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FIELD OF THE INVENTION

[001] The present invention is related to elecironic systems and, more
specifically, to electronic systems for determining electrical signals generated by
a subject.

INTRODUCTION

[002] Gastrointestinal disorders are responsible for a variety of different medical
conditions. One type of gastrointestinal disorder is gastric motility disorders.
Gastric motility disorders can inciude gastric dysrhythmias (such as bradygastria
and tachygastria), gastroparesis and gastric outlet obstruction. Gastric motility
disorders may arise from muliiple different causes, such as autonomic
neuropathy secondary to diabetes, prior abdominal surgery, various diseases
such as autoimmune disorders, drug side effects, etc. Sympioms 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.

[003] Another type of gastrointestinal disorder is gastroesophageal reflux
disease (GERD), which is characterized by chronic symptoms or mucosal



[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 areygshpisgdf for a variety of different medical conditions. Onepmsg}@%t&i‘ﬂtestinal
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 aladegenabsurgery vasiabsalingastasincihaesieigs UM disarderscdsug side effects,
etc. Symptoms ghga tgiggmotili} c%it%%rd S ary, angd may.i de nausea, vomiting, bloating and
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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, manomeitry, and electrogastrograms.
[005] 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 o  an
electrogastrogram, with the exception that electric signals arising from both the
stomach and the intestines are employed.
[006] To obtain electrogasirograms 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.
[007] 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.



[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), endogwﬁ Armnometry, and electrogastrograms. [5] An electrogastrogram (EGG) is a graphic
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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 fransmission 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



[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 m%{l}er @nd 3bo -associate%ceiver configured to detect electrical signals. The system is
configured (0 recere AALHBRITHED MRiRge AntatihAsseriatad Wit myesiceticmelidbaab generate
an electrovitfiethjant; froprabessiogiveit dotaesdiany dhis ek wa adethasksadt prosesifetion

electroviscesa8/Bragigin r ei ing.t ent invention
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message frgm the processjng unit; and a decoding system tomprising: a reteiver modu

communica%I ni%ﬂﬂﬁﬁfe"lpéLélr#i@sia ‘module, wherein the receiver module receives the transmitted
encoded mEEgd ind deediestinoat aesnpiteent doclediayzanagt tieepietitba degedesanessage; a
display moq#u@gfgqég%iggﬁgom legoded message and producing the electroviscerog ram. BRIEF

DESCRIPT{&)I}! O'I_E.T FIGURES i
14} "Fig. 57is a funcfional component block diagram of the receiver unit of Fig.

1.
[015] Fig. 6 is a biock diagram representation of the receiver unit of Fig. 1.

[016] Fig. 7 shows a system for creating an array of identifier units using a
receiver to coordinate position.

DETAILED DESCRIPTION

[017] 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-
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[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 wighthedesehings of the present invention. [11] Fig. 2B is a iaprwisweidbeddentifier 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. corporeal data processor 24 communicates with the receiver unit 20. The exira-

corporeal data processor 24 may take a variety of configurations, such as a
computer with a buitt-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 protoco! may be employed, including both wired and wireless data
transmission protocols.

[018] 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 gastroiniestinal 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
motifity, 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 inciude electroenterograms and electrogastrograms.
Additional visceral organs of interest include organs of the urinary tract, such as
the bladder, eic.

[019] According to one aspect of the present invention, the subject ingests the
identifier unit 22 in order {o activate the identifier unit 22. As shown in the current
exampie 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
iocation 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 & body location (either inside of or on a surface of a body) and to detect



[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

DESCRIPTIQMN zbkdhésgferring Fig. 1, a subject is shown with a portion ofau4 H@y&;gﬁrpgraphy
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 ZQ. The gxtr_acorporgal
data processor 2ictimypltakmalsyfmoetyonieconfioratidstsy siuchgasa afomg wedyyidueh batiitihg or peripheral
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location externafi¢taitedchslavjets haliethatreetiveheriecoiuanshay keiesalighirepoiatesitpiepgated by an
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transmission préqggb@eferring now to Fig. 2A and 2B, 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 eilement 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.
[021] 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 cerain
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 fiuid, 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.
[022] 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 conirol unit 38 of the integrated circuit 30 controls the conductance
between the upper and lower electrodes 32 and 34 respectively. Through



[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 oRipy b ¢/gfe:E0 evaluate gastrointestinal function in a subject. (e3stQiRiHsHagd 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 organstinlioly ¢kircondtititsnericthasdemgiies ohithe2yastoimtestnsddcact Thigderm

‘gastrointestinat frlajesdesile SRR ABEBNORINGS oHhe ARG DASIIPIBLERYIDRL Yot refers

collectively to the stomach, small and large intestine, as well' as related structures, such as esophagus,
etc. As such, elQUIHYiIEASRSIAR BIRARICHY 1B SRIRSHRE SRede MeciriBrliRm b 4dcqieRtAterograms
and electrogasttbgrayesicktiduicauilijsceited vigans ofgaierestioglusieosrgansadtieariciedy tract, such

as the bladder, b‘f'tio”ﬁ]é%&pr%%%’lcﬁﬁes%ﬁ%%cﬁﬁég% rgﬁaggi&\ﬁaﬂéﬁ(ﬂgh&%ﬁ%@j%;&nﬁests the

identifier unit 22 in order to activate the identifier unit s shown | example of Fig. 1,

the identifier unf@24s390a % d9AMRIF9G8 stRaoiE gBOMhareinatelnit 180 RERwE d8clired to the
subject at a desinéiti:icavepenting locatiorBbtuessiver e Geandhedeleimioehbatidie medical

requirements ang the.. m design.. The receiver upit 20 employed jn accordance with the aspects of
the present invi:gjr?ticl)ar?t §r¥e_ﬁ It)ﬁosf)g tﬁka% égéé?fngﬁch\@d L%ybe%1 g sa%lg%/ed vt\ﬂ r?rg%ﬁd@ﬂ‘l/(?c;{%%epeither inside
of or on a surfad& BT \SHAY & Hieses! dnekifieabsigRmsRbiTied &p nfolecalinreial Bigyans of the
body, such as thagasitteiestinaiiraciorag prrtinbuReLRIpsaRis a5 IAMSIO ARG, inaglihatestine, large
intestine, etc. It js. also within the s of the present invention, as detailed below, to have the
receiver unit 20 f§_¥€aécl%%éw?hg%lof%ﬁ#‘l%ffgﬁhnégu ?eg ﬁi%ﬁﬁé)t%%&r% %’?E\Eefgg}?ﬁﬁe%‘)géaéﬁred to the
skin of the subjé¥th By R féheinigrasiviteFig. RASPIRE, fldntifiegaidies tciheegadititmegrated
circuit ComponeéﬁrﬁﬁoéiﬁbblW%@l&@é@@%&vﬁé@@émtiﬁgﬁgﬂﬂ@?%ﬁEé‘@bﬁﬁﬁﬂ}'@'@%ion element
36. According t%éhch%% QA[@E Q thigr%{esent invention, the L%fgéer and lower electrodes 32 and 34,
respectively, may Kavs any Thnveneht Shafloigs St idte SmpRRtag it f ffeltion element
36 is a planar digtysiplrgiges sitthelbalidestitipr ohih@3igan kesifitgutien tidmatigsiextanas beyond the

edge of the uppgyrgleshiodmarAnfdhadersisiceienss3tidndusArrigisdisgbagigent the radius of
the signal ampligbczagt)? element 36 is Ion%er than the radjus of the upper electrode 32 and the lower

electrode 34, e. RS PIG R ENGUESS 1 FHIRYIPRRSTESING 24 HET8RIGA & YRYPSe edge of the
signal amplificatlerasielersas3eantad exitbriidepanzhthentddenéaegiimdes 38raird)3himély vary, and in

certain embodiraRihis §-emBYrRFdTIRsiRedor & ToM AP il N WOIENRRUR pdmse, such as

5.0 mm or more and inclu,ding 10 mm or more, where the diStance may not exceed 100 mm in certain

embodiments. TRETHEEFGIEBIFBLRANGIR] RADSINE BRAR0MR "8YAE iB6IIETred such that upon contact
with a conductirf§3f]idRsieoing nsteneakig fldidhe deltatenpotiintialiisicdeatedventsigaedeitidtows through

the integrated clisuih 0 6.3 86,0 SR MR HClioRaLlad MU SRRl Gl R to produce a

unique current signature when the identifier unit 22 is operating in the broadcast m e voltage

potential create BRABEEIIINE UHERRfdralies nihddHe RAR@HBRIBee S PnsBrssed MBrough a
chemical reactionybelvotinauatetiaks ¢hapiraielapeihteeientigdesB3ai3bandsheTsie eoueing

conducting ic a1 bugerisas ROSiExGUARNL AHaS 50 21 IRTRI Pewvesn npeglegirode 32 and

lower electrode 34 through the conducting S ing erunit 22.
for power supply control. ~ Additionally, the power lines 40a and 40b are

electrically coupled in parallel to capacitors 46 and 48 and ampilifier 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 {o 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



[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 tRgeaiggssyace between the upper and lower electrodes 32 giq /%ézﬁ%gﬁﬁ%tﬂely' Through
controlling the conductance, the identifier unit 22 is able to produce a uniquée 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 syserityast argostovitihey eed. iverasigcing Sanalskiame dEpOpe RIS g from a few
hertz to about 3 I ing.from roximately 10 microyolts to 1 millivolt. Depending
on the embodim{pe]%tlé| %ﬁgg%ﬁt%%%é?&%l?agf IS:Hre oﬁ%)coa ?o@%f%é't?\?a i%%]?b 'f?}@t?%e"r?ti Fehit 22 may
vary. Representafveeipgee Shyaridigr xpkiessusineaiordesiied detastiompmramedernitedf theselocation in
the gastrointestigal tregk, inuaiitagetheBidhhaseptadidsingl aRrasibigPalldiestineniaigsintestine, etc.
Identifiers may 98 gﬂ{g}ggﬁﬁd&? 91% na?;‘i\e/atgg(u%)on cantact with fluid at the target site, e.g., stomach
fluid, regardless o}t & paricular compeshioh SPH® Sy SiRASRAT:IR ASAHEN i5S8EHRRer may be
configured to baRit&Gareeats it ibg Amvrereneviing ebnteeelettitesipmapotittoouwyith ef theget
physiological sitarfEhe Whﬁmm:z%%%m\@@%%fii:@ RRiBVBIRE Ab A RIGK]S i3, wherein the

target site is reach r a.specified perjod of time. [23] The sensing unit 41 includes circuitry for
sensing and de?é}ctﬁlgﬁa ({;ﬁf%raaﬁ%uas %@fﬁ%‘?@ 3§§%'@%lf’éj freheABA\ArSRTBAPPRGHIYRGIRMIe, the

sensing unit 41 PREATISECATiten férataah S8ashty 62.aptHedearsingtunitecardoednidation theyeof. Other
physiological paapein: shRstIcssrene) wiamicap dBrliJag o8I RBIRI APy deghe detection
a

unit 40 includesr%?werléi nal lines 4 ijan_d 40b for powering the circuitry that detects the myoelectrical
activity of the viSt&ral orﬁgaﬁé‘w}?é% th& R HARERTR: 255tEP aaicgipctRetidrenisntfighe
myoelectric curtéit@2ie igpitatiydooyenyeiemric Cauere erebiee sniliun p oivitiel imese4@@@nd 40b are

cectrically coumlecs areenPulloue. 480 HERAIRA T RVERSUBPConil Adignaly. the

power lines 4OaH,End 40b are electrically coupled in parallel to capacitors 46 and amplifier 50 for

detection and filteringCaP (R ARUEH A9 18Ry HIe HELHMNEAP \HRRaRe Ha o IbeuRasRAIGHSsy BEthe visceral
organs. More spetificatagiessifoakpaspts tretighr anaplifienB0ed ke aow Hingdisigrabippassed to the
bandpass filter i t | it t igh.f artion of signals so that
the myoelectric;gl? gtc%%/ﬂe é%%%?gssm%ﬁﬁ@%@% Zéelﬂgf?h #‘?}%%ﬁﬁér}éoo iﬁfgﬁsr’]%e[‘lggrﬁ rics)g[grzg'ssed to a

peak detection GRft SutHeHETE 0 JasteisAtiGRITLI A0y than the datmanaiprnaiipmissarsistiated with a
true myoelectricractontychsniteiBaentire 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.

[025] According io 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
mm® or smaller, such as 5 mm® or smalier, including 1 mm? 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 em? or greater, such as 10 cm? or greater.

[026] 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



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 detegfignfaksaeders. If there is a peak in voltage potential that e§wﬁ§z59§0%%§hpld 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,

alrlld a selcond ph@mgc@mmaﬂ:&iﬁf ﬁiﬁ@r.;ééleiﬁa.p@tiﬂtggr 6&@&3@@54@?}%@0?@@@?% andF
allowonly a's ical activity to pass through each filter's defined range. For
e B B L A AR R S0 Rsan @ myoelectic

example, if the information detected and collected eidentifrer
current and theM"8AREOHELARRS APt SYRRAsIEDY GMnasH Bvemes phdbediving isfreratids to the

connector 39. Aguchumbetcsilideimrazobeaddadiaimeriaiastivnunihdd depading.an the
parameters are éﬁ%l@g egg&H gd. ﬁ;_% exan‘lg)!a%t ong filtir me}ﬂy)enbe added to allow gnly information
related pH to pass 1o thacortrof Uit 38, e T RIS SRl e e IRrBXRFIBIE AMe filters on
the detection urflfigtenrpeinhisdakdiyr inforavation isweet insthrceontrel usieB@wheieddissencoded as

part of the uniqueraHRALSIGRHIBAD A5 REEANEY wBit ARMSPIHE S ITRISHRIGUS BHLEENL Signature is

detected and de%od%g”by n%heere\5,‘(}=F=1|ver émits f %ﬁe séystem. 25] According to some aspects of the
present inventidn . the Ideniner unic 22 |§‘°’Hﬁ§si RIRENFEIZRE 48 NAmierPaahsizs: 38 R24lone or in
combination witPCetmra/eHitTEsot S pase phbisim WitHdss estitrad 13 certainiesp eethiding idemfifier unit may
be associated wlleascafriohmi/f@ncas s veaaaimasa il aaen REABFE RSP Frexample,
physiologic sizedOEeny'fier units may have a size of 10 mm3 or smaller, such as 5 mm3 or smaller,
including 1 mmZP& €haller. In other instances, the identifier unit 22 may be sized to remain in the
stomach followilf@ T gBefrsrinatiesso diigil B éhielesttefesrumitt 22 isdiualesra ypdog dbiegligestige action of
the stomach. InJsenaeiANERB.AN IAENHHR HOERZ MAINAS,EWLRCLR A & ace area of 1
6] ang &’d

cm2 or greater, such as 10 cm2 or greater. é _The receliver unit entifier unit 22 are
configured to dSREHES R A !BFRdEM e fiRIGElgffuS WrRPBRSc_BISId IR 4198iBALIZ80a0F configured to
receive data frosfetisie comil @0 tuizharny a@ssingnieation NMeenceil Euging wdekessnangavired

methods. The HGRRRTEN SAGADMRRSEHS A FIERINUIGETRRIAATam e [Rralyeql dala, The receiver

unit 20 of interest includes those that are Size stably associated with a I|V|ngeshcl§ject ina

manner that do88 S &tERMERIIY HRpRECRRSPE 8NP b FiBe fvilly BigbRistents S@NPetheceiver unit 20
may have dimersionsrthat, 2&héwiadesloyediyiioaissbjaewseush AssadiRaeSwRieghdinot cause the

subject to expey Y diff ind ility, t e. In some.instances, the receiver unit 20 is
dimensioned su(:gr‘?tgh&atq;jﬁtlsﬂgeigz(—:‘S Fgggrs‘ﬁ nﬁrﬁ?ﬁgg’r@e 2%%%[‘3\//%? T né{g%%jénc%omp%ﬁ/és?cgﬁéﬁ?&%. Where
desired, the recBRREFAGER 20hHE SPR]ICSINE iaseRlyBERlien dsvoniniietsputecotBrms or less,
such as 3 cm3 efelgigsiancluting, Irc o QblRRIrAIEO BIaNRFEANCEHS BEIRGAVR! IR &.dup Size limit
ranging from 10Q t . eferring.now to Fig. 5, the receiver unijt 20 includes a
processing unit%ﬁ%&%’%ﬁ%ﬁ?@%ir&%@% et\g?ogég?r?éeuﬁ!?%ogegie FF@aII?/cHl%?ed to and
connected to el@leFBaERST ANKYdchetrs\(ralipled SHeuBE te hoshae? theasdos etrcdtivromupled to the

processing unitrBreT baircot (7 BliseaBd GEOURSH theRtiE RLRRE) %%wgesef%@!e tfggsmission

from the receiv i vice.lo an extra-cprporeal data processor 24 of Fig. 1. In the current
example, the re?égg\/gé%%%ig%b?ﬁé?%ecfggﬁ\?\?o%?gc ?oae%?f%l?&/v%{/g%’? iﬁ“gc?@érﬁg'r‘&rﬁiwghmer aspect of
the present invédRISietHE tetRilepimrPGawajioncil itesektitibrabotiironds2amtthdesdape of the
present inventiaeisragbmite Ry dRpdmsnhar £lastiadesxT s BeRFRAMIGHIAlIoR hierest, the

receiver unit 20 incIL%JIes one,or. m%re eleﬂctro%%%ésuch as two or more electrodes, three or more

electrodes, and/orin2iudes iatisee¥s dhes thdPe CHIFSE Br HISENHE rONANSre Thitrs of
electrodes, etc.JifdarRracetnyasicantaaigants drmindd by themjsaerahsigan ofsinterestas well as

detection of thetprraiabiaRataTaRb e e ALMIER UnilchRal PR 6oBTI0WiataRRf INiRLRSt the

receiver unit 20 includes two electrodes that are dispersed at a distance "X™ from each other, which
distance may b8 SREHEH WiBR8 HRIMIEEHBHEE T8tSHect a differential voltage. This distance may vary,
and may range [#838) (Theto&eiversunh 28 fray Ddude? 6 canisihef etiftironie 8/peay dlgaarve as an

antenna to receiygR& HIaHERS WHE HrassasiR ot an ddaptifies M Hb QL BARELlni 20 is



[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 sigRpgsAGlsligRally, the receiver unit of interest may be both exjRr é‘/ﬁg g é ntable [29]
Referring now to Fig. 6, the processing unit 70 includes an amplifier 80 that etectst Ifferential
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 configutet! to thateiedteodiesirdd ofifdgrab viadhieansplifigs. Thedsteaigd gignal then

goes nto the degparhlata 3 ARG chay BIsaTemARy Ul ARdasigle the demodulated data

received signal, E?é iological parameter data, as well as medi fecord data. A clock 86 writes to the
memory unit 85IHF S BFIRIIRA AR Fe GRS PCBRIRGNHNINTOSDTtTRSTAB amplifienBehe memory

unit 85 to the extrat-cetpettetcdatt e senayeibddmidigerbed MEoPERLESHINY 1N 7AAISO includes a
power source S{ﬁ# (\;H& ?Ogygc?qgﬁligp éﬂf%lo |cgo:%r?8es§t%r %8 Th%er{'ngrr9 rrﬁ?ggﬁiﬁs%% ?’8% gfg%rdlnates the

function between the var unctional s power man ?dlng to
various aspectse$fatiedpfesdReiRoatigh ‘%f@@y@téh@‘ cﬁfﬂﬁéflﬁﬂ/@ﬁtﬁﬁﬁoﬂmyiﬁﬂﬂac@ dfsihgle receiver unit

or multiple receuetm@ds/ consyEiteMs thisd |@@g@@dg§|mgl%fep@vq qmt,tﬂ@edﬁ@qﬁ@r g may include
three or more d%s %e?h%aﬁ%g £s angema ol%ﬁ C nf| H c}éoé) eRosn ned in an abdominal or xyphoid
region of the subjec ecelver%m? of Such sys A 8?‘1"8(1%?:5?1?7'?:‘2{%\}% ent location,
such as the frorftolsstersdherienmsivietes Wit reteived &IQSH@@hWQﬁQ@MSﬂHﬂ&MI&wmmmItlple receiver
units, each receigaidiay Rrfcal SELBR AREIANSRRBEUFTIE S INRI TEIRYPRIR B8N Risation with

one another to etate ap array of recel\(/g units. [%11,1@8 ects of implantable versions of the receiver
r

unit will have a BiolOGeSTy MR TR dh IRRSTY, [ABPLPLL AR diemiBadee s Wt source,
which could eitrﬁﬁrﬂ@éf‘@ SHilraeproelest detshpiepesbie baitt@dypbFigne. tiiakismpoesshegl intMi®adcasting

inductively to a gk ikQuYRS smakame@laﬁes@e&ﬁanﬁmﬁﬁwmsmm ugiuigs fngt have

electrodes opposed to the skin. The communication may be wireless or perio med over one or more
conductive mediac &y OSHieY, %apﬁ%rﬂ'fﬂ?é@ B URRIGROg KRR thRY %’éﬁﬂ% TURALPBAEYGRES be used for
receiving and trassvelitdagpavgramsnagement.

[030] 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.

[031] 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.

[032] in certain embodiments, the components or functional blocks of the
present receivers are present on integrated circuits, where the integrated circuits



[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. Wityg sgiMgssigceiver, at least some of, e.g., two or more, up.tgg,péggw%r% 5‘%';' 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 semicorideiotizr denvigriserasiniact PaBBHEHLOBIRMENIS), thildis PeqmpauiRcHred in the
surface of a thinrg,ﬁgmgat icondugtar erial. The integrated circuits of certain embodiments of
the present invention m’ait gé%%?cﬁ%téé%ﬁégééwgw fsr(/]v {&h re%ﬁﬂa’ﬁﬁ”ﬁ%ﬁ%l@&%nf@%ircuits
constructed of indiFHATE SERFHESHAYIER PSS, MsNGs) intepratel ciuinitaheresdh@nddy to a

substrate or circsifignoandorE38d Sigial ikeeelars ehinteraslingidtuRUhal SRR LR dignthose
/U52006/016370 published as WO

receivers disclo in..P lication serial no. PC /O
2006/116718: P%ﬁ%?gélig‘;i?ggi%ﬁ%\%o?'P%r/i%/ 05 BISHTS 4 VS RDIBRISLEYS; PCT
application seridM&8/ ST AISIDYIFE 1845 PMiiHBHEShS\RADZOOI0Q5] 88hitine tiimelosugs of which
applications aresaafieihénefsipofalisby eaferriicess (e RECRARRBMAIN pihenaaPeRlsof the

present inventiorga%hisyst%qnn‘{ include #’g}é r. more (such as three or more, including four or more)

R eSS, e N Br BbalPataR gl MiE MR AR sE A ARG vely

receiver units. Ir_l Suc
arranged at any'tiegifter gisatitsh abiceHaihedpofithentsibjebe Fasenaimaatiall hihechiadyidissociated

signal recelverSiRay e BRENLOUHIE S U AR IR0 NG LBl arR gk agody, of they

may be present.on O‘f site sideg of a body, such as the front and ba the torso of a body. [35] In

N P HROTE SR HELY FRAPSi iRl aR SRS SUR AR DORSAS i RRAESH Y include an

addition to the ong 0
extra-corporeal gstpre cssioriconfitfired to receive data from the body-associated receiver and

generale an clefiyISSgRSIAGA G NG ESSIAA 13, 15 EXPIERRRIER| ala pragessor unit 24

. 2IVErS .
may receive the electrical s%nal data directly from the receiver unit, or via a data reFay device (such as

a device that reS5t/R865a 1% o) ARPIERIGDTNIR A RREARBRARR A 8320 cubiiaied i YWQin
extra-corporeal 2208/ pr6Te8 sl TT apmicarionospantaliclaROT F0BsRs 226t AbMRYdaLtigured to

receive the datapyiss RS BN LHiIRG RInWEEIEP S OBE N ASHESI55Ha F XA qiegredl data

WQ/2008/095183; the disclosures of which applications are herein incorporated
by reference.

[034] 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.

[035] 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 dafa processor unit 24 may be configured to receive the data via
any convenient wired or wireless protocol, as desired. Extra-corporeal data
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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 megibgihsidgts as writing the electroviscerograms on paper, digplaying an. ...
electroviscerogram to a user via a graphical user interface, and the like. Extra—corporeaﬁ éata
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 systenessqrersoitabigitat@ssisiamdPEap) resmarhphegricamagaaoigadavice, etc. [36]
In some instan idgntifier unit jdentifier is, enviro ally sensitive. By environmentally
sensitive is me;@]t%?r%%tﬁg{%de%ﬁ ler it'lsgcgg]ﬁgggt[fégd %%Le%a@ﬁl\%pe%% A'the i%%%tif%? g%‘r:ﬁgs into contact
with one or morB'RIFRYEERIOHAMAIEIR RS QEIRIER R USEEIBNn AAGIBYRIAM Eediansuaitabconditions to
which identifierseimjenessisvaphiscennighic dripspspoNgdRgiHE e By BEPSsURS aPH, analyte
presence, etc. | j the identifiers are pH sensitive, by which js meant that the identifiers
are configured t%%gg’g)%f@{%%feﬁ%fﬁ%ﬁaﬁﬁr ggﬁdﬁ?o%?‘%’é};ﬁaé%oy%%ﬁ!ép 1A7&EShtitions. For
example, an idefitiigrsyEgme ebmfyinention sapotrkefer wiatyphd byrdictivatiios.ssutie@sssion of a
Eignal) whe?kitlmmpa{f?fwi? @wmg_?n@c@ﬁmgésmﬁgrpmp.%gﬁ,ﬁ%saﬁ@h%gighl £ of less) ﬁr fluid
aving an alkali such.as pH of 7.5 or.hjgher, . such as of 8 or higher). As environmentally
sensitive identifpegrggg% %%%Borr]sg\;ea[ohg%tﬁadrgtgerp tr'%}j %yéﬁﬁi%gnaop?épag'tvﬂgg?ln?éﬁést‘?dﬁditions to
which they are éxBosctisthary Rirengoafigeseapiogdeieseaind emit a signal upon contact with the
predetermined gogaitionsemaahabaensliion rieifbDARBLHILSIRRVIBRRR AlfAPMLIGHR application,

the current detegtednt?%/ the reﬁjver unit.from the identifier unit may be generic, such that it merely

identifies that theidantiner Faceonaetat Thes tTIERT Rt ARERIVEIST de cagia Ry Db E%epresent

information aboggtiviad ywectine identifigracooiete ottddoptin igiéntiier amimoAs cretijdhe identifier may

be one that, whaRGMEYEEHIHE R BRI I08RMER ASiRERANIcH fjnauished

from the signal %g{itﬁifd byqzhe_ identifier of any other dosaig member of the%%tc Ttﬁﬁﬁﬁtively, each
kY

member of the alleipSto EnR¥iePEn SPRIGHEY Riq(RSRAGFaliNgluda stamasraisfR et to all the
other identifierspoesherenaiibersiyfehs dmote, | etthdsestistaneesneas htidaatifieics the: hatch emits a
signal that uniqyghsaglRNtflesHat Bam@%?rﬂiﬁ?wg%gﬁﬁhgr??i%"c%}?g%?écﬁelgﬂr\i’?%&gn%“ fhe other

identifiers of the batch. The identifier may emit a unique signal that Is & universally unique signal

(where such a FFFRRINNEE BHOBYIIS sUshmsAgrigQnrikelns crnditinagn EofrBxa@Ale other
fingerprint of angroitientifielividanl bexcctingirieee wninsplynisemdifiesanprdividutiesianurivgrsal level).
The signal may gi irectly. | j t.a gi t.or provide an | ifying code,
which may be ulfg(ljé %{:? ﬁeﬁ%v%{%ﬁ%m%ﬂ%{g@ggﬂ el%%g%ﬂbyger% rggc?ﬁg:b%g%gr eafa;?nl'%%er'ga database
linking identifyirf§ @é&e%%ﬁ%aﬁﬁdéﬁﬂﬁﬁ%)‘?r 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 1o 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.

[037] 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 signai
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
emitied 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
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[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,
conduqtive (r\g@r;ﬁfdggsggnals, acoust.ic §ignz_als, etc. The transmission tim%gc;ifgg%%@%g;isf%gr may vary,
where in certain instances the transmission time may range from 0.1 sec to ours 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

ma;(; produce a pmimlﬁaewmﬂﬁ@ignmrbm&aﬁg&ét}?éi&% %‘%(Ij%@_ftﬁﬁém@é/lnﬁﬂe?@'ﬁﬁwed to
produce a uniqye, £urr | same informatjon (identical signals), two or more times,
e R T ek & el i i s

where the collection of discrete ide signals may be collec
[39] In some inst&REsSUAR FoeigfifeMaa e RMARBIKS derdiduraandingenpiintavaidbdatitistioftthe

gastrointestinal figrat-picRnier aaghasitat eAleR: RRNAXGMBIR thesnakanmaY RdHG.2
muco-adhesive aeAemr%Gitdﬁé t, pon cglgt?ctiwith EB? iiternal location of the gastrointestinal tract, will
cause the markar to romam at that ICAtiSA. A Ekarhiie 3P T-e BRLUEHNSH SHRSIMirRBRYSY where
multiple identifieffarmatigtaiteiliegivenuereatsivevisie raprt antifpdg cosisredioh ansmybpect. The
markers will adhgee te diétresnt RRsitiansObRRISIREaeEnanrbilbegaisignalg fr i different locations.
The multiple diff e{t%%t Si n%ls mg%/ %e_em%o ed to produce a map of the stomach, which may be
monitored over Time. eregese y't'Pr% %%Mﬁ%%%ﬁ%’?% in response to different states, such

as mealtimes, f48¥8lg Téridgn0iiariraay grtificate magrigyyotigifienctin typestbespmdiclac editgpdiment and
intended applicgipRATAREOIBPATIRR SBrARPRSHIBY RE @l%i_l}{ﬁﬁegogn%ﬂi qudgﬂgﬁ%on contact
e

with a target ph 'olo#iclal location, such as the stomach. Identifier may include an activation
component, such a&% B5t SR SIBIRBITR0WT LB et Jeif) sianalsrAoHRUSiSIoRMsment.
Examples of diffeeiiheypessofissamtifims of inteicestiiieeince; batyarehaes limdethto itbrsrddentifiers

described in P icat ' 70 [ s WO/2006/116718; PCT
application ser%ﬁff%%@%%gg%g&%Eéﬁ%%ﬁ%}%@gﬁ?@%%Y%‘@%fa%%ﬁ.cgﬁon serial no.
PCT/US2007/058528. buisfisrie 345K /20086563826 FCToapplichsenteetibbnts. fGMYE62007/022257

published as WEUQ0BSIAGRE56cRET manicaiamseliamo. Bﬁﬁ{&é&@ﬁ#ﬁﬂé&é%@ﬂ%ﬂ@d as
WO/2008/0951€{3}%;tﬁCT. applicatign seri%no. PCT/US2008/053999 published as WO/2008/101107,

PCT applicationSenalhs B0 /5562 SR e MRy ALGFS SIS £8P BErEMRlication
serial no. PCT/982008/886198!pubkshettifisr\way2808ti@57E8, tarmdeGie applicataruserial no.

PCTIUS2008/0¢kRaRranik EannRRsRHORBRIELALAALMOLE e ohaeninal, 2009, the
disclosures of V\énICh zi)re herelrp ncorgor, teg?é%y reference. [41] In addition to the identifier component
Ve, |

described above tHEGEY T SR P I9TalS @b R CRIGETNRIN FRIG)BR &8chted with a

vehicle compon@sundghisigradmponents may include one or more constituents, including but not

limited to fillers, jp§ess digin i gl finterest are further
reviewed in PC{’ iﬂ?gica’sﬁon Srﬁe%ﬁl,al\%’. q@éﬁ@é&%ﬁﬁ%ﬁﬁ@éﬁtﬁ%@ggﬁ %8?(%‘%911%@1% he disclosure

of which is herelfCE8r 858835y PEMeIRaL MACHRANSS ! FRAIBRRIABH T IeERIFBNERECHMEREN be present
in compositionsibé tharkeremtigninzndeed auncbiadheshngtiseRharanacpoiticaliiaienaes aiace

Publishing Comiﬂﬁrﬂﬁfaﬁ@&@ﬁﬂ%iﬂwéj%s%ﬁl}&%n %%%} Mpe’g&{gi i éu%%“kr&ay%be cg&figyred ina

variety of different formats. Formats of interest include solid formats as ta reetrg, powders, coated
granules, filled %S@@agfogtc(\n exampie of use of such an embodiment is where multiple

identifier units that include a muco-adhesive element are administered 1o a
subject. The markers will adhere to different positions of the stomach and will
emit signais 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 meaitimes, fasting, etc.

[040] The identifiers may vary depending on the pariicular embodiment and
intended application of the composition so long as they are activated (i.e., turned
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[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 inglydeansasiive agent. In yet other embodiments, the identifigiyRikhgiudesan 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 agenpamaygddaghywitiole ciakgehathigsiapgibée ddoatimhylatioy adbidlegitananbcess in a

living subject. Inmm%anﬂamﬁauﬂtﬁ BRUUBRYRAN reebﬁp&@rﬁubé}atcgsuae% éHF fiagnesis,

treatment, or prevention of a disease or as a component of a medication. Broa categorles of active
agents of intereSPTRIRIER bthﬁ‘%%@ﬂﬁnéa%a LansdiRsit slengaht ExsaR!ee e dfermt e.q.,
analgesics, aneytiestios idertiifiefminiateesbgenide etous raaweemdtmmagmntmoﬁ@emmbﬁé@eutlc (such

as antneoplastel aggls el AgRls ol iferes! secrudhspalisplashd MRGT dnlication Serial

No. US2006/016370 publish O 2006/116718, the isclosure of |ch erein incorporated by
reference. [043}¥ORPSH/ ?déﬁtlﬁePQﬁlﬁﬁ’i%{VWERJ&@rﬁﬂs’WgI@qa—é'ﬁﬁﬁemmaﬁﬁ%rp%@?@eﬁlﬂers The
identifiers may NeCipcsgED 36 mleapplﬁahff@ﬁeaﬁrmhﬁgmmm‘mm@ﬂsmtdgbﬂ@ﬁéd%r components

of the marker. \ﬂ?ace Bl %erF;&c{lL%E%% %ﬁgglggﬁa gi ggpr |%thllf lers may be

arranged on a tablet vehicle. In'some |ns ances, t € markeris e up o WO Or more

identifiers preséﬁﬂf?%%f%@%‘t?ol@ @Erﬂaﬁﬂ'éﬁnpﬂrsé%atmﬂep@UH§@Q%%$%45Jﬁﬂb&%‘lﬂﬁléﬁs may be
present in a cap&ai&:ﬁabnmfmﬁfmcwaamt%ﬁahthais@tlw|mw099m%l$u§t@ﬁb%fibsf luid.

Materials oflnt%}zféthwﬂ hBﬁ rrb g gg]pé)er}%rptg &%dg?é%%z&f %tgcglologlcally

acceptable polymeric maten &used Ih eonven |onal p armac 8§ages The
materials may D¥@{eap&i ’tﬂﬁ&'u@ Cérné%@%(ﬁﬂ@?éﬂ%f@ﬂ@@oﬁﬁfﬂ’&@?@?,tmlb‘mﬂ ggid and elastic

malteélalsb ?uItaWe)t&lgbezm%ﬁ@mmm?r%ﬁlwaﬁ@mm?bs behfwwth t Ws;@/%fﬁsbé‘,gated i
include, but are imite y alg ural and synthetic polysaccharides, including
pullulan, carraggg%nanal g? élorl:r)1 g sa?t a%?%éﬁxf é‘?t‘g Bsi g%gfﬁgalﬁ SsHgfiaures
carboxymethylc@flMl@@@afﬁ/ﬂ@(ﬁtpm@%ﬂmawwmgeqﬁPMC) methylcellulose,
hydroxyethyme'[umetmdgé%mﬁ%mé&%@”wﬂgﬁ)d&%%@%w&?ﬂw% iehREMRRS glycols

(PEGS), polyethylene oxides s of PEGs and PEOs; acrylic and methacrylic acid based
polymers, such 48 %%Abfsf’elg'?f# I?U[SH‘-?A@VPTPH] DRYoPE FEREIFE SHH niet®fic acid
polymers), EUDRAGITERL VRhigkdtornBUBRIAG1aY RS Teamenanore roetkbicgicinopdiymers;

povidone (polyiay BYRAREANINOY ShA Al SAAadBHAY AAELUCIRB LT, CELUCIRE
50/02Tm, GELUCIRE 50/13TM and GELUCIRE 531101m olymers carboxyvinyl pol)“mers (such as

CARBOPOLIm FRRARES p?fl)}f};&fgﬁﬁyf’éﬁef“%?yoWﬂﬁWﬁQIe’ﬁe CBBOMCPE?E%’&C el
POLOXAMER1B88Za0@/0hGaE0)parishbe 8k&VIHEO0aIIaIE 8othyp diteitsuneayl vaittbid datethusing any

convenient prolageleitadding A o dARHERARREIAC P EEEERNBIUS L 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 #8678 tﬁ%”&'?%lB%ﬁ?e?%fR/\/?\ldﬁvz%%t*%réiﬁrﬁnPSrptS’r‘éﬁ@d By ReByags %Iternatlvely
the capsule confipameatentgab8aidiatse amnPatdichimgeloialpaendphiiadeipids, @aalicapsinc., Whitsett

NC. (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.

[042] 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
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[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 axahysigessg@dium or displayed on a monitor, etc.), that provigﬁﬁggﬁgﬁy%@bout 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
electroenterograermsraneatestuayastibersrnndadditioosahyiseerat oegartnef aptwee sy imluts organs of

the urinary tractbé%},q,ﬁ&@g@ag,%ggseégpa@g] dp ﬁ@éﬂe'gm;%o@eém Ggf g}gégggi ioanl.electrical signals

generated by the visceral organ of interest (for example myoelectric’ signals), such as e stomach or

intestine, are detERRA WRISIE JANBICATo D RIS 2881 (ERAYI §Raf reRHRNECORIRE dyshem, as
described aboveliagnesiesufemindetectepetesttionl sigaakikyasareihes rammeddathe a

extra-corporeal %@&{B%%%Mgg%g%gi@saﬁgg%tg?e%g{;d &eﬁ%raetsetsiﬂ&ﬁ; ggsgeg aelectr viscerogram

from the received data. A given met may Inclt ( Ing electrical signals for ar%i\r}g period of
time, such as od8RRRIFBCREAIGERSEHE RARRIB MBRgEHeh ORI Guls BRAERSGS cReslagtiss longer, two
days or longer, ani-nehroat tongelari 0L e kieros anGRr eeats ndhiefaRspe i QIkS & longer,
including one yegt.qr.l systems.of the invention are portable, the data m e detected
and recorded c%%%%@%\@ga&’eg%ér%%eog%ﬁlqes, %@n (%rselrséé1 : e{ﬁ&%éé'&ﬁ'&ﬁ@dﬁ%ﬁ particular
application, the PBEKERIAH R Jign AV EERAGEY! AP beuptisheshad iNVDv2AeEy IohdifRrdng
configurations relativede isrevargan Qé,igﬁer@@ér@ﬁg@agpp&e,\yﬁ@_e a single body-associated signal
receiver is empl : methqds.may include initially positioning or implanting the single receiver at
a location proxir@éﬁ&%%‘?&a@%@ﬁ(rergg'tf {\Rerd E’é}/eor%aﬂnéieir%@@@??s ﬁfergf?)rﬁédﬂ,gfﬁe single
receiver may beldspsiiRsaedingt identifeisrmaniasr aypnard regionriaty désifedemithnitheatystiems that

include two or Mm@ RgHEY: RRORY Bife RS FREAMAE Ik BRPASIIYOREHE UL VAHRYY 3 dagslocations.
For example, the {Qg'ﬂ%ods m\%épclﬁfle, osi}jonin%ddt%NO_ or more distinct receivers at distinct abdominal
jde Yor tri

AMple &5\ iSROUIRE 9o R 3 JaBNiRP S ansee RS- SRR ¥ passes

locations (for examp
through the gasthgirebitinvehieiet) rospositiosiancencthecaiadeatia nantalmr ahinal weativa and a

second recelvergirfitelolasaon. H HuBsIRIC ROIRHBI R IEBRe RN OGRIAgE R here the
receivers are plr%;ed on o pos{%e sides of a target or%gg_e.g%to measure impedance through the

organ. MeasurinGeTHPEGRR% PErBIRSAThE & SRR SRR CRtEF-EP A A aerial dhelefiEsPiN o evaluate
gastric motility, witiohoserigdbesitbestdmeomibiindtidfateiiblelettoicst rogransieh thiesinygengion or

independently tagreginERs EXAIE %smq%&epswged%gﬁgpaggﬁgegﬁ%ﬁange

depending on whether the stomach is full or empty. By correlatin e ollowing food

intake, a measul@ &Y §2sHE rAGRIIHSECaIN ROTUERINN RREBMCe4e3h Canpidandesaees, feidentifier unit
identifier is enviroaeraisatiyseasitaeoBypegui pamienial yesesisitiderisdugas,. hainteecisensifier is
configured to be,agtivgiednyhenineisentifier | t W‘(iﬂ?‘ . nditions to which
the identifier is design%d to respond. Enviriﬁ%?%%ﬁ%%ﬁ %o W |cé})qpl%£ﬁ€ﬁ§és% §§ Pnetgsrsest may be
configured to reSpBdTHRNGAR R hertabricaisrbinsiide dryt armnablintied uaabwiny alsaeinstances,
the identifiers an@ A seasitalegrizy syhibbtis puanicthalite jdeoliteig aumeanfiguregéeraspond to
predetermined g gangitio h idi lkaline canditions. For example, an,identifier may be
configured to res%énd (forﬂitg%{gle aba}]%(c:ti L‘f?éné an Htlagmis%%lﬂunf% P si@r?g Arien ?t“ggnta%sts fluid
having an acidiCHRYIRRREcslbIgss ohyssx e B Y s -liuiese) (BIPMG. asingleallidnasine pH (such
as pH of 7.5 or highetyeuslrelkipkbof Byairdugaei). Aﬁﬁﬁ%@ﬂ\ﬂg@@lIyﬁ@@@gy@pgq@@mp’@gg; are
responsive to a in ngjtion. or_set qf two or mare itions to whi ey are exposed,
they are configﬁé@%ﬁ@%ﬁéa@gcgr%d@fgn%&’ 3%%3%%963“9 &K g%t@%%%hé%’f‘é’&%ﬁe?ﬁr%&&% &Hdition or set
of conditions. PEOSs; acrylic and methacrylic acid based polymers, such as EUDRAGIT E™,

EUDRAGIT L™ and/or EUDRAGIT S™ methacrylic acid polymers), EUDRAGIT

RL™ and/or EUDRAGIT RS™ ammonium methacrylate copolymers; povidone

(polyvinyl pyrrolidone), polyglycolysed glycerides (such as GELUCIRE 44/14™
GELUCIRE 50/02™, GELUCIRE 50/13™ and GELUCIRE 53/10™ polymers):

carboxyvinyl polymers (such as CARBOPOL™ polymers); polyoxyethylene-
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[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 elemeRyés.6aniiagigd to detect the pH of a given environment in WI%EP/‘EE%EE%%% ,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 usedpichopgpatipyedarupthendeseciion meGETURPMERISOIMhR ARy aaiaRds produced
upon contact of | ifi it ti m. he third of which (e.g., fabricated from
platinum or othé?fh:ﬁfgggr%%%r%ﬁ?&ﬁvgé%gaé%a@ggr%g}f@e%% rodetor sach \(’)?Q%g%‘gﬁ g 0(;L,‘Iectrodes.
The integrated diTHARGARARDI Gt § 2BeiRTER AelsRIINB IR iNgpdeatiohatelnen indedentifier
contacts a suitaldle rwsduddgerimetlivmussiciPaeatoNgch Buids Hepbaiisry slectrades aravide
operating volta in circyt, including the clock component of the integrated circuit. The
identifier emits %ﬁgggﬁg%%’r ‘s{%%%?%ép%ige&ﬁﬁqn% ?é‘r%p‘lé?g u%}rometrBéSB’QFﬁH'&ép"?e%W@k%’%n the circuit
and battery eleciféeig (Rpipated Ly traleserre fiermatihe id dhefiearsute stgmatanesigmals iproviding the
voltage on the refesereEnelpciiasiendtiaeanre (@ aachatiaaslerisoderiesexample battery
electrode 1 v. Pgt{géfrmﬁﬁoalecgod% lTftzjmbattery lectrode 2 v. Pt rgference electrode), where these
voltages are related to' pH of the eRvIFoIment ant TEnTSEERIRY Fhd8E &igfbieraB BeHSthsmitted as a
digital signal or BréideRe My SrigweAyabpER aVrlesueyistericwatifier ameusanemitbedesigtiahor signals
are then procesgega@; Gudly 3 BAPARIPFENEH éw%w%@%g%rﬁ{éﬁéﬂﬁ\)—%%mﬁgj Al processor, to

covert the signa':l)sr crjclesorlesecgltin temperatur a% batte(r]y/reference electrode voltages into pH values,
e.g., by using lo8KEH RS Br ABISTOISF ot A1dBRRMLARR SREMEHBPRRIV R MESAIRCERHIoyed to
impart pH sensi@Giyitio® giviaterairkegas o iordanke of pHsgbjesitive/ isoata gpaprarioyinetisstion

components (SURR@RRAYERY ARINEAR) AL, IUEBNIR BRI IRIASRINKMAMEPRUOENY dissolves
P

[
to expose the activatizn tg‘gm onents when the desired pH conditions are present. $ensitive
u

coatings of inter@RMRAUGE, FRNAFE ABY INFRESS: Ansiide alestRysserasMEDrpfuses Py Im,
EUDRAGIT STRYSEUBRAGHE FSeatichoisudehaletecmitsroficelisiane desitaiiasofdgiiional marker

configurations thain e LRPIP¥RGLIR (ammgpé%ﬁ%m%r%%?zﬁ%%ﬁéé@%@gugﬁ% aegg not limited

to, configurations described in PCT application serial no as WO
2008/052136, tARSRRIGENRDF which is herein incorporated by reference. [49] In some instances, pH

sensitivity is prol@d8jd yaactibegifresthous thiatrentite: atditfeskrtraignabaspanstisgied therarticular pH of

the environment i i 9 ol I identifi in e three electrodes, one of
which is coated%v%k%@?&?éﬁnozm%%afﬁp e&%‘?’ﬁ%ﬁ\@gié@%g@ Ogiﬁp%us%y t%gé&]eiae% foge E’lit a certain

pH. In this type Bf iBERIRGr 2LrrstesigariiteR eremehiitse bydnasseskireFigeairegeivend a second

signal distinguistiatble dyetertheditsstibée sanemittedrbsibaeirtsnde swhapanaFRREHAG ON the
coated electrodg,is fmay : Issaluti nother example, the identifier may include a
chemical agent trrlaiI IS reI(;%%’{ac? %Eﬁ é;%?%%?g”g%gﬁ% ércgliﬁ%rw ei@rﬁ% 5 %?/Sirgh‘fu%aéathe agentin
a chamber that RISLABEARR W HeskpdiglRC EBRRET TN emadtal ieLeiepdaienshigivenating, the

agent is releasedencdmealifinsitbie tbesdifiey sevitreisi@mals 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.
[046] 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
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[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 {ggniilighéaay include a conductive trace or wire that dissolveﬁgqéﬂg% & dentifier 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 daterpsoivitedstarsac iyt iresnteth iy taamisiaHier oAR HRibMEIYaad identifier
may include a c GliveESrace oruire thal ced .when the.identifier is exposed to a certain pH.
For example, a %ﬁg of C%@?\%ﬁ _g%lﬁ\%éft?y)v%ﬁgr%%%a {%ﬁ%wsex%%s'ﬁ?elj ?% %Pdl%r é‘g?ﬁlt%?{??o product a
conductive elenfBFRIVAGai1aHGPI4EESi AaH RepHROsiparRs s eavasphrob ety dosatiepsvhiEhrimparts pH
sensitivity to theidengiiethd\thetmode aeydrelive PJesMRAlNg e RIS, ddirt Sanaldssepitted by the
identifier and w Is produced. a second signal is emitfed by the identifier. [51] A given
method may in%éggd%%%é%%gigg%gﬁafj%nﬁﬁ%rrn qr?lt%% & @dﬁ{gct%rt?é/@&a}ﬁo}%cﬁf ifier units,
such as first, see¥RPENCE REnidenblier Hithasdemesees irouss thelgastgineestnaticatinay include

administration ofcsisisigig islen e AlesnatvabmmndiNatBR had akdng ndeRdministration of
two or more, suglf-llcﬂ%tgr?e or %?r?a iour or morre{ Rfiv_e or more, ten or more, fifteen or more, twenty or
Il '

more, etc., iden S e GRIRu [hi& [QRMRRRNRIN R BSLFARRS WS P fiven method,

er Units 10" a SUBjEL
they may be adififi¥RiFe@® alacasiecn apthessansidémeioratalifétrergaimesy. [58] sdaalicated above,

identifier units efplaeE<TA BE Y IBIRC NS SRAS HiSe ARG JSIPRRES USSR fgsor more

environmentallyi rﬁgpsi ive identéfier r)L_lepits are em Ioi/’ed, the identifier units may be responsive to
different environmentalleona i BHERE LAY 50961?"/%[ HicMRSH ARG RCRIRNi SRR a subject a
first environmerfiempisatieitivatmalgoasiotissiogespe nivest inadintbre ovirmependahtpniiost (such as

acidic conditiong2nskansSEoNHeHERARRN S ERSEVE BAGke BAL ISFRSROUAF '9:amgcond

environmental Cé)ndi;plﬁ'n such as alkaline conditions). In suc%slnstances, t%e markers may be sensitive

to a variety of diffREM 883 BPERGrJARERMAERRITYNY, SOvas BYHco[siatitenimrasans® of markers
may be coordinaithl inite smlioirristréxiooh iofaigyid anedeufoasisgasttte siteitlin-eaexanpladsubjects may
be instructed toﬂﬂggge@e 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 rdf&/AntiHINA RRIANSR R ANeddeBiRY inpikderifier & aryrenmentally 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 fiuid having an acidic pH (such as pH 6.5
or less, such as pH 6 or less) or fiuid having an alkaline pH (such as pH of 7.5 or
higher, such as pH of 8 or higher). As environmenially sensitive identifiers are
responsive 1o 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.

[048] For pH sensitive identifier units of the invention, pH sensitivity may be
imparted to the markers using a number of ditferent approaches. For exampie,
the markers may include a pH sensor element, which element is configured to
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[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 systemyghei6MEEgR detection is carried out through the skin and oter bady ;llﬁrs%ﬁ of the
subject. In some instances, the receiver is configured to simultaneously detect mu?tip e 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 ndajebiet@eoptofes GiwemunérchthonimoreHicat taynaemiitgddeopmeifiespat identifier

units. [55] To pgag@@eg{ﬂgaiégrqfﬁepmr@%%%ﬁrg%taceﬂfgc&%%% e”&? g'ﬁqéa’l’ {iﬁce'ver may be

configured to retransmit data of a recelv al to the location external 1o Sait Sﬁ%‘j%% . Alternatively,

the signal receiVEPHRIFHBIESANGRNEI3D WeNHisH thiahioa udearrp inteamtadsiroghaod tetce to provide
data of a receivedsignaldeandxigenaiasaiont Mrepadicuasaretose maloyekinligsvaluation
may vary depengli | ion bei etermined. In,.some instances, the evaluation
protocol is one t%éaﬁjsgga%}?ﬁ? }gegt%:atglgﬁﬁé? g g@r@g@ a%{éqﬁ%iggﬂ%é”o?ﬁ?éaféoéhf?ﬂgfj%& £:"coming into a
contact with a pRERAGH TR SRUIRSAGTER @I therkatiery viiskeie srofuceskanIplepaiadltietion protocol
may be one thaidenifisedipnzdeteatietvelmdaamica hd #ir AR PRYSebegigal asation, such as
a low pH in the h or esophagus, which may be used in determining, the presence of GERD (as
reviewed in gre 'Eeri (ﬁaﬁa??ggljg?/v N %rg %‘?e@g ﬁ;ﬁ@&éﬁ%ﬁ%ﬁ&ﬁ Lf:ﬂ' o?%gfogjgn‘?é@%%ﬁfiﬁ%‘? unit may be
employed, or mBRijsie ieleatipEeinfieniaipdsatedngiioyiddutoereixaingide, @ isendgpvectarenore identifier
units that emit difierenibpsieten, sigealsmeandeininRignacvhele Higtwa MR A Ganfigured to

emit signals at different Is?catioR h identifier unit may be configured to emit its
SUC ormac

) S{I | 6 él ert?a}tivee\%ﬁe%c ]
signal at a differant phySiological Targatsita e g, S HEP RS RIP YR AREFATRE OlBARJAFA%0 be
activated at a diffi@@atag reetyihsuioiioathsiteloFlorooxapapknt sofirtieidetegfi@edritronty Deeactivated in

the mouth, a semqfi&eeﬁﬁk@w@igmbbea YAt da G SRRTRIL RS HF 'H&{Hgi%rgg it may be

activated in the rsrf‘nall intestine and a fourth identifier unit may be activated in the largeintestine. Such
an identifier uni{’s

SIS %%?n%r&”é&ri'ﬁ Rafeyrristkodsoye 18\ GetEARSHUtRMEGHN BB the digestive
system, such addermsiikty ishaosighather digosiivertrading dstricciiagetydnghanditheniikes ok ea@mple, by

noting when eag @g@‘é@ | [ itg e, S} | ] y Be generated
from which infofr\tnhg‘tjion reé;a%l]iE@%ig%i%\fgﬁ?agﬁ%%céﬁ%f nﬁg&%%{g%@é%ﬁ%% w&e%% of using a

signal indicative DFE R & ARSI AL RBRRIMiSIRR PR red¥ P miRterraRGiRIRRHEREY ¥8IRIRIon (such as
a pH value), thettesslualiaggsreiecodithed isveprplaly td: neayiraamisar deteeietbsignaéretatiye to time and

location followir’ggag@m'@r@éi%n%% inferma R»_E] Wap&eﬂ%'ﬁﬁ%fgﬂ%@@pe"?%%%‘s aspects of

gastrointestinal function, Such as total Gl transit time or transit ti ortions of the
gastrointestinal THEt2BULPNEESS R E iR SoRBLOSPRIRISORIR I them BIOsRS StbtBdedMrfc transit time,

and the like.  body-associated receiver and/or an extra-corporeal data processor, {0 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 L™, EUDRAGIT S™, EUDRAGIT FS™, and other pthalate
salts of celiulose 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/AS2007/082563
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[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 physiaiogissaiadincluding but not limited to electrogastrogram, tempetafe Agart 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 configuigisheddaMCra0eiROBaYES; ehegiztiosielvawkioeie b asmiatogiamemelding an
electrogastrograghdhig 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 inté188L, [LSoBIg P EReRRi PR yBRMEMACi8 AfaVIARE inna0aReiiehertichRieptidtocol may
employ organ spesftiicenysghattianeading o afmmmltaym ¢ff tlatenam revsanedhaiRoVve i given

protocol may mg%@ge%onmr até";l %tr% t%{(%t@%r%llﬁmu %ed ecfﬁo 8da%2téﬁ dqw%tlchns from a

norm. Another approach Wou e to’combine evant to & pH s ¥el&Vant to
myoelectric actﬁﬂ&%’@ﬁéW%rcﬂn&fﬁg%'ﬂ@sﬁ&?ﬂﬁnﬁﬁ%@ﬂﬂ tdssotissdiagauenes arl decision

making. A giverelptesohmeseitdhige usetok ﬂﬂb@%ﬁ@é@@fi@ﬁ%fﬁ@@f@ﬁﬁﬂﬁal%@%mﬂ%@] Where
identifier units ag&ﬂ@d%%\éggmﬁe%xﬁo&rogo érgea% I%né! ge%,[?rl] n%lh rﬁ'ﬁj ide |f| r unit in a number

of different ways; as or example he S|gna %/‘% employed as
an independentt@aliBratiitiess Wet%tﬁﬂﬁfé@@%cwbm@é@og?ammr@@dmeqnemm;ttné%ystem

employed in a giapvaretbed w%s@tameﬁtlfmryw&mné%&%%?eemg Risianal thad yatigsein frequency
with respect to tlmﬁ from administ {atlo E ctlvatlon In these embo ents chafges in frequency of

signal emitted by the | AR %eesfﬁ)r?@defbo?glﬁ% Eeao% &) Bt 5 BYGAPSH interest's

reheeeMf iy
myoelectric agrﬁ’é(l@@u@ﬁ e AeaMdn walhesreertexainsiealad M@mtmaﬂmanmmyeb@ebnglgured to emit

signals ihat vary femdwidedonlisuenanasiaipyeiRe s aasiisiles ingl agh g cbtained

from the body-a asoc‘iated reciver rrllayt en be used to generate a map of both high and low
frequency S|gné By ﬁiaﬁ? aggﬂCy signals may be employed as a map of the location of the
identifier unit wilPbspyetenstiracvayiterarsitdeting gresiivitestral dactjfishike thermudéreguency signals

can be emp'W%ila!ﬂ&ﬁ"@Jéﬁ”ag %&W&W%ﬁaﬂcmw %ﬂ%‘&ﬁlf?é& &é%@ﬂlﬁn%h "FRogate with the

organ’s myoelectric waves elrég employed so as to enhance the signal to noiseé ratio. [60] As
discussed abov% Wifh FRLERUPRIERY. @elﬁ%@f’fﬁﬁe?%ﬁ’@ﬂ?!ﬁecﬂ?dﬁ@‘%ﬁnﬁﬁk#%@of the present
invention, the identifietivenitavapitself teaoidsolveslatiicibigivdstitbintcsaptsaaddransmiirdata that

includes informglioR@bRULsensitivity 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 CuCl 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,
[051] A given method may inciude 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
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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 f{LisaisRiks resultant detected myoelectric data to the onelpém%%(;?%gjg&ssociated
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). Wsingrapprepsiath algdhnittens, thereléctroviseereympsopiaesinentpmaray be
combined with gRagHr ﬁﬁ&é%&ﬂ%ﬂﬁ@%ﬁmﬁ éﬂtﬁ%@eﬁn‘}i’sF{%?X'QSbEQ[@?ﬁgre- mﬁtmgthods of the

invention may be employed with a variety o erent types of subjects. . e.efreerrlng Réw to Fig. 7, a
schematic of a AETHEE WRIEHES STPISYER b aicikemimeihadubipycaeberadginmmian t gatient or
subject is showsufjbet pottierdam ptovidedatdgierdifarass identifier unit capsules 92, one to be taken in
the morning, ong{g;bq fa inthe n one to be taken in the evening. Each capsule 92
includes a set o@mu?ltip%e @?&ﬂ#gﬁdée%%%éﬁé)%@ﬁagﬁse cor fai’ﬁgd"t‘%i'%ﬁ & YYRANTA ythey reach a
different portionS8PHY Y atitr SRR tiRSIARSEE oWhslRHWE Pl Staref AmyiteySeistyibsmsitieve. Following

administration, erefifeapsite &2 dispives, imih aiskanaciheé theoastreipssiive!dask&amnd becomes
activated as actj iGARS ch. of, which produces a unique current signature. The identifier unit
emits a current J§¥|§I}1a_turéH g%ﬁ%%é%?gﬁé% it grué:gétaeﬁ!ﬁ'%negl %Egﬂ%ﬂf&‘ﬁ'wglﬁa%ﬁ'ﬁ%ﬁt@%&%d in the

current signal isfré8BIRR BLYE remdioamgniahe sThritivec oiaskamnibaiGisherspunslessly fofingtrds the data

to an extracorpeiaabiAienRIOCessaNtidR, SERMS AP DA |aBHARISRATPUIRE The RIERSSOr 98

performs an ev%luation grr]?tﬁcol on Ehe received data to output transit time results (such as total transit

TSIt time SIS UNE, HREL AN IS I TRIPRR if% & SPEPPRCANIERPPRBRhCe on a

time, colonic transit time, € CY)
monitor). The gRAPHIEPILIBHID BfcalistingigenditioDg). dn laptbpinsianpetetit argrapts shaying the percent

emplying of the eiadas 2 i ol EFEe,dAD3HohIRMAIAAEIS SAARR RVENipB By be employed

with a variety of different types of subjects, including "mammals,” carnivores (such as dogs and cats),
rodentia (such &Qg cg‘?aﬁ%é%‘b‘?as"?ﬁ@f S MAY 05 FAKIS e s acministEatian Abligtites and
monkeys). [64RMderiasdods dedigdténrseahthgdnsepjtots findyuse imsaucsitty ofglisterent
applications in whigl/engratiy Of RILEIRS LRUSRE" @n‘bfs%@%g%lﬁ pterogam, like an

tr%ﬁ
electrogastrogram, is desired. ﬁzgr?llcatlons of interest include those in which electroenterograms of the

invention are efiRiBFa¥0 8 A Pite"§as IR iR iR &ion 2 Sleakam Neotrip iigaaatiRgams of the
invention find u$eeinsheeEter witratitreohstesneicleimatilitinigasttiocysles, gasipintestsnal transit times,
stomach volumg,Ries Appligations 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 assess&tPiH o SHBEEY FSMY st RIhs G BafReitienERtornitc lades Wieare@ot limited to:
gastric motility cevidiethabsuehoas gastoopaigsis éomecaiphicatienoat ivienes iadhiasaassment of a

gastrc moulty ool & 4igEl MIGIGARSSVE/ L ol disdig riaosi gLl resence of o

gastric motility condition in a’subject as well as monitoring the progréss of trea menf 0 ansubject for a

gastric motility EREHIEA Gdr BkarapId® SifeArfindiohdwry Hsgues ofcharrimigniotcsbmenaving a
desired therapentimadtactine teeqpastis nwliiyrendisenupbivieiest) ddkel ArmisRsigmetility
condition WhOS% SGS %}%@5 5’0%%? jeve ing methods of the invention is gastroparesis.
Gastroparesis, aﬂf) known as%éy_ed‘g%sﬁ\r%c%gﬁé?&negfég%i e |?:’§I E%ﬁ‘dﬁ%ﬁ%d%%?ﬂ% of a partial
paralysis of the &{BRhdBATKE ARG iiPRif STiBsHIRIMPMBe Ssnmatntier afichtereperioiios time than
normal. Gastroparesis sRsessImoRe thi eevpaetveivpbedamasatianddiiis mapdesobthe stomach
and intestines Olﬂ t rmally. Food.then moves ?}owl or stops maoving through the digestive
tract. Symptoms g?s%o%v%@g I%\iit Bg%sq}%'ggpgéi@? (?I’ﬁqeem ' 6?%%/(88] Bﬁ%%ﬁ%’g?ﬁgfé%m? ain or
discomfort and 8% JAigtgvide 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 1o 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
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[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, anygeniflesseait emits a controlled current signature as it is actp@iad,fstoasidentifier 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 therebysizakesa tite ermhiaitio ot tiscome pitgin g thased\tte roatieetyy af seisafiavo or more

identifier units gy 3G RIBEOYS W IBBARUKER: RmiRSRARSEdA AU TGHA Sdaampnlal conditions.

For example, one may administer a first identifier unit that IS responsive to acidic conditions and a
second identifie? UHRTAEE!  ERRL &1 (B SIRSInePE SaMBlSs AR PluatinHRsPiosAl Makfistered at the
same time and tinenthiae isigraabdesectierdiore of equintisulecqrdes, a prasuee ohgasisigaamptying time
can readily be made-Ry r . i iqi ine responsive
markers are obtair%gg. ’F%%@)?Smg;%\),(}{[ geptlm?r%ﬁwmggﬁﬁsé[ggﬁﬁ%%%%%ﬂgﬁgﬁgeug%{lngl from the

acidic pH respof RS RAAER AP fee e h iR TEY (B FRRW BB SreiSi diRiaidtRievh to thesection of the
signal from the giadineqrblusitpopsieoiakenigloitenitzobiaimaybeastsi pigastiepytying time.
Where desired,; - ' r (Suc lon, pH, pressure, etc.) as a function of time
may be preparégég?éggo%%%gfg %Eﬁ@ﬁ%&é&%fo‘%%@ﬁ% é)tﬁgf\?\?ostrﬁg rdéfé‘?Sﬁecé et%tgé%rtain the
desired measurb"$f SRRV ERNGEREY T8 RansB R RMAaIRYFhMabE tnp MatkEysbe readily
modified to emplaydeienjified tdmiasigessrdedimndhadamasial application include, but are not limited

to, those descri in nj at ublished Application Nos,.20080287833; 20080161643;
20080064938 ag%%io 8%%%%%{’;%5%%@:92%‘? 1 R 8 SAIHIRE0 AT BRIRA 341 016 the
disclosures of vii¥iEreapphrsiangical tarageiien otpoyhtse escheidestiter. UBBlswwhriigudesied, methods
of invention maydacanipayadtiiteriHNeliga wikisnegramake pradisiepabeihpdsigddingnosing

gastroparesis. Fohe&l(arrwéeac ‘ eat eOd;% ?rf, inr\]/qen on maé/ b%gngl ed as a first determination or screen
of whether or ot & SUBject SUNArs from gastopare S qPtheTRLlR BYMaYiRg getéAsh ftion are
positive, one ortheopecatiaisn &l tustddentifieeupé roamieel activersil in the predentestofegastraparesis.

Additional gastrrpateRisHliRgNPRIGISBE A4kIGH Ihe BressRbaAINaiRMaAY B8 HREC iRConjunction
include, but are not limited to: diagnostic tests based on symptoms and physical examination;
PR STUBIER er SRABEEH A

diagnostic testsSH WL BSTRIR Selih SO g QPSR RO HRTERD QhHRe
gastrointestinal @gesiveopystersissagitrasduotiénahroghitihte sigastichtracagasirib eppegsgre that is

generated by thghaan akdions: AkiR-ROBIATHAG U HUR SRRl uMRIS SRl RS agiais:, (EGG) which

record the electgg%gi’ a plot of signal vs. time may be generated from which information
regarding digestive tract functioning may be obtained.
[057] 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 signai relative to time and
location following administration. Such information may be employed to
determine various aspects of gastrointestinal function, such as total Gl 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.
[058] 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, biood pressure, etc.),
non-physioclogic patient specific data (including, but not limited to gender, age,
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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 idenithy:il@ossdject as suffering from gastroparesis. Of interest ageyngdipaliignsihat 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 theeighill WeigbtinenedisaimntoHaisiliyatéetaingrobiekmyof eneptigag histostonsdeh. Additional

treatment protogRlfsHrHRER daladiMeRdiy B RTilMESdifodRpRetlaecrhad incUaited piates
Published Application Nos. %00600 9614: 20050164925; 20050106167; 20050090554; 20030059374
and 2002014308; SHOARSRETEL SAMNIER SROKE SRR RtRl 5P A SRUOYRS Stner gastric

motility disorderbiainviaoh elestroetivedsgidithe snventisndincelestrdactadggran, arelodingmied to: gastric
dysrhythmias, %g@[,ﬁamgﬁﬁ,triqﬁ@d mg%tri?r%g&asgm&wﬁ ohstrugtiyh, Pelyic floor

dysfunction, chronic constipation, and Gl conditions that are manifestations of diabetes and/or

autonomic neurdPERYSERIA Ah Lt LN diiBh SRR nR%e PRUIGHE SYPLRRS! I iYe AW tion find use
in the assessmentpiogreathimetwelssbinpastecot iheigoate . gethenatnte siinakdisgadens iftladder disorders,

Children with Apgelglan Syadiame, A8 WeH A5 88NREHIRRIS, ARRICRIAR P YBIS may

electrogastrograms of the invention’find use are further reviewed in United States Patent Nos.

5,704,368 and 68B'P%EHASHRANISNYARSAIG RS BB RSP 11R8si6h 4. BSUSHIENSS 7; the
disclosures of vdbicvearedhareipr ttcarpoesidttiysefenaicag dntestnbetb@bovei svhemmethods of the

iventon are cTRPYS LIRS SERFL AR R AL e AR Haclde cpiing

diagnoses with one or more‘additional tests and/or treating t e diagnosed condition with

one or more treS¥AIAYIbEDIB. PIT MiTR datititit dte@iRYABESPoRIRRIS IR ehectvis iisERYay find use in
assessing physigtagies] fespanseiaiowar@wesimodisibsaraennsienses celestagastiegrams of the
invention may b empleyed a.5akake aodndiiduals espanse fo different ypep.gf foods. For
example, observed elec rogasﬁ%grams vary between |th Caloficcontent fo0ds and low caloric
content foods. \FBPRlUVRESD 4R0BEE e T 0BRSS ROANRY . NP B REr ST ARE (100 2B RISYetiS an

individual's dietsgugal #ViRgGuRARBISHRSQ MANBer & aidiesisvag HinasaradthFadieiatpisegimen.

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 emitied 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 iocation 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.

[060] 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
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[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 thosexas anbayinected of suffering from GERD. For assessmenpefrfaEgisngngor 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 sufferingtfesen GBRECid0RIgNgisen tleathoeytgssuicatédtieceiethadsrefdinveeatisintngay be used to

dentiy low Gasiegh desnila IfreRTER RIPIRRALINAAING RRYRDY 5 1GEMN lisegult may be

used to justify alteration of the treatment protocol in some manrer. Alternatively, an identifier unit

configured to prodide WS SRIRSHR WifcMKRRIECKSo SIRGSR PHMHRISHh A8t dhfim dERSAIe employed.
With such an enefdtanietetahiet spmetictiddatifier theibievophadetestedizdbataveicesephagus may
be employed a%ﬂigiag{p‘%sg%g@ﬁyker of GERD. [73] Where desired, the methods of invention may be
employed in conéunction with one or more additional GERD dialgnostic methods. GERD diagnostic

methods of intef8&T Infl e ehach S iReHds: INRAMNgvaIBRisaayiagresisasrue ranometry,
24-hour esophateshiep-wnereitodngaadiag egtaegastiad uosiageseomy (E6 hofhadnatiinds of
invention may fyg ' | individual fallQwi S t of GERD by
methods of the %%neiﬁﬁgggﬁgé%%%%ge}am%g %fr%%?(%% 8(1 li%%%rg(%?%%c &%@%t%?grﬁot limited to:
proton pump infiSiHR" el A EEFhBpRE BIET S R dpPaYotar fndBipengemsoRifia Aggsitaimse); gastric H2
receptor blocketse(ssicturasisasrisighas fampiidingeanencimalidia edompisidainl BRI acigiorsokinetics
(such as cisaprides. lfate; 5-HT4 receptor agonists, . such as mosapride citrate; etc.. [74] Itis to be
understood thatjgtﬁ?isﬁﬁ%gn&[%% i%rggm?mllﬁe ,rt%a Toartigﬂ?g‘rﬂgm%'c?dlsrﬁ% ‘s?@é%crr? g‘é’ggséﬁ may vary. It
is also to be und®ieREBE Tt A ETENNAG WHY ayatatersigiffefent tyesnppadeiestslescribing particular

embodiments ofdp2riemalinENEe g be Hraiies Si0cst themeene Whikie prespitysyaption will be
limited only by tggtglgyggnded{(rzlaipﬂsf é{7£t3']awqe e a r.ar\llge of values is provided, it is understood that
each intervening va ue,?ogtﬁse iR lne Uit of e ePﬁ‘Hﬁ%ﬁfegggﬁgtcg’anea Pfdictates
otherwise, betwe@liethésuppuidies deadliferenbideaticngpitasrbawigsodifeosttecbertakemiening value in

that stated ranggeieR§ag)BAS 36 Savishih thare\ariiabor RRUPRSIASHRERTIELeLibRse smaller
ranges may ind i s and are alspo encompassed within the

endently be inclucle%é? the smaller ranges; |
invention, subje%%? a%?ﬁ%&ﬁ?céﬂ% uBedindt MRS SRINeh fenRE EiR BatedFange
includes one or ¢sothgofathetimémjtrangeigrakchudiang tityereadioth ofiffevset inmbuoitted bhitaare also
included in the igyapiapsiASlidpless dainad eibemise nalhiehnisaland sEisRticiRuNg used herein

have the same éngeaning as commonly understood by one of ordinary skill in the art to which this

invention belongS HIREEEIN 2RI EARSHE sitaciracbirsidsthfisiosash i Aenerstinbiestidderibed herein
can also be useldagt feapchoticenmrstestivajaf Hseapiieseapsuie Staneaepreisehictipeoitlusicative methods

and materials afg QW 8&6RO8Enature. 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 1o 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 resulis (such as total transit time, colonic
transit time, efc.) to a user (for example by displaying a graphical user interface
on & 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.
[063] The methods of the invention may be employed with a variety of different
types of subjects, including "mammais," carnivores (such as dogs and cats),
rodentia (such as mice, guinea pigs and rats), and primates (such as humans,
chimpanzees and monkeys).
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[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 angygrs ineesp@rated herein by reference to disclose and descriertig,meioss 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 proVied] niay beitifhisand fspstethe cidhminyebticatfon! dates wivinliemay ditiekito be

independently cgigachs (18] hifchotgetiaidrs Wped heceinanilin ie-appenled glaimgs. the singular

forms "a", "an", and "the" include plural referents unless the context cl€arly dictates otherwise. It is

further noted thEIRHEPRILRIR9TRARy (e aP:RISSHBABRVIoRIETN{S SissiRd) é\%‘?ﬂ%t‘)'ﬁs‘gdﬁwf‘ﬂ% statement
is intended to sémwledes tiotecduevititihseitmuseaigsacs @tctuemevt@fmmdng}eﬁ@r@@ely ' "only" and

the like in CO””%%RJ%%@“B&E‘M&@E%H%P g %m%r?% usas&%f%ag}ggg&%& ﬁ%‘ [79]

Certain ranges have been presented herein with numerical Values bel eded by the term 'about.”

The term "about?{8M88 it o Pria S HRFRINISP o Af fHama ek dReHlimbergKit kYsietedes, as well
as a number thagistrogaeshinadr pamioximatelsthemrmbsuihat the. teﬂ(mﬁw&@fﬁée%f Inrgtgteyimining

whetheranumt?ﬁ(gluﬁge@getoopr n@;&)ﬁg@& %%ép&cl{p]%allxvre l&ed EPIS geéi athe é\gara ora pproxmatlng

unrecited number may be a nu ich e contextin w prese prowdoes the
substantial equiVSRIKIGEtIE %@)‘éb‘?ﬂﬁﬁﬂ&}”@(ﬁf&lﬂjﬁgﬁb@r.ﬁ [8@?1%@ viaRgieciigatietdiserdsse of skill in the

art upon readinmmiwiﬁoi@salﬁ@emw|@fdh@um&vi@uwmw@%ﬁgr@eﬁ@nm@hﬁwed herein
has discrete co n feature |ch m separated from or combined with the
features of any rgﬁ%g uggs%vigr}ayné'r%év dirfents wm[% éﬁ%eﬁn from the S2oPeP8r% §bslr|t of the
present inventidANAAPIEHSa Ridiiegddn the @éﬁ?@@"@%ﬂﬁrﬂ@eﬁﬂ&i@@ otasilishesnddiesdimain any other

order which is legisjaHy rPesbiRsessment 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).
[065] 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
muscies of the stomach and intestines do not work normally. Food then moves
siowly or stops moving through the digestive tract. Symptoms associated with
gastroparesis include vomiting, bloating, abdominal pain or discomfort and early
satiety.
[066] 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
smail intestine after ingestion of the identifier unit, and thereby make a
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[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 #he ieaakiags of this invention that certain changes and modifiepiiRRsénayse 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 informagiematicenelitegistacicrmptdngt kast diesatiselyelecaeideftdwmtberdermation from

a proximal envirgamigat: #id aRapaRstipRidRatifiGHih CRARMBIAIoR YIRS TRCRivRrmIt, wherein

the identifier Corepv{\)ﬁir%g%ental 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 adminisiration 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, piots of a given parameter (such as
location, pH, pressure, efc.) as a function of time may be prepared and compared
to a suitable control plot {in other words reference) 1o obtain the desired measure
of gastric emptying.
[067] Methods of evaluating gastroparesis that may be readily modified to
employ identifier units as described in the present application inciude, but are not
fimited 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.
[068] Where desired, methods of invention may be empioyed 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
Oetermination 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
fimited 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 muscies; electrogastrograms (EGG) which record the electrical
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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 segan@/migsikodes; and a detection unit electrically coupled tg¢hatisshasdszgcond
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 identisigndacthehatravel ctintedurthssitoheshitheisgkestisiaddeoifielr thetweesclesdadcast mode
and detection meggacdoddI@Rystem of claim 1, wherein the information encoded in the unique current

signature produ the ingestible identifier is identification information to indicate activation of the
ingestible idennﬁ’gﬁgio % F%c%?%? d.3MeMods Qb MG MMENTET, WAL NSRRI m 483 Eh&oded in the
ingestible identiigrisalibggestunperesigriata i eapedisaist scbreitatze gathjece dstsuifagitherdetection stage.

gastroparesis. Of interest are medications that treat gastroparesis by stimuiating
the stomach 1o contract more normally. Specific medications of inferest 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; 20050080554;
20030059374 and 20020143030; the disclosures of which are herein
incorporated by reference.

[070] 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 Gl 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 Siates 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.

[071] 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 empioyed 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
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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 compwigesadeiggtion module capable of detecting low frequency ggyrgaisighaigproduced 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, whereigléotdggsistidrianidemificinarelode @ sesboo Ggsabienf maasiudg diee, stigrounding
temperature.  where one wishes to monitor a subject's compliance with a dietary regimen.

[072] 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.

[073] 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 cimetiding); antacids; alginic acid; prokinetics (such as cisapride;
sucralfate; 5-HT4 receptor agonists, such as mosapride citrate; etc.

[074} 1t is to be undersicod that this invention is not limited to particular
embodiments described, as such may vary. It is also 1o be understood that the
terminology used herein is for the purpose of describing particufar embodiments
only, and is not intended to be limiting, since the scope of the present invention
will be limited only by the appended claims.
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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 sasond/ggrstible identifier communicates with the ingestible petertifdesmuetsthat 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 receivel07Ak YérRsmAINEE I BRIkiemMis RHAMS A dtée npeipioadingt grREThigissvBEN@entifiers to

create a detectm@rr@wwt{@'ﬁtm meied ywhesasntiaiiacannaotiRashntagesille idepiiigr can be
determined 11 mofc En9 Wherel the in estﬂ identifier easurj;lﬁaud onditions

2 the secondORGELRRIE LR R 8O AR b RUHTAENES, ALYt oY Bl 1. wherein
the system furtr@enr@emmlsgyaweemrétwrp@tedl dage pid eResorasstig urititotheciokantiena from the

receiver Unit anfge gl AR oALiOYIRAS o MBS B aSRHAC SRR nkdpd i ipteg of claim 1,

wherein the mgestlble identifier includes a disc secured to the OUSIFég wherein the disk is

non-conducting $HPMh&HNE RPRIG IR e N8 AR SR ROGRBRESS H’étﬂfﬁlg?eré@b%‘éoaata
associated withsoiyjes|éetacyastindiiicaliyl exaimdethénitdadoastiptedseatige.ivgestibleddsatifier produces a

unique current igRAtEG IRCUSHB G0 the fimits, ranges excluding either or both of those

inciuded fimits are also included in the invention.

j076] Uniess 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 simifar
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.

[077] Alt publications and patenis ciled 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.

[078] 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 ciearly
dictates otherwise. It is further noted that the claims may be drafted to exclude
any optional element. As such, this statement is intended 10 serve as antecedent
basis for use of such exciusive terminoiogy as “solely,” “only” and the like in
connection with the recitation of claim elements, or use of a “negative” limitation.
[079] 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
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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 URGIYE GHESRL Signature encoded with the data. 15.A systemdpf gk8abish s
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 grueniinbiets dutatednbéhthaydedetdnme aotisaties. 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 eguivalent of the specifically recited
number,

f080] 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.

[081] Although the foregoing invention has been described in some detail by
way of illustration and exampie 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.

28



of the subject; a processing unit for receiving the detected myoelect_ric informatior_l and providing an
encoded message; and a transmission module secured to the housing and electrically coupled to th_e
processing uRih Mheiakdhe transrmsgon modgle receives t.he encode(_j PEsRA %’%&n;ﬁ}‘ge processing
unit; and a decoding system comprising: a receiver module in communication nsmission
module, wherein the receiver module receives the transmitted encoded message and dec_o_des the
transmitted encoded message to produce a decoded message; a display module for receiving the

decoded message and producing the electroviscerogram.
WHAT 1S CLAIMED |S:

1. A system for detection of myoelectric activity, the system comprising:

a receiver unit capable of detecting voltage potentiaf changes, wherein the
receiver unit comprises a transmission module for sending encoded
information 1o a remote location and at least one sensor electrode 1o
gather information from a proximal environment; and

an ingestibie 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 potentiai that
powers the ingestible identifier such that the contro! 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
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16.The system of claim 15, further comprising an identifier unit in communication with the regeiver unit,
wherein the identifier unit comprises: a housing including a first material and a s_econd material
secured to difigrafibasydaces of the housing, wherein the first and s_econdgggbe}gﬁa;{l arg selected to
generate an electrochemical potential difference when in contact with a co ,
non-conducting membrane positioned between the first and second materla! and secur_ed to the
housing; and a control unit electrically coupled to the first and second materials, wherein the control

unit changes theotemiauatanep a6 0pabiesRd Mghrreaiehsy CARSMIGHASISRIQEE Rd/nique current
signature that Ciﬂaegﬁbfe identifier.
6. The system of claim 1, wherain the ingestibie identifier further comprises a
temperature sensing unit responsive to and capabie 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.
. 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
ingestibie 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 ieast 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, whergin the system further comprises an extra-
corporeal 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 & 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.
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detected by the receiver unit. 17. The system of claim 16, wherei_n the identifier unit furth_er corr_1tpr|5(=é|sS
a detection unit electrically coupled to the first and second materials, Whgrem the dete_ctltr)]n uni trr(;:;?
the surroundiggy emiiR nt to collect information. 18. The system of claim 17, S\;\:}k{}ggn t te c:onf o
unit switches the identifier unit between broadcast mode and detection mdd&/4: Gy emho

18, wherein the identifier unit operated in detection mode to gather |_nforr_n_at|on _assomated with an .
implanted pulse generator and wherein during broadcast mode the identifier unit produces a uniqu

current S|gnature&ontamgyg;gﬁe;mf@;gggﬁ@g@gg&g@\;%gé/yg&gwfgpglg 3ect%UIse %enerator.

asedon
detected myoelectric activity, the systern comprising:

a receiver unit capable of detecting voltage potentiai 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 o 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 moduie,
wherein the receiver module receives the transmitted encoded
message and decodes the transmitted encoded message {0
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 contro! 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,
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20. The system of claim 18, wherein the information collected about the surrounding en_viron.ment IS
myoelectric activity and wherein the identifier unit includes a sensor that detects a phm;]smtljogt;lcal
el [ ith the physiological parameters with the data
parameter a he data assomatgd with ' : .
associated Wr\i?r?myogﬁegg?éc activity and during broadcast mode the identif &I EHURTERS a unique

current signature containing the combined information.

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 impianted pulse
generator and wherein during broadecast 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 physiclogical 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 unigue current signature containing
the combined information.
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