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Multiscale modelling of human gastric electric activity:
can the electrogastrogram detect functional
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During recent years there has been a growing interest in the assessment of gastric electrical
health through cutaneous abdominal recordings. The analysis of such recordings is largely
limited to an inspection of frequency dynamics, and this has raised doubts as to whether
functional gastric electrical uncoupling can be detected using this technique. We describe here
a computational approach to the problem in which the equations governing the underlying
physics of the problem have been solved over an anatomically detailed human torso geometry.
Cellular electrical activity was embedded within a stomach tissue model, and this was coupled
to the torso using an equivalent current source approach. Simulations were performed in which
normal and functionally uncoupled (through the introduction of an ectopic antral pacemaker)
gastric slow wave activity was present, and corresponding cutaneous electrogastrograms were
produced. These were subsequently analysed using the currently recommended techniques, and
it was found that the functionally uncoupled situation was indistinguishable from normal slow

wave activity using this approach.
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Like the heart, the human stomach generates rhythmic
electrical impulses. These electrical impulses (electrical
slow waves) control the peristaltic contractions that mix
and grind stomach contents (Szurszewski, 1987). Slow
waves are initiated by the interstitial cells of Cajal (ICC)
in a network that lies in the plane of the myenteric
plexus (ICC-MY; see Dickens et al. 1999; Ordog et al.
1999) and is electrically coupled to the circular and
longitudinal muscle layers (Cousins et al. 2003). Slow
waves actively spread through the ICC and conduct to
circular and longitudinal smooth muscle cells. The slow
wave depolarization activates voltage-dependent Ca**
channels in smooth muscle cells, and the inward currents
activated in smooth muscle cells either sum with currents
from ICC-MY to enhance the amplitude and duration of
the slow wave or, in some regions, such as the terminal
antrum and pylorus, organize into Ca®* action potentials
that are superimposed upon the plateau phase of the slow
wave. Activation of voltage-dependent Ca’* channels in
smooth muscle cells results in Ca*" entry and excitation—
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contraction coupling. In the corpus and antral regions
of the stomach, the magnitude of peristaltic contractions
corresponds to the amplitude and duration of muscle slow
waves (Ozaki et al. 1991).

In the normal situation, slow waves originate from
dominant pacemakers along the greater curvature in the
corpus and spread, aborally, through the antrum to the
pyloric sphincter. The pacemaker region in the corpus
is dominant in the stomach because it generates slow
waves at the highest frequency. ICC-MY and pacemaker
activity are present in a continuous network from corpus
to pylorus, but the pacemaker activity in more distal ICC-
MY is slower than in the corpus, allowing the corpus to
dominate. In humans, the rate of slow waves in the corpus
pacemaker is approximately 3 cycles min™!, and so this is
the dominant slow wave frequency in the entire stomach.
Disruptions in the network of ICC-MY or breakdown
in the frequency gradient along the ICC-MY network
from corpus to pylorus can lead to either physical or
functional uncoupling of pacemaker activity and block
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the proximal to distal spread of gastric peristalsis. This can
interrupt normal processing of the gastric contents and
delay gastric emptying. Arrhythmias have been associated
with a variety of gastric motility disorders, including
gastroparesis (Smith et al. 2003), gastric myoelectrical
dysrhythmia (Qian et al. 2003), atrophy and hypertrophy
(Bortoff & Sillin, 1986) and diabetic gastropathy (Koch,
2001).

The electrical activity of the stomach can be recorded
non-invasively with cutaneous electrodes, giving rise to
what is termed the electrogastrogram (EGG). This was first
recorded by Alvarez (1922) from ‘a little old woman whose
abdominal wall was so thin that her gastric peristalsis
was easily visible’ (Smallwood & Brown, 1983). It was
independently discovered again by Davis et al. (1957), but
it was not until 1975 that the gastric origin of the EGG
was conclusively demonstrated (Brown et al. 1975). In
the last 25 years much has been learnt about the electrical
activity of the stomach, and research into the relationship
between gastric electrical activity and the EGG has recently
increased substantially.

The cutaneous EGG provides an indirect representation
of the electrical activity occurring within the abdomen
at a small number of recording electrodes. Unlike
the standard 12-lead electrocardiogram (ECG) used in
electrocardiology, to date no standard has been universally
adopted for the number and placement of the EGG
electrodes. One system assumes that the lesser curvature
of the stomach begins at the xiphoid process and ends at
the point where the mid-clavicular line meets the costal
margin (Mintchev et al. 1993). Using this approach, the
most proximal electrode was placed 5cm to the left of
the xiphoid process on the costal margin, and a row of
four further electrodes (3 cm apart) were placed linearly
between the first electrode and the junction of the mid-
clavicular line with the right costal margin. An alternative
set-up using two electrodes sites one electrode between
the umbilicus and the xyphoid process and the second
electrode on the left side of the abdomen, one-third of
the distance from the ventral mid-line to the left axial
mid-line, 1cm below the lowest rib (Patterson et al.
2001). In yet another approach, Chen et al. (1999) used
four recording electrodes. The electrodes were centred
on a main electrode located 2 cm above the mid-point
between the xiphoid process and the umbilicus. Two more
electrodes were located on an upper 45 deg angle, with
an additional electrode located 4 cm to the right of the
central electrode. Arguably the most commonly used set-
up in a clinical setting is that described by Koch & Stern
(2004) and Jonderko et al. (2005). With this system, three
electrodes are used to record a single-channel bipolar EGG.
A reference electrode was placed on the right side of the
abdomen at least 3 cm below the right costal margin. One
recording electrode was placed 2—-3 cm below the rib cage
on the left of the abdomen and the other on the mid-line
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equidistant from the xiphoid process and the umbilicus,
thus providing a linear arrangement aligned on an axial
plane. Owing to its clinical adoption, this electrode set-up
will be adopted for our simulations.

Before one can use the EGG to infer the electrical health
of the stomach, it is important to understand what is
recorded at an EGG electrode, so a brief explanation of this
is given here. At the level of a single cell, charged ions move
selectively across the outer cell membrane in response to
a stimulus (smooth muscle cells) or during pacemaking
activity (ICC), changing the potential difference across the
cell membrane and generating an active cellular response.
At the tissue level, when a cell is activated but its neighbour
is not, a potential difference is set up between the adjacent
cells. The result of this is a local non-zero current density
whose magnitude is determined by the size of the potential
difference and the resistivity of the pathway between the
cells. To a good approximation, away from this local
current density fluctuation the torso acts as a resistive
network, allowing the current density profile to be reflected
instantaneously as a potential field on the skin surface.
Within the torso, the principle of superposition applies, so
the electrical potential recorded by an electrode on the skin
surface is in fact the sum of all the local cellular current
density changes within the stomach. It should be noted
that this is not a direct measurement; currents originating
from different locations will follow different paths and
flow through different tissues on the way to the surface
electrode. The contribution of each cell to the final signal
is therefore biased by both the distance to the recording
site and the resistivity of the current pathway.

In addition to the desired gastric electrical signals, the
cutaneous electrodes will record information arising from
other sources of electrical activity (e.g. the small intestine,
colon and heart, and activity due to respiration and
motion). In an attempt to isolate the electrical activity of
gastric origin, the frequency components in the recording
that are known not to correspond to gastric activity
are removed. Removing frequencies below 1 cycle min™!
(0.016 Hz) and above 15 cycles min~! (0.25 Hz) has been
recommended, thereby creating a bandpass filter (Koch
& Stern, 2004). In practice, the signal recorded in the
time domain is transformed to the frequency domain
through the Fast Fourier Transform (FFT), the unwanted
frequency components are removed and the filtered signal
is reconstructed via the inverse FFT.

Typically EGG analysis revolves around an investigation
of the frequency dynamics of the recordings. In a normal
subject, dominant activity at 0.05 Hz (3 cycles min™") will
be observed. With a breakdown in the ICC network,
as can occur for instance in diabetes (see Ordog et al.
2000), regions of ICC-MY within the gastric network
can become uncoupled from the dominant pacemaker,
and the synchronized spread of electrical activity from
corpus to pylorusis disrupted. In such a situation, ICC-MY
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within the antral region may become local pacemakers,
and electrical slow waves may be generated in ectopic
sites. An increase in the intrinsic frequency of antral
pacemakers can lead to functional uncoupling and ectopic
pacemaking. This can result in collisions between slow
waves propagating from ectopic sites and the normal
pacemaker site, disrupting gastric peristalsis and delaying
gastric emptying (gastroparesis). A clinical assessment of
this condition can lead to various therapeutic techniques
to improve gastric emptying and relieve symptoms of
gastroparesis. Unfortunately, it may be extremely difficult
to evaluate dysrhythmias with a single or even multiple
cutaneous sites of recording.

Few modelling studies have been performed with a focus
on generating gastric slow waves using anatomically based
models. Most mathematical models used to represent the
slow wave can be broadly divided into two categories:
those that model the stomach as coupled relaxation
oscillators and those that attempt to model the underlying
physiology. In 1968, Nelsen and Becker suggested that
a chain of relaxation oscillators could simulate the
electromechanical activity of the small intestine (Nelsen
& Becker, 1968). During the early 1970s, Sarna and
coworkers further developed this idea, using an array of
bi-directionally coupled oscillators to simulate different
aspects of gastrointestinal (GI) activity (Sarna et al. 1971,
1972). Although these models are capable of recreating
the general behaviour of a GI slow wave, the parameters
prescribing this behaviour cannot easily be related to the
underlying electrical activity occurring at the cellular and
tissue level within the walls of the GI tract. Attempts have
recently been made to develop models of GI electrical
activity at the cellular level with a stronger biophysical
base, e.g. Miftakhov etal. (1999); Aliev et al. (2000). Both of
these studies are primarily focused on the small intestine,
and at present good cellular models of gastric electrical
activity are somewhat lacking.

Figure 1. Geometric models of stomach
and torso constructed from images
from the visible human project (A) and
abdominal CT scans (B)

B shows the surface of the stomach model
overlaid with a coronal CT image. The
subject had ingested oral contrast medium
for 1 h prior to imaging. The contrast agent
has also progressed through the small
intestine.
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The geometrical models used in simulations of GI
electrical activity within the abdomen have to date been
of an idealized nature. These volume conductor models
do not include realistic anatomical information and
usually model the abdomen as a homogeneous volume
conductor (e.g. Bradshaw et al. 2003) and the stomach
with a simplified conoid or ellipsoid geometry (Mirizzi
et al. 1986; Mintchev & Bowes, 1998; Irimia & Bradshaw,
2005). In what follows, we describe an anatomically and
biophysically based model of the human stomach. This
model is used to simulate normal gastric slow waves, and
these simulations are shown to be in qualitative agreement
with recordings of real slow wave activity. This model is
then used to address the issue of functional uncoupling and
to examine the issue of whether or not such an event can
be detected non-invasively with a commonly used EGG
technique.

Methods

An initial model of the human stomach has been created
from photographic slices from the Visible Human data set
(Spitzer et al. 1996). Details of the model development
have been described previously by Pullan et al. (2003). In
brief, the stomach, skin surface and other internal organs
were digitized from the axial images. Surface meshes
were then created from these data by an iterative linear
fitting technique that provided submillimetre accuracy. A
volumetric mesh of the stomach wall was subsequently
constructed in order to better represent known anatomical
features. An illustration of this model is given in Fig. 1A).
This process has also been applied to create gastric and
torso models from abdominal computed tomography
(CT) scans of several patients; an example of this is shown
in Fig. 1B).
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The muscular architecture within the wall of the
stomach that is responsible for the slow wave and
subsequent contractions can be described in terms of
three muscle layers interspersed with two layers of
ICCs (Hirst, 2001). Specifically represented are the outer
longitudinal and first circular smooth muscle layers, which
are separated by the myenteric layer of ICCs (ICC-MY).
Towards the mucosa, a second circular muscle layer is
included, which is separated from the first by the septa
layer of ICCs (ICC-SEP). This arrangement is illustrated
graphically in Fig. 2.

A continuum modelling approach was used to simulate
the electrical activity of the stomach. The bidomain model,
widely used in simulations of cardiac electrical activity
(Plonsey & Barr, 1987; Lines et al. 2003), was used to
represent the transmembrane and extracellular potentials
in the active tissues of the stomach and intestine. These
equations are summarized in eqns (1) and (2), where eqn
(1) isareaction—diffusion equation and eqn (2) isa Poisson
equation.

V. (oiVVm) + V. (01V€0e)

=An(C {av‘“}+1~
— m( m T 10n> (1)

V. ({oi+ 0e}Vge) = =V . (0;V Vi) (2)

The subscripts i and e represent properties of the
intracellular and extracellular domains, respectively. The
o terms are tissue conductivities (which in general
will be tensors), the ¢ terms are potentials, V, is the
transmembrane potential (the potential difference across
the cell membrane), A,, is the surface-to-volume ratio of
the continuum cell membrane, and C,, is the membrane
capacitance. It should be noted that after Aliev et al. (2000),
the intracellular current flow between the smooth muscle
and ICC layers was modelled using a linear potential
difference, as opposed to the diffusive coupling specified by
the bidomain equations and employed in the remainder of
the stomach. The contributions of the local ionic currents
from single cells interact with the continuum through
the I, term in the eqn (1). This allows complex cellular
dynamics to be incorporated without a consequential
increase in the complexity of the tissue level model.

ICC-MY
ICC-SEP
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The large derivative continuous elements that describe
the stomach geometry as illustrated in Fig. 1B are
insufficient for capturing the gastric slow wave. Therefore
each of these volume elements is divided into a large
number of smaller hexahedra within the local normalized
space of each geometric element. The result is a high-
resolution structured hexahedral mesh over which the
bidomain equations can be successfully solved using the
finite element method.

At each vertex in the high-resolution stomach mesh,
a description of cellular electrical activity is placed. A
modified FitzHugh—-Nagumo (FHN) model (FitzHugh,
1961; Nagumo ef al. 1962; Aliev et al. 2000) was used to
model the electrical activity of the muscle cells and ICCs,
since this currently appears to be the most advanced model
that explicitly differentiates between the different cell types
(ICCs and smooth muscle). The cellular equations are
based on a normalized transmembrane potential, u, that
varies from 0 to 1, and a single recovery variable, v. These
equations are:

du

o =ku(u—a)(l —u)—v (3)

d
ey u— By —v) (4)

dt

where k is the maximum membrane conductance, a is the
normalized threshold potential, & controls the excitability
of the system, y is the recovery rate constant and S is used
to shift the cellular equilibrium from an excitatory to an
oscillatory state. The values of the parameters described
in the original paper of Aliev et al. (2000) have been
modified to match published serosal recordings of gastric
slow wave (Bauer et al. 1985), and a full description of
these parameter values may be found in Buist et al. (2004).

The above equations are sufficient to simulate a gastric
slow wave. However, to calculate the corresponding
potentials on the torso surface that arise from this slow
wave, two further steps were employed. First, the local
current density changes prescribed by the (continuum)
cellular electrical activity were expressed as equivalent
dipole sources. These dipole sources were then used to
compute the electrical potential field on the surface of the
torso volume conductor. The equivalent dipole sources (J)

Figure 2. A cross-section of the musculature within a small section of the stomach wall

This consists of a longitudinal muscle layer (LM) and two circular muscle layers (CM). The LM and outer CM layer
are separated by ICCs from the myenteric plexus (ICC-MY), and the circular muscle layers are separated by the ICC
septa layer (ICC-SEP). The serosa is found closest to the LM layer and the mucosa is closest to the CM layer.
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are computed from the transmembrane potential gradient
as shown in eqn (5).

00,
S

Here o; and o. are the intra- and extracellular
conductivities and V, is the transmembrane potential.
Each dipole source has a centre and orientation that varies
over time to describe the location, direction and strength
of the local electrical activity. These dipole sources are
then used to compute the electrical fields within the torso
surface by solving the Poisson equation:

V(e.Ve)=V.] (6)

where the source term J is due to the equivalent dipole
sources and is the torso potential field.

A typical solution then consists of three sets of
calculations that must be performed at each time step.
First the cellular models are updated throughout the
active stomach. Next the transmembrane and extracellular
potentials are calculated from the cellular activity and
known diffusive tissue properties. The equivalent gastric
dipolar sources are then created and the passive torso
volume conductor problem is then solved to calculate the
electric field throughout the torso. Using this equation set,
the resulting electrical activity at electrodes on the body
surface can be determined from the (continuum) cellular
level activity. The numerical accuracy of this modelling
framework has been demonstrated previously in a number
of tests (Pullan et al. 2003).

Results

Two sets of simulations were run to test the hypothesis
that the EGG recording and interpretation system
described earlier is unable to differentiate between normal
and abnormal slow wave patterns when an ectopic
antral pacemaker is present. Owing to the presence of
spontaneously active ICCs in the model, no external
stimulus was required to initiate or maintain slow
waves. Within the ICC model of Aliev et al. (2000),
the excitability parameter is the main determinant of
pacemaker frequency, so by incorporating this as a spatially
varying parameter the desired initial activation sites can be
specified. Under normal conditions the ICC excitability
was at a maximum in the proximal corpus on the greater
curvature, decreasing slightly circumferentially and more
prominently longitudinally (see Buist et al. 2004 for
details). To describe the ectopic antral pacemaker, the ICC
excitability in the terminal antrum was adjusted to mirror
that of the primary pacemaker site in the proximal corpus.
Conduction velocities within the stomach were matched
to the experimental data from Familoni et al. (1987).
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The membrane potential at rest and at the peak of the
slow wave was set in accordance with the experimental data
from Horiguchi et al. (2001) and Bauer et al. (1985). These
studies demonstrated that the resting membrane potential
is lower in the regions with dense ICC networks. In the
smooth muscle layers, the resting membrane potential was
set to —60 mV with a peak potential of —38 mV, and in the
ICC layers the resting potential was set to —73 mV with
a peak potential of —32 mV, thus providing a degree of
electrotonic coupling even under resting conditions.

The stomach volume and torso surface geometries
derived from the visible human data set (shown in Fig. 1A)
were used for these simulations. In order to solve the
bidomain equations accurately over the electrically active
stomach, a high-resolution structured finite element mesh
was embedded within the volume elements of the stomach
wall at an average spatial resolution of less than 1 mm.
For both the normal and abnormal situations, 300s of
gastric electrical activity was simulated using a time step
of 50 ms, giving a total of 6000 time steps. At every time
step, one dipole source was calculated within each of
the 320 elements used to describe the stomach geometry,
meaning that each source represented the net electrical
activity from an element. The resulting 320 dipole sources
were placed within the boundary element torso surface
model (comprising 300 derivative continuous surface
elements), and eqn (6) was solved to generate the body
surface potential distribution. From these data, monopolar
EGG traces were extracted, providing a simulated sampling
frequency of 20 Hz. An example of the results obtained
from these simulations is shown in Fig. 3, where the results
in the upper panel arise from normal slow wave activity
and the results in the lower panel show equivalent results
when an ectopic antral pacemaker is present.

In both cases, the geometry and location of the stomach
were unchanged and therefore, as expected, the bulk of
the electrical activity can be seen on the abdomen over the
stomach. Although sizeable differences can be observed at
some time points, at others the difference in the potential
field would be difficult to categorize. In the left panel of
Fig. 3B, it can be clearly seen that the slow waves from
the normal and ectopic pacing sites will collide (and be
extinguished), preventing the slow wave initiated in the
proximal corpus from reaching the pylorus and resulting
in functional gastric uncoupling.

The potential field was recorded at each solution time
point from the three locations indicated on the torso
surface in Fig. 3. From these data, a single bipolar trace
was constructed for the normal and abnormal situations,
as is done in the experimental EGG recording procedure.
The resulting bipolar EGG traces are displayed in Fig. 4A
and B.

An inspection of the EGG traces shows some shape and
amplitude variations. However, it is unlikely that either
of these measures would provide enough information to
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Figure 3. Simulated body surface EGGs

The left panel of A shows a normal gastric slow wave generated in the proximal corpus. The arrow indicates the
aboral direction of propagation. The remaining panels in A show the body surface potential distribution at six time
points during a single slow wave cycle. The three indicated positions on the front of the torso indicate the location
of the simulated EGG electrodes. The left panel of B shows a normal gastric slow wave and a second slow wave
from the antral pacemaker that is moving in an oral direction. The remaining panels in B show the body surface
potential distribution at six time points corresponding to this abnormal activation sequence. In the stomach images,
light blue tissue is quiescent and yellow/red tissue is activated. The oesophageal junction is located at the upper
opening and the pyloric sphincter at the lower opening. In the torso images, blue represents negative potentials
and red represents positive potentials relative to a zero reference on the right hip.

make a diagnosis, since both of these parameters will
vary with the shape and body composition of the subject
and variations in electrode placement. EGG amplitude
is also affected experimentally by the quality of the
contact between the electrodes and the skin surface.
Experimentally recorded EGG traces using this set-up
can be found in Koch & Stern (2004), and with an
alternative electrode configuration in Chen et al. (1999).
As is currently standard procedure, the power spectrum

of the two signals was computed, and these results are
shown in Fig. 4C and D. In both cases, there is clearly
a dominant pacemaking frequency at close to 0.055 Hz
or 3.3 cyclesmin™! (0.055 and 0.056 Hz for the normal
and abnormal cases, respectively). This agrees with the
dominant frequency observed experimentally in normal
human subjects (Bradshaw et al. 1999). The normal
case shows a clear second harmonic; such harmonics
are commonly found in experimental recordings and

A B
0.30 4 0.30 -
0.20 - 0.20 |
s 0.10/\ /\ /\ / S 010
E E
T 0.00 ‘ ‘ ‘ T 0.00
€ 240 260 280 300 £ 240 60 280 300
5 -0.10 1 S -0.10 4
o o
-0.20 -0.20 -
0.30 - -0.30 -
Time (s) Time (s)
Figure 4
C D A and B show single channel bipolar
044 07 1 electrogastrograms recorded from the
0.6 ~ epigastric surface of the model. A was
0.3 1 0.5 4 generated from pacemaker activity in the
5 5 0.4 - proximal corpus at 3 cycles min~" (0.05
2 021 3 03] Hz). B was generated using the same
e e pacemaker activity as A, with the addition
0.1+ 021 of a secondary pacemaker in the gastric
/\ 0.1+ antrum, also at 3 cycles min~'. Cand D
0 ‘ / ‘ : 0 ‘ ‘ ‘ 1 show the power spectra for the normal
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2 case and the case with the secondary antral
Frequency (Hz) Frequency (Hz) pacemaker, respectively.
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therefore cannot be used to distinguish between the two
cases. Interestingly, the abnormal simulation with the
secondary antral pacemaker generated slightly larger EGG
signals. As mentioned previously, the EGG represents the
net underlying activity and therefore it is likely that there is
morereinforcement and/or less cancellation of the cellular-
based current sources in this situation.

Discussion

The integrated electrical activity of the phasic regions
of the stomach (i.e.sites distal to the orad corpus)
depends upon the frequency gradient that is intrinsic
to ICC-MY in the proximal and distal stomach (see
Ordog et al. 2002). Enhancement in antral frequency or
retardation in corpus frequency can lead to a situation
in which there is not time for corpus slow waves
to propagate to the pylorus before discharge of a
distal pacemaker. Breakdown in the proximal-to-distal
pacemaker frequency can lead to functional uncoupling of
slow wave propagation, disruption of gastric peristalsisand
delayed gastric emptying. Functional uncoupling could
occur, for example, if the intrinsic frequency of antral
pacemakers approaches the frequency of the dominant
corpus pacemaker (i.e. antral pacemaker increases to 2—
3 cyclesmin™'). Thus, it is important for clinicians to
be able to properly evaluate more than gastric electrical
frequency; they must be able to assess the spread of gastric
slow waves from the corpus to the antrum (functional
coupling).

In this study we have described our computational
model of the gastric slow wave and the resulting abdominal
EGG recordings. Both normal and abnormal slow wave
activity have been simulated, and bipolar EGG traces
have been generated to mimic what is recorded in the
clinical situation. An analysis of the frequency dynamics
of these EGG traces, as is standard practice with such
recordings, has revealed that this metric was not able
to distinguish between normal gastric slow wave activity
and functional gastric uncoupling caused by a secondary
antral pacemaker. Although this computational evidence
is presented here for only a single pacing abnormality, we
believe that in fact a wide range of conditions exhibiting
functional uncoupling would be undetectable using the
EGG technique selected for this study. For example,
if the primary pacemaker in the proximal corpus was
damaged, an antral pacemaker could produce retrograde
slow waves that transverse the length of the active stomach.
This would produce a single dominant frequency and
return a normal diagnosis if the pacing was within
the range of frequencies considered clinically normal
(between 2.5 and 3.75 cycles min~!; Koch & Stern, 2004).
The simulations performed here demonstrate that in
fact it is not even necessary for the primary pacing
site to be disrupted in order to get EGG traces with a
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single dominant frequency within the normal range but
functional electrical uncoupling.

In the cardiac arena, the sensitivity of ECG recordings to
geometric factors has been well documented, along with
a relative insensitivity to the composition of the passive
torso volume (Bradley et al. 2000). At present these remain
open questions in relation to the EGG. We are currently
moving to address these issues and have begun the task of
constructing patient-specific stomach and torso models
from medical images for this purpose.

From a clinical perspective, it is very important to
determine whether slow waves in the corpus propagate
in a normal manner and drive the pacemaker activity of
the distal stomach. This requires high-fidelity recording of
electrical activity from more than a single site, placement
of electrodes in a serial manner from corpus to distal
antrum, and a means to analyse records for aberrant
propagation. It may be that these requirements exceed
the capacity of cutaneous recordings of gastric electrical
activity. Focal changes in intrinsic pacemaker frequency of
the order that can lead to functional uncoupling would be
extremely difficult to discern with present EGG techniques,
and the EGG does not appear to be reliable enough to
accomplish evaluation of directional propagation. Gastric
serosal surface recording, which would provide the most
reliable means of evaluation, is not practical because of its
invasive nature. We would suggest that multipoint luminal
recording, after placement of electrodes via endoscope,
might provide the most suitable means of reliable clinical
recording of gastric electrical activity. This technique is
now being tried in some clinical gastroenterology units.
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