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Abstract. The understanding of electrical activity within the gastrointestinal system is still in its
infantcy especially when compared to the current knowledge in the cardiac field. However, research in
the gastrointestinal field is now rapidly increasing, in part, due to the prevalence of associated
disorders in the western world. In this article we review the current techniques used in recording and
modelling gastrointestinal bioelectrical activity. We describe the basic structure and function of the
human stomach and intestine, and provide a brief review of electrical and magnetic recordings from
these organs. This is followed by a review of current techniques used for modelling electrical activity
in the both the stomach and intestine as well has methods used for interpreting electrical and magnetic
fields obtained both invasively and noninvasively.
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1. Introduction

Whilst there is a vast quantity of literature associated with modelling and recording bioelectric
activity from the heart and brain [Hunter et al., 2003; Ebersole, 1996], the same cannot be said for the
activity arising from the smooth muscle within the gastrointestinal tract. This is despite the fact that a
significant proportion of the western population is hospitalized each year with gastrointestinal
disorders, and many of these disorders are associated with disturbances to the electrophysiology of the
cells and tissues within the gastrointestinal tract. Part of the reason for the lack of studies on
gastrointestinal bioelectrical activity is the fact that obtaining non-invasive recordings of such activity
can be problematic. Furthermore, our understanding of the underlying physiological activity associated
with the smooth muscle activity is relatively. Given the immature development of the gastrointestinal
bioelectric field, it is perhaps surprising that the first non-invasive recording of electrical activity
arising from the human stomach (known as the electrogastrogram or EGG) in the human was made by
Alvarez in 1921 [Alvarez, 1922], predating the first equivalent recording made of human brain activity
(the electroencephalogram or EEG) by Berger in 1924 [Berger, 1929]. The EGG was recorded again in
1926 [Tumpeer and Blitzsten, 1926], however, the EGG was not rerecorded again until [Davis et al.,
1957], who were unaware of the earlier work by Alvarez and Tumpeer. The first recording of the
magnetic activity of the stomach (termed the magnetogastrogram or MGG) was reported by Comani in
1992 [Comani et al., 1992], whereas the first such recording from the intestine (termed the
magnetoenterogram or MENG) was reported by Staton et al. in 1993 [Staton et al., 1993].

In this article we describe the current state-of-the-art in modelling and recording gastrointestinal
bioelectrical activity. We restrict our attention here to the stomach and intestine, and focus only on
tissue, organ and whole body level recordings and associated modelling work. Patch clamping and
other related experiments performed on single cells or small tissue preparations are thus outside the
scope of this article. Also excluded from this article is work associated with recording magnetic fields
associated with ingested magnetic markers or material. We begin with a description of the basic
structure and function of the human stomach and intestine, and provide a brief review of electrical and
magnetic recordings from these organs. We then describe the current state of the field including some
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detailed modelling work being performed to aid in the understanding of gastrointestinal magnetic
recordings. We end with a brief discussion of the results obtained to date and the issues associated with
inverse analyses using such data.

2. Basic Gastrointestinal Structure and Function

The same basic musculature structure exists within the stomach and along the entire intestine.
Within the walls of the stomach and intestine there exists a network of cells that are responsible for
initiating and maintaining the underlying electrical activity. These cells are known as the interstitial
cells of Cajal (ICCs) and their discovery in the late 1980s as the pacemaker cells of the Gl tract was a
breakthrough in the understanding of GI myoelectric activity [Thuneberg, 1982]. These cells initiate
omnipresent cyclical electrical waves (known as slow waves) in the Gl tract whose frequency is
position dependent. In the normal human stomach slow waves travel down from the corpus (stomach
body) to the antrum (lower portion of the stomach) at a frequency of 3 cycles per minute (cpm).
Similar electrical activity exists within the human small intestine although the frequency varies
between 12 and 8 cpm, depending on the distance from the pylorus (the region of the stomach which
connects to the start of the small intestine). It is now widely accepted that slow wave activity is a
spontaneous event that arises in the ICCs, and is then conducted to the surrounding smooth muscle. In
the stomach the slow waves determine the frequency, velocity and direction of the gastric contractions,
while the degree of contraction is also controlled by the amplitude of the slow wave [Ozaki 1991].
However, this is not the case in the intestines where spiking activity (action potentials) occurs on top of
the slow wave induces contractile activity [Seerden 2005].

Many dysfunctions of the stomach and intestine have been shown to be associated with a
disruption and/or alteration of normal slow wave activity. For instance, chronic intestinal pseudo-
obstruction has a close relationship with a loss of ICCs [Sanders et al., 1999], and mesenteric ischemia
causes a decrease in the slow wave frequency due to insufficient blood supply to the small intestine
[Szurszewski and Steggerda 1968; Cabot and Kohatsu, 1978; Richards et al., 1995].

As noted above, the electrical activity of the stomach can be recorded non-invasively with
cutaneous electrodes giving rise to the electrogastrogram. This was first recorded by Alvarez from “a
little old woman whose abdominal wall was so thin that her gastric peristalsis was easily visible”. It
was, however, not until 1975 that the gastric origin of the EGG was conclusively demonstrated [Brown
et al., 1975]. Unfortunately, due to the smaller signal size and the surrounding tissues, external
recordings of electrical activity arising from the intestines can not by reliably recorded. EGGs have
been used to help diagnose gastric disorders, but their use is far from widespread due to the uncertainty
in the signals being recorded. In contrast to the difficulties experienced with some of the electrical
recordings, the corresponding magnetic fields (produced by the same electrical activity of the small
intestine) have been recorded more reliably and show good correlation with invasive serosal
measurements [Bradshaw et al., 1997]. Such magnetic field measurements have been used, for
example, to differentiate between normal intestinal activity and the intestinal activity associated with a
number of disease states, although a detailed interpretation of such recordings is challenging [Hegde et
al., 1998]. The possibility of using mathematical models to aid in the interpretation of MEGs and
MENGSs has motivated much of the work presented later.

3. Electrical Mapping

The use of densely spaced electrodes to obtain two and three dimensional electrical maps of
activity in the heart is commonly used to improve the understanding of the spread of electrical activity
within the myocardium [Chen et al., 1993]. There currently exist two commercially available cardiac
electrical mapping systems (Carto and Ensite systems) which allow the mapping of cardiac geometry
and electrical activity on the endocardial surfaces of the atria and ventricles [Schiling et al., 1998;
Gornic et al., 1999; Smeets et al., 1998]. To date, however, such electrical mapping has rarely been
attempted within the GI system and there exists no commercially available systems for such a task.

Normal activity in the GI system can be characterised by the temporal and spatial sequence of
contraction through the musculature. The conduction patterns of the slow waves therefore determine,
to a large extent, the pattern of contraction in the Gl tract [Sanders et al., 2006].

The first animal recordings of the electrical activity of the gastrointestinal system were made more
than a century ago, and introduced the concept of slow wave activity and spike potentials associated
with contractile behaviour of the gut [Szurszewksi, 1997]. The first electrical slow wave recording was
made from the chicken gizzard by Marimon in 1907. This and subsequent work, performed both in
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vivo and in vitro, have greatly improved our understanding of the processes involved in gut motility.
Electrical recordings have since been made on many different parts of the GI system on a variety of
species including turkeys [Duke et al., 1975; Duke et al., 1975b], cats [Lammers et al., 1996] and dogs
[Smout et al., 1980]. Studies have also been performed on humans with recordings obtained from
different parts of the GI system, including the stomach [Stoddard et al., 1981; Familoni et al., 1995],
colon [Provenzale and Pisano, 1971; Taylor et al., 1975; Dapoigny et al., 1988], small intestine
[Forster et al., 1943;] and rectum [Dapoigny et al., 1988].

Figure 1 shows electrical recordings made from direct recordings on the porcine stomach at three
different locations. Figure 1(a) shows the raw signals and the (b) shows the corresponding filtered
signals and (c) the power spectra. Note that Channel C contains five relatively large spikes which are
from an unknown source. The magnitude of this activity has been reduced by the filtering, however, is
still visible. Electrodes A and B are separated by 36 mm, and electrodes B and C are
approximately 52.5 mm apart. The wave propagation speed from electrodes A to C was determined to
be 34.5 ~36.4 mms™.
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Figure 1. Porcine serosal recordings of gastric electrical activity (GEA). Shown is a 120 second period of (a)
raw and (b) filtered electrical fields and (c) the corresponding power spectra with an average
dominant frequency of 3.36+0.07 cpm (0.056+0.001 Hz). The baseline of the raw and filtered data
shown in (a) and (b) respectively were corrected, and the y-axes for each of those graphs indicate
electrical potential in mV. Normal porcine GEA has a dominant frequency of approximately 3 cpm
(0.05 Hz) which is marked by the vertical dashed line in (c). Note that channel C has 5 large spikes
which are from an unknown source.

Until recently these types of studies were typically performed using a limited number of recording
electrodes (usually less than 5 electrodes) which are sparsely positioned over the region of interest.
With only a few recording sites it is not possible to accurately track the position and spread of the
electrical waves on the musculature. More recently, engineering advances have allowed electrical
mapping from a greater number of electrodes and more densely spaced electrodes [Lammers et al.,
1996; Ver Donck et al., 2006]. One of the most detailed mapping experiments to date has involved
recording simultaneously from 240 electrodes (in a 24 by 10 grid with an intra-electrode spacing of 2
mm) placed directly on a feline stomach and duodenum. From these recordings it was possible to
accurately track the spread of the electrical waves and also calculate wave direction and propagation
speeds [Lammers et al., 2002].

Figure 2 shows an illustration of a 240 electrode mapping study on feline duodenum. Shown is (A)
the layout of electrodes, (B) the corresponding electrograms for a column of electrodes, (C) the
activation times for the electrodes and in (D) the corresponding activation maps. The activation maps
shows the pattern of electrical activity and path of the electrical wave from both ends of the sample.
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Figure 2. Simultaneous electrical mapping of a feline duodenum using 240 channels. Shown in (A) is the
electrode layout, (B) the electrograms from the row column of electrodes indicated by the hollow
circles in (A), (C) the activation times of each electrogram and in (D) the corresponding activation
maps showing the spread of activation across the recording area. The two arrows show the
propagation of the electrical waves from both ends of the sample. Reproduced from Lammers et al.,

1996 (published by “Wiley-Blackwell”) with permission.

4. Magnetic Mapping

The measurement and interpretation of the extremely weak magnetic fields generated inside the
human body has achieved promising results, particular in the study of the cardiac and neural functions
and pathologies [Romani et al., 1982; Barth et al., 1984; Weismuller et al., 1991]. These weak
magnetic fields are detected by high sensitivity detectors known as SQUIDs (Superconducting
Quantum Interference Devices). The magnitude of the bioelectrical fields produced by the Gl
musculature are similar to those produced by the brain but extremely weak when compared to those
generated by the cardiac cycle. For this reason measurements are typically (but not always) obtained in
magnetically shielded rooms to help improve the signal to noise ratio. The weak fields produced by the
Gl system are often masked by the stronger sources such as the cardiac cycle and the respiration. The
fact that there are many different sources of electrical activity within the GI system (e.g., stomach,
duodenum, small and large intestine) also complicates analysis.

Measurements of MGGs in an unshielded environment were first reported by the Italian group
[Comani et al., 1992] and then in a shielded environment by a group from Japan [Saijyo et al., 1996].
The first magnetic recordings of intestinal electrical activity (MENG) were reported by the group
based at Vanderbilt University [Bradshaw et al., 1997]. However, there are still relatively few locations
around the world that regularly measures the magnetic fields produced by gastrointestinal activity. This
is, however, increasing as the technology becomes more common [Baffa et al., 1996].

The DC SQUID most frequently and routinely used to record MGG and MENG activity is located
at Vanderbilt University. This SQUID has a total of 37 magnetic sensors optimized for recording Gl
activity. Located closest to the subject are 19 channels recording activity in the direction perpendicular
to the anterior body. There are an additional 10 channels recording the components orthogonal to this
direction.

Figure 3 shows a magnetic recording obtained from the SQUID at Vanderbilt University located
above a human chest. Shown in Figure 3(a) is a sequence of 75 seconds magnetic activity from 19
SQUID sensors Figure 3(b) shows an enlarged view of the center channel. The magnetic fields
corresponding to cardiac activity are evident as the high frequency component of the signal.
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Figure 3. Magnetic recordings obtained from a SQUID located above a human chest. Shown in (a) is a sequence
of 75 s from the 19 channels positioned according to their actual recording locations. The center
channel is shown in detail in (b).

After applying a band-pass filter of 1.8-20 cpm (0.03-0.3 Hz), which corresponds to the known
frequency ranges of GEA, the resultant traces are shown in Figure 4. The plots show that the high
frequency components corresponding to cardiac activity have been removed by the filtering.
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Figure 4. Magnetic recordings shown in Figure 3 band pass filtered between 0.03-0.3 Hz. Shown in (a) are the
19 channels positioned according to their actual recording locations. The center channel is shown in
detail in (b). The high frequency components corresponding to cardiac activity have been filtered out.

The corresponding power spectrum plots are shown in Figure 5. To improve the accuracy of the
power spectrum twice the sample length as that shown in Figures 4 and 5 were used to calculate the
results in Figure 4. In this figure the expected dominant frequency of 3 cpm (0.05 Hz) is indicated by
the vertical dashed lines. For these data, the average dominant frequency for all channels was
determined to be 2.58+0.48 cpm (0.04+0.01 Hz).
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Figure 5.  Power spectrum corresponding to the filtered magnetic signals shown in Figure 4 with the vertical
dashed line indicating the expected dominant frequency of 3 cpm (0.05 Hz). To improve the accuracy
double the time period as that shown in Fig. 4 and 5 was used to calculate the power spectrum. Shown
in (a) are the power spectra for the 19 channels in their recording locations. The center channel is
shown in detail in (b). The average dominant frequency for all 19 channels was 2.58+0.48 cpm
(0.04+0.01 Hz).

5. Forward Modelling

The volume conductor models used in simulations of Gl electrical activity within the abdomen
have, until recently, all used simplified geometries. These simplified 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; Liang and Chen, 1997]) and the stomach with a simplified
conoid or ellipsoid geometry [Mirizzi et al., 1986; Mintchev and Bowes, 1995; Irimia and Bradshaw,
2005].

In all cases involving such simplified and predefined geometries, the gastro electrical activity has
been approximated by an ad-hoc set of dipolar sources. In these studies, there is thus no explicit
representation of the underlying electrical activity. Since the late 1960s, slow wave propagation in the
Gl tract has been the subject of a number of mathematical models [Aliev et al., 2000]. The majority of
these models can be divided into two general categories - those that model the stomach as coupled
relaxation oscillators and those that attempt to model the underlying physiology. The Aliev [Aliev et
al., 2000] model is one of few models which attempt to model the underlying physiology. There are
however, an increasing humber of biophysically based models (e.g., [Youm et al., 2006; Faville et al.,
2004; Corrias and Buist, 2007]) now beginning to appear in the literature.

Anatomically realistic models of the GI system have recently been created using visible human
data [Spitzer et al., 1996] and from spiral CT images of human volunteers and MRI images of animals
[Lin et al., 2006; Cheng et al., 2007; Komuro et al., 2008]. These anatomically realistic models have
the ability to simulate both normal and abnormal gastric slow waves on a specific subject. These
models have explicit representations of the smooth muscle and ICC muscle layers and have represented
the cellular electrical activity using the Aliev cell model [Aliev et al., 2000]. The simulations obtained
from such models have shown to be in qualitative agreement with recordings of real slow wave activity.
They have also been used to address the issue of functionally uncoupled electrical activity. From the
simulation results, it has been demonstrated that it may not be possible to distinguish this activity from
normal activity using non-invasive EGG recordings [Buist et al., 2006].

Figure 6 shows a time sequence of simulated gastric slow waves from a model of a specific subject
created from CT images. The subject had gradually ingested 16 fluid ounces of oral contrast solution
over a period of 60 minutes prior to CT scanning. The subject had CT scans at 1 mm intervals with a
slice thickness of 2 mm over the abdomen. The volumetric information was “broken down” (or
interpolated) into the axial, coronal and sagittal views. The skin surfaces and stomach walls from the
CT images were manually segmented and surfaces created using a non-linear fitting process to a root
mean square (RMS) error of less than 1 mm.

The solution methods described in detail in [Buist et al., 2006] were used to simulate normal GEA
on the subject specific mesh. In summary, it involved embedding a high-resolution finite element
network within the finite element mesh of the stomach. The monodomain equations where then solved
on the high resolution mesh with the cellular activity represented using the Aliev cell model [Aliev et
al., 2000]. The colour field on the stomach surface shows a single gastric slow wave propagating down
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the length of the stomach with the sharp red to blue transition showing the location of the wave front of
the slow wave.

160 s

Figure 6. Simulation of gastric electrical activity on a geometric mesh constructed from spiral CT images. The
colour field shows the electrical potential on the stomach corresponding to a single slow wave
propagating down the length of the stomach. The electrical activity is shown in more detailed in
Figure 7.

Figure 7 shows a simulation result of the normal slow waves. The electrical traces for the waves
indicate that each wave propagates from the corpus to the pylorus of the stomach. The stomach model
used for this simulation had a total of 432 nodes, 320 elements, and 245,784 grid points, with an
average grid spacing of approximately 1 mm. The wave propagation speed from the corpus to the
antrum is approximately 10 mms™. Experimental recordings from human stomachs have shown
propagation velocities of between 5—20 mm s™ [Miedema et al., 1992; Monges and Salducci, 1971]
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Figure 7. Simulated electrical traces (mV) of normal human gastric electrical activity virtually measured at the
six locations (highlighted as spheres in panel (a). Electrical traces at each of the six virtual electrodes
are shown in (b). The red arrow in panels (b) indicates the direction of and speed of the simulated
electrical wave. Note that Electrode A corresponds to the electrically silent fundus region of the
stomach.

Using the GEA results, the magnetic activity external to the torso can be at the SQUID channels
using the techniques described in [Buist et al., 2004]. Figure 8 shows the magnetic activity for one
slow wave (20 seconds) at nineteen channels of the SQUID at Vanderbilt University. For this
simulation, the SQUID was located such that the center of the stomach was located close to the center
of the SQUID and the entire stomach was covered by the SQUID sensors. It is worth noting that, in
practice, the SQUID cannot usually be located like this because the stomach location with the torso is
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typically not known a priori unless some form of structural imaging is used (eg CT, MRI, or
ultrasound).
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Figure 8. Directions and intensities of the simulated magnetic field at nineteen SQUID sensor channels
corresponding to the slow wave (140 — 160 seconds) illustrated in Figure 6. The magnetic fields are
viewed from the anterior of the subject for each time point. Also shown is additional view point (at 160
seconds) from the right of the subject. This illustrates the relatively small magnetic field component in
the y direction. The three directions of the coordinate system used here are indicated below the figures
for 160 seconds; subject’s right-to-left (x), anterior-to-posterior (y), and inferior-to-superior (z) of the
torso.

Typically, with magnetic measurements of GEA, only activity perpendicular to the body is
recorded. As we mentioned above, the SQUID we use for magnetic recordings (refer to [Bradshaw et
al., 2006]) has channels at nineteen different locations, and only five of them can record components in
all the three directions; the other channels only record a single component perpendicular to the anterior
body.

To show the relative magnitudes of the magnetic activity in the direction perpendicular to the
anterior body, the angle of the dominant magnetic activity to each of the three directions was plotted in
Figure 9. The same coordinate system as shown in Figure 8 was used here. The plane of the SQUID
sensors and the y component of the dominant magnetic activity were almost always orthogonal. It can
thus be clearly seen that the activity occurred primarily in the plane perpendicular to the recording
direction.

X component y component z component
T ‘ ‘ ‘
/2 T ——
0
140 150 160 140 150 160 140 150 160
Time (sec) Time (sec) Time (sec)
Figure 9. Angles of the dominant magnetic activity relative to the x, y, and z-axes for one slow wave (140 — 160
seconds).

Similar computational models of intestinal electrical activity have been created [Lin et al., 2006].
An illustration of a simulation using such a model is shown in Figure 10 where the intestine geometry
has been created from the visible human data. Intestinal electrical activity is difficult to accurately
represent with a mathematical model. This is due to the complex geometry of the intestine, the larger
tissue mass, the varying dominant frequency along the length of the intestine and the interaction of
multiple waves down the length of the intestine. However, due to the extremely weak fields produced
by the small intestine, its activity can only be reliably recorded using a SQUID [Richards et al., 1995].
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Figure 10. Small intestine slow wave activity and corresponding electrical and magnetic fields. Shown are (a) the
potentials corresponding to the smooth muscle (SM) and ICCs at a particular instance in time as well
as (b) the corresponding body surface potentials and magnetic fields. The magnetic field vectors have
been displaced laterally for visualization purposes. Reproduced from [Lin et al., 2006] with
permission.

6. Inverse Modelling

There is a clear need to improve diagnosis of gastrointestinal diseases using non-invasive measures.
The ability, for instance, to reliably discriminate intestinal ischemia from other non-specific gut pain
would allow appropriate intervention to be enacted in a timely manner. In the extreme case, this could
be the difference between saving a patient’s intestine and an untimely death. Despite such a need, the
use of densely sampled electrical or magnetic data of gastrointestinal origin in an inverse analysis has
rarely been attempted. The small number of limited attempts that have been made in this area have
been largely restricted to analysis of signals of gastric origin. This is perhaps not surprising when one
considers the difficulties of the gastrointestinal inverse problem. As has been proven in the brain and
heart fields, accurate inverse analyses requires an accurate structural model [Huiskamp and Van
Oosterom, 1989; Huiskamp et al., 1999; Cheng et al., 2003]. Obtaining such a model for the stomach is
difficult, and for the intestine, it is even more challenging. Because both organs are dynamic, and
because structural imaging (often done via CT) and SQUID or electrical recordings are not performed
simultaneously, there is an unquantified amount of geometric error in the model construction process.
Whilst electrical and magnetic recordings can be made with the subject in a fasting state, oral contrast
agents are needed to enhance the visibility of the stomach and intestine in the CT images. This clearly
exacerbates movement artifacts. The gastrointestinal inverse problem is further complicated by the fact
that, even in the normal situation, there are multiple sources generating the recorded activity. This is
the case in the stomach, where multiple slow waves can be present at any one time [Lammers et al.,
1996] and also in the intestine, were there are many slow waves propagating the aboral direction
[Lammers et al., 2008].

The first gastrointestinal inverse study was by Allescher et al. [Allescher et al., 1998]. In that work,
human gastric activity was recorded with a sensor array of 37 DC SQUIDS. A simple source
localization method was used involving a single equivalent dipole immersed in a homogeneous half
space. The localised dipoles (one for each time instant) were compared with MRI images of the
volunteers. Despite the structural simplicity of the forward model, and the use of a single dipole to
represent the slow wave or waves, close correlation was found between the dipole localizations and the
stomach area. Irimia and Bradshaw performed an inverse analysis using two dipoles and again
represented the abdomen by a homogeneous half space [Irimia et al., 2004]. Most of the results
presented were obtained by applying their inverse techniques to simulated data. However, the authors
did apply their work to multichannel (19 channels) gastric magnetic activity recorded from normal
volunteers. The authors claim that the localised dipole locations where found to originate at the corpus
of the stomach and terminate at the pylorus, but no evidence was given to support this assertion.
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To date, the only inverse analysis performed using an anatomically based model appears to be the
work of Cheng et al, and this has, so far, been a lone study [Cheng et al., 2005]. In that work, magnetic
activity was recorded from normal volunteers using the same physical setup as in Irimia and Bradshaw
[Irimia et al., 2004]. Recordings were obtained at a frequency of 200 Hz for a period of 30 minutes
pre-prandial and 1 hour post-prandial. Breath hold sequences of approximately 2 minutes in duration
were used to minimise respiration artifacts. The data were band pass filtered 1.8-18 cpm (0.03-0.3 Hz)
to restrict the signals to be in the range of gastric electric activity and a sequence of 20 seconds
believed to correspond to a single gastric slow wave was extracted.

The geometric model was used with 19 vertical magnetic field recordings as input to an inverse
algorithm to localise the gastric activity. A single equivalent dipole source was used to represent the
electrical wave front and the parameters of the dipole (center, orientation, magnitude) were then
adjusted to minimise the difference between the recorded and predicted magnetic gradient fields.
Shown in Figure 11 are one set of results of this study. The dipole source tracked down the length of
the greater curvature of the stomach from the corpus towards the pylorus. At all times the dipole center
was within 2 cm of the inferior surface of the generic stomach model.

(@) (b) (© (d)

Figure 11. Inverse solution using an anatomically realistic geometry. Shown is (a) the left anterior oblique view
of the geometric model with the skin shown as a transparent surface and the stomach shown as a solid
surface. The large circle represents the outer surface of the SQUID measurement plane with the small
spheres indicating the locations of the recording sensors and arrows indicating the magnitude of the
magnetic field. Time series of images (b—d) shows an enlarged view at 4 second intervals with the
inverse computed dipole source (cone of diameter 20 mm) progressing from the corpus towards the
pylorus along the greater curvature of the anterior surface of the stomach. Reproduced from [Cheng
et al., 2005] with permission.

7. Summary/Discussion

Despite a comparatively early start, measurement and modeling of bioelectric and biomagnetic
fields associated with gastrointestinal activity is still in its infancy when compared to research in the
cardiac and neuronal fields. This is certainly not due to a lack of clinically relevant gastrointestinal
problems. In fact it is difficult to pinpoint exactly why this situation has occurred. Whilst it is true that
recorded signals of gastrointestinal origin are difficult to interpret, and that our understanding of
gastrointestinal structure and function is still maturing, similar arguments can be promoted for the
brain. However, measuring and modeling gastrointestinal bioelectrical activity is now being conducted
more frequently. Some of this work, particularly that associated with modeling GEA, has been
highlighted in this article. Specifically, we have shown how anatomically-based models can be used to
simulate slow wave activity in the stomach and small intestine. From these results, the far field
magnetic field activity can also be calculated. We have also presented preliminary inverse-analysis
work in which slow wave activity was computed from recorded magnetogastrograms. Much work,
however, still needs to be done. Not the least is the need to carefully validate the results presented
herein, particularly those of the inverse analysis. Also, while slow wave activity is important, the
action potential activity that is associated with large scale mechanical contractions is perhaps of more
interest in many clinical situations. As with other areas in the field of gastrointestinal
bioelectromagnetism, the modeling and recording of action potential activity remains largely
unexplored. We are, however, hopeful that as more people become aware of the research and clinical
opportunities in gastrointestinal bioelectromagnetism, activity in this field will accelerate.
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