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What Can Be Measured from Surface
Electrogastrography
Computer Simulations
JIE LIANG, MS and J.D.Z. CHEN, PhD

The aims of this study were to investigate the detectability of the propagatio n of the gastric
slow wave from the cutaneous electrogastrogram (EGG) and the patterns of the EGG when
the gastric slow waves are uncoupled . A mathematical model was establishe d based on the
volume conducto r theory to simulate the transfer of the serosal gastric slow wave from the
stomach to the abdominal surface. A number of computer simulation s were conducted using
the model, and the periodic cross-correlation function was used to estimate the phase shift
between the four channels. It was found that the propagatio n of the gastric slow wave was
detectable from the multichann el EGG signals. The detectability of the propagatio n was,
however, associated with a number of factors, such as the thickness of the abdominal wall and
the propagation velocity of the serosal slow wave. The amplitude of the EGG was found to
be associated with the coupling/u ncoupling and propagatio n velocity of the gastric slow wave.
The amplitude of the EGG increased when the propagatio n velocity of the gastric slow wave
increased. The amplitude of the EGG was substantia lly decreased when the gastric slow
waves were uncoupled . The uncouplin g of the gastric slow wave at a frequency of 3 cpm
produced dysrhythm ias in the EGG, including tachygastri a, bradygastri a, and arrhythmia.
The power spectra of simulated different positional EGG signals showed similar patterns
when the gastric slow wave was coupled and different and unpredictable patterns when the
gastric slow wave was uncoupled . In conclusion , multichan nel EGG recordings may be
necessary to obtain more information on gastric slow waves from the abdominal electrodes.
The propagatio n and coupling or uncouplin g of the gastric slow wave may be detected from
multichannel EGG recordings.
KEY WORDS: electrogast rography; mathematica l model; computer simulation; gastrointestinal motility; gastric
emptying.

Electrogastrogram (EGG), a cutaneou s measurement
of gastric electrical activity, has long been studied (1),
and research results showed great clinical potentials
for the EGG (2± 9). Improved measurement and analysis of the EGG have made it more accurate in
re¯ ecting the correspond ing gastric electrical activity
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(GEA) of the stomach. Efforts have been made to
simultaneously measure both the serosal GEA and
the cutaneous EGG signals for the validation of the
EGG (10 ± 12). Investigato rs continue to try to extract
more information from the noninvasive EGG.
GEA at different locations of the stomach has
different waveforms, phases, and amplitude s. For a
healthy stomach, it propagates from the corpus to the
pylorus with an increasing amplitude and velocity
(13). In this case, the phase, amplitude, and frequency
of the GEA are regularly transferred from point to
point. This phenomenon is called ª coupling.º In un-
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coupled cases (11, 14), the propagatio n no longer
exists, and the phase, amplitude, and frequency show
largely irregular behavior. These phenomena may be
re¯ ected in the cutaneous EGG recordings, but it is
unknown how these are re¯ ected in the EGG.
If the abdominal wall is regarded as an input±
output system, then the input of the system is serosal
GEA signals and the output is cutaneous EGG signals. In the real case, both the input and output are
functions of time and space. In order to extract more
information about the input, multiple points at the
output need to be studied. This is a kind of multiinput± multioutput system. A mathematical model may
be established to simulate such a system.
With a few exceptions (15, 16), cutaneous EGG
recordings have been performed with only one channel recorded and/or analyzed. This method may lose
useful information about GEA, such as the propagation of GEA and the coupling/u ncoupling of GEA.
Intuitively , a multichannel recorder would be expected to provide more informatio n. In this paper, a
mathematical model was established to approximat e
the transfer of GEA from the stomach to the abdomen. Computer simulation s were performed to simulate serosal GEA signals and multichan nel cutaneous EGG signals based on this model. The aims of
this study were to investigate the detectability of the
propagation of GEA from the EGG and the pattern
of the EGG when GEA is uncoupled .

The gastric slow waves in humans are similar to
those in dogs. Their frequency is about 3 cpm. The
average phase lags are 70 °/cm high in the corpus and
25 ° /cm in the terminal antrum (20).
For the simulation of the transfer of the slow waves
from the stomach to the abdomen, we assumed that
the stomach was cylindrical and all slow waves concentrated in one vertical line, propagatin g from the
top, correspond ing to the pacemaker of the slow
waves in the corpus, to the bottom, correspond ing
to the pylorus. The circumferential propagatio n was
ignored.
The serosal slow waves were simulated as follows:
the ® rst portion of the slow waves was assumed to be
a recti® ed sinusoid with an adjustable duration followed by a ¯ at line. The amplitude increased logarithmically or exponentially, and the propagatio n velocity increased linearly (logarithm ic phase shift) or
remained ® xed from the corpus to the pylorus. The
total phase shift between the most proximal and distal
slow waves in the simulation s varied from 1 to 3 cycles
(or 20 to 60 sec).
Figure 1 presents one of typical patterns of simulated serosal slow waves. The numbers 1 to 10 stand
for different positions in the stomach with 1 referring
to the originating point of the slow wave, 5 to the
junction between the corpus and the antrum, and 10
to the pylorus. The frequency of the slow waves was 3
cpm and the recti® ed sinusoid had a duration of 2.4
sec.

SIMULATION OF SEROSAL SLOW WAVES
There are two kinds of electric activity in the stomach: slow waves, which are omnipresent periodic potentials, and contraction-related second potentials,
with or without spikes (17). The latter was assumed
absent since the aim of this study was to investigate
the transfer of the slow wave from the stomach to the
abdomen.
The frequency of the gastric slow wave in the canine
stomach is about 5 cycles/min (cpm). It propagates from
the corpus to the pylorus with an increasing amplitude
and velocity. The maximum amplitude is about 0 ± 1 mV
in the corpus and 2± 3 mV in the antrum. The propagation velocity is about 0.1± 0.2 cm/sec in the orad corpus
and 1.5± 4.0 cm/sec in the antrum (18). The total phase
lag from the originating point in the corpus to the
pylorus is about three cycles. Sarna stated that the
longitudinal phase lag is around 70 ± 100 °/cm near the
most proximal site and around 8 ± 20°/cm near the pylorus in different dogs (19).
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MATHEMATICAL MODELING OF THE EGG
The EGG at a certain point on the abdomen is a
summation of the contributions of all internal gastric
activities to that point. In order to simulate the EGG,
we ® rst discuss the relevant electrical properties of
the biological materials and their effects.
The propagati on of the electric activity in the
smooth muscle results from the depolarizin g effect of
action currents on surroundin g resting membranes.
When a membrane is activated, the current density is
strongest in the immediate vicinity, but there will be
current everywhere in the surroundin g medium.
Assume the medium is linear, homogenous, isotropic, and characterized by physical parameters, m Ä , s Ä
and j , the potential w at point (x 9 , y 9 , z9 ) due to a
volume current source density Iv (x, y, z) can be
calculated according to the following formula (21):
Digestive Diseases and Sciences, Vol. 42, No. 7 (July 1997)
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Fig 1. Simulated gastric slow waves on the serosa of the stomach. Position 1 corresponds to the pacemaker site, and position 10 corresponds to the pylorus. The
frequency of the simulated slow wave was 3 cpm. The propagation velocity increased
linearly, and the amplitude of the slow wave increased logarithmically from the corpus
to the pylorus.
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The unprimed variables refer to the source point in
the stomach, the primed variables to the ® eld point on
the abdomen.
According to the electrical properties of biological
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The mean conduct ivity value s for bloo d, lun g, liver,
fat, and human trun k are 0.67, 0.05, 0.14, 0.04, and
0.21, respectively (6 ± 8), from which we see that the
condu ctivity of fat is low. Sin ce the media for the
pro pagati on of slow waves from the serosa of the
stomach to the ab domin al skin is mainly fat and
human trunk, we choose an average value of 0.125.
Because of the absence of magnetic materials in the
media, the permeabilit y, m Ä , is the free space value of
4p 3 10 2 7 henry/m. The maximum distance rmax
between the stomach and the abdomen is less than
0.5 m.
According to the above values of m Ä , s Ä , and rmax, we
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kr 5

Î

S

2 iv m Ä s Ä 1 1

iv j
sÄ

D

r,

0.00157 ~ 1 2

i!

(7)

1333

LIANG AND CHEN

tion, we see that the cutaneou s EGG is a weighted
summation of internal gastric activities.

SIMULATION RESULTS
Computer simulation s were performed to investigate which factors affect the cutaneous EGG signals
and to investigate the detectability of the propagatio n
of the gastric slow waves from multichannel EGG
recordings. In this paper, four-channel EGG recordings were simulated. Two of them correspond ed to
the abdominal points right above the corpus and
pylorus, and the other two were evenly placed in
between. All simulation s were performed on an IBM
PC 486 in C 1 1 language and MATLAB. The periodic cross-correlation functions between the fourchannel simulated cutaneous EGG signals were used
to detect the phase shift among them.

Fig 2. Simpli® ed representation of human torso and stomach. The
torso is simpli® ed as a cylinder, and the stomach is simpli® ed as the
vertical axis.

where the value [1 1 (i v j )/s Ä ] is conservativ ely set to
2 irk
be 2 and e
is set to be 1 and v max , 2 p 3 10 since
the highest frequency componen t of the gastric signal
is less than 10 Hz.
Finally, the potential at ® eld points (x, y, z) (equation 1) can be simpli® ed as
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Now assum e there exist M current sources along
the vertical axis of the stomach and these current
sou rces are simulated gastric slow waves show n in
Figure 1. Denote the kth serosal gastric signal at
discrete time j as ECA(k, j) an d the nth cutaneous gastric signal as EGG(n, j) (Figu re 2); then we
have
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where b is a constant factor, rn,k is the distance between the measure point on the abdomen and the kth
internal source signal. rn,k is associated with the distance between the stomach and the abdomen and
with the size of the stomach. From the above equa-
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Detectability of Propagation of Slow Waves from
EGG
Generally speaking, the propagatio n of the gastric
slow waves is detectable according to the simulation
results. Phase-shif ts were observed from simulated
multichan nel cutaneous EGG recordings (Figure 3).
However, the detectability of the propagatio n of the
gastric slow waves was found to be associated with a
few factors described in the following :
1. Observability Factor g . The observabilit y factor
g is de® ned as the ratio between the length of the
stomach and the thickness of the abdominal wall. The
thinner the abdominal wall, the better the observability is. This means that the detection of the phase shift
is more dif® cult for obese subjects. Figure 4 presents
the relationsh ip between the total phase-shift observable from the multichannel EGG signals and the
observabilit y factor g . It is seen that the observable
total phase shift is approximat ely exponent ially correlated with the observabilit y factor. The total phaseshift for g 5 10 and 5 was 7.5 and 2.1 sec, respectively.
The phase shift was not detectable when g 5 1 or
smaller, in which case the thickness of the abdominal
wall is equal to or greater than the longitudin al length
of the stomach.
2. Width of Slow Wave. The width of the ® rst
portion (recti® ed sinusoid) of the slow waves measured serosally is often different for different subjects.
Typically, it is about 3± 5 sec. In our simulation s, two
extreme situations were tested. One of the widths was
set to 2.67 sec, while the other was set to 5.33 sec. The
results showed that it did not make any difference in
Digestive Diseases and Sciences, Vol. 42, No. 7 (July 1997)
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Fig 3. Simulated cutaneous EGG signals. Channel 1 corresponds to the EGG above the
proximal corpus, and channel 4 corresponds to the EGG above the pylorus. The EGG signals
were generated using the simulated serosal slow waves presented in Figure 1 based on the
mathematical model with an observability factor of g 5 10. It is seen that the amplitude is
lowest in channel 1 and highest in channel 3. The propagation of the slow wave from channel
1 to channel 4 is observed.

the observabili ty of the gastric slow wave when the
width was doubled from 2.67 to 5.33 sec. Therefore,
the width of the slow waves within certain ranges
hardly affects the phase-shift informatio n in the multichannel cutaneous EGG recordings.
3. Total Phase Lag of Serosal Slow Wave. The total
phase lag of the serosal slow wave from the corpus to
the pylorus plays an important role in the detection of
the propagatio n from the multichann el cutaneous
EGG recordings. The phase shift between the channels became large when the total phase lag of the
serosal slow wave was large and small when the total
phase lag of the serosal slow wave was small. This is
intuitively reasonable. The simulation results showed
that the total phase shift in the multichan nel cutaneous EGG signals decreased from 7.5 to 2.9 sec when
the total phase lag of the serosal slow wave from the
corpus to the pylorus decreased from 3 3 360 ° (1
min) to 360 ° (20 sec). In addition, an increase of the
amplitude of the simulated cutaneous EGG was observed when the propagatio n velocity of the serosal
Digestive Diseases and Sciences, Vol. 42, No. 7 (July 1997)

slow wave increased (the total phase lag decreased).
The simulation results are shown in Figure 5. It is
seen that the amplitude of the simulated EGG increased when the total phase lag of the serosal slow
wave decreased from 3 3 360 ° to 360 °, but meanwhile
the energy (area under the curve) of the EGG signal
remained unchanged .
4. Propagation Velocity. Based on the real recordings (25), the propagatio n velocity of the serosal slow
waves varied from person to person. There is no
single mathematical expression that could be used to
model all different propagatio ns. In simulation s, constant or linearly increased propagatio n velocities were
simulated, which were extreme cases. In real cases,
the propagatio n velocity is mostly somewhere in between. The phase-shift between the four-channel cutaneous EGG signals was smaller (the total phase
shift was 4.5 sec) for the constant propagatio n velocity
than that for the linearly increased propagatio n velocity (the total phase shift was 7.5 sec).
5. Noise and Low-Pass Filtering. Noise always ex-
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Fig 4. Effects of the observability factor g on the detectability of the slow wave propagation.
The total phase shift observed between EGG signals in channel 1 and channel 4 was
approximately exponentially correlated with the observability factor g . The simulated g values
were 1, 3, 5, and 10. The curve was obtained using the cubic spline interpolation.

ists in real EGG signals. There are different noises in
cutaneous EGG recordings. The sources of the noises
include the electrocardiogram (ECG), respiration ,
and motion artifacts. To simulate these noises, Gaussian noise was added to the simulated EGG signals
(Figure 6A). Simulatio ns were performed to determine the effect of low-pass ® ltering on the detectability of the slow wave propagatio n. The simulation was
performed 20 times by adding Gaussian noise to the
simulated cutaneou s EGG signals. The mean values
and the standard deviations of the noise were the
same for the four channels, but the signal-to-n oise
ratios of the four-chan nel EGG signals were different.
This was because the energies of the EGG signals of
the four channels were different. The low-pass ® lter
used was a ® fth-order Butterworth type, and the
cutoff frequency was 0.23 Hz. It was found that lowpass ® ltering statistically improved the performance
of the phase-shift detection in the EGG signals. As
shown in Table 1, the ® ltered (or denoised) EGG
signals led to more accurate mean values of the phase
shifts (closer to those obtained from the clean EGG
data) and smaller standard deviations than the un® ltered noisy EGG signals. Filtered EGG signals are
presented in Figure 6B.

1336

Effects of Uncoupling of Slow Waves on EGG
All computer simulation s described above were
performed under the condition of coupling, ie, gastric
slow waves propagated from the corpus to the pylorus. Under this condition , all cutaneou s EGG signals
revealed a dominant frequency of 3 cpm. Figure 7
presents the power spectra of the four-chan nel cutaneous EGGs simulated under the condition of coupling. It is seen that the dominant frequency of the
EGG was 3 cpm in all four channels. It can also be
observed that the power of the EGG at 3 cpm was
lower in channels 1 and 4 and higher in channels 2
and 3. The simulated EGG above the distal antrum
(channel 3) had the highest power at the frequency of
3 cpm.
1. Complete Uncoupling. In this case, all serosal
slow waves had a frequency of 3 cpm. However, they
did not propagate from the corpus to the pylorus, and
their phases were random. The random phases of the
simulated serosal slow waves were generated by a
Gaussian-d istributed random signal. The simulation
results showed that the dominant frequency of the
simulated EGG signals was not at 3 cpm but rather
random and unpredictable, as shown in Figures 8 and
Digestive Diseases and Sciences, Vol. 42, No. 7 (July 1997)
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Fig 5. Cutaneous EGG signals of channel 2 simulated with different propagation velocities of the
gastric slow wave. The EGG signals presented in cases 1± 3 were obtained with a total phase lag of
the serosal slow waves of 360 ° , 720 °, or 1080 °, respectively. The amplitude of the EGG increased
when the propagation velocity of the gastric slow wave increased (the total phase lag decreased),
but the energy (area under the curves) of the EGG remained unchanged .

9. Figure 8 presents the power spectra of the fourchannel EGG signals simulated under the condition
of complete uncouplin g. It was observed that four
different positional EGG signals had different power
spectra. As shown in Figure 8, the EGG showed
dominant bradygastria (frequency below 3 cpm) and
secondary tachygastria (frequency above 3 cpm) in
channel 1, dominant tachygastria and secondary bradygastria in channel 2, a combinat ion of 3 cpm and
multiple tachygastri as in channel 3, and dominant 3
cpm in channel 4. This was not a ® xed pattern, however. The power spectrum of the simulated EGG at a
® xed location varied under different simulation s. Figure 9 shows the power spectrum of the EGG signals
in channel 2 obtained in four different simulation s.
The change of the power spectrum of the EGG under
different simulation s was very obvious. The EGG
signals under these different simulation s had different
components. Numerous computer simulation s have
shown that uncouplin g can generate bradygastria ,
tachygastria , or the coexistence of bradygastria and
Digestive Diseases and Sciences, Vol. 42, No. 7 (July 1997)

tachygastria from uncoup led 3 cpm serosal slow
waves. This phenomen on was different from the traditional concept that tachygastria or bradygastria in
the cutaneou s EGG is caused only by tachygastria or
bradygastria in the serosal GEA signals.
2. Semiuncoupl ing. In real disease situations , the
propagation of the gastric slow wave may be impaired
but not completely, which may be called semiuncoupling. Two semiuncou pling cases were simulated. In
the ® rst case, the phase shift of the upper stomach
was coupled, whereas that of the distal stomach was
not coupled and random. In this case, the EGG
signals in channels 1 and 2 were relatively normal. A
phase shift of 1.6 sec was observed between EGG
signals in channels 1 and 2 under the condition that
the propagatio n velocity of the serosal slow wave
increased linearly. In the second case, the proximal
stomach was uncoupled , and the distal stomach was
coupled with a linearly increasing propagatio n velocity. In that case, the EGG signals in channels 3 and 4
showed normal 3 cpm slow waves. The phase shift
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Fig 6. (A) Simulated cutaneous EGG signals with additive Gaussian noise. (B) The EGG signals
after ® ltering with a ® fth-order low-pass Butterworth ® lter with a cutoff frequency of 0.23 Hz.
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TABLE 1. P HASE S HIFTS*
Channel
1 & 2
Clean data
Noisy data
Denoised data

3.73
3.73 ( 6 0.91)
3.57 ( 6 0.67)

2 & 3
2.67
2.47 (6 0.29)
2.56 (6 0.24)

3 & 4
1.07
1.11 ( 6 0.15)
1.08 ( 6 0.06)

Total
7.47
6.95 (6 0.93)
7.22 (6 0.70)

*Mean values and standard deviations; measured from the simulated EGG signals
without noise, with noise, and with noise and low-pass ® ltering. The signal-to-noise
ratios (mean values and standard deviations) for channels 1± 4 were 2 0.45 (6 0.41),
7.86 (6 0.34), 11.16 (6 0.31), and 8.87 (6 0.41) dB, respectively. The cutoff frequency
of the ® fth-order Butterworth ® lter was 0.23 Hz.

between EGG signals in channels 1 and 2 disappeared. The phase shift between channels 2 and 3
reduce to half, whereas the phase shift between channels 3 and 4 remained unchanged ; ie, the same as in
the coupled situation.
DISCUSSION
In this paper, the serosal gastric slow waves were
simulated, a computer mathematical model was established for the transfer of the serosal gastric slow
wave from the stomach to the abdominal surface, and
computer simulation s were conducted to investigate

the detectability of the propagation of the gastric slow
wave from the EGG and the effect of uncouplin g on
the cutaneous EGG.
Since the ® rst measurement of the EGG, many
efforts have been made in exploring clinical applications of electrogastrography. A number of recent
papers have shown great diagnostic potentials of the
EGG in clinical gastroenterology (2± 9, 26 ± 29). Mathematical models have been common and successful in
biomedical research, such as in electrocardiography
and electrical conduction studies in active nerve ® bers. Once a mathematical model is established , computer simulations can be conducted to simulate

Fig 7. Power spectra of the four-channel EGG signals obtained when the serosal gastric slow
waves were coupled. All four-channel EGG signals showed a dominant frequency of 3 cpm. The
EGG above the proximal corpus (channel 1) had the lowest power, whereas the EGG above the
distal antrum (channel 3) had the highest power.
Digestive Diseases and Sciences, Vol. 42, No. 7 (July 1997)
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Fig 8. Power spectra of the four-channel EGG signals obtained when the serosal gastric slow
waves were completely uncoupled. Under this condition, the different positional EGG signals
had totally different power spectra. Channels 1 and 2 showed a combination of bradygastria and
tachygastri a, channel 3 had a combination of normal 3 cpm and a number of tachygastri as, and
channel 4 showed a dominant 3 cpm activity. The absolute power of these four-channel EGG
signals was substantially lower than that presented in Figure 6 when the gastric slow waves were
coupled. The pattern of the EGG power spectrum in each individual channel varied in different
simulations, as shown in Figure 8.

healthy and disease situations to provide guidance for
clinical experiments. A few models of GEA have been
reported (10, 19, 30 ± 32). A number of different models have been used to simulate the gastric slow waves,
including relaxation oscillators (19), Hodgkin-H uxley
type oscillators (33), and electric dipoles (10, 19, 30,
31). In this paper, a simple mathematical model was
established based on volume conductor theory. The
simulation results observed in this paper were in
agreement with simulation results by other investigators and/or clinical observatio ns.
When the gastric slow waves are coupled, our simulation results showed that the propagatio n of the
gastric slow wave could be detected from the cutaneous EGGs measured along the antral axis. However,
the detectability of the propagatio n is associated with
the observatio n factor, mainly the thickness of the
abdominal wall and the propagatio n velocity of the
slow wave. This is in agreement with the ® ndings
presented in one of the previous studies (16). In that
previous study, four-chan nel EGG recordings were
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made by using four electrodes positione d on the
abdomen along the antral axis identi® ed by ultrasonograp hy or x-ray. Phase shifts were observed
among different EGG channels in the fasting state in
thin volunteers but not in obese volunteers. Forward
propagation s were observed in a majority of the thin
subjects. In another study (34), retrograde propagation of tachygastri al slow waves was observed in a
number of patients with gastroparesi s. The computer
simulation s performed by Kothapalli using a threedimensiona l model also predicted that the propagation of the gastric slow wave may be detected from the
phase shift between different positional EGG signals
(32).
Our simulation results have revealed that the amplitude of the EGG is associated with at least the
following three factors: the position of the surface
electrodes, the coupling /uncoupli ng of the gastric
slow wave, and the propagatio n velocity of the gastric
slow wave. It was found that the EGG measured from
the electrodes above the distal antrum had the highDigestive Diseases and Sciences, Vol. 42, No. 7 (July 1997)
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Fig 9. Power spectra of the EGG in Channel 2 obtained in different simulations under the
condition that the serosal gastric slow waves were uncoupled. The pattern of the EGG power
spectrum was unpredictable and varied in different simulations. Different dominant frequencies were observed in different simulations.

est signal strength. This is in agreement with the
® ndings of Mirizzi and Scafoglieri (35). Although the
gastric slow wave may be measured from any site of
the body, the signal-to- noise ratio of the EGG measured outside the epigastric area would be substantially low, and the accuracy of the analysis of the EGG
would be decreased. Comparing the power spectrum
presented in Figures 7 and 8, we can see that the
power of the EGG was substantia lly lower when the
gastric slow wave was uncoupled . This has not been
reported previously by other investigato rs but is intuitively understand able. According to the mathematical model presented in this paper, we know that the
surface EGG is a weighted summation of all serosal
gastric slow waves. The amplitude of the EGG is
decreased when the serosal gastric slow waves are not
coupled and have random phases. The decrease results from the cancellatio n of the slow wave amplitudes due to their random phases. Interestingly, our
simulation results have shown that the amplitude of
the EGG is also associated with the propagation
velocity of the gastric slow wave. An increase in the
propagation velocity of the gastric slow wave resulted
in an increase in the amplitude of the EGG. This is in
Digestive Diseases and Sciences, Vol. 42, No. 7 (July 1997)

agreement with a recent study by Familoni et al (31).
Using 22 dipoles as a model of GEA, they observed
that the amplitude of the EGG was associated with
the propagatio n velocity of the serosal gastric slow
wave. However, they did not report whether the total
energy of the EGG (the area under the curve) remained unchanged with different propagation velocities. A signi® cantly lower propagation velocity of the
gastric slow wave in patients with gastroparesis was
previously reported (25). Our data suggest that the
amplitude of the EGG is informative of the propagation and coupling of the serosal gastric slow waves.
The retrieval of this important and useful information
from the amplitude of the EGG is dif® cult, however,
because other factors not related to the gastric slow
wave also affect the amplitude of the EGG, such as
the skin-electrode impedance, the thickness of the
abdominal wall, etc. More efforts have to be made
before the absolute value of the EGG amplitude can
be used to accurately re¯ ect the characteristics of the
gastric slow waves.
In addition to the possibility of the detection of the
propagation of the gastric slow wave, multichannel
EGG recordings may also be able to reveal the un-
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coupling of the gastric slow waves, as indicated by our
simulation results. In this paper, we have shown that
different positional EGG signals had similar power
spectra when the serosal gastric slow waves were
coupled. The power spectra of the EGG signals at
different locations became unpredict able and had different patterns when the serosal gastric slow waves
were uncouple d. This is in agreement with recent
exp erimental data determin ed by Mintch ev and
Bowes (14). In dogs, they cut the antrum circumferentially to establish a model of uncouplin g and observed similar dysrhythmi as including tachygastri a,
bradygastria , and arrhythmia.
Traditiona lly, it is believed that dysrhythm ias in the
EGG are caused by similar dysrhythmi as of the serosal gastric slow wave. In this paper, however, we have
shown that uncoupled gastric slow waves of 3 cpm
may generate tachygastri a, bradygastria , and arrhythmia. It can be proven mathe matically that the
weighted summation of 3 cpm nonsinusoi dal slow
waves with random phases may generate different
signals with different frequencies.
In summary, a mathematical model has been established using the volume conductor theory. This model
can be used to simulate the transfer of the gastric slow
wave from the stomach to the abdominal surface.
Different conditio ns may be simulated using this
model. The simulation results of this paper have
shown that more informatio n can be retrieved from
multichan nel EGG recordings than a single-channel
EGG recording. The propagatio n of the gastric slow
wave may be detected from the multichan nel EGG
recordings. The detectability of the propagatio n is,
however, affected by some factors, such as the thickness of the abdominal wall and the propagatio n velocity of the gastric slow wave. The amplitude of the
EGG is associated with the coupling or uncouplin g
and the propagation velocity of the gastric slow wave.
A low amplitude in the EGG may re¯ ect uncouplin g
or slow propagatio n of the gastric slow wave. A substantial difference observed in the power spectra of
different positional EGG signals is indicative of the
uncouplin g of the gastric slow wave. The uncouplin g
of the gastric slow wave may also be re¯ ected in the
EGG as dysrhythm ias, such as tachygastri a, bradygastria, and arrhythmia.
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