Neurogastroenterol Motil (2003) 15, 89-102

Electrogastrography: a document prepared by the gastric
section of the American Motility Society Clinical GI
Motility Testing Task Force

H. P. PARKMAN,* W. L. HASLER,f J. L. BARNETTY & E. Y. EAKER]

*GI Section, Department of Medicine, Temple University Hospital, Philadelphia, PA, USA
tDivision of Gastroenterology, Department of Internal Medicine, University of Michigan Medical Center, Ann Arbor, MI, USA

iDivision of Gastroenterology, Department of Medicine, University of Kansas Medical Center, KS, USA

Abstract The objective of this document is to present
the consensus opinion of the American Motility Soci-
ety Clinical GI Motility Testing Task Force on the
performance and clinical utility of electrogastrography
(EGG). EGG is a non-invasive means of recording
human gastric myoelectrical activity or slow waves
from cutaneous leads placed over the stomach. In
healthy volunteers, EGG tracings exhibit sinusoidal
waveforms with a predominant frequency of 3 cycles
per minute (cpm). Clinical studies have shown good
correlation of these cutaneous recordings with those
acquired from serosally implanted electrodes. The
amplitude of the EGG waveform increases with
ingestion of caloric or non-caloric meals. Some
patients with nausea, vomiting, or other dyspeptic
symptoms exhibit EGG rhythm disturbances or
blunting of meal-evoked EGG signal amplitude
increases. These abnormalities correlate to some
degree with delayed gastric emptying of solids. In
selected patients, EGG may be complementary to
gastric emptying testing. To date, no therapies have
convincingly demonstrated in controlled studies that
correcting abnormalities detected by EGG improves
upper gastrointestinal symptoms. Proposed clinical
indications for performance of EGG in patients with
unexplained nausea, vomiting and dyspeptic symp-
toms must be validated by prospective controlled
investigations.
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INTRODUCTION

Electrogastrography (EGG) is a technique for recording
gastric myoelectrical activity using cutaneous elec-
trodes placed on the anterior abdominal wall overlying
the stomach. Studies have shown good correlation
between cutaneous EGG recordings and myoelectric
signals recorded from gastric serosal leads.!™ EGG has
been advocated as a diagnostic test for the clinical
evaluation of patients with unexplained nausea, vom-
iting and other dyspeptic symptoms to gain insight
into mechanisms of symptom generation. This docu-
ment presents the consensus opinion of the American
Motility Society (AMS) Clinical GI Motility Task Force
on EGG. This document is intended to serve as a
reference for clinical EGG testing and will present
information on: (i) normal gastric myoelectric physi-
ology, (ii) slow wave abnormalities in patients
with nausea and vomiting (iii) performance of EGG,
(iv) interpretation of EGG recordings, (v) clinical
importance of EGG testing including proposed indica-
tions, and (vi) recommendations for future investiga-
tion to clarify a role for EGG in the evaluation and
management of patients with nausea and vomiting.

NORMAL AND ABNORMAL GASTRIC
MYOELECTRIC PHYSIOLOGY

Gastric electrical pacemaker activity originates on the
greater curvature at the junction between the proximal
and distal stomach. Slow waves, rhythmic electrical
depolarizations occurs at a frequency of 3 cycles
per minute (cpm) in humans. It is believed that
the interstitial cells of Cajal generate the rhythmic
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depolarizations of the gastric slow wave. Under quies-
cent conditions, slow waves partially depolarize gastric
smooth muscle but do not cause contraction. Addi-
tional depolarizations provided by neurohumoral
stimulation are the triggers for phasic gastric contrac-
tions which follow the spread of the electrical slow
waves and are peristaltic. Thus, gastric electrical slow
waves control the maximal frequency and the direction
of contractions in the distal stomach.

As with the heart, abnormal pacemaker activity and
electrical activity in other gastric regions may replace
the normal 3 cpm rhythm produced by the physiologi-
cal pacemaker region.’ Bradygastria develops when
depolarizations occur at frequencies lower than normal.
With bradygastria, the contractile efficiency of the
stomach is reduced as a result of decrease in the number
of antral contractions. Tachygastria develops when an
ectopic pacemaker, often in the antrum, generates an
oscillatory pattern at an abnormally high frequency that
overdrives the rest of the stomach. Although retrograde
depolarizations may propagate with tachygastria, retro-
grade motor activity rarely develops as the electrical
activity is of insufficient amplitude to induce contrac-
tion. Thus, during tachygastria, the stomach is usually
atonic. In some instances, the ectopic pacemaker
activity is unstable in frequency and in location, leading
to mixed gastric tachy-bradydysrhythmia. Each of these
rhythms may be present for very short periods of time in
healthy humans and dogs, but pathological conditions
may be associated with prolonged periods of slow wave
thythm disruption.®”

SLOW WAVE ABNORMALITIES
IN PATIENTS WITH NAUSEA
AND VOMITING

Many clinical conditions which cause delayed gastric
emptying also are associated with abnormalities of
EGG frequency and the amplitude response to a
meal. Tachygastria and bradygastria are found in
many patients with diabetic gastroparesis.® In addi-
tion to disturbances of EGG rhythm, some diabetics
exhibit a concurrent loss of the signal amplitude
increase with meal ingestion.” Furthermore, hyper-
glycaemia is associated with increased dysrhythmic
activity.! Conversely, one investigation noted no
increase in slow wave rhythm disturbances in dia-
betic patients in whom euglycaemia was maintained,
although defects in meal-related amplitude responses
persisted.!! Dysrhythmias also are prevalent in
patients with gastro-oesophageal reflux and delayed
gastric emptying.!? In one report of nausea of first
trimester pregnancy, EGG rhythm disturbances were
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observed in 26 of 32 women.'® Dysrhythmias were
documented in 13 of 14 patients with chronic
intestinal pseudoobstruction secondary both to vis-
ceral myopathy and neuropathy.!* Conversely, no
EGG abnormalities were reported in scleroderma
patients with dyspepsia.!®> Patients with anorexia
nervosa and delayed gastric emptying exhibit frequent
dysrhythmic episodes, however a recent report of
patients with early onset anorexia nervosa showed no
increase in dysrthythmias suggesting that EGG
rhythm disorders do not initiate the syndrome.!®!’
Other disorders associated with gastric dysrhythmias
include motion sickness and gastroparesis caused by
ischaemia, chronic renal failure and occurring as a
paraneoplastic syndrome.'®!?

In addition to these well-characterized clinical con-
ditions, many patients with unexplained nausea and
vomiting exhibit slow wave disturbances. Gastric dys-
rhythmias have been observed in 31-69% of patients
with functional dyspepsia.2®?! Among dyspeptic
patients, EGG rhythm disturbances occur in 75% of
patients with delayed gastric emptying vs 25% of
dyspeptic individuals with normal emptying.>! The
association of EGG dysrhythmias with delays in gastric
emptying in some patients with idiopathic gastropa-
resis suggest a possible pathogenic role for these
primary slow wave rhythm disruptions.?> Finally,
studies have identified patients with unexplained nau-
sea and vomiting without abnormalities of gastric
emptying who exhibit either EGG dysrhythmias or
abnormal amplitude responses to meal ingestion.2*

PERFORMANCE OF EGG

Equipment

Several components are necessary for the perform-
ance of EGG. The EGG signals are acquired using
electrocardiographic electrodes affixed to the skin of
the abdominal wall. Pregelled adhesive Ag/AgCl
electrodes frequently are employed because they
facilitate reliable acquisition of the cutaneous signal
for the duration of a typical clinical study. Amplifiers
and filters are needed to process the EGG signal for
subsequent analysis; usually these are in one unit.
Amplifiers are required because of the relatively weak
gastric signal acquired by the cutaneous electrodes
(200-500 uV). Low and high band pass filters at 0.016
and 0.3 Hz, respectively, help to eliminate baseline
drift, exclude signals from other sources (heart, small
intestine and some colonic frequencies), and remove
some artefacts occurring as a consequence of respiration
and movement. Some centres employ pneumography to
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aid in the identification of respiration and motion
artefacts. Per regulatory requirements, all components
of the EGG recording system must be electrically
isolated from the individual being studied to ensure
unidirectional current flow from the skin to the
amplifiers. All equipment including the computer is
plugged into an isolated medical grade isolation trans-
former. Some institutions use a signal generator to
calibrate the EGG signal against a test sinusoidal wave
of known frequency. Vendors who currently offer or
have offered EGG equipment in the past include 3CPM
Company, Sandhill Scientific, Inc., Medtronic/Synec-
tics, RedTech, and MMS.

Computers employed for EGG analysis must possess
specific characteristics. An analogue to-digital (A-D)
board is needed to digitize the signal at frequencies
ranging from 1 to 4 Hz. Software has been developed
for preprocessing excision of motion or respiratory
artefacts. Signal analysis is performed with Fast Fourier
transformation (FFT) and running spectral analysis
(RSA) or adaptive running spectral analysis. Data
commonly are presented in the form of a RSA in
which results from FFT of consecutive or overlapping
recording periods are presented in three-dimensional
format to demonstrate frequency vs power peaks as a
function of time.

Test protocol

Patient preparation As with other tests of gastric
function, EGG recordings most often are performed
after overnight fasting. Some institutions have advo-
cated ingestion of a pretest meal including four ounces
of apple juice and one slice of toast 2 h before testing to
enhance detection of the basal waveform, however this
practice does not permit recording of a true fasting
signal. Medications that might modify gastric myo-
electrical activity (prokinetic and anti-emetic agents,
narcotic analgesics, anticholinergic drugs, non-steroi-
dal antiinflammatory agents) should be stopped at least
48 h prior to testing.?® Other medications which
influence slow wave activity, such as anti-depressants
and oral contraceptives, may be difficult to stop for the
purposes of EGG recording. Hyperglycaemia in excess
of 230 mg/ dL™! has been demonstrated to disrupt
normal EGG rhythm in healthy volunteers.2® Further-
more, normalization of blood glucose levels prior to
testing reduces gastric dysrhythmic activity in patients
with type I diabetes.!! For these reasons, it is reason-
able to recommend performance of EGG under condi-
tions of euglycaemia to better gauge underlying gastric
myoelectric properties in the absence of modulating
metabolic factors.
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EGG recording The EGG should be recorded in a quiet
room to minimize extraneous electrical signals which
might be detected by the cutaneous electrodes and
reduce distractions which could promote patient
movement. The patient may be placed in any confor-
mation ranging from a supine position to a 45° incli-
nation, as long as the patient’s position and comfort
are maintained for the duration of testing. Changes in
position can alter EGG parameters relating to signal
amplitude, thus the patient should remain motionless
for the duration of the recording.?>?” Use of the rest-
room is encouraged prior to recording to minimize the
need for interruption of the test and to eliminate any
motion artefacts which might develop as a conse-
quence of urinary or faecal urgency.

Proper EGG electrode placement is important to
ensure acquisition of a high quality gastric myoelectric
signal. Any hair on the skin overlying the stomach
should be shaved to improve conduction. The skin
should be gently abraded with gauze or a specific
electrode paste (Nuprep; DO Weaver, Aurora, CA,
USA). Fresh disposable electrocardiographic electrodes
that adhere securely to the skin are employed (Clear-
trace; ConMed Corp., Utica, NY, USA) often in concert
with an electrode cream (Signa Creme; Parker Labor-
atories, Orange, NJ, USA] to improve signal transmis-
sion.

Several different electrode placements have been
described to reliably record gastric myoelectrical activ-
ity (Fig. 1). Use of a bipolar electrode system is

'Surface electrodes |

Figure 1 One commonly used electrode placement for elec-
trogastrography recording is shown. Active electrodes are
positioned below the left costal margin and, between the
xyphoid process and umbilicus. The electrode positioned in
the right upper quadrant is a reference or common electrode.
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recommended to reduce artefact and improve the
signal-to-noise ratio. To enhance signal acquisition,
active recording electrodes are placed along the antral
axis of the stomach. A commonly employed configur-
ation involves placement of one active electrode in the
midline halfway between the xiphoid and umbilicus. A
second active electrode is placed 5 c¢m to the left of the
first active electrode, 30° cephalad, at least 2 cm below
the rib cage, in the midclavicular line. A reference
electrode is placed at a site distant to the active
electrodes such as the right midclavicular line or the
left midaxillary line. The EGG leads should not be
placed over the ribs, as this can increase respiratory
artefacts in the recorded signal.

After appropriate patient preparation, EGG recording
is performed. A fasting signal is acquired for 15-60 min.
The patient then consumes a test meal and a stimula-
ted EGG signal is recorded for 30-120 min. The optimal
lengths of recording have not been validated in con-
trolled investigations, however it has been observed
that longer study durations enhance detection of EGG
rhythm disturbances.?®?° It was the consensus opinion
of the AMS Clinical GI Motility Testing Task Force
that a 30-min fasting recording and a 60-min postpran-
dial EGG recording are obtained. A variety of test meals
have been employed by different institutions including
water, commercially prepared balanced liquid nutri-
tional supplements (Ensure; Ross Products Division,
Abbott Laboratories, Columbus, OH, USA) and solid
meals similar to those used in gastric emptying testing
(e.g., egg sandwich with orange juice). Each meal
produces qualitatively similar effects on the EGG
signal, although effects of water ingestion on signal
amplitude are shorter in duration.®® No investigation
has determined if any particular meal characteristic
improves the sensitivity or specificity of detection of
the specific EGG parameters. Some centres have com-
bined EGG recording with measures of gastric percep-
tion in the form of the water load test.*° No study to
date has assessed if distending the stomach to the point
of maximal fullness with such satiety testing produces
different EGG results than those observed with inges-
tion of fixed meal volumes.

Symptoms may be quantified either at fixed intervals
or with reports of specific symptoms during perform-
ance of fasting and postprandial EGG recording. Full-
ness, bloating, abdominal pain and hunger have been
assessed, however the symptoms most commonly
associated with EGG rhythm disturbances are nausea
and vomiting.2>3® Symptoms may be recorded in
analogue or integral fashion, however any patient
recording methodology should minimize arm motion
to decrease disruption of EGG recording.
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INTERPRETATION OF EGG RECORDINGS

Findings provided by EGG

Analysis of a well-performed EGG examination yields
specific findings which can be related to the referring
clinician. A normal EGG is characterized by a wave-
form with a frequency of approximately 3 cpm
wave activity that increases in amplitude (or power)
after meal ingestion (Fig. 2). Rhythm abnormalities
observed with EGG include tachygastria, bradygastria,
and a non-specific dysrhythmia or lack of a single
dominant frequency (DF) (Fig. 3). The other main EGG
abnormality which has been characterized is a lack of
signal power increase after eating (Fig. 4). Analysis of a
clinical EGG recording involves visual inspection of
the raw tracing followed by computer-assisted calcu-
lation of dysrhythmic activity and postprandial power
responses. Artefacts in the EGG signal must be iden-
tified and excluded from computer analysis.

Visual analysis of the EGG recording

Visual analysis of the raw EGG tracing serves to
identify periods of artefact and provide a qualitative
determination of tachy- or bradygastric activity and the
presence or absence of a signal power increase after
eating a test meal (Table 1). Artefacts usually are
readily recognized by the interpreter as sudden, high-
amplitude off-scale deflections of the EGG signal
(Fig. 5). In some instances, artefacts exhibit similar
waveform characteristics as slow wave dysrhythmias
and thus may be a source of interpretational inaccur-
acy. This source of error is minimized in settings in
which the subject undergoing EGG is observed by a
technician during recording. In general, such artefacts
are caused by respirations, volitional limb or torso
movements, retching, or urinary or faecal evacuation.
Most motion artefacts exhibit apparent frequencies of
<1 cpm whereas respiratory artefact commonly appears
as oscillations at >9 cpm.

Once artefactual periods are excluded, the interpre-
ter makes a qualitative determination of the quality of
the EGG representation of the gastric slow wave. In
general, a visually interpretable signal exhibits a
sinusoidal or near-sinusoidal oscillation for a prolonged
period of time. This can include recording segments
with normal frequencies of approximately 3 cpm and
those of abnormally low (bradygastria) or high (tachy-
gastria) frequencies. Visual signal analysis usually also
can ascertain whether the signal amplitude increases
after ingestion of the test meal. It was the consensus
opinion of the Clinical GI Motility Testing Task Force
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Figure 2 This figure shows the electro-
gastrography (EGG) tracings and computer
analyses from a normal volunteer. (A) The
raw tracing demonstrates a sinusoidal os-
cillation with a frequency of 3 cpm during
both the fasting and postprandial periods.
Signal amplitude increases with meal in-
gestion. (B) Running spectral analysis dis-
plays the dominant EGG frequencies as a
function of time. Throughout the record-
ing, the dominant frequency (DF) is in the
frequency band from 2 to 4 cpm. (C) The
power frequency spectrum displays the DF
for the entire fasting and postprandial pe-
riods (3 cpm). The increase in power with
meal ingestion can be quantified using
this analysis. Small peaks at harmonics of
the DF are seen at 6 and 9 cpm.
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Figure 3 Representative raw electrogastrography tracings
showing normal rhythm, bradygastria and tachygastria are
shown.

that such recognizable waveforms are visually identi-
fiable for at least 15 min of the fasting recording and at
least 30 min of the postprandial recording to provide a
reliable EGG interpretation. Furthermore, the visual
report of a dysrhythmia should be based on determin-
ation of an abnormal frequency waveform for at least
5 min. These opinions are based on the extensive
clinical and investigative experience of the Task Force
members and are not subjected to controlled investi-
gation. In most instances, visual interpretation of the
raw EGG signal can provide a preliminary impression
of normalcy, tachygastria, bradygastria or a blunted
power response to meal ingestion. Computer analysis
of the raw signal serves to quantify DFS, lengths of
time with dysrhythmia, and the magnitude of the
postprandial power increase. The interpreter should
exercise care in placing too much weight on computer-
derived analyses of raw signals in which there are no
visually recognizable waveforms.

Computer analysis of the EGG recording

Prior to subjecting the visually recognizable waveforms
to computer analysis, periods which exhibit clear
artefact should be excised. Motion artefacts, if included
in the quantitative computer software, may lead to
erroneous determinations of increased high amplitude,
low frequency bradygastric activity (Fig. 5).3'3% In
general, EGG signals containing artefact are identified
by visual inspection and excluded prior to subjecting
the signal to computer analysis. Thus, the artefactual
segment is not subjected to computer analysis. Some
centres excise the artefactual segment and splice back
the ends of the non-artefactual signals. Other centres
have removed the portion of the RSA after performing
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the FFT on the artefactual recording segment. The
focus of signal analysts was to develop a software
which can recognize and automatically remove signal
artefacts. Prototypic analytical programs were reported,
however they are imperfect and have not achieved
widespread acceptance by investigators or clinicians
who perform EGG.

After artefacts in the EGG signal were removed, the
remainder of the recording is subject to computer
analysis. Most institutions employ software that per-
forms FFT on the raw signal with generation of RSA
plots, although adaptive RSA techniques were also
used and provide equally valid results. One drawback
of the FFT with RSA is that EGG dysrhythmias need to
be of certain duration to be detected by the calculation.
Most EGG analysis programs use recording epochs of
approximately 4 min duration for the RSA analysis.
Most detectable rhythm disturbances must be 2 min or
more in duration. Dysrhythmias of shorter duration
may be missed by the FFT with RSA technique. Newer
techniques, such as adaptive RSA, may detect shorter
duration dysrhythmias.

Several parameters are calculated from computer
analysis of the raw EGG signal. The three most
commonly reported computations include: (i) the
percentage of recording time with the (DF) in the
normal 3 cpm, tachygastric and bradygastric frequency
ranges, (ii) the percentage distributions of EGG power
in the three frequency bands, and (iii) the ratio of
postprandial to fasting power of the DF. Other param-
eters of lesser importance but often calculated with
computer software programs include (i) the overall
dominant EGG frequency in the fasting and postpran-
dial periods, (ii) instability factors of the dominant
frequency (DFIC) for the fasting and postprandial
periods, and (iii) instability factors for the dominant
power (DPIC) in the fasting period and postprandial
periods.

Results of these calculations are dependent on what
values are set for the upper and lower limits for the
normal, tachygastric and bradygastric frequency ran-
ges. From recordings acquired from serosal or mucosal
electrodes, the physiological human slow wave fre-
quency ranges from 2.5 to 3.6 cpm (+SD).3>3* Different
institutions have performed computer analysis of raw
cutaneous EGG signals using different frequency ran-
ges. Some centers define the normal cutaneous EGG
frequency to closely conform to the findings of more
direct techniques (2.5-3.75 cpm), while others use
broader frequency ranges to define normalcy
(2.0-4.0 cpm).?? Normal frequency ranges employed
by commercial EGG equipment manufacturers include
2.5-3.75 cpm (3 cpm), 2.0-4.0 cpm (Medtronic; Shore-
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Figure 4 This figure shows the raw trac-
ings and computer analyses in a patient
with an impaired electrogastrography
(EGG) power response to meal ingestion.
(A) The raw signals show normal 3 cpm
activity during the fasting and postpran-
dial periods but signal amplitude is de-
creased after eating. (B) Running spectral
analyses and (C) the cumulative power
frequency spectrum shows normal EGG
frequencies throughout but with blunting
of EGG power with meal ingestion.
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Table 1 Analysis of EGG Recordings

Qualitative visual analysis of the raw EGG signal
Quality of signal
Identification of artefacts for computer excision
Visual interpretation
Normal
Dysrhythmia (tachygastria, bradygastria or mixed
arrhythmia)
Blunted power response to meal ingestion
Quantitative computer analysis
Excision of artefacts
Major parameters
Percentage of recording time dominant frequency (DF)
is in normal rhythm, bradygastria or tachygastria
Percentage distribution of EGG power in the three
frequency bands
Power response to meal ingestion
Minor parameters (optional)
Overall DF in the fasting and postprandial periods
Instability coefficients for fasting and postprandial periods
Dominant frequency (DFIC)
Dominant Power (DPIC)

view, MN, USA), and 2.25-3.75 cpm (RedTech, Long
Beach, CA, USA). The use of different frequency ranges
for computer analysis can produce subtle alterations in
the calculations of several computer-derived EGG
parameters, especially in determinations of the EGG
power distribution in the three frequency bands and
the percentage of recording time in the three frequency
bands. It is uncertain if broader normal frequency
ranges reduce the sensitivity of EGG for detecting
dysrhythmic activity with DFs subtly different from
normal. It is likely that results from the different
analysis protocols will be qualitatively similar.
Nevertheless, no rigorous comparisons have been
performed comparing the accuracy of different fre-
quency ranges in the detection of abnormal EGG
activity. Physicians and investigators performing
EGG for clinical diagnosis or research should be
cognizant of the definitions of the ranges for normal
and abnormal EGG rhythms.

Normal EGG Definitions of what constitutes a normal
EGG have been provided by careful analyses of
recordings from normal volunteers. In healthy sub-
jects, EGG recordings exhibit normal frequency activ-
ity for >70% of recording time (Fig. 2).>*> This
determination is based on methodologies which define
the normal EGG frequency range as 2.0-4.0 cpm. This
70% value, although initially chosen empirically,
generally has been upheld by four studies in 24, 40, 110
and 15 normal subjects.2>2°37 In these studies, the
lower limit (mean + 2 SD) of the percentage time that
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3 min

Figure 5 Examples of motion artefacts are shown on this EGG
tracing from a healthy volunteer. Large chaotic deflections are
observed superimposed on the normal 3 cpm EGG activity.
If included in the computer analysis, these artefactual
deflections would produce high power signals in the
bradygastric frequency range.

normal subjects have a fasting EGG rhythm in the
2.0-4.0 cpm range was 100, 58, 65 and 79%, respect-
ively, with a mean of 69% of the recording time for the
189 subjects in these four studies. For the postprandial
period, the lower limit for the percentage time in the
2.0-4.0 cpm range was 100, 65, 69 and 78% with a
mean of 73%. Thus, the overall results of these four
studies in 189 normal subjects suggest that 70% is an
appropriate lower limit of normal for the percentage of
the recording time for the EGG rhythm to be in the
2.0-4.0 cpm range. In such recordings in asymptomatic
individuals, the presence of DFs outside the normal
range may reflect a low signal amplitude which is
obscured by signal noise rather than a true dysrhyth-
mia.?® In many instances, this distinction can be made
by visual inspection of the raw tracings during such
periods. The percentage of time that the postprandial
DF is in the normal frequency also is dependent on
specific qualities of the ingested test meal. Solid meals
slightly increase EGG frequency, whereas liquid meals
temporarily reduce the frequency.?? Test meals con-
sisting of an egg sandwich and water (32% protein,
46% carbohydrate, 22% fat) increase the DF from
2.91 = 0.28 (SD) during fasting to 3.11 + 0.28 in the
first postprandial hour.3¢

The percentage distribution of EGG power in the
normal, tachygastric and bradygastric frequency bands
also can be calculated for both the fasting and
postprandial periods and is dependent on the defini-
tions of the different frequency ranges. To calculate the
percentage power distribution, the summed signal
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power in each frequency band is divided by the total
signal power for the time period being analysed and
multiplied by 100. Normal values from healthy volun-
teers for power distributions for each frequency range
have been published for both caloric and non-caloric
liquid meals.3%38

Absolute values of EGG power during fasting and the
postprandial period are affected by a number of varia-
bles including body habitus, electrode placement, and
body position, all of which modify the distance from
the stomach to the recording leads.?>*” However, these
variables do not influence the relative increase in EGG
power which is observed with ingestion of a caloric
meal in healthy subjects (Fig. 2).%3° Depending on the
meal consumed, 90-95% of healthy volunteers exhibit
increased postprandial signal power of dominant fre-
quency.?>®° In one study, all 24 normal subjects had a
postprandial increase in the power of the dominant
frequency.?” In another study, 90% of 110 normal
subjects had a postprandial increase in the power of the
dominant frequency.®®

Abnormal EGG A variety of abnormalities were des-
cribed on EGG recordings from patients with nausea
and vomiting. Visual inspection of the raw EGG signal
can detect the presence of tachygastria (visible oscil-
lation with frequency above the normal range), brad-
ygastria (visible oscillation with frequency below the
normal range), a non-specific thythm (absence of a
single predominant rhythm) and a lack of signal
increase after meal ingestion (Fig. 3). Computer ana-
lysis of the raw EGG signal can quantify the degree of
rhythm disturbance and the magnitude of the power
increase (Fig. 4). However, the interpreter must be
careful in diagnosing tachygastria or bradygastria when
no clear-cut high or low frequency waveform is visible
on the raw EGG tracing.

Definitions of EGG abnormalities were largely
determined by consensus opinions of investigators
with extensive experience in the technique. However,
comparisons of EGG findings in healthy volunteers
and symptomatic patients provide support for these
definitions. What constitutes dysrhythmia in a given
recording is determined by the definition of normal
frequency. Upon computer analysis, an EGG is con-
sidered to be abnormal if the DF is in the tachy- and/or
bradygastric frequency ranges for more than 30% of the
time.?? This number takes into account the observa-
tion that healthy volunteers exhibit periods of time
representing up to 30% of recording time in which
recognizable EGG rhythms are not distinguishable
from background electrical noise either on visual
inspection or computer analysis.
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Some institutions have advocated the use of per-
centage distribution of EGG power in the three
frequency bands to facilitate detection of dysrhythmic
activity. For this parameter, an EGG is considered
abnormal if the percentage distribution of total EGG
power in the tachygastric range is greater than
20%.%%49 Power distributions in the bradygastric fre-
quency range are highly variable and may be affected
by minor variations in the signal baseline or subtle
motion artefacts. Thus, the calculation of the percent-
age of the total EGG power in the bradygastric
frequency range may not be reliable for determination
of bradygastria.

The final major EGG abnormality is the lack of a
signal power increase after meal ingestion. The power
ratio, defined as the ratio of the postprandial to fasting
power of the DF, normally is greater than one and
postulated to reflect a postprandial increase in the
electromechanical activity of the stomach with an
additional component of gastric distention occurring
after meal ingestion.*! A power ratio of <1 is believed
to correlate with a decreased distal gastric motor
response to a meal.

Reporting of results

Performance of EGG for clinical purposes should
include an informative procedure report consisting of
several key components. Patient-related data should be
comprehensive including patient name, identifying
numbers and procedure date. A brief history should
be provided for identifying the patient’s major symp-
toms and a listing of medications which might influ-
ence the results of EGG testing. The EGG recording
protocol and analysis methodology should be des-
cribed. The duration of fasting and postprandial
recordings, and also the qualitative and quantitative
properties of the test meal should be stated. The
recording equipment and software analysis protocol
should be characterized, including filtering frequencies
used and frequency ranges for definition of bradyga-
stria, normal and tachygastria.

Reports of the results of the EGG analysis should
include estimates of the quality of recording and the
degree of motion artefact. Characterization of the visual
analysis of the EGG tracing should describe the
approximate recording times in normal rhythm, tach-
ygastria, bradygastria and non-specific rhythm. Visual
inspection can also confirm the presence of a postpran-
dial signal amplitude increase. Results of computer
analysis conveys the percentage recording time in each
of the frequency ranges, the magnitude of the postpran-
dial power increase, and in some institutions the
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distributions of EGG power in each of the three
frequency bands. For each of these parameters, normal
values for a healthy volunteer population using similar
EGG recording, test meals, frequency bands and soft-
ware analysis should be provided. Additionally,
optional parameters that may be included are the
overall DF, and frequency and power instability factors
for the fasting and postprandial periods.

The EGG report should conclude with the interpre-
ter's overall assessment of the findings of the study.
The six possible clinical interpretations are: (i) normal,
(ii) tachygastria, (iii) bradygastria, (iv) non-specific
rhythm pattern, (v) lack of postprandial power increase
and (vi) uninterpretable waveform secondary to tech-
nical problems or excessive motion artefact.

CLINICAL ROLE OF EGG

Electrogastrography is one of the many tests of gastro-
intestinal function which were proposed to evaluate
patients with unexplained nausea, vomiting and other
dyspeptic symptoms. As described above, prominent
EGG abnormalities are present in such patient groups
whereas healthy volunteers rarely exhibit EGG rhythm
or power disturbances. Similarly, significant fractions
of patients with nausea and vomiting show delays in
gastric emptying on scintigraphic testing or low
amplitude or uncoordinated contractions on manomet-
ric testing of the antrum and duodenum.*? Investiga-
tions have attempted to ascertain whether gastric
emptying scintigraphy and EGG identify similar
patient populations. When the tests are performed
concurrently, postprandial dysrhythmias and blunting
of postprandial power increases were shown in one
study to correlate with delays in solid phase gastric
emptying.®® When data from several studies are con-
sidered, the positive predictive value of an abnormal
EGG to predict gastroparesis ranges from 50 to 81%
(average of 65%), whereas the accuracy of a normal
EGG to predict normal gastric emptying in a sympto-
matic population ranges from 65 to 100% (average of
76%).3739434% Thus although abnormalities of gastric
emptying and EGG are present in overlapping patient
subsets, the two tests may define slightly different
populations. If each test were shown to be useful in
directing patient management, then gastric scintigra-
phy and EGG could be considered complementary
examinations 37434

The value of any diagnostic test is determined by its
roles in directing therapy or providing prognostic
information. To date, very few investigations have
been performed to demonstrate a critical role for EGG
in patient management. In children with neurologic

98

Neurogastroenterology and Motility

impairment undergoing fundoplication for gastro-oeso-
phageal reflux, EGG abnormalities predict postopera-
tive feeding difficulties.*® A second study employed
EGG to document evidence of diffuse gut dysfunction
in patients with severe slow transit constipation.*’ In
one study, a persistent high amplitude EGG signal was
found in patients with delayed gastric emptying from
obstruction whereas patients with idiopathic gastrop-
aresis had gastric dysrhythmias.*® Further prospective
investigations are needed to validate the clinical utility
of EGG.

In several studies, albeit with small number of
subjects, symptom responses to drug therapy in dys-
peptic patients appear to correlate with resolution of
EGG abnormalities. In an investigation of diabetic
patients with gastroparesis, reductions in nausea after
6 months of treatment were associated with correction
of tachy- and bradygastrias.® Conversely, symptomat-
ically improved individuals exhibited no acceleration
of delayed gastric emptying questioning the patho-
physiological importance of gastric stasis in producing
nausea. Similarly, uncontrolled case studies have
observed improvements in EGG dysrhythmias in
patients who experienced symptom reductions on
cisapride.*®® Other reports suggest that dyspeptic
patients with EGG abnormalities may exhibit better
symptomatic responses to treatment with prokinetic
agents than those with normal EGGs.’"*> These
findings contrast sharply with many gastric scintigra-
phy studies, which frequently observe poor correlation
of symptom benefit with reversal of gastroparesis.>®
Controlled clinical studies are needed to determine if
symptomatic patients with a particular EGG finding
(bradygastria, tachygastria, blunted postprandial power
increase or normal recording) are better treated with
one therapy over another.

Proposed Indications for EGG

Given the current paucity of outcomes based investi-
gations into the clinical utility of gastric motor and
myoelectric testing, it is difficult to confidently define
clinical indications for the performance of any test
evaluating gastric motor and/or myoelectrical activity
including EGG.31** The following proposed indica-
tions for EGG were reached by discussion and consen-
sus opinion of the members of the AMS Clinical GI
Motility Testing Task Force. They will require valid-
ation and update as meaningful controlled clinical
studies are reported. The EGG is proposed as a
diagnostic study to non-invasively record gastric
myoelectrical activity in patients with unexplained
persistent or episodic symptoms which may be related

© 2003 Blackwell Publishing Ltd



Volume 15, Number 2, April 2003

to a gastric motility and/or myoelectrical disorder.
EGG can be obtained: (i) to define gastric myoelectric
disturbances in patients with nausea and vomiting
unexplained by other diagnostic testing or associated
with functional dyspepsia and (ii) to characterize
gastric myoelectric disturbances associated with docu-
mented gastroparesis.

There have been no prospective investigations to
validate diagnostic algorithms for the evaluation and
management of patients with nausea and vomiting. A
reasonable initial approach includes performance of
endoscopy or contrast radiography studies and selected
blood tests. Once organic disease were excluded, the
patient may be offered an empiric trial of an anti-
emetic or prokinetic medication or alternatively sub-
jected to testing of gastric motor and myoelectric
function. Scintigraphic measurement of gastric emp-
tying traditionally were considered to be the initial
procedure of choice for this purpose. EGG most
commonly is performed after gastric emptying scan-
ning and after trials of medications to reduce nausea
and vomiting. Gastric dysrhythmias are documented in
some patients with nausea and vomiting, and may
represent a pathophysiological mechanism for symp-
toms. EGG may be particularly applicable for patient
subsets in whom a radionuclide-based test would be
relatively contraindicated including pregnant women
or children.

Coding and billing information for EGG

The Federal Drug Administration (FDA) approved EGG
as a test for patient evaluation in 2000. The FDA
statement on EGG concluded that EGG is a non-
invasive test for detecting gastric slow waves and is
able to differentiate adult patients with normal myo-
electric activity from those with bradygastrias and
tachygastrias. EGG can be considered as part of a
comprehensive evaluation of adult patients with
symptoms consistent with gastrointestinal motility
disorders.

Current Procedural Terminology (CPT) codes for
EGG were published in 2001 for EGG recording in the
United States. Code 91132 refers to diagnostic, trans-
cutaneous EGG while 91133 refers to diagnostic,
transcutaneous EGG with provocative testing. Pub-
lished Relative Value Units (RVUs) currently are 0.52
for EGG, diagnostic, transcutaneous, and 0.66 for EGG,
diagnostic, transcutaneous, with provocation. Interna-
tional Classification of Diseases (ICD-9) Ninth revi-
sion, diagnostic codes for which EGG might be
considered an appropriate investigation include
787.01 for nausea with vomiting, 787.02 for nausea
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alone, 787.03 for vomiting alone, 536.3 for gastropa-
resis, 536.8 for dyspepsia and 536.9 for unspecified
functional disorders of the stomach.

RECOMMENDATIONS FOR FUTURE
INVESTIGATION

It is apparent that many issues need to be addressed
before the technique of EGG is considered an import-
ant diagnostic test for the evaluation of patients with
unexplained nausea, vomiting and other dyspeptic
symptoms. While EGG testing may detect gastric
dysrhythmias or normal gastric rhythm, data must be
collected which demonstrate that EGG has a positive
impact on the management of affected patients. Other
areas worthy of study include further characterization
of the pathophysiology of EGG dysrhythmias, refine-
ments in signal acquisition to reduce concerns about
diagnostic inaccuracies caused by artefact and other
factors, and development of novel technologies.
Directed clinical investigations are needed to define
important clinical roles for EGG. Studies to correlate
clinical syndromes with particular EGG patterns will
suggest possible aetiological factors in disease induc-
tion. Furthermore, it should be ascertained if abnor-
malities of multiple EGG parameters (e.g. dysthythmia
and blunted power response) are associated with more
severe clinical syndromes than recordings with single
abnormalities. Correlation of symptom resolution on
specific therapy with normalization of EGG distur-
bances will be supportive of a pathogenic role for slow
wave disruption in symptom production. These studies
may not confirm a true causal role as it is difficult to
determine if the gastric dysrhythmias are causing the
symptoms or if the symptoms are inducing the gastric
dysrhythmias. The demonstration that symptom reso-
lution results after directed ablation of a dysrhythmic
focus may provide the necessary proof that EGG
rhythm disturbances are causative of specific clinical
syndromes. No current or currently proposed therapy
including gastric neurostimulation techniques show
the promise to meet this rigorous standard. Neverthe-
less, investigations are needed which will clarify a
position for EGG in the diagnostic evaluation of
unexplained nausea and vomiting and/or functional
dyspepsia. Prospective studies which demonstrate that
therapies which improve symptoms in patients with
EGG dysrhythmias have no effect on individuals with
normal EGG findings and alternate therapies are
efficacious in those with normal but not abnormal
EGGs will help define the role of EGG. Interestingly,
although gastric emptying scanning has been consid-
ered a ‘gold standard’ for the initial evaluation of
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patients with presumed gastric dysmotility, no out-
come studies have been published for scintigraphic
methods which meet this standard. Yet, many clini-
cians appear to find gastric emptying results helpful in
diagnosis and management of patients with nausea and
vomiting. Similar to gastric emptying, several clini-
cians have suggested EGG test results helpful in
diagnosis and management of these patients. Diagnos-
tic algorithms that include any test of gastric myo-
electric and motor function, not just EGG, require
more rigorous validation before they can be fully
accepted for the evaluation of unexplained nausea
and vomiting.

Published research findings have provided a better
understanding of the pathophysiology of gastric dys-
rhythmias. However, a number of areas are worthy of
further investigation. It is apparent that conditions
such as gastroparesis exhibit slow wave rhythm
disturbances that originate in the stomach. Other
disorders such as motion sickness exhibit gastric
dysrhythmias that occur as a consequence of extragas-
tric central nervous stimulation. In some conditions,
the cause of the EGG abnormality is uncertain. In
functional dyspepsia, the question arises as to whether
dysrhythmic activity develop as a consequence of
neuromuscular dysfunction of the stomach or as a
peripheral manifestation of a central nervous system
process perhaps in association with psychological
disturbance. Thus, investigations which correlate the
ability of specific interventions to ablate gastric dys-
rhythmic activity with reductions in symptoms may
provide insight into the pathophysiological relevance
of the gastric myoelectric rhythm abnormality. This
line of study will address the central question of
whether dysrhythmias are causative of a particular
clinical syndrome or if they are epiphenomena. From a
mechanistic standpoint, several neurchumoral and
tissue mediators including serotonin, acetylcholine,
dopamine, vasopressin, sex steroids and prostaglandins
have been demonstrated to participate in EGG rhythm
disruption in various experimental models. 265577
Future studies may ascertain if a common mediator
or neural pathway induce specific gastric dysrhythmic
activity.

Future modifications in the performance of EGG may
be developed to enhance the accuracy and utility of the
technique in detecting abnormal slow wave activity.
Some investigators have observed fewer rhythm disrup-
tions on serosal recordings than with cutaneous EGG,
suggesting that some of the cutaneously acquired dys-
rhythmias may be artefactual in nature.3*® Improved
artefact detection may include refinements in EGG
hardware and software. Computer-assisted excision of
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artefacts has been tried with artificial neural networks,
however this method needs to be perfected before it
can be widely applied.?? The normal values for the
frequency ranges and the acceptable limits of percent-
age of recording time in dysrhythmic frequency bands
should continue to be clarified with the ongoing study.
Furthermore, the variability of EGG recordings needs
to be determined in normals and in patients with
dysrhythmias. It remains undefined as to what are the
best stimuli to test for EGG dysrhythmias. Choice of
stimuli or provocative test may depend on clinical
objectives for the EGG test. It is conceivable that
selected meal characteristics may prove superior in the
elicitation of slow wave abnormalities. One group has
employed edrophonium as a stimulus for inducing
gastric dysrhythmias in patients with dyspepsia.>®
Such diagnostic challenge testing with a variety of
drugs is worthy of further investigation. It is uncertain
if some apparent dysrhythmias on EGG result from
true ectopic pacemaker activity or if there is uncoup-
ling of otherwise normal slow wave activity with
disrupted or aberrant propagation.®® Perfection of
multichannel EGG systems may provide insight into
this issue.®! Furthermore, such methods may provide
additional information not currently provided by EGG.
For example, in one investigation, patients with func-
tional dyspepsia were observed to have retarded aboral
slow wave propagation.®? Finally, advances in electrode
design and artefact exclusion may make it possible to
acquire prolonged EGG recordings in ambulatory fash-
ion. Early investigations into ambulatory EGG systems
reported problems with significant signal interference
from movements throughout the day.®>%* If perfected,
such a portable system would offer significant advan-
tages over current studies performed in hospital envi-
ronments, by obtaining prolonged fasting and
postprandial recordings in non-stressful environments
during waking hours and during sleep and by correla-
ting symptom reports with concurrent EGG abnormal-
ities.
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