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Relation between postprandial gastric emptying and cutaneous
electrogastrogram in primates. Am. J. Physiol. 261 (Gastroin-
test. Liver Physiol. 24): G248-G255, 1991.—The relation be-
tween the cutaneous electrogastrogram (EGG) and gastric emp-
tying was investigated in six rhesus monkeys. Gastric emptying
was measured using scintigraphy after administration of two
80-ml mixed solid liquid meals (1.5 and 5.0 kcal/kg) tagged
with *™Tc-sulfur colloid and '''In-diethylenetriamine penta-
acetic acid. Six epigastric bipolar recordings of the EGG were
concurrently obtained, digitized, and band-pass filtered. Por-
tions of the signal with motion artifacts were automatically
detected and excluded using two microwave motion sensors.
During the early postprandial period, gastric emptying was
greater after the 1.5-kcal/kg meal than after the 5-kcal/kg
meal, and EGG amplitude increased significantly compared
with fasting only after the 1.5-kcal/kg meal. Both emptying
and EGG amplitude subsequently decreased after the 1.5-kcal/
kg meal, whereas these two parameters increased after the 5-
kcal/kg meal. As a result, EGG amplitude was significantly
correlated with gastric emptying of solids in all six animals. In
contrast, EGG frequency was not significantly different be-
tween the two meals and was not correlated with emptying.
These results indicate that both the EGG and gastric emptying
are modified differently by meals with different caloric contents
and that the EGG may represent a useful, although indirect,
index of gastric emptying.

emptying of solids; emptying of liquids; caloric meals; gastric
motility

ANTRAL MECHANICAL ACTIVITY is known to increase
markedly after mixed meals, and this increase is directly
correlated with gastric emptying of radiolabeled solids
(2, 12). In addition, emptying of liquids is believed to be
determined by the pressure gradient between stomach
and duodenum as well as by coordinated motor events
involving stomach, pylorus, and duodenum (4, 8, 20).
Because various normal and abnormal patterns of gastric
contractility may be responsible for different rates of
emptying, it is important to further develop clinically
applicable methods to measure gastric motility.
Intraluminal manometry permits the evaluation of
fasting and postprandial distal antral motility (2), but
this technique is invasive and difficult to use in unanes-
thetized animals. In addition, because the stomach is a
cavity that may be filled with variable and possibly large
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volumes of fluids, solids, and air, the Pascal principle
predicts that intraluminal manometry does not provide
reliable recording of the contractile activity of the prox-
imal stomach (35). The electrical activity recorded from
the stomach is thought to reflect neuromuscular events
that control gastric motility. In healthy primates, several
types of electrical and mechanical activities can be re-
corded: the proximal stomach exhibits small electrical
fluctuations at 1/min and concurrent tonic contractions,
but propagated phasic contractions have not been de-
tected (18). The mid- and distal stomach generate elec-
trical potentials at ~3/min that are called slow waves or
electrical control activity (ECA). In addition, fast elec-
trical potentials called spikes or electrical response activ-
ity (ERA) may be superimposed onto the ECA. The ERA,
but not the ECA, is accompanied by detectable phasic
contractions that propagate in an aboral direction (29).
However, serosal recording of gastric electrical activity
requires surgical implantation of electrodes, which is
feasible in animals but is rarely possible in humans. The
use of suction electrodes and magnetic force maintaining
intraluminal electrodes in contact with the gastric mu-
cosa has been proposed (1), but these techniques are
invasive and may modify gastric motility.

Cutaneous electrogastrography (EGG) has been shown
to reflect accurately both the electrical and mechanical
activity of the stomach (26) and therefore represents an
attractive alternative to serosal or mucosal gastric elec-
tromyography. However, the exact nature of this type of
recording remains controversial, and its precise quanti-
tation has been difficult. Finally, the exact relation be-
tween the EGG and gastric emptying is unknown.

We therefore obtained multidirectional recordings of
the cutaneous EGG and simultaneously measured gastric
emptying of solids and liquids using scintigraphy. We
determined 1) whether meals with different emptying
rates induce different gastric electrical activities that
could be detected using the cutaneous EGG and 2)
whether the EGG is correlated with gastric emptying of
solids and/or liquids. We observed that gastric emptying
and the amplitude of the cutaneous EGG follow a similar
time course after two meals with different caloric con-
tents and that these parameters were significantly cor-
related in most animals.
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MATERIALS AND METHODS

Animals. Six male 3- to 5-yr-old purpose-bred domestic
rhesus monkeys, Macaca mulatta (wt 3-5 kg), were trans-
ferred to our facility. Upon arrival, they were housed in
individual stainless steel cages in conventional holding
rooms of an American Association for Accreditation of
Laboratory of Animal Care (AAALAC)-accredited ani-
mal facility, where they were quarantined for 45 days.
Monkeys were provided with tap water ad libitum, com-
mercial primate chow, and fruits. After they had three
negative tuberculosis tests performed 2 wk apart, two 4-
h habituation sessions were held. During those sessions,
as well as during subsequent studies, animals were seated
in a primate restraining chair placed inside a ventilated,
lighted, and sound-absorbing booth that had the rear
side cut to position a gamma camera close to the monkey.
Studies were performed between 8:00 A.M. and 12:00 P.M.
after an 18-h fast and at intervals of at least 4 days.

Cutaneous electrogastrogram. Six adhesive cutaneous
electrodes (Ag-AgCl, Red Dot, 3M, St Paul, MN) were
placed on the epigastric area that had been previously
shaved and cleaned with alcohol. A drop of electrode
paste (EKGsol, Beck-Lee, Bendix Scientific, Rochester,
NY) was poured onto the electrodes that were positioned
2.5 cm apart in a hexagonal configuration. A seventh
electrode was placed in the center of the hexagon and
used as the reference (Fig. 1). The electrodes were held
in place using a large adhesive tape wrapped around the
abdomen. In addition, a grounding electrode was placed
on the left leg. The electrodes were attached to a lead
selector box interfaced with a multichannel R711 re-
corder amplifier (Sensormedics, Anaheim, CA), provid-
ing bipolar recordings between each of the six peripheral
electrodes and the central one (channels I-VI). In addi-
tion, the movements of the monkey were detected using
two microwave motion sensors (model D7, Microwave
Sensors, Ann Arbor, MI), rewired as previously described
(24) and placed on either side of the monkey inside the
booth (Fig. 2).

FIG. 1. Positions of cutaneous electrodes used to record electrogas-
trogram from epigastric area. Central electrode was used as a reference
to obtain 6 bipolar recordings.
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The two motion signals and the six EGG channels
were low-pass filtered at 30 Hz but not high-pass filtered
(DC-30 Hz), amplified, displayed on paper, and taped
using a multichannel analog recorder (model PR2230,
Ampex, Redwood City, CA) for subsequent digitization
and computer analysis. Before and after each session, a
1-mV sinusoidal signal (frequency 3 cycles/min) pro-
duced by a sine-wave generator (model 5100, Wavetek,
San Diego, CA) was recorded for subsequent calibration
of the six EGG channels.

Experimental procedure. A 10-Fr double-lumen naso-
gastric Ventrol Levine tube (National Catheter, Mal-
linckrodt, Argyle, NY) was introduced into the stomach.
Proper positioning was verified by aspirating 3 ml of the
gastric contents; if <3 ml of fluid were obtained, a water
recovery test was performed with 5 ml, and the position
of the tube was adjusted accordingly. The seated monkey
was then placed in the booth described above. The chair
could be rotated on its vertical axis, permitting the
positioning of the monkey with either its front or its
back facing a gamma camera. Two video cameras allowed
continuous observation of the monkey on a video monitor
without opening the booth. After a 1-h basal recording
of the EGG was obtained, the door of the booth was
opened and one of two 80-ml mixed solid-liquid meals at
20°C was administered intragastrically in 2 min through
the nasogastric tube. The tube was then removed and
the door was closed.

Test meals. The meals were either 1) a low-caloric
meal (LCM) (1.5 kcal/kg), prepared by adding 40 ml of
tap water to 40 ml of radiolabeled chicken liver ground
to 1- to 2-mm-diam particles and suspended in tap water
(5) (caloric composition: proteins 64%, 3.6 kcal; lipids
27%, 1.5 kcal; carbohydrates 9%, 0.5 kcal); or 2) a high-
caloric meal (HCM) (5 kcal/kg) made of two bouillon
cubes (Wyler) diluted in 40 ml of water added to the 40
ml isotopic meal (caloric composition: proteins 31%, 5.9
kcal; lipids 25%, 4.8 kcal; carbohydrates 44%, 8.5 kcal).

Measurement of gastric emptying. The solid phase of
the meal was tagged according to the method of Wirth
et al. (34) and was composed of 1.2 g chicken liver and
0.5 mCi of *™Tc-sulfur colloid bound to 0.5 g for analytic-
grade cation exchange resin with a diameter from 0.3 to
0.85 mm (Chelex-100, Bio-Rad Laboratories, Richmond,
CA). The average labeling efficiency was 98.5%, and the
in vitro stability was >99%, with an average loss of 0.7%
of the total activity in simulated gastric fluid. Animal
studies have also demonstrated the in vivo stability of
the binding, with an average of 0.045% of the adminis-
tered ®™Tc appearing in the blood at 1 h and 0.41%
appearing in the 24-h urine collection (34). Initial vali-
dation studies using '"'In-sulfur colloid-tagged chicken
liver concurrently with the *™Tc-sulfur colloid-tagged
resin showed identical emptying curves of the two mark-
ers. The liquid phase (40 ml of water) was tagged with
0.1 mCi of "'In-diethylenetriamine pentaacetic acid (5).

Images were acquired using a gamma camera (Pho/
Gamma HP, Nuclear-Chicago, Searle, Chicago, IL) and
a medium energy collimator with a 20% window around
the 140-keV peak for the *™Tc activity and a 20%
window around the 247-keV peak for the '''In activity.
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FIG. 2. Example of recordings obtained during
present experiments. Top: EGG recorded before
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One-minute anterior and posterior images were obtained
at 2, 5, 10, 13, 16, and 20 min after the administration of
the meal and at 10-min intervals during the subsequent
160 min. Data were stored on-line on a computer (Med-
ical Data System A® Ann Arbor, MI) for subsequent
analysis.

Gastric emptying was analyzed using a previously de-
scribed method (5). Briefly, gastric and intestinal out-
lines were defined as the regions of interest in sequential
scans, and the activity of each isotope was determined
within these areas. Corrections were made for *™Tc
decay and for Compton scatter from '''In into the *™T¢
window. The geometric mean over anterior and posterior
activities was calculated, and the percentage of each
phase of the meal remaining in the stomach was ex-
pressed as the ratio of the stomach activity divided by
the sum of the gastric and intestinal activities (Fig. 3, A
and B). Gastric emptying of solids and liquids was then
expressed in three different manners.

First, curve fitting of the entire emptying of liquids
and solids was performed using the Weibull function
(32), also described as the power exponential model (6),
and using the equation

X, = 9~ (t/tryn)’

where x, is the amount of marker present in the stomach
at time t, t,, is the half-emptying time, and g reflects the
shape of the curve. We then calculated the fractional
emptying rate (FER) using the equation

FER = t,/In (0.5)

Second, because we were interested in evaluating the
relation between the EGG and gastric emptying in a
minute-by-minute fashion, we calculated the FER for
each 3- to 10-min time interval using the following linear
function

FER = [(le - xz,“)/xz, X 100]/(ti+1 - ti)
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FIG. 3. Percentage of marker remain-
ing in stomach (A and B) and fractional
emptying rate (C and D) for liquids and
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where x, and x.,, are the percentages remaining in the
stomach at times t; and t;;,, respectively. Because this
linear function was used only for short (3-10 min) inter-
vals, these values of “linear” FERs are very similar to
those that would be calculated using the equation

FER = [ln(xt,-ﬂ/xt,) X 100]/(tisr — t)

In addition, when the complete curve is considered, a
series of straight lines satisfactorily approximate an ex-
ponential curve (discrete calculation method). The av-
erage FER was then calculated for each 30-min-period
(Fig. 3, C and D).

Analysis of EGG. The taped signals were digitized at 2
Hz with a 1-Hz low-pass analog filter (model 3342,
Krohn-Hite, Avon, MA) for the six EGG channels and
at 20 Hz with a 10-Hz low-pass analog filter for the sum
of the two motion signals. Each digitized EGG channel
was then band-pass filtered with an optimal finite im-
pulse response filter (0.02-0.11 Hz, i.e., 1.20-6.60 cycles/
min), designed using the Remez exchange algorithm (22)
and converted to millivolts using the previously recorded
calibration signals. EGG peaks were detected in the
filtered signal using a Compaq 386/20 computer (Hous-
ton, TX), with the Xenix operating system (Santa Cruz
Operations, Santa Cruz, CA) and locally developed soft-
ware (Fig. 2) (9). The software locates peaks by detecting
increasing and decreasing trends in a signal. The points
at which these trends change are the peak begin point,
end point, and crest. A trend is defined as a user-specified
minimum number of consecutive local changes. A local
change is considered to occur when a point is less than
the local minimum or greater than the local maximum
plus a user-specified minimum increase.

The sum of the two motion signals was used to select
the periods of the EGG signals that lasted at least 1 min,
did not contain motion artifacts, and could be reliably
analyzed (Fig. 2). After the detection of the end of a
motion artifact, the next period started 5 s later so as to
discard any residual abnormality in the EGG signal
because of this last motion. An interval of 5 s was chosen
after carefully examining initial recordings and demon-
strating to our satisfaction that all tracings had returned
to baseline within that time interval. Automatic analysis
of the peaks detected in each artifact-free period was
performed in each of the six EGG channels, providing
the mean instantaneous frequency (reciprocal of the
distance between two peaks) and the amplitude of each
peak. The weighted mean of each of these parameters
was then calculated for each 10- and 30-min interval
(Figs. 4-6). All recordings were visually inspected to
verify that no artifact remained in any selected period.
Because the absolute value of EGG amplitude is influ-
enced by exogenous factors such as electrode-skin resist-
ance, tissue conductivity, and electrode distance to the
stomach (7, 10), basal values (Table 1) were subtracted
from postprandial values to obtain the change (A) in
frequency and amplitude for each time interval (Figs. 4-
6).

Statistical analysis. Results were expressed as means
+ SE. An analysis of variance with repeated measures
(33) was used to determine the effects due to meal, time,
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FIG. 4. Mean EGG Aamplitude in 6 rhesus monkeys after admin-
istration of LCM (1.5-kcal/kg meal; o) and HCM (5.0-kcal/kg meal;
A). Fasting values were subtracted from postprandial values and these
calculated Aamplitudes are represented as means + SE. * P < 0.05 for
LCM compared with fasting; * P < 0.05 for HCM compared with
fasting. LCM compared with HCM: * P < 0.01; ¥ P < 0.05.

or channel on the time courses of emptying and EGG
parameters. This statistical method takes into account
the fact that measurements are repeated in the same
animals over time by establishing a distinction between
a factor that classifies the subjects into groups (grouping
factor) and a factor for which each subject is measured
at all levels (within-subject factor). Computer implemen-
tation of this statistical method was performed using
locally developed programs. For the EGG, analysis of
variance was performed first on the average of the six
channels determined in each animal (1 value/animal, 6
values/meal) and second on all six channels considered
simultaneously in each monkey (6 values/animal, 36
values/meal). This latter approach permitted subsequent
testing of the effect of meal and time for each channel
individually. A priori analysis (i.e., a test that is planned
before collection of data) was conducted to examine the
statistical significance of the effect of the meal at time t;
(simple effect of meals at each time). The significance of
the difference of an EGG parameter after a meal com-
pared with fasting was assessed using Dunnett’s method
for a posteriori multiple comparisons of individual mean
values with a control (33).

In each monkey, a joint multivariate normal distribu-
tion of the variables was assumed to calculate an un-
biased minimum variance estimate of the multiple cor-
relation coefficient between FER and all six EGG chan-
nels taken concurrently (33). This coefficient is an
estimate of the maximum correlation that can be at-
tained between one variable (i.e., FER for each interval)
and a linear combination of other variables (i.e., EGG
amplitude in channels I-VI for the corresponding inter-
vals). No weighting factors were applied among channels.

RESULTS

Effect of meals on gastric emptying. Emptying of liquids
tended to be exponential after LCM and was approxi-
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mately linear after HCM. The mean percentage of liquids
remaining in the stomach after HCM was significantly
higher compared with LCM from 16 to 180 min (P <
0.05; Fig. 34). FER, when calculated for the entire curve
using the power exponential model, was significantly less
after HCM than after LCM (0.36 = 0.08 vs. 2.99 + 1.18%/
min; P < 0.05). In addition, the coefficient 3 (represent-
ing the shape of the curve, especially during initial emp-
tying) tended to be greater after HCM than after LCM,
but the difference was not statistically significant (1.35
+ 0.22 vs. 0.84 + 0.09; NS). Finally, the time course of
emptying after the two meals was different: FER was
significantly less after HCM than after LCM only from
0 to 60 min (P < 0.05; Fig. 3C), whereas it was similar
after the two meals from 90 to 180 min.

Gastric emptying of solids was nonlinear after both
meals. The percentage of solid markers remaining in the
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FIG. 6. Mean EGG Afrequency in 6 rhesus monkeys after adminis-
tration of a 1.5- (a) and a 5.0-kcal/kg meal (a). Fasting values were
subtracted from postprandial values, and these calculated Afrequencies
were averaged in each monkey. Mean EGG Afrequencies were then
calculated for group of 6 monkeys and are represented as means *+ SE.
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stomach was significantly greater after HCM than after
LCM from 30 to 100 min (Fig. 3B). However, parameters
for emptying were not significantly different between the
two meals when FER calculated for the entire emptying
curve (0.42 = 0.22 vs. 0.26 £ 0.09; NS) and coefficient 8
(1.69 £ 0.74 vs. 2.73 £ 0.86; NS) were used. In contrast,
FER was significantly (P < 0.05) greater after LCM than
after HCM from 0 to 30 min (Fig. 3D), and FER de-
creased with time after LCM and increased with time
after HCM.

Fasting cutaneous EGG. As shown in Table 1, values
for EGG parameters during fasting did not vary signifi-
cantly among channels, although EGG amplitude was
greatest in channel II and smallest in channel IV.

Effects of LCM on cutaneous EGG. Both average Aam-
plitude (i.e., the average of the means of the 6 channels
in each animal) and Aamplitude in channel III increased
significantly (P < 0.05) during the first 30 min after
LCM compared with fasting and returned toward 0 from
30 to 180 min (Figs. 4 and 5, denoted by a). There was
no statistically significant variation of either average or
channel Afrequency after LCM (Fig. 6).

TABLE 1. Fasting EGG parameters

Channel Frequency, Amplitude,
cpm %
I 3.79+0.14 143+33
1I 3.80+0.18 15637
111 3.79+0.15 12420
v 3.83+0.13 83+28
\'% 4.09+0.19 139433
VI 4.13+0.24 131+29
Avg 3.90+0.08 131+29

Values are means = SE of values obtained in 6 monkeys on 6
cutaneous bipolar derivations (channels I-VI; see Fig. 1 for disposition).
Averages were obtained by calculating means of 6 channels in each
animal and then average (+ SE) of these means.
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Effects of HCM on cutaneous EGG. Average and chan-
nel I and II Aamplitude increased significantly (P < 0.05)
compared with fasting from 120 to 180 min after HCM
(Figs. 4 and 5, denoted by b). In addition, a significant
increase compared with that after fasting was observed
in channel III from 150 to 180 min and in channel VI
from 120 to 150 min (Fig. 5, denoted by b). There was
no statistically significant variation of either average or
individual channel Afrequency after HCM (Fig. 6).

Difference between EGGs after two meals. Average and
channel V and VI Aamplitude was significantly greater
after HCM than after LCM from 90 to 180 min (Figs. 4
and 5). In addition, a significant difference was observed
between the two meals from 120 to 180 min in channels
I-IV (Fig. 5). Neither average nor channel Afrequency
was significantly different between the two meals (Fig.
6).
Correlations between FER and EGG parameters. EGG
Aamplitude was significantly correlated with FER in all
six monkeys for solids and in three of six monkeys for
liquids (Table 2). EGG Afrequency was significantly
correlated with FER in two of the six monkeys for both
solids and liquids.

DISCUSSION

Increasing the caloric contents of a meal has been
shown to slow gastric emptying of both solids and liquids
(13, 19). However, the exact role of gastric motility in
the regulation of gastric emptying after mixed meals with
various caloric loads remains unclear. After solid meals
containing a fixed amount of calories, the average antral
motility index was found to be directly correlated with
emptying of solids and inversely correlated with the
duration of the lag phase for emptying of solids (2). In
addition, the rate of coordinated antral contractions was
inversely correlated with the half time for emptying of
solids (excluding the lag phase) (12). To further study
the relation between emptying and gastric motility, we
determined concurrently the time courses of emptying
and EGG amplitude.

The EGG is believed to represent gastric motility,
because experiments in which serosal or mucosal elec-
trodes were used concurrently with cutaneous electrodes
demonstrated the gastric origin of the 3/min component
of the EGG (10, 16, 26, 27). Furthermore, both EGG
amplitude and gastric motor activity increase at the time
of appearance of ERA, which reflects mechanical activity

TABLE 2. Correlation coefficients between fractional
emptying rate and EGG amplitude

Monkey No.
1 2 3 4 5 6
Solids 0.48* 0.73* 0.48* 0.47* 0.51* 0.68*
Liquids  0.21 <0.10 <0.10 0.56*  0.73*  0.49*
df 31 25 26 32 26 32

Note that degrees of freedom (df) vary among animals because some
intervals have no artifact-free windows for EGG in some monkeys. * P
< 0.01.
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(7, 10, 14, 26, 27). These observations were recently
confirmed clinically by showing that the 3/min activity
disappeared after gastrectomy but not after colectomy
(21).

The major technical difficulty that precluded extensive
utilization of the cutaneous EGG in animals and in
humans is its sensitivity to motion artifacts. Because
this problem is most prominent with monopolar record-
ings, we obtained bipolar recordings as suggested by Van
der Schee et al. (31). In addition, we used high-quality
digital filtering to eliminate low- and high-frequency
noise (10). Even so, we found that motion artifacts
occasionally altered the EGG, and we excluded from
analysis the periods during which the animal was not
still. Another difficulty encountered by previous inves-
tigators was to determine the best number and the rela-
tive position of the cutaneous electrodes. In some studies,
recordings were obtained from the epigastric sites that
were producing the highest signal amplitude during a
basal period (7). The disadvantages of this procedure are
that it may enlarge interstudy variability and that the
“basal” site may not remain important and relevant
during the entire session. Therefore we placed seven
electrodes in a hexagonal (also called “rosette”) config-
uration (11, 17). This approach permitted a multidirec-
tional mapping of the entire gastric area and allowed
better interstudy reproducibility. Furthermore, the sen-
sitivity to interindividual anatomic variations was re-
duced because the positioning of the electrodes was not
based on the quality of the signal recorded during fasting.

In the past, the EGG has been analyzed using the fast
Fourier transform technique, thus providing graphic il-
lustration of the predominant frequencies by gray scale
or pseudo-three-dimensional running spectrum (28, 30).
However, these techniques seldom provided quantitative
information regarding the amplitude of the EGG (7). In
the present studies, we therefore used a different ap-
proach and developed a peak detection program to deter-
mine the amplitude and frequency of the EGG during 4-
h studies. Using this time-domain method, we found that
mean fasting amplitudes (Table 1) tended to be greater
for the channels that corresponded approximately to the
longitudinal axis of the corpus (channels I and II) and of
the antrum (channels V and VI), although the difference
was not statistically significant. After the meals, EGG
amplitude varied significantly only in certain channels
and only at specific times during the postprandial period
(Fig. 5). These observations confirm that the EGG re-
flects vectorial projections of gastric activity onto differ-
ent axes (17), similar to the way the ECG reflects projec-
tions of the electrical activity of the heart.

To our knowledge, minute-by-minute correlation be-
tween EGG amplitude and gastric emptying has not been
previously investigated. By determining the FER for
short intervals, we demonstrated that both gastric emp-
tying and the EGG followed a time course that depended
on the type of meal. As illustrated by the solid and dotted
lines in Figs. 3, C and D, 4, and 5, peak values for both
FER and EGG amplitude were reached during the im-
mediate postprandial period after the 1.5-kcal/kg meal
(LCM) and between 90 and 180 min after the 5-kcal/kg
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meal (HCM). Previous studies using either power spec-
trum or qualitative analysis of recordings obtained in
humans have also demonstrated significant increases in
EGG amplitude during the early emptying period of
barium or milk meals (7, 10, 15). Similar to our obser-
vation, one of these studies showed that the increase in
EGG amplitude was followed by a return to fasting levels
in about 30 min (10). Other studies in humans showed
increases in EGG amplitude during the first 35 min (7)
or 55 min after a 239-kcal meal (i.e., 3.4 kcal/kg) (31).
In addition, the different postprandial responses of the
EGG amplitude that we observed after different meals
are analogous to the variations of the gastric motor
activity described after different nutrient meals (8). Thus
the early increase of EGG amplitude after LCM and the
late increase of amplitude after HCM probably reflect
increased gastric mechanical contractions that in turn
may be responsible for the concurrent stimulation of
gastric emptying.

Our demonstration of significant correlations between
FER and EGG amplitude in a majority of animals agrees
with the observation of postprandial increases in me-
chanical responses measured using intraluminal antral
manometry (2) or implanted force transducers (8). Sim-
ilarly, our finding that the frequency of the EGG was not
significantly modified postprandially confirms observa-
tions in humans immediately after a barium or a nutritive
meal using fast Fourier transform and visual analysis
(14, 15). However, others observed a short-lasting post-
cibal decrease in frequency when using running spectrum
analysis of EGGs obtained in humans (7, 31). This
discrepancy could be due to differences in methodology
or to the fact that we analyzed our results in 30-min
intervals, which may average out an early and short-
lasting change in frequency. The observation that am-
plitude was increased and frequency tended to be de-
creased 90 min after HCM (Figs. 4-6) may be related to
the progressive occurrence of stronger antral contrac-
tions, because a similar association was seen in dogs both
during fasting (25, 27, 30) and after solid nutrient meals
(8, 27).

In summary, the present study documents the signifi-
cant differences in the cutaneous EGG after two mixed
solid-liquid caloric meals that empty at different rates,
which indicate that the amplitude of postprandial EGG
depends on the nutrient content of the meal. In addition,
our observations that the amplitude of the EGG is sig-
nificantly correlated with emptying indicates that further
investigations are warranted to explore the possibility of
using this noninvasive method for the study of gastric
emptying.
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