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Preface

Electrogastrography refers to the methods of recording electrogastro-
grams (EGGs). EGG rhythms reflect the gastric pacesetter potentials
or slow waves of the stomach. Pacesetter potentials are crucial elec-
trical depolarization and repolarization waves because they control
the timing and propagation velocity of gastric peristaltic contrac-
tions. Gastric peristaltic contractions are responsible for mixing and
emptying the foodstuffs that are ingested throughout the day. In hu-
mans, the gastric pacesetter potential is approximately 3 cycles per
minute (cpm). Thus, the 3-cpm EGG signals are noninvasive record-
ings of the electrical activity of the stomach in health.

During the past 20 years, there have been important advances in
the understanding of stomach electrical and contractile activity. It has
also become clear that the normal electrical rhythm of the stomach
may become very disordered. Gastric dysrhythmias are abnormalities of
gastric myoelectrical activity. These disturbed electrical rhythms are
recorded in the EGG signal. Abnormally fast electrical rhythm are
termed tachygastrias, and abnormally slow rhythms are described as
bradygastrias. Gastric dysrhythmias are common in the clinical settings
of nausea that occur during motion sickness, chemotherapy, and the
nausea of pregnancy. Gastric dysrhythmias are frequently present in
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patients with functional dyspepsia, unexplained nausea, and diabetic,
idiopathic, and postsurgical gastroparesis. Furthermore, correction of
gastric dysrhythmias with drug therapies or electrical stimulation is as-
sociated with improvement in nausea and vomiting. In many respects,
the recording of the EGG is analogous to the recording of electrocar-
diogram. Thus, there has been increasing interest in electrogastrogra-
phy and in the diagnostic value of EGG patterns.

The purpose of this handbook is to present the physiological ba-
sis for electrogastrography with a series of diagrams, illustrations,
and examples of actual EGGs and analyses. The authors have more
than 60 years of combined experiences in evaluating patients with a
wide variety of nausea and vomiting syndromes and in studying
healthy subjects in a variety of psychophysiological experiments.
Thousands of EGG recordings have been recorded and studied by
the authors. The EGGs were recorded from diverse patients ranging
from diabetic patients with gastroparesis to patients with dysmotility-
like dyspepsia symptoms and unexplained nausea. EGGs from
healthy subjects who became nauseous in various controlled studies
are also described. The handbook is not meant to be an exhaustive
treatise on electrogastrography. Rather than reviewing the contribu-
tions of many investigators, the handbook describes the practical as-
pects of how to record excellent EGGs and the methods available for
analyzing, quantifying, and interpreting the EGG recordings. The
authors also acknowledge the work of Kent Sanders and colleagues
who contributed chapter 2 on the basic electrical properties of the
stomach.

With increasing interest in the EGG from researchers and clini-
cians, this book should become a helpful reference for the interpre-
tation of normal and abnormal EGG recordings. An EGG recording
device and software analysis system have been cleared by the Food
and Drug Administration and are available commercially. One of the
authors (K. L. Koch) has a financial interest in the company that
manufactures this medical equipment. The EGG is a unique and
noninvasive diagnostic test for gastroenterologists in multidiscipli-
nary group practices, in clinical gastrointestinal motility centers, and
in research laboratories. EGG recordings will be of interest to in-
ternists and family medicine physicians who treat patients with dys-
pepsia or gastric dysfunction. Diabetologists may have a particular
interest in EGG patterns in patients with dyspepsia symptoms and
type 1 or 2 diabetes. Relationships among gastric neuromuscular
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function, plasma glucose levels, and insulin therapy are becoming
more appreciated and integrated into diabetes care. The handbook
will also be a reference source for fellows in gastroenterology and re-
searchers with an interest in gastric myoelectrical activity. In addi-
tion, we hope the handbook will serve as a primer for researchers in
fields such as psychosomatic medicine and psychophysiology who are
in need of a noninvasive method for quantifying gastric myoelectri-
cal activity.

Winston-Salem, North Carolina K. L. K.
University Park, Pennsylvania R.M.S.



This page intentionally left blank



Acknowledgments

The authors gratefully acknowledge the excellent secretarial assis-
tance of Mrs. Pamela Bohn and the expert medical illustration efforts
of Ms. Marty Hansell.

X



This page intentionally left blank



Contents

Contributors, xv

. Brief History of Electrogastrography, 1
Robert M. Stern

. Properties of Electrical Rhythmicity in the Stomach, 13
Kenton M. Sanders, Tamas Orddg, Sang Don Koh, Sean M. Ward

Properties of Gastric Electrical Slow Waves, 15
The Slow Wave Frequency Gradient, 17
Characteristics of Slow Wave Propagation, 19
Pacemaker Currents Generated by Interstitial Cells of Cajal, 20
Mechanism of Pacemaker Activity, 22
Regulation of Pacemaker Frequency, 24
Basis of Some Gastric Dysrhythmias, 27
Cautions for the Use of Electrogastrography to
Evaluate Gastric Arrhythmias, 32

. Physiological Basis of Electrogastrography, 37
Kenneth L. Koch

Gastric Pacesetter Potentials and Action Potentials, 37

Xi



xii Contents

Normal Electrogastrographic Patterns in Healthy Subjects, 45

Fasting Flectrogastrographic Patterns, 45
Postprandial Electrogastrographic Patterns, 47

. Recording the Electrogastrogram, 69
Robert M. Stern

Equipment, 70

Electrodes, 70

Recording Equipment, 70
Recording Procedure, 70

Electrode Placement, 70
Procedure, 73

How to Minimize and Identify Artifacts, 73

Movement of the Limbs and Body, 73
Talking, 74

Identifying Artifacts in the Electrogastrographic Signal, 74

Electrode and Other Electrical Failures, 74
Respiratory Artifacts, 74
Harmonics, 78

. Analysis of the Electrogastrogram, 83
Robert M. Stern

Visual Analysis of the Electrogastrographic Signal, 83
Computer Analysis of the Electrogastrographic Signal, 84

Filters and the Electrogastrographic Signal, 87
Spectral Analysis of the Electrogastrographic Signal, 87
Running Spectral Analysis (RSA), 88

Specific Electrogastrographic Parameters, 96

. Clinical Applications of Electrogastrography, 101
Kenneth L. Koch

An Approach to the Patient with Dyspepsia Symptoms, 102
Gastric Neuromuscular Dysfunction and Dyspepsia, 106
The Electrogastrogram and Water Load Test, 106
Treatment of Gastric Neuromuscular Disorders Based on
Pathophysiological Categories, 125
Clinical Applications of Electrogastrography in
Pediatrics and Obstetrics, 139
Applications of Electrogastrography in Research, 142



Contents Xiil

7. Tachygastrias, 149
Kenneth L. Koch

Pathophysiology of Gastric Dysrhythmias, 149
Origin of Tachygastrias, 151
Tachygastrias, 159

Tachygastrias (Unifocal), 160

Tachygastrias (Diffuse), 169

Tachygastrias (Probable), 175

Fictitious Tachygastrias, 178

8. Bradygastrias and Mixed Dysrhythmias, 185
Kenneth L. Koch

Origin of Bradygastrias, 185
Slow-Frequency Contractions of Antrum and Fundus, 185
Temperature of Intragastric Content, 186
Intragastric Volume, 189
Distention of Antrum, 189
Transection of the Gastric Corpus and Bradygastria, 193
Colonic and Small Intestinal Myoelectrical Activity, 193
Movements of the Body and Limbs of the Subject, 194
Bradygastrias, 194
Bradygastria (High Amplitude), 194
Bradygastria (Low Amplitude), 198
Mixed Gastric Dysrhythmias, 200

9. The Future and Electrogastrography, 213
Kenneth L. Koch and Robert M. Stern

Index, 217



This page intentionally left blank



Contributors

Kenneth L. Koch, M.D.

Section of Gastroenterology and Hepatology
Wake Forest University Baptist Medical Center
Wake Forest University

Winston-Salem, North Carolina

Robert M. Stern, Ph.D.
Psychology Department

The Pennsylvania State University
University Park, Pennsylvania

Kenton M. Sanders, Ph.D., Tamas ()rd(")g, Ph.D.,
Sang Don Koh, Ph.D., Sean M. Ward, Ph.D.
Department of Physiology and Cell Biology
University of Nevada School of Medicine

Reno, Nevada



This page intentionally left blank



Handbook of
Electrogastvogrvaphy



This page intentionally left blank



Brief History of
Electrogastrography

uring the first half of the twentieth century, before the avail-
Dability of computerized literature searches, scientists who

were working independently often discovered similar mea-
sures, phenomena, or relationships. The electrogastrogram (EGG)
was discovered independently by at least three investigators: Walter
Alvarez, a gastroenterologist; I. Harrison Tumpeer, a pediatrician; and
R. C. Davis, a psychophysiologist.

On October 14, 1921, after considerable experimentation with
rabbits at the University of California in San Francisco, Walter Al-
varez' recorded the first human EGG. Figure 1.1 shows this EGG,
which was recorded from an elderly woman with an abdominal wall
hernia. The woman was so thin that Alvarez could observe gastric
contractions of 3min in the upper abdomen that corresponded to
the 3cycles/min (cpm) electrical waves that are clearly seen in the
EGG recording. Alvarez did not publish additional studies with the
EGG during his long and productive career, probably because of
the technical difficulties inherent in recording such a weak signal be-
fore the development of good vacuum tube amplifiers.
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Figure 1.1. The first human electrogastrogram (EGG) recorded from a woman
whose abdominal wall was so thin that her gastric peristalsis was easily visible. (A)
EGG (top tracing), respiration, and markers indicating when visible peristalsis
was observed. Note the temporal correspondence between the EGG signal and
these markers. (B) EGG (the tracing just above the horizontal line) from a dif-
ferent electrode placement that is shown in the figure. (Reprinted with permis-
sion from Alvarez, 1922.)
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I. Harrison Tumpeer, a pediatrician working at Michael Reese
Hospital in Chicago, reported in 1926* that while he was attempting
to record the EGG, “Alvarez of California published his results.” In a
subsequent publication,” Tumpeer successfully recorded the EGG
from a 5-week-old child who had pyloric stenosis. Tumpeer and his
coworkers selected this particular subject because they could observe
gastric contractions by simply watching the surface of the skin over
the abdomen. Figure 1.2 shows a portion of this EGG. Tumpeer de-
scribed the EGG as looking like an electrocardiogram (ECG) with a
slowly changing baseline. Tumpeer mentioned that cardiologists in
1926 often noted a changing baseline in ECG recordings that they
could not explain. Thus, the EGG had been recorded, but perhaps
not recognized as such, since the time of the first ECG at the turn of
the twentieth century. Tumpeer used limb leads to record his EGG
(not abdominal leads) because of his concern that each gastric con-
traction caused physical displacement of the skin over the child’s ab-
domen. Subsequent studies* showed that simultaneous recordings
from limbs and abdomen are similar except that the amplitude of
the EGG is greatly reduced from recordings from the limb leads.

R. C. Davis, a psychophysiologist, began a series of exploratory
studies with the EGG in the mid-1950s. Because he was not aware of
the earlier EGG work of Alvarez or Tumpeer, he was the third person
to independently discover the EGG. Davis was primarily interested in
the interactive effects of psychological and physiological factors on
gastric functioning. Davis and colleagues published two papers on the
EGG before his untimely death in 1961, papers that stimulated several
other investigators to begin conducting EGG research.

In 1957, Davis and coworkers® described their attempt to validate
the EGG using simultaneous recordings from needle electrodes, a
mine detector that picked up the movements of a steel ball in the sub-
ject’s gastrointestinal tract, and the EGG. They used needle elec-
trodes that were insulated except at the tip so that they could rule out
cutaneous tissue as the source of the EGG signal. Figure 1.3 shows a
portion of one such simultaneous recording from Davis’ laboratory.

In 1959, Davis and his coworkers® described validation studies of
the EGG using swallowed balloons; Figure 1.4 shows simultaneous
records obtained from EGG surface electrodes and an intragastric
balloon, showing correspondence between the EGG recording from
the upper left quadrant of the abdomen (top tracing) and the
recording from the balloon (bottom tracing). In this same study,



__ i
" J*’ BT ‘; ,1 “ f*»v.wwv JJJ.‘JJ& Jz#wﬂﬂ’
r”’.rwt’r'»JJurJfJﬁ" Wild) Sl a’ P

Bave Lo
Subulinmeio B

Wl J .f .f ] m J.,lJJ”,!,J'I‘,'Jﬁa.J. JH‘P‘M Wi M f,fJJ,J "JJJJJJJJJJ,UM l;*; z,},},f)“if*f,i,a‘,

Bare Line . kR i Yt L 4 < (e At m.\w..__
EURARIAE

e F J‘;.z.w i

JJJJJJ,M,W »W Jq} J,!MJNM f.fJ.u.w !

iy .u.wé'Jw-n Wy il 'w,f:m .,-.,-;,u-m-w-

- i = = ._.__.,_.._____...
f —— + 5 nvaatan: e meveee e

Figure 1.2. Flectrocardiogram recorded with limb lead IIT from an infant with pyloric stenosis. The authors reported that
the 20-second wavelike shifts in the tracings corresponded to visible gastric peristaltic waves. Subsequent radiological exam-

ination of the child revealed obstruction caused by a pyloric tumor. (Reprinted with permission from Tumpeer and Phillips
1932.)
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Figure 1.3. Simultaneous recordings from needle electrodes (@), electrogastro-
gram (EGG) (b), and mine detector (¢). The needle electrodes were insulated
except at the tip to prevent the recording of galvanic skin responses; one was in-
serted in the skin of the abdomen and the other in the subject’s arm. The EGG
electrodes were both placed on the surface of the abdomen. The mine detector
tracing was made by having the subject swallow a metal ball and then tracking its
movement with a mine detector. Note the similarity in 3-cpm waves in the three
records and the baseline shift in the EGG recording. “15 in” indicates 15 sec-
onds. See text for details. (Reprinted with permission from Davis, Garafolo, and
Gault, 1957.)



uLQ

(
¢
\

I |25}1V

£
;

Ixzsjuv

LOWER
N
s IC
PV

A

S

BALLOON

\/\/\/-\/\AN

«—20in—>

{
=

Figure 1.4. Simultaneous electrogastrographic (EGG) recordings from three lo-
cations and from an intragastric balloon. The top three tracings are EGGs from
the upper left quadrant (ULQ), upper right quadrant (URQ), and lower central
location (lower), all referenced to an electrode on the leg. Note that 3-cpm ac-
tivity is seen more clearly in the EGG recordings than in the balloon recording.
The first wave detected by the balloon recording was seen in the ULG and lower
EGG recordings. It was not seen in the URQ EGG. Today EGG electrodes are
placed in a location that is closer to the antrum. The second large wave detected
by the balloon recording was associated with an EGG wave at the three EGG lo-
cations. (Reprinted with permission from Davis, Garafolo, and Kveim, 1959.)



