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Noninvasive Localization of Gastric Electrical Activity
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Abstract—Disorders of the gastrointestinal system affect a
significant number of people and many of these disorders cause
a disruption in the normal electrical activity of this system.
The ability to reliably characterize this electrical activity non-
invasive would therefore be highly beneficial as a diagnostic
aid. To that end we present here the first known demonstration
of non-invasively characterizing gastric electrical activity using
an anatomically-realistic geometric model of a human torso
and a SQUID gradiometer.
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I. INTRODUCTION

Despite the prevalence and large health care costs
associated with gastric disorders, many of which are
associated with abnormal gastric bioelectrical activity, there
is no standard method for assessing the electrical health of
patients’ stomachs. In the US alone, 60-70 million people
are affected by digestive diseases and the total cost of the
overweight and obese population on the United States
economy is estimated to be $123 billion [1].

Gastric contractions are regulated by the electrical
activity of the Interstitial Cells of Cajal (ICC) and the
smooth muscle in the stomach. An omnipresent electrical
impulse, termed the electrical control activity (ECA),
spreads aborally from the corpus, cycling at 3.0 +/- 0.5 cpm
(cycles per minute) in a healthy individual. Not every one of
these electrical impulses causes a gastric contraction;
however, gastric contraction cannot occur without the ECA.
From the electrical depolarization and repolarization of the
ECA weak electrical and magnetic fields are generated that
can be recorded non-invasively. Cutaneous
electrogastrography (EGG) is a method of recording gastric
electrical activity by placing electrodes on the abdomen [2].
The major diagnostic component of EGG recordings is the
determination of a dominant frequency derived from an
analysis of the filtered signals. Investigations have linked
frequency abnormalities such as bradygastria and
tachyarrythmias with gastroparesis [3]. While cutaneous
EGG should record all frequencies within the gastric smooth
muscle, the smoothing and attenuation of ECA through the
alternating insulating and conducting layers of the
abdominal wall prevent the separation of multiple sources
and discrimination of uncoupling from tachyarrthythmias
[4]. It has also been shown that EGG recordings may not
accurately reflect the true sources of the electrical current in

the stomach [5]. It is now known that it is possible to
noninvasively —measure, through the use of a
Superconducting QUantum Interference Device (SQUID)
gradiometer, the weak magnetic field due to the electrical
activity of the stomach (called the magnetogastrogram or
MGG) associated with gastric activity [6]. Analysis of such
recordings to date have again relied almost entirely on an
examination of the frequency dynamics, although one study
has attempted to provide a more detailed analysis by using a
crude infinite half space analysis [7]. We aim to show that
through the use of anatomically-based mathematical models,
it is possible to provide a direct representation of the
underlying electrical events from which additional
parameters of the gastric activity, such as the propagation
direction and velocity, can be characterized. In particular,
we present results from a pilot study that demonstrates that
gastric electrical activity can be successfully localized
within an anatomically-based model of the human stomach
and torso using only the non-invasive recordings of the
magnetic activity external to the body. To our knowledge
this is the first time an anatomically based model has been
used to help interpret magnetic recordings of gastric activity.

Il. METHODS

We wish to determine a realistic electrical source
configuration in the stomach that would give rise to a set of
magnetic fields equivalent to those measured by a SQUID
gradiometer. Similar inverse problems arise in a variety of
biomedical areas and many have proved notoriously difficult
to solve [8]. The methods used here have been adapted from
those developed primarily for the inverse problem of
electrocardiography [9], although the application to
magnetic recordings of gastric activity is entirely novel.

A computational model of a human torso was constructed
from digitized images from the Visible Human project [10]
using previously described fitting methods [11]. Organs and
regions of interest were manually segmented and, from the
digitized points, C* continuous boundary element surface
models were constructed using a least squares fitting
process. Each surface was fitted to an RMS error of less
than 2 mm. The resulting torso model is shown in Figure 1.
Further details about the model components and the
construction process can be found in previous work [12]. In
the results presented here from this pilot study, the torso is
electrically and magnetically homogeneous.
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Fig. 1. Geometric torso constructed constructed from the images of the
Visible Human project. Shown are boundary element surfaces of the skin,
oesophagus, stomach, small and large intestine.

Gastric ECA under normal conditions encircles the
stomach and spreads from the corpus towards the pylorus.
Locally, there is a complex interaction of subcellular
processes underlying this activity. Such detail is blurred by
distance such that, sufficiently far away, only the gross
features of this propagation can be observed. To that end,
we model the net ECA by using a single moving dipole to
represent the depolarizing wave front of the gastric ECA as
a single source.

Magnetic activity was recorded from the abdomen of a
normal male volunteer using a 37 channel Tristan 637i
SQUID (Tristan Technologies, Inc., San Diego, CA) that
was housed in a magnetically shielded room. Uniformly
distributed on the recording plane are 29 sensors, 19
recording the vertical component (z direction) of the
magnetic gradient and 10 sensors recording either the x or y
orthogonal components of the gradient in the measurement
plane. The remaining 6 sensors are located 254 mm above
the measurement plane and record the background noise.
Each sensor records the drop-off in gradient of the magnetic
field over a baseline separation of 50 mm in the z direction.

To acquire the signals from the volunteer the SQUID was
centered over the stomach and recordings obtained at a
frequency of 200 Hz for a period of 15 minutes. Breath
holds of approximately 1 minute duration were used to
minimize respiratory motion artifacts. A signal from one of
the channels is shown in Figure 2(a). The data were band
pass filtered (0.03-0.3 Hz, 1.8-18 cpm) to restrict the signals
to be in the range of gastric electric activity (shown in
Figure 2(b)) and a sequence of 20 seconds corresponding to
a single wave of gastric ECA was extracted. The dominant
gastric ECA frequency recorded from the SQUID was
determined to be 0.046 +/- 0.01 Hz (2.8 +/- 0.7cpm).
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Fig. 2. The magnetic gradient signals recorded by the SQUID gradiometer.
Shown in (a) is the raw signal containing both cardiac and gastric signals
for a duration of ~80 s. The band passed signals (b) have been filtered
between 0.03 and 0.3 Hz to obtain signals corresponding to gastric ECA.
Shown are three cycles in a ~80 s interval which correspond to the gastric
ECA. The corresponding power spectrum plot (c) is displayed between 0
and 0.5 Hz. The dominant frequency is at 0.046 +/- 0.01 Hz (2.8 +/-
0.7cpm) for the SQUID channels and corresponds to normal gastric ECA.

The filtered magnetic signals were used as input to an
optimization problem which attempted to match the
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magnetic fields produced by a single dipole within the torso
to those recorded by the SQUID gradiometer. A quasi-static
problem was assumed (each time step was treated
independently from the previous). All of the dipole
parameters (center and orientation) were allowed to vary
during the optimization phase and the starting dipole
location for each time step was the same.

I1l. RESULTS

The 19 z-component channels were used with the
previously described torso model to reconstruct the gastric
ECA as represented by a moving dipole source. Shown in
Figure 3(a) are the locations of the 19 z-component channels
and their relationship to the torso of the subjects. Shown in
Figure 3(b-d) are the changing gradients of the magnetic
field at 4 second intervals. Overlaid on each of these figures
is the location and magnitude of the single dipole
representing the net activity of gastric ECA. The position of
the derived dipole (solid arrow highlighted by white ring)
overlays the generic stomach model and progresses down
the length of the stomach from corpus towards the pylorus
within 20 mm of the inferior surface of the stomach model
(the end of the arrow has a diameter of 20 mm). The
velocity calculated from the dipole movement is
approximately 11 mm/s. Using invasive serosal electrical
recording electrodes, velocities of between 7 and 17 mm/s
have been reported in canines [12] but there is currently a
lack of reported data for human subjects.

IV. CONCLUSION

Although the concept of noninvasive localization of gastric
ECA has been postulated for a number of years, these are
the first results indicating that such an idea may be practical.
Using an anatomically-based generic model we successfully
localized gastric ECA activity using a single moving dipole.
The dipole was able to reproduce the dominant features of
normal gastric ECA activity. Further validation studies will
be performed using customized meshes of patients and their
corresponding magnetic recordings. We also intend to
obtain simultaneous non-invasive magnetic and invasive
electrical recordings from animals.
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Fig. 3. Left anterior oblique view of the geometric model (a) 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. Time series of images (b-d) shows an enlarged view at 4 second
intervals with the inversely-computed dipole source (solid arrow with a
head of 20 mm diameter and with white circle around it) progressing from
the corpus towards the pylorus along the greater curvature of the anterior
surface of the stomach. Also shown are the vectors representing the z-
channel recordings from the SQUID gradiometer.
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