filter 64. Each filter 60, 62, and 64 are set to determine and
allow only a specific type of detected electrical activity to pass through each filter's defined range. For
example, if the information detected and collected by the identifier unit 22 is low frequency myoelectric
current and then only one of the three filters 60, 62, and 64 will be passed the information to the
connector 39. Any number of filters can be added to the detection unit 40 depending on the
parameters are being evaluated. For example, one filter may be added to allow only information
related pH to pass to the control unit 38. Once the information is passed through one of the filters on
the detection unit 40, then the data or information is sent to the control unit 38 where it is encoded as
part of the unique current signature that the control unit 38 produces. This unique current signature is
detected and decoded by the receiver units of the system.  [25] According to some aspects of the
present invention, the identifier unit 22 is physiologically sized, by which is meant that it, alone or in
combination with other vehicles, is compatible with ingestion. In certain aspects, the identifier unit may
be associated with a carrier such as an active pharmaceutical agent or other vehicle. For example,
physiologic sized identifier units may have a size of 10 mm3 or smaller, such as 5 mm3 or smaller,
including 1 mm3 or smaller. In other instances, the identifier unit 22 may be sized to remain in the
stomach following ingestion, at least until the identifier unit 22 is broken up by the digestive action of
the stomach. In these instances, the identifier unit 22 may be configured to have a surface area of 1
cm2 or greater, such as 10 cm2 or greater.  [26] The receiver unit 20 and the identifier unit 22 are
configured to detect electrical or magnetic field signals. The processor 24 can be used or configured to
receive data from receiver unit 20 via any communication means, including wireless and wired
methods. The processor 24 can generate an  electroviscerogram from the received data. The receiver
unit 20 of interest includes those that are sized to be stably associated with a living subject in a
manner that does not substantially impact movement of the living subject. As such, the receiver unit 20
may have dimensions that, when employed with a subject, such as a human subject, will not cause the
subject to experience any difference in its ability to move. In some instances, the receiver unit 20 is
dimensioned such that its size does not hinder the ability of the subject to physically move. Where
desired, the receiver unit 20 has a small size and may occupy a volume of space of 5 cm3 or less,
such as 3 cm3 or less, including 1 cm3 or less. In some instances, the receiver has a chip size limit
ranging from 10 mm2 to 2 cm2.  [27] Referring now to Fig. 5, the receiver unit 20 includes a
processing unit 70 positioned in a housing 72. The processing unit 70 is electrically coupled to and
connected to electrodes 74. A coil 76 is wrapped around the hosing 72 and electrically coupled to the
processing unit 70. The coil 76 is wound around the perimeter and provides for signal transmission
from the receiver unit 20 device to an extra-corporeal data processor 24 of Fig. 1. In the current
example, the receiver unit 20 includes two electrodes. However, in accordance with another aspect of
the present invention, the receiver unit 20 may include additional electrodes and the scope of the
present invention is not limited by the number electrodes. Thus, in one configuration of interest, the
receiver unit 20 includes one or more electrodes (such as two or more electrodes, three or more
electrodes, and/or includes multiple, such as two or more, three or more, four or more pairs of
electrodes, etc.) for detecting electrical signals emitted by the visceral organ of interest as well as
detection of the current signature from the identifier unit 22. In one configuration of interest, the
receiver unit 20 includes two electrodes that are dispersed at a distance "X" from each other, which
distance may be one that allows the electrodes to detect a differential voltage. This distance may vary,
and may range from 0.1 to 5 cm, such as from 0.5 to 2.5 cm. The electrodes may also serve as an
antenna to receive a signature current associated with an identifier unit or marker. 



[28] The receiver unit 20 may include a variety of different types of signal receiver elements and
processing protocols, as long as the receiver unit 20 is  configured to detect the desired visceral
electrical signals. Additionally, the receiver unit of interest may be both external and implantable.  [29]
Referring now to Fig. 6, the processing unit 70 includes an amplifier 80 that detects the differential
voltage potential across the electrodes 74 of Fig. 5. This voltage potential difference represents the
myoelectric signal across the electrodes. The potential is sent to the amplifier 80 through leads 82 that
are electrically connected to the electrodes 74 of Fig. 5 via the amplifier. The detected signal then
goes into the demodulator 84. Also shown is a memory unit 85 to store the demodulated data,
received signal, physiological parameter data, as well as medical record data. A clock 86 writes to the
memory unit 85 in order to time-stamp the events. A transmit unit 89 transfers data from the memory
unit 85 to the extra-corporeal data processor unit 24 of Fig. 1. The processing unit 70 also includes a
power source 87 electrically coupled to a microprocessor 88. The microprocessor 88 coordinates the
function between the various functional blocks as well as power management.  [30] According to
various aspects of the present invention, the system of the invention may include a single receiver unit
or multiple receiver units. For systems that include a single receiver unit, the receiver unit may include
three or more distinct electrodes, and may be configured to be positioned in an abdominal or xyphoid
region of the subject. The receiver unit of such systems may be positioned at any convenient location,
such as the front of a torso, the back of a torso, etc., as desired. In systems that have multiple receiver
units, each receiver may have a single electrode and such receivers may be in communication with
one another to create an array of receiver units.  [31] Aspects of implantable versions of the receiver
unit will have a biologically compatible enclosure, one or more sense electrodes, a power source,
which could either be a primary cell or rechargeable battery, or one that is powered by broadcasting
inductively to a coil. For the external signal receivers, embodiments include structures that have
electrodes opposed to the skin. The communication may be wireless or performed over one or more
conductive media, e.g., wires, optical fibers, etc. Where desired, the same electrodes may be used for
receiving and transmitting signals. 



[32] In certain embodiments, the components or functional blocks of the present receivers are present
on integrated circuits, where the integrated circuits  include a number of distinct functional blocks, i.e.,
modules. Within a given receiver, at least some of, e.g., two or more, up to an including all of, the
functional blocks may be present in a single integrated circuit in the receiver. By single integrated
circuit is meant a single circuit structure that includes all of the different functional blocks. As such, the
integrated circuit is a monolithic integrated circuit that is a miniaturized electronic circuit (which may
include semiconductor devices, as well as passive components) that has been manufactured in the
surface of a thin substrate of semiconductor material. The integrated circuits of certain embodiments of
the present invention may be hybrid integrated circuits, which are miniaturized electronic circuits
constructed of individual semiconductor devices, as well as passive components, bonded to a
substrate or circuit board.  [33] Signal receivers of interest include, but are not limited to, those
receivers disclosed in: PCT application serial no. PCT/U52006/016370 published as WO
2006/116718; PCT application serial No. PCT/2007/24225 published as WO 2008/063626; PCT
application serial no. PCT/US2008/52845 published as WO/2008/095183; the disclosures of which
applications are herein incorporated by reference.  [34] In accordance with other aspects of the
present invention, the system may include two or more (such as three or more, including four or more)
receiver units. In such systems, the two or more body-associated receivers may be adaptively
arranged at any desired location on the body of the subject. For example, all of the body-associated
signal receivers may be present on the same side of a body, such as the front torso of a body, or they
may be present on opposite sides of a body, such as the front and back of the torso of a body.  [35] In
addition to the one or more body-associated signal receivers, systems of the invention may include an
extra-corporeal data processor configured to receive data from the body-associated receiver and
generate an electroviscerogram from the received data. The extra-corporeal data processor unit 24
may receive the electrical signal data directly from the receiver unit, or via a data relay device (such as
a device that receives data from the receiver unit and then forwards the received data to an
extra-corporeal data processor). The extra-corporeal data processor unit 24 may be configured to
receive the data via any convenient wired or wireless protocol, as desired. Extra-corporeal data 



processors of interest are those that can receive the electrical signal data and process the data to
produce an electroviscerogram. The produced electroviscerograms may be output to a user by any
convenient medium, such as writing the electroviscerograms on paper, displaying an
electroviscerogram to a user via a graphical user interface, and the like. Extra-corporeal data
processors of the systems of the invention may take a variety of configurations, such as a computer
with a built-in or peripheral monitor (for example as embodied in a bedside monitor or a health
information system), a personal digital assistant (PDA), a smart phone, a messaging device, etc.  [36]
In some instances, the identifier unit identifier is environmentally sensitive. By environmentally
sensitive is meant that the identifier is configured to be activated when the identifier comes into contact
with one or more conditions to which the identifier is designed to respond. Environmental conditions to
which identifiers of interest may be configured to respond include temperature, pressure, pH, analyte
presence, etc. In some instances, the identifiers are pH sensitive, by which is meant that the identifiers
are configured to respond to predetermined pH conditions, such as acidic or alkaline conditions. For
example, an identifier may be configured to respond (for example by activation and emission of a
signal) when it contacts fluid having an acidic pH (such as pH 6.5 or less, such as pH 6 or less) or fluid
having an alkaline pH (such as pH of 7.5 or higher, such as pH of 8 or higher). As environmentally
sensitive identifiers are responsive to a predetermined condition or set of two or more conditions to
which they are exposed, they are configured to activate and emit a signal upon contact with the
predetermined condition or set of conditions.  [37] Depending on the needs of a particular application,
the current detected by the receiver unit from the identifier unit may be generic, such that it merely
identifies that the identifier has contacted the target site. Alternatively, the signal may be represent
information about the myoelectric activity as detected by the identifier unit. As such, the identifier may
be one that, when employed with a batch of dosages, emits a signal which cannot be distinguished
from the signal emitted by the identifier of any other dosage member of the batch. Alternatively, each
member of the batch may have an identifier that emits a unique signal, at least with respect to all the
other identifiers of the members of the batch. In these instances, each identifier of the batch emits a
signal that uniquely identifies that  particular identifier in the batch, at least relative to all the other
identifiers of the batch. The identifier may emit a unique signal that is a universally unique signal
(where such a signal may be analogous to a human fingerprint which is distinct from any other
fingerprint of any other individual and therefore uniquely identifies an individual on a universal level).
The signal may either directly convey information about a given event, or provide an identifying code,
which may be used to retrieve information about the event from a database (for example a database
linking identifying codes with compositions). 



[38] The identifier may generate a variety of different types of signals, including but not limited to:
current signatures produced through controlling conductance, RF signals, magnetic signals,
conductive (near field) signals, acoustic signals, etc. The transmission time of the identifier may vary,
where in certain instances the transmission time may range from 0.1 sec to 48 hours or longer, such
as from 0.1 sec to 24 hours or longer, such as from 0.1 usec to 4 hours or longer, such as from 1 sec
to 4 hours, including from 1 minute to 10 minutes. Depending on the given embodiment, the identifier
may produce a unique current signature once. Alternatively, the identifier may be configured to
produce a unique current signature with the same information (identical signals), two or more times,
where the collection of discrete identical signals may be collectively referred to as a redundant signal.
[39] In some instances, the identifier marker may be configured to remain at a location of the
gastrointestinal tract once it reaches that location. For example, the marker may include a
muco-adhesive element that, upon contact with an internal location of the gastrointestinal tract, will
cause the marker to remain at that location. An example of use of such an embodiment is where
multiple identifier units that include a muco-adhesive element are administered to a subject. The
markers will adhere to different positions of the stomach and will emit signals from different locations.
The multiple different signals may be employed to produce a map of the stomach, which may be
monitored over time. Where desired, the map may be monitored in response to different states, such
as mealtimes, fasting, etc.  [40] The identifiers may vary depending on the particular embodiment and
intended application of the composition so long as they are activated (i.e., turned  on) upon contact
with a target physiological location, such as the stomach. Identifier may include an activation
component, such as a battery that is completed by stomach acid, and a transmission element.
Examples of different types of identifiers of interest include, but are not limited to, those identifiers
described in PCT application serial no. PCT/US2006/016370 published as WO/2006/116718; PCT
application serial no. PCT/US2007/082563 published as WO/2008/052136; PCT application serial no.
PCT/US2007/024225 published as WO/2008/063626; PCT application serial no. PCT/US2007/022257
published as WO/2008/066617; PCT application serial no. PCT/US2008/052845 published as
WO/2008/095183; PCT application serial no. PCT/US2008/053999 published as WO/2008/101107;
PCT application serial no. PCT/US2008/056296 published as WO/2008/112577; PCT application
serial no. PCT/US2008/056299 published as WO/2008/112578; and PCT application serial no.
PCT/US2008/077753; and U.S. Patent application serial no. 12/564,017 filed on Sept. 21, 2009, the
disclosures of which are herein incorporated by reference.  [41] In addition to the identifier component
described above, the identifier units employed in methods of the invention may be associated with a
vehicle component. Vehicle components may include one or more constituents, including but not
limited to fillers, binders, disintegrants, coloring agents, etc. Vehicle components of interest are further
reviewed in PCT Application Serial No. US2006/016370 published as WO 2006/116718, the disclosure
of which is herein incorporated by reference. Additional disclosure of components that can be present
in compositions of the invention can be found in Remington's Pharmaceutical Sciences, Mace
Publishing Company, Philadelphia, Pa., 17th ed. (1985). The identifier unit may be configured in a
variety of different formats. Formats of interest include solid formats, such as tablets, powders, coated
granules, filled capsules, etc. 



[42] Depending on the particular method, the identifier unit may not include a pharmaceutically active
agent. As such, the identifier and any vehicle component or components that make up the identifier
unit do not include an active agent. In yet other embodiments, the identifier unit includes an active
agent. As used herein, the term "active agent" includes any compound that produces a physiological
result, for example a beneficial or useful result, upon contact with a living organism, such as a human.
Active agents are distinguishable from vehicle  components such as fillers, binders, coloring agents,
etc. The active agent may be any molecule that is capable of modulating a biological process in a
living subject. In some instances, the active agent may be a substance used in the diagnosis,
treatment, or prevention of a disease or as a component of a medication. Broad categories of active
agents of interest include, but are not limited to: cardiovascular agents; pain-relief agents, e.g.,
analgesics, anesthetics, anti-inflammatory agents, etc.; nerve-acting agents; chemotherapeutic (such
as anti-neoplastic) agents; etc. Active agents of interest are further disclosed in PCT Application Serial
No. US2006/016370 published as WO 2006/116718, the disclosure of which is herein incorporated by
reference. [043] A given identifier unit may include a single identifier, or two or more identifiers. The
identifiers may be arranged in a variety of different configurations with respect to the other components
of the marker. Where the marker includes a tablet as a vehicle, the identifier or identifiers may be
arranged on a surface of the tablet vehicle. In some instances, the marker is made up of two or more
identifiers present in an ingestible container. For example, multiple identifier unit identifiers may be
present in a capsule fabricated from a material that dissolves upon contact with stomach fluid.
Materials of interest from which the carrier components may be fabricated include physiologically
acceptable polymeric materials that are used in conventional pharmaceutical capsule dosages. The
materials may be clear or opaque, and may be colored as desired. Of interest are both rigid and elastic
materials. Suitable polymers from which carrier components of the invention may be fabricated
include, but are not limited to: polyvinyl alcohol (PVA); natural and synthetic polysaccharides, including
pullulan, carrageenan, xanthan, chitosan agar gums, and cellulosic materials, such as
carboxymethylcellulose, hydroxypropylmethylcellulose (HPMC), methylcellulose,
hydroxyethylcellulose, hydroxyethyl methylcellulose, hydroxypropylcellulose; polyethylene glycols
(PEGs), polyethylene oxides (PE0s), mixtures of PEGs and PE0s; acrylic and methacrylic acid based
polymers, such as EUDRAGIT ETM, EUDRAGIT LTm and/or EUDRAGIT STm methacrylic acid
polymers), EUDRAGIT RLTM and/or EUDRAGIT RSTm ammonium methacrylate copolymers;
povidone (polyvinyl pyrrolidone), polyglycolysed glycerides (such as GELUCIRE 44/14Tm, GELUCIRE
50/02Tm, GELUCIRE 50/13TM and GELUCIRE 531101m polymers); carboxyvinyl polymers (such as
CARBOPOLIm polymers); polyoxyethylene-  polyoxypropylene copolymers (such as
POLOXAMER188Tm polymer); and the like. The capsule components may be fabricated using any
convenient protocol, including molding, etc. Fabrication protocols of interest include, but are not limited
to, those described in U.S. Patent Nos.: 5,705,189; 4,576,284; 4,591,475; 4,655,840; 4,738,724;
4,738,817 and 4,790,881; the disclosures of which are herein incorporated by reference. Alternatively,
the capsule component may be obtained from a commercial vendor, such as Qualicaps Inc., Whitsett
NC. 



[44] Methods of producing an electroviscerogram for a subject are also provided. As reviewed above,
an electroviscerogram is any usable manifestation of data, such as a graphical report (which may be
written onto a physical medium or displayed on a monitor, etc.), that provides information about the
myoelectrical activity of a visceral organ or organs of a subject. Visceral organs of interest include
organs involved in motility, such as organs of the gastrointestinal tract, for example the stomach and
intestines. As such, electroviscerograms produced by systems of the invention include
electroenterograms and electrogastrograms. Additional visceral organs of interest include organs of
the urinary tract, such as the bladder, etc.  [45] In practicing methods of the invention, electrical signals
generated by the visceral organ of interest (for example myoelectric signals), such as the stomach or
intestine, are detected with the one or more body-associated signal receivers of the system, as
described above. The resultant detected electrical signal data are then forwarded to the
extra-corporeal data processor, which receives the data and generates the desired electroviscerogram
from the received data. A given method may include detecting electrical signals for a given period of
time, such as one hour or longer, two hours or longer, twelve hours or longer, one day or longer, two
days or longer, one week or longer, two weeks or longer, one month longer, six months or longer,
including one year or longer. As the systems of the invention are portable, the data may be detected
and recorded continuously over these periods of time, as desired.  [46] Depending on the particular
application, the body-associated signal receiver may be positioned in a variety of different
configurations relative to the organ of interest. For example, where a single body-associated signal
receiver is employed, the methods may include initially positioning or implanting the single receiver at
a location proximal to the organ of interest. Where the organ of  interest is the stomach, the single
receiver may be positioned at an abdominal or xyphoid region, as desired. With other systems that
include two or more signal receivers, the receivers may be positioned at a variety of body locations.
For example, the methods may include positioning two or more distinct receivers at distinct abdominal
locations (for example to provide for triangulate location capability of an identifier unit as it passes
through the gastrointestinal tract), or positioning one receiver at a front abdominal location and a
second receiver at a back location. This latter configuration is representative of instances where the
receivers are placed on opposite sides of a target organ, e.g., to measure impedance through the
organ. Measuring impedance through the stomach finds interest as an independent way to evaluate
gastric motility, which may be used in combination with electroviscerograms of the invention or
independently thereof. For example, the measured impedance through the stomach will change
depending on whether the stomach is full or empty. By correlating impedance with time following food
intake, a measure of gastric motility can be readily produced.  [47] In some instances, the identifier unit
identifier is environmentally sensitive. By environmentally sensitive is meant that the identifier is
configured to be activated when the identifier comes into contact with one or more conditions to which
the identifier is designed to respond. Environmental conditions to which identifiers of interest may be
configured to respond include temperature, pressure, pH, analyte presence, etc. In some instances,
the identifiers are pH sensitive, by which is meant that the identifiers are configured to respond to
predetermined pH conditions, such as acidic or alkaline conditions. For example, an identifier may be
configured to respond (for example by activation and emission of a signal) when it contacts fluid
having an acidic pH (such as pH 6.5 or less, such as pH 6 or less) or fluid having an alkaline pH (such
as pH of 7.5 or higher, such as pH of 8 or higher). As environmentally sensitive identifiers are
responsive to a predetermined condition or set of two or more conditions to which they are exposed,
they are configured to activate and emit a signal upon contact with the predetermined condition or set
of conditions. 



[48] For pH sensitive identifier units of the invention, pH sensitivity may be imparted to the markers
using a number of different approaches. For example, the markers may include a pH sensor element,
which element is configured to  detect the pH of a given environment in which the marker may be
placed and activate the identifier in response thereto. One example of an identifier having an
integrated pH sensor is an identifier that includes an integrated circuit and three disparate electrode
elements, two of which act as part of the partial power source and part of the broadcast mode while
the third is used in operation during the detection mode components of the battery which is produced
upon contact of the identifier with a conductive medium and the third of which (e.g., fabricated from
platinum or other suitable material) serves as a counter electrode for each of the battery electrodes.
The integrated circuit further includes a bandgap reference. During operation, when the identifier
contacts a suitable conductive medium, such as stomach fluid, the battery electrodes provide
operating voltage for the integrated circuit, including the clock component of the integrated circuit. The
identifier emits a signal or signals representing temperature from the bandgap reference on the circuit
and battery electrode voltages. Also transmitted from the identifier is a signal or signals providing the
voltage on the reference electrode with respect to each battery electrode (for example battery
electrode 1 v. Pt reference electrode and battery electrode 2 v. Pt reference electrode), where these
voltages are related to pH of the environment and temperature. These signals may be transmitted as a
digital signal or a frequency or a duty cycle. With such an identifier, the transmitted signal or signals
are then processed, e.g., by a body-associated receiver and/or an extra-corporeal data processor, to
covert the signals representing temperature and battery/reference electrode voltages into pH values,
e.g., by using lookup tables or appropriate algorithms. Another approach that may be employed to
impart pH sensitivity to a given marker is to include a pH sensitive coating covering activation
components (such as battery elements) of the identifier, where the pH sensitive coating only dissolves
to expose the activation components when the desired pH conditions are present. pH sensitive
coatings of interest include, but are not limited to: cellulose acetate pthalate, EUDRAGIT LIm,
EUDRAGIT STM, EUDRAGIT FS, and other pthalate salts of cellulose derivatives. Additional marker
configurations that can be employed to obtained environmental sensitivity include, but are not limited
to, configurations described in PCT application serial no. PCT/US2007/082563  published as WO
2008/052136, the disclosure of which is herein incorporated by reference.  [49] In some instances, pH
sensitivity is provided by an identifier unit that emits a different signal depending on the particular pH of
the environment to which it is exposed. For example, an identifier may include three electrodes, one of
which is coated with a pH sensitive coating which only dissolves to expose the electrode at a certain
pH. In this type of identifier, a first signal will be transmitted by the uncoated electrodes and a second
signal distinguishable from the first will be transmitted by the electrodes when the coating on the
coated electrode is removed, e.g., by dissolution. In yet another example, the identifier may include a
chemical agent that is released upon exposure to a particular pH, for example by include the agent in
a chamber that is sealed with a pH sensitive coating. Upon removal of the pH sensitive coating, the
agent is released and modifies the identifier emitted signal. 



[50] Yet another way to provide pH sensitivity to an identifier is to provide an element, such as a trip
wire, whose conductivity is modified depending on the pH of the environment of the identifier. For
example, an identifier may include a conductive trace or wire that dissolves when the identifier is
exposed to a certain pH. The pH sensitivity of this element may be provided by material (for example,
Mg, Zn or other metal that dissolves in acidic conditions) of the element and/or a suitable coating.
When the element is present, a first signal is emitted by the identifier and when the element dissolves
or is otherwise compromised, a second signal is emitted by the identifier. Alternatively, an identifier
may include a conductive trace or wire that is produced when the identifier is exposed to a certain pH.
For example, a trace of CuCI will convert to Cu metal upon exposure to acidic conditions to product a
conductive element. Again, the material may be covered by an appropriate coating which imparts pH
sensitivity to the identifier. When the conductive element is not present, a first signal is emitted by the
identifier and when the element is produced, a second signal is emitted by the identifier.  [51] A given
method may include administering a single identifier unit to a subject, or two or more identifier units,
such as first, second and even third or more identifier units. As such, a given method may include
administration of a single identifier unit. Alternatively, a given method may include administration of
two or more, such as three or more, four or more, five or more, ten or more, fifteen or more, twenty or
more, etc., identifier units to a subject. Where multiple identifier units are employed in a given method,
they may be administered to a subject at the same time or at different times.  [52] As indicated above,
identifier units employed may be environmentally sensitive. In some instances where two or more
environmentally sensitive identifier units are employed, the identifier units may be responsive to
different environmental conditions. As such, a given method may include administering to a subject a
first environmentally sensitive marker that is responsive to a first environmental condition (such as
acidic conditions) and a second environmentally sensitive marker that is response to a second
environmental condition (such as alkaline conditions). In such instances, the markers may be sensitive
to a variety of different types of environmental conditions, such as pH.  [53] Administration of markers
may be coordinated with administration of liquid and/or foods, as desired. For example, subjects may
be instructed to ingest the markers with food, including specific types of foods or meals, with liquids or
during fasting, at different times of the day, etc., as desired, to obtain information that is coupled with
other types of relevant information, such as caloric intake, time of day, etc. 



[54] Following administration of the one or more identifier units to a subject, as reviewed above, one or
more signals emitted from the one or more identifier units are detected by a body-associated receiver
of the system. The current detection is carried out through the skin and other body tissues of the
subject. In some instances, the receiver is configured to simultaneously detect multiple unique current
signatures each from a respective identifier unit, such as an ingestible event marker or an ionic
emission module. The number of different unique current signatures from the respective number of
identifier units may be 2 or more, 5 or more, 10 or more that may be emitted from different identifier
units.  [55] To provide data to the extra-corporeal data processor, the signal receiver may be
configured to retransmit data of a received signal to the location external to said subject. Alternatively,
the signal receiver may be configured to be interrogated by an external interrogation device to provide
data of a received signal to an external location. The particular protocol employed in this evaluation
may vary depending on the particular function being determined. In some  instances, the evaluation
protocol is one that is based on detection of a signal that is indicative of the identifier unit coming into a
contact with a predetermined environmental condition of interest. For example, an evaluation protocol
may be one that is based on detection of a particular pH at a particular physiological location, such as
a low pH in the stomach or esophagus, which may be used in determining the presence of GERD (as
reviewed in greater detail below). In these types of evaluation protocols, a single identifier unit may be
employed, or multiple identifier units may be employed. For example, a set of two or more identifier
units that emit differently coded signals may be employed, where the two markers are configured to
emit signals at different locations.  [56] Alternatively, each identifier unit may be configured to emit its
signal at a different physiological target site, e.g., where each identifier unit is configured to be
activated at a different target physiological site. For example, a first identifier unit may be activated in
the mouth, a second identifier unit may be activated in the esophagus, a third identifier unit may be
activated in the small intestine and a fourth identifier unit may be activated in the large intestine. Such
an identifier unit set may be employed in a diagnostic application to determine function of the digestive
system, such as motility through the digestive tract, gastric emptying, and the like. For example, by
noting when each identifier unit emits its respective signal, a plot of signal vs. time may be generated
from which information regarding digestive tract functioning may be obtained.  [57] Instead of using a
signal indicative of contact of the identifier unit with a predetermined environmental condition (such as
a pH value), the evaluation protocol that is employed may monitor detected signal relative to time and
location following administration. Such information may be employed to determine various aspects of
gastrointestinal function, such as total GI transit time or transit times specific for portions of the
gastrointestinal tract, such as gastric emptying times, small bowel transit time, total colonic transit time,
and the like. 



[58] A given evaluation protocol may be one that employs data obtained solely from identifier unit 22,
or may be one that employs data obtained from identifier units and one or more other types of data,
such as physiologic data (including but not limited to electrogastrogram, temperature, heart rate, blood
pressure, etc.), non-physiologic patient specific data (including, but not limited to gender, age,  height,
weight, medication history, feeding history, exercise history, etc.), environmental data (including but
not limited air temperature, pressure, etc.), and the signals obtained from the body-associated signal
receivers configured to obtain an electroviscerogram, such as an electroenterogram, including an
electrogastrogram. The particular protocol employed to obtain the electroviscerogram may vary. For
example, the particular protocol may solely employ data representing electrical signals generated by
the organ of interest, i.e., organ specific myoelectric data. Alternatively, the particular protocol may
employ organ specific myoelectric data and additional types of data, as reviewed above. A given
protocol may include comparing data with reference, i.e., control, data to identify deviations from a
norm. Another approach would be to combine data relevant to a pH with data that is relevant to
myoelectric activity thereby providing the physician with powerful tools for diagnostics and decision
making. A given protocol may include use of noise cancellation algorithms, as desired. [59] Where
identifier units are employed, a given protocol may employ the signal of the identifier unit in a number
of different ways, as desired. For example, the signal emitted by the identifier unit may be employed as
an independent calibration of the obtained electroviscerogram. In some instances, the system
employed in a given method uses an identifier unit configured to emit a signal that varies in frequency
with respect to time from administration and activation. In these embodiments, changes in frequency of
signal emitted by the identifier unit may be designed to reinforce or cancel out an organ of interest's
myoelectric signals, such as stomach waves. For example, an identifier unit may be configured to emit
signals that vary from high to low frequency as it traverses the gastrointestinal tract. Data obtained
from the body-associated receiver may then be used to generate a map of both high and low
frequency signals. The high frequency signals may be employed as a map of the location of the
identifier unit with respect to time as it transits the gastrointestinal tract, while the low frequency signals
can be employed in generating the electrogastrogram, with only those signals that resonate with the
organ's myoelectric waves being employed so as to enhance the signal to noise ratio.  [60] As
discussed above with respect to Fig. 3, in yet other systems according to another aspect of the present
invention, the identifier unit may itself record myoelectric signals of interest, and transmit data that
includes information about  



these myoelectric signals to the body-associated receiver or receivers of the system. For example, the
identifier unit can be configured to include a functional block which detects the myoelectric signals of
interest and then transmits resultant detected myoelectric data to the one or more body-associated
receiver units of the system.  [61] A given method may include generating a clinically diagnostic score
as desired, where the score may take the form of a single value or be more detailed with respect to
values for one or more parameters of interest (for example, where the score is provided in the form of
a report card). Using appropriate algorithms, the electroviscerograms of the invention may be
combined with one or more additional data streams in order to provide this score. The methods of the
invention may be employed with a variety of different types of subjects.  [62] Referring now to Fig. 7, a
schematic of a method which is employed to determine gastrointestinal transit time in a patient or
subject is shown. The patient is provided three different identifier unit capsules 92, one to be taken in
the morning, one to be taken in the afternoon and one to be taken in the evening. Each capsule 92
includes a set of multiple distinct identifier units that are configured to emit a signal when they reach a
different portion of the gastrointestinal tract 94, such as the set of markers described above. Following
administration, each capsule 92 dissolves in the stomach of the gastrointestinal tract 94 and becomes
activated as active capsule 92a, each of which produces a unique current signature. The identifier unit
emits a current signature as it reaches its predetermined location. The information encoded in the
current signal is recorded by a receiver unit 96. The receiver unit 96 then wirelessly forwards the data
to an extracorporeal data processor 98, such as a PDA or a laptop computer. The processor 98
performs an evaluation protocol on the received data to output transit time results (such as total transit
time, colonic transit time, etc.) to a user (for example by displaying a graphical user interface on a
monitor). The graph shown to the user via the PDA or laptop computer is a graph showing the percent
emptying of the stomach as a function of time. (0631 The methods of the invention may be employed
with a variety of different types of subjects, including "mammals," carnivores (such as dogs and cats),
rodentia (such as mice, guinea pigs and rats), and primates (such as humans, chimpanzees and
monkeys).   [64] The methods and systems of the invention find use in a variety of different
applications in which generation of an electroviscerogram, such as an electroenterogram, like an
electrogastrogram, is desired. Applications of interest include those in which electroenterograms of the
invention are employed to evaluate gastrointestinal function. For example, electrogastrograms of the
invention find use in the determination of stomach motility, gastric cycles, gastrointestinal transit times,
stomach volume, etc. Applications of interest include use of electroviscerograms of the invention in the
diagnosis and/or monitoring of gastrointestinal conditions in a subject. Gastrointestinal disorders that
may be assessed in a subject using electrogastrograms of the invention include, but are not limited to:
gastric motility conditions, such as gastroparesis. One application of interest is the assessment of a
gastric motility condition in a subject, where assessment includes both diagnosis of the presence of a
gastric motility condition in a subject as well as monitoring the progress of treatment of a subject for a
gastric motility condition (for example to determine whether a given treatment protocol is having a
desired therapeutic affect on the gastric motility condition of interest).  [65] One gastric motility
condition whose assessment may be achieved using methods of the invention is gastroparesis.
Gastroparesis, also known as delayed gastric emptying, is a medical condition consisting of a partial
paralysis of the stomach, resulting in food remaining in the stomach for a longer period of time than
normal. Gastroparesis may occur when the vagus nerve is damaged and the muscles of the stomach
and intestines do not work normally. Food then moves slowly or stops moving through the digestive
tract. Symptoms associated with gastroparesis include vomiting, bloating, abdominal pain or
discomfort and early satiety. 



[66] Subjects of interest include those at least suspected of suffering from gastroparesis, such as
through the use of one or more symptoms of gastroparesis. In assessing gastroparesis in an
individual, an identifier unit emits a controlled current signature as it is activated. As the identifier unit
enters the gastrointestinal tract, a receiver unit's movement and position may be monitored as a
function of time. For example, by plotting location as a function of time, one can readily determine
when the identifier unit passes from the stomach into the small intestine after ingestion of the identifier
unit, and thereby make a  determination of gastric emptying time. Alternatively, a set of two or more
identifier units may be employed, which markers are responsive to different environmental conditions.
For example, one may administer a first identifier unit that is responsive to acidic conditions and a
second identifier unit that is responsive to alkaline conditions. If these markers are administered at the
same time and then the signal detection time of each is recorded, a measure of gastric emptying time
can readily be made by comparing when the signals from the acidic pH and alkaline pH responsive
markers are obtained. For example, the time from administration to detection of the signal from the
acidic pH responsive marker may be subtracted from the time from administration to detection of the
signal from the alkaline pH responsive marker in order to obtain a measure of gastric emptying time.
Where desired, plots of a given parameter (such as location, pH, pressure, etc.) as a function of time
may be prepared and compared to a suitable control plot (in other words reference) to obtain the
desired measure of gastric emptying.  [67] Methods of evaluating gastroparesis that may be readily
modified to employ identifier units as described in the present application include, but are not limited
to, those described in United States Published Application Nos. 20080287833; 20080161643;
20080064938 and 20040162501; as well as United States Patent Nos. 7,160,258 and 7,141,016; the
disclosures of which applications are herein incorporated by reference.  [68] Where desired, methods
of invention may be employed in conjunction with one or more additional methods of diagnosing
gastroparesis. For example, methods of invention may be employed as a first determination or screen
of whether or not a subject suffers from gastroparesis. If the results of this first determination are
positive, one or more additional tests may be performed to confirm the presence of gastroparesis.
Additional gastroparesis diagnostic tests with which the present methods may be used in conjunction
include, but are not limited to: diagnostic tests based on symptoms and physical examination;
diagnostic tests in which isotopic marker compositions are ingested and monitored, upper
gastrointestinal endoscopy tests; antro-duodenal motility tests which measure the pressure that is
generated by the contractions of the stomach and intestinal muscles; electrogastrograms (EGG) which
record the electrical  



signals that travel through the stomach muscles and control the muscles' contractions; etc.  [69] Where
desired, methods of the invention may further include treating a subject for gastroparesis when the
methods identify the subject as suffering from gastroparesis. Of interest are medications that treat
gastroparesis by stimulating the stomach to contract more normally. Specific medications of interest
include, but are not limited to: metoclopramide, domperidone, erythromycin, octreotide, etc. Where
desired, surgery may be employed, such as surgery that creates a larger opening between the
stomach and the small intestine in order to facilitate the process of emptying the stomach. Additional
treatment protocols of interest include, but are not limited to those described in United States
Published Application Nos. 20060029614; 20050164925; 20050106167; 20050090554; 20030059374
and 20020143030; the disclosures of which are herein incorporated by reference.  [70] Other gastric
motility disorders in which the methods of the invention find use include, but are not limited to: gastric
dysrhythmias, such as bradygastria and tachygastria, and gastric outlet obstruction, pelvic floor
dysfunction, chronic constipation, and GI conditions that are manifestations of diabetes and/or
autonomic neuropathy. Other types of conditions in which electrogastrograms of the invention find use
in the assessment thereof include, but are not limited to: other intestinal disorders, bladder disorders,
Children with Angelman Syndrome, as well as endometriosis. Applications in which
electrogastrograms of the invention find use are further reviewed in United States Patent Nos.
5,704,368 and 6,351,665; as well as United States Published Application No. 20050215917; the
disclosures of which are herein incorporated by reference. As described above, when methods of the
invention are employed to assess such conditions, the methods may further include confirming
diagnoses with one or more additional tests and/or treating the subject for the diagnosed condition with
one or more treatment protocols.  [71] In addition, electroviscerograms of the invention may find use in
assessing physiological responses to various stimuli. In some instances, electrogastrograms of the
invention may be employed to evaluate an individual's response to different types of foods. For
example, observed electrogastrograms vary between high caloric content foods and low caloric
content foods. Various in observed  electrogastrograms may therefore be used to assess an
individual's diet, e.g., where one wishes to monitor a subjects compliance with a dietary regimen. 



[72] Another type of gastrointestinal condition with which the subject methods find use is GERD, as
well as related conditions, such as functional dyspepsia. Subjects of interest for these applications
include those at least suspected of suffering from GERD. For assessment of GERD, one or more
identifier units may be administered to a subject, where the identifier units are pH sensitive and are
configured to emit a signal from which the pH at a given physiological site may be determined. Upon
receipt of the signal or signals, an assessment of GERD may be obtained. For example, when a
patient suffering from GERD is on a given treatment protocol, the methods of invention may be used to
identify low gastric pH despite the treatment protocol that the patient is receiving. This result may be
used to justify alteration of the treatment protocol in some manner. Alternatively, an identifier unit
configured to provide a signal from which lower esophageal pH may be determined can be employed.
With such an environmentally responsive identifier unit, low pH detected in the lower esophagus may
be employed as a diagnostic marker of GERD.  [73] Where desired, the methods of invention may be
employed in conjunction with one or more additional GERD diagnostic methods. GERD diagnostic
methods of interest include, but are not limited to: barium swallow X-rays, esophageal manometry,
24-hour esophageal pH monitoring and Esophagogastroduodenoscopy (EGD). The methods of
invention may further include treating an individual for GERD following assessment of GERD by
methods of the invention. Pharmacologic treatment protocols of interest include, but are not limited to:
proton pump inhibitors (such as omeprazole, pantoprazole, lansoprazole, and rabeprazole); gastric H2
receptor blockers (such as ranitidine, famotidine and cimetidine); antacids; alginic acid; prokinetics
(such as cisapride; sucralfate; 5-HT4 receptor agonists, such as mosapride citrate; etc.  [74] It is to be
understood that this invention is not limited to particular embodiments described, as such may vary. It
is also to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present invention will be
limited only by the appended claims.   [75] Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or intervening value in
that stated range, is encompassed within the invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges and are also encompassed within the
invention, subject to any specifically excluded limit in the stated range. Where the stated range
includes one or both of the limits, ranges excluding either or both of those included limits are also
included in the invention.  [76] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those described herein
can also be used in the practice or testing of the present invention, representative illustrative methods
and materials are now described. 



[77] All publications and patents cited in this specification are herein incorporated by reference as if
each individual publication or patent were specifically and individually indicated to be incorporated by
reference and are incorporated herein by reference to disclose and describe the methods and/or
materials in connection with which the publications are cited. The citation of any publication is for its
disclosure prior to the filing date and should not be construed as an admission that the present
invention is not entitled to antedate such publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual publication dates which may need to be
independently confirmed.  [78] It is noted that, as used herein and in the appended claims, the singular
forms "a", "an", and "the" include plural referents unless the context clearly dictates otherwise. It is
further noted that the claims may be drafted to exclude any optional element. As such, this statement
is intended to serve as antecedent basis for use of such exclusive terminology as "solely," "only" and
the like in connection with the recitation of claim elements, or use of a "negative" limitation.  [79]
Certain ranges have been presented herein with numerical values being preceded by the term 'about."
The term "about" is used herein to provide literal support for the exact number that it precedes, as well
as a number that is near to  or approximately the number that the term precedes. In determining
whether a number is near to or approximately a specifically recited number, the near or approximating
unrecited number may be a number which, in the context in which it is presented, provides the
substantial equivalent of the specifically recited number.  [80] As will be apparent to those of skill in the
art upon reading this disclosure, each of the individual embodiments described and illustrated herein
has discrete components and features which may be readily separated from or combined with the
features of any of the other several embodiments without departing from the scope or spirit of the
present invention. Any recited method can be carried out in the order of events recited or in any other
order which is logically possible. 



[81] Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, it is readily apparent to those of ordinary skill in the
art in light of the teachings of this invention that certain changes and modifications may be made
thereto without departing from the spirit or scope of the appended claims.  WHAT IS CLAIMED IS: 1. A
system for detection of myoelectric activity, the system comprising: a receiver unit capable of detecting
voltage potential changes, wherein the receiver unit comprises a transmission module for sending
encoded information to a remote location and at least one sensor electrode to gather information from
a proximal environment; and an ingestible identifier in communication with the receiver unit, wherein
the identifier comprises: 



a housing including a first electrode and a second electrode secured thereto; a control unit electrically
coupled to the first and second electrodes, wherein the control unit changes the conductance between
the first and second electrodes; and a detection unit electrically coupled to the first and second
electrodes, wherein the detection unit reads a surrounding environment to collect information, wherein
electrochemical reactions between the first electrode and the surrounding environment and the second
electrode and the surrounding environment respectively produce a voltage potential that powers the
ingestible identifier such that the control unit switches the ingestible identifier between broadcast mode
and detection mode.  2. The system of claim 1, wherein the information encoded in the unique current
signature produced by the ingestible identifier is identification information to indicate activation of the
ingestible identifier to the receiver.  3. The system of claim 1, wherein the information encoded in the
ingestible identifier's unique current signature represents the data gathered during the detection stage.



4. The system of claim 1, wherein the receiver unit further comprises a second sensor electrode
positioned apart from the at least one sensor electrode.  5. The system of claim 4, wherein the receiver
further comprises a detection module capable of detecting low frequency current signals produced by
a voltage  potential and capable of detecting high frequency current signals produced by the ingestible
identifier.  6. The system of claim 1, wherein the ingestible identifier further comprises a temperature
sensing unit responsive to and capable of recording the surrounding temperature.  7. The system of
claim 1, wherein the ingestible identifier includes a sensor capable of measuring the surrounding
temperature. 



8. The system of claim 1, wherein the ingestible identifier includes a sensor capable of measuring the
surrounding pH level.  9. The system of claim 1 further comprising a second ingestible identifier
wherein the second ingestible identifier communicates with the ingestible identifier such that when the
second ingestible identifier is in broadcast mode, the ingestible identifier is in detection mode thereby
allowing the ingestible identifiers to communicate.  10. The system of claim 9, further comprising a
second receiver unit that includes at least three electrodes and wherein each of the electrodes of the
second receiver unit transmits a control signal that is detected by each of the ingestible identifiers to
create a detection array within the subject wherein the location of each ingestible identifier can be
determined  11. The system of claim 9, wherein the ingestible identifier measures acidic conditions
and the second ingestible identifier measures alkaline conditions.  12. The system of claim 1, wherein
the system further comprises an extracorporeal data processor configured to receive data from the
receiver unit and generate an electroviscerogram from the received data.  13. The system of claim 1,
wherein the ingestible identifier includes a disc secured to the housing, wherein the disk is
non-conducting and wherein during the detection mode the ingestible identifier records data
associated with myoelectric activity and during the broadcast phase the ingestible identifier produces a
unique current signature including the data. 



14. The system of claim 1, wherein during the detection mode the ingestible identifier detects and
records data associated an implantable device and during the broadcast phase the ingestible identifier
produces a unique current signature encoded with the data.  15.A system for creating an
electroviscerogram for a subject based on detected myoelectric activity, the system comprising: a
receiver unit capable of detecting voltage potential changes associated with a subject, wherein the
receiver unit comprising: a housing having at least two electrodes secured thereto for detection of a
change in voltage potential associated with myoelectric activity 



of the subject; a processing unit for receiving the detected myoelectric information and providing an
encoded message; and a transmission module secured to the housing and electrically coupled to the
processing unit, wherein the transmission module receives the encoded message from the processing
unit; and a decoding system comprising: a receiver module in communication with the transmission
module, wherein the receiver module receives the transmitted encoded message and decodes the
transmitted encoded message to produce a decoded message; a display module for receiving the
decoded message and producing the electroviscerogram. 



16.The system of claim 15, further comprising an identifier unit in communication with the receiver unit,
wherein the identifier unit comprises: a housing including a first material and a second material
secured to different surfaces of the housing, wherein the first and second material are selected to
generate an electrochemical potential difference when in contact with a conducting fluid; a
non-conducting membrane positioned between the first and second material and secured to the
housing; and a control unit electrically coupled to the first and second materials, wherein the control
unit changes the conductance path between the first and second materials to produce a unique current
signature that can be 



detected by the receiver unit. 17. The system of claim 16, wherein the identifier unit further comprises
a detection unit electrically coupled to the first and second materials,  wherein the detection unit reads
the surrounding environment to collect information. 18. The system of claim 17, wherein the control
unit switches the identifier unit between broadcast mode and detection mode. 19. The system of claim
18, wherein the identifier unit operated in detection mode to gather information associated with an
implanted pulse generator and wherein during broadcast mode the identifier unit produces a unique
current signature containing the information associated with the implanted pulse generator. 



20. The system of claim 18, wherein the information collected about the surrounding environment is
myoelectric activity and wherein the identifier unit includes a sensor that detects a physiological
parameter and combines the data associated with the physiological parameters with the data
associated with myoelectric activity and during broadcast mode the identifier unit produces a unique
current signature containing the combined information. 


