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Abstract

Background—The pig is a popular model for gastric electrophysiology studies. However, its
normal baseline gastric activity has not been well characterized. High-resolution (HR) mapping
has recently enabled an accurate description of human and canine gastric slow wave activity, and
was employed here to define porcine gastric slow wave activity.

Methods—Fasted pigs underwent HR mapping following anesthesia and laparotomy. Flexible
printed-circuit-board arrays were used (160-192 electrodes; spacing 7.62 mm). Anterior and
posterior surfaces were mapped simultaneously. Activation times, velocities, amplitudes and
frequencies were calculated, and regional differences evaluated.

Key Results—Mean slow wave frequency was 3.22 + 0.23 cpm. Slow waves propagated
isotropically from the pacemaker site (greater curvature, mid-fundus). Pacemaker activity was of
higher velocity (13.3 + 1.0 mm s™1) and greater amplitude (1.3 + 0.2 mV) than distal fundal
activity (9.0 £ 0.6 mms™1, 0.9 + 0.1 mV; P < 0.05). Velocities and amplitudes were similar in the
distal fundus, proximal corpus (8.4 + 0.8 mm s, 1.0 + 0.1 mV), distal corpus (8.3 £ 0.8 mm s,
0.9 0.2 mV) and antrum (6.8 + 0.6 mm s™1, 1.1 + 0.2 mV). Activity was continuous across the
anterior and posterior gastric surfaces.

Conclusions & Inferences—This study has quantified normal porcine gastric slow wave
activity at HR during anesthesia and laparotomy. The pacemaker region was associated with high-
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amplitude, high-velocity slow wave activity compared to the activity in the rest of the stomach.
The increase in distal antral slow wave velocity and amplitude previously described in canines and
humans is not observed in the pig. Investigators should be aware of these inter-species differences.
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INTRODUCTION

Gastric motility is initiated and coordinated by an underlying omnipresent slow wave
activity, that is generated by the interstitial cells of Cajal (ICCs).1 Slow waves propagate
through the 1CC networks and conduct to adjacent smooth muscle layers, inducing
contractions when co-regulatory conditions are met, such as after a meal.? Loss of ICC
networks and altered slow wave activity have been implicated in the pathogenesis of
functional gastric disorders, such as gastroparesis, a condition in which the stomach fails to
empty normally in the absence of an obstruction.3

The pig is increasingly being used as an animal model for in vivo studies of gastric slow
wave activity and motility,*-8 mainly because the pig is a monogastric omnivore like man
and because they are relatively easy to source. However, very few studies have focused on
describing the normal gastric slow wave activity of the pig, including the potential for
regional variations in activity.” The availability of improved baseline data would be highly
valuable to inform and facilitate future experimental studies using porcine models.

High-resolution (HR) slow wave mapping has been a significant recent advance for
evaluating in vivo gastrointestinal (GI) slow wave activity. This technique involves the
placement of spatially dense arrays of many electrodes over a defined area of tissue, with
simultaneous recording from all sites, to accurately define the origin and sequence of slow
wave propagation occurring in the target area.8 HR mapping has recently been applied to
define the propagation patterns of slow wave activity in the human and canine stomachs,1
thereby revealing several new features that were not apparent in earlier sparse-electrode
studies, including detailed representations of regional variations in slow wave activity.

The few previous studies of porcine gastric slow wave activity have relied on sparse-
electrode techniques.”-11 The aim of the current study was to employ modern HR mapping
methods to accurately and comprehensively establish the baseline characteristics of slow
wave activity in the porcine stomach. In addition, this study aimed to simultaneously map
the slow wave propagation occurring over both the anterior and posterior gastric serosal
surfaces, which has not been performed previously at HR. Comparisons were also made of
gastric slow wave activity in the pig, human9 and canine,® with a focus on the relative
benefits and disadvantages of the porcine model for in vivo gastric slow wave investigations.
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MATERIALS AND METHODS

Animal preparation

All experiments were performed in vivo. Ethical approval was obtained from The University
of Auckland Animal Ethics Committee and the International Guiding Principles for
Biomedical Research Involving Animals were followed. Sixteen white cross-breed weaner
pigs were employed, of either sex and of mean weight 36.7 + 0.5 kg. The pigs were fasted
then subjected to general anesthesia that was induced with Zoletil (Tiletamine HCI 50 mg
mL~1 and Zolazepam HCI 50 mg mL~1), and maintained with Isoflurane (2.5-5% with an
oxygen flow of 400 mL within a closed circuit anesthetic system). A possible alternative
regimen of remifentanil/propofol has been found to be associated with pyloric spasm in pigs
and therefore was not considered.®

A femoral artery was cannulated and vital signs were continuously monitored including
heart rate and blood pressure. Rectal and intra-abdominal temperatures were also monitored,
and these were kept in the normal physiological range (38.5-39.5 °C) by continuous use of a
heating pad and the additional use of a heat lamp when necessary. A midline or bilateral
subcostal laparotomy was performed depending on the gastric region of experimental
interest, the latter incision being more suitable for investigations of the proximal stomach.
At the conclusion of the experiments, the animals were euthanized with a bolus injection of
50 mL of magnesium sulfate while still under anesthesia.

Recording methods

High-resolution mapping was performed using flexible printed-circuit-board (PCB) multi-
electrode arrays, which have been validated for this purpose.8 Each PCB contained 32
individual electrodes arranged in a 4 x configuration, with an interelectrode distance of 7.62
mm (Fig. 1A). Between four and six PCBs were joined together in parallel alignment, with
their noncontact surfaces secured together with adhesive tape, to map large areas of tissue
simultaneously (128-192 electrodes total; mapped surface area 61-96 cm?).

The abdominal walls were retracted, and the assembled PCBs were gently positioned over
the serosal region of interest with minimal handling of the viscera. The array was then
moved in a sequential manner over the stomach to consecutively map a large portion of the
organ of each subject. After each positioning of the array, the PCBs were covered with
warm (39 °C) saline-soaked gauze packs to secure them in place, and the wound edges were
approximated, before the incision site was covered with warm wet packing to limit drying
and cooling of the abdominal cavity. A 5 min period of stabilization was allowed prior to
each recording.

Gastric regions and anatomical registration

The locations of the gastric fundus, corpus and antrum were defined for each subject with
measurements from fixed anatomical landmarks (Fig. 1B). The fundus was defined as the
region of the stomach proximal to the fundal line, a horizontal line drawn from the upper
border of the gastro-esophageal junction (GEJ) to the greater curvature. The porcine GEJ is
located at approximately the mid-point of the lesser curvature, meaning that a large portion
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of the porcine stomach consists of fundus (Fig. 1B). The corpus and antrum were
demarcated by a 45° line drawn from the incisura (a notch along the lesser curvature
approximately midway between the GEJ and the pylorus) to the greater curvature. In
addition, two specialized adaptations are present in the porcine stomach: (i) the gastric
diverticulum, a distensible pouch surmounting the medial fundus; and (ii) the torus
pyloricus, a fleshy protuberance accentuating the distal antrum and pylorus.12

At the beginning of each experiment, small sutures were placed in the omental fat adjacent
to the above key anatomical landmarks, to ensure that the electrode arrays were consistently
registered within each experimental animal. Diagrams and photographs were then obtained
for each recording to document the array locations. At the conclusion of the experiments and
before euthanasia, measurements of each subject’s stomach were taken between the same
landmark points, to permit accurate anatomical comparisons between all of the experimental
animals.

In five animals, simultaneous mapping of the anterior and posterior serosal surfaces was
undertaken. This was enabled by the flexibility of the PCBs, which allows them to conform
to the shape of the greater curvature maintaining continuous serosal contact, except at the
site of the gastroepiploic artery, which sits on the greater curvature. The porcine
gastroepiploic artery leaves the stomach at the distal fundus. The tenuous greater omentum
of the pig was divided to allow these experiments, and these recordings were performed in
the final stage of the experiments.

Signal acquisition and processing

All recordings were acquired at a sampling frequency of 512 Hz using the ActiveTwo
System (Biosemi, Amsterdam, Netherlands). The custom acquisition software was written in
LabView v8.2 (National Instruments, Austin, TX, USA). The ActiveTwo System employs
two reference electrodes termed the ‘common mode sense’ (CMS) and the ‘right leg drive’
(DRL) to form a feedback loop instead of a standard ground electrode. The CMS electrode
was placed on the left lower abdomen, and the DRL electrode on the right hindquarter thigh.
The slow wave recordings are referenced to the potential of the CMS electrode. Each
recording array was connected via a 1.5 m 68-way ribbon cable to the ActiveTwo System,
which was in turn connected to a Dell M1450 notebook computer via a fiber-optic cable.

After the recordings, slow wave activity was filtered with a second order Bessel low pass
filter (2 Hz). Slow wave activity was quantified following each experiment by activation
time (AT) mapping and calculation of regional velocities, amplitudes and frequencies. The
slow wave AT were manually identified at the point of maximum negative slope of each
event using SmoothMap v3.0213 and activation maps were generated in MATLAB v.2006b
(The Mathworks, Natick, MA, USA) (Fig. 1). Propagation velocities were calculated in
SmoothMap, and plotted using a validated quadratic fitting method (MATLAB) that
graphically represents the velocity at each electrode as a vector of size and length relative to
the highest velocity vector in the array (Fig. 1F).>14 Amplitudes were calculated in
SmoothMap as the difference between the maximum and the minimum voltage during a
slow wave event (Fig. 1D). Frequency was determined from five separate electrodes by
measuring and averaging the cycle-to-cycle interval of 15-30 successive slow wave cycles.
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Dysrhythmic events sometimes occurred during the experiments, however, only normal
slow wave activity was analyzed in the present study. Sets of 8-16 adjacent electrograms
were examined at each slow wave cycle in every recording, and abnormal activity was
defined and excluded as follows: (i) cycle-to-cycle variations in propagation direction and
patternl®; and (ii) instances of regular or irregular brady- or tachygastria, defined as <2 and
>4.5 cycles per minute (cpm) respectively.

Statistical analysis

RESULTS

Average regional amplitudes, velocities and frequencies were calculated (means + SEM) for
the fundus, corpus and antrum, as well as the pacemaker region, which was defined as the
region activated within a 2 s period from the earliest AT.%10 A total of six regions were
identified for the statistical analyses: the pacemaker area, proximal fundus, distal fundus,
proximal corpus, distal corpus and antrum. The proximal fundus was defined as the area
proximal to the pacemaker region, and the distal fundus as the area distal to the pacemaker
region. The corpus was divided into proximal and distal halves. Population data was
analyzed with one-way ANOVA tests, and if deemed significant (P < 0.05), further analysis
using a Tukey post hoc test was employed to determine where the significant variation lay.
Confidence intervals (Cls) of 95% are presented where appropriate.

A total of 97 separate recordings were made from the anterior and posterior gastric serosa of
the 16 pigs, totalling 867 min (average duration of 8.9 = 0.4 min per recording). In two of
the experimental animals, only dysrhythmic activity was recorded, hence recordings from
these two subjects were entirely excluded from further analysis. In total, fourteen segments
of data (129 min; 15% of the signals recorded) were excluded from further analysis because
they demonstrated dysrhythmic activities according to the specified criteria.

For the remaining recordings, the overall mean slow wave frequency was 3.22 + 0.23 cpm,
and there was no difference in frequency between any adjacent gastric regions (P = 0.45),
indicating consistent entrainment and coupling of slow waves throughout the stomach.

Pacemaker and fundal activity

Fig. 2 displays representative electrograms, activation maps, and velocity field maps of slow
wave activity in the pacemaker and fundal regions, as recorded in two animals. The
pacemaker site (earliest recorded slow wave event) was localized in five pigs to the gastric
mid-fundus at the greater curvature (Fig. 2). In the remaining subjects, this region was not
mapped (n = 5), or the recording was of insufficient quality to define the site (n = 3). The
pacemaker site was measured with further accuracy in four pigs, and was found to lie at
approximately two-fifths of the distance from the fundal line to the apex of the fundus (i.e.,
median of 79 mm proximal to the fundal line (range 65-86 mm), with the median distance
from fundal line to apex being 197 mm).

In all cases, slow waves propagated concentrically outward from the pacemaker region into
an adjacent area of the fundus. However, the whole fundus was not activated, with the slow
waves only propagating in the retrograde direction (toward the apex of the fundus) for a
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mean distance of 33 £ 6 mm (n = 5) before terminating. Of the fundal regions that were
activated, there was no difference in activity between the proximal and distal regions either
in terms of velocity [8.1 £ 0.5 vs 9.0 + 0.6 mm s~1; mean difference = -0.9 mm s~1 (CI:
-3.7, 1.9)] or amplitude [0.8 + 0.1 vs 0.9 £ 0.1 mV; mean difference = 0.0 mV (ClI: -0.04,
0.03)].

The velocity of the activity in the pacemaker region (13.3 + 1.0 mm s~1) was greater than
that of the adjacent proximal fundus (8.1 = 0.5 mm s71), [mean difference 5.2 mm s71, (CI:
2.0, 8.4); P < 0.001]; and distal fundus (9.0 + 0.6 mm s~1), [mean difference 4.3 mm s1 (CI:
1.2, 7.4); P <0.01]; (n =5). In addition, the amplitude of slow waves in the pacemaker
region (1.2 £ 0.2 mV) was higher than the amplitude of the activity in the adjacent proximal
fundus (0.8 = 0.1 mV), [mean difference 0.06 mV (CI: 0.01, 0.10); P < 0.05]; and distal
fundus (0.9 + 0.1 mV), [mean difference 0.05 mV (ClI: 0.01, 0.10); P < 0.05]; (n = 5).

Slow wave velocity was found to be isotropic within the pacemaker area, with no significant
difference found between the magnitude of the longitudinal (8.5 + 0.5 mm s~1) and
circumferential (8.9 + 0.9 mm s~1) components of the velocity vectors (P = 0.68).

The amplitudes and velocities for the six stomach regions are summarized in Table 1.

Corpus and antrum activity

Activity propagated continuously from fundus to corpus (Figs 3 and 4). Distal to the fundus,
the electrical activation occurred as a circumferential band propagating in the aboral
direction (n = 14; Fig. 4). There was no significant difference in slow wave velocity between
the proximal corpus (8.4 + 0.8 mm s~1) and distal corpus (8.3 + 0.8 mm s~1), [mean
difference = 0.1 mm s~ (CI: -2.9, 3.3)]; or between the distal corpus and the antrum (6.8 +
0.6 mm s~1) [mean difference = 1.5 mm s1 (CI: -2.2, 5.2)]. Similarly, there was no
difference in slow wave amplitudes between the proximal corpus (1.0 = 0.1 mV) and distal
corpus (0.9 + 0.2 mV), [mean difference = 0.01 mV (ClI: —0.03, 0.06)]; or between the distal
corpus and the antrum (1.1 + 0.2 mV), [mean difference 0.01 mV (Cl: -0.06, 0.04)] (Table
1).

Areas of electrical quiescence

Antral slow waves were not recorded from the region of the torus pyloricus, and therefore
slow waves did not propagate as far as the pyloric junction or duodenum. No slow waves
were recorded from the cardia, the medial or superior fundus, fundal diverticulum, or from
any region adjacent to the lesser curvature (Figs 5 and 6).

DISCUSSION

This study provides the first HR description of the normal pattern of slow wave propagation
in the porcine stomach (Fig. 6). Recent technical advances in the hardware and software for
HR slow wave mapping have been employed to present a substantially more detailed and
comprehensive analysis than was possible with previous low-resolution (sparse electrode)
approaches.’ This study presents valuable baseline data, and offers the opportunity to
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compare the porcine gastric conduction system with that recently determined at HR in the
human?® and in the dog.®

A number of recent studies have employed pigs for gastric slow wave investigations,
including for the validation of new electrophysiology devices,®16 magnetometry
measurements of gastric uncoupling,? gastric pacing and stimulation,>17 and motility
studies.® Although dogs have traditionally been the large-animal model of choice for in vivo
investigations of Gl slow wave activity,?18.19 advantages for the increased use of pigs
include the ease of accessing them through livestock farms, and reduced sourcing costs
compared to dogs. Pigs are a theoretically suitable research model because, like humans,
they are monogastric omnivores with a broadly comparable upper GI anatomy.

The results of this study confirm and expand what has recently been described in the
human?? and the canine stomach.® Importantly, regional variations in gastric slow wave
activity are less marked in the pig than they are in the canine and the human. Most
significantly, the marked transition in slow wave amplitude and velocity seen in the human
antrum (2 times higher amplitude and 2 times greater velocity compared to human corpus)1°
and the canine antrum (2.2 times higher amplitude and 3 times higher velocity compared to
the corpus),® was not observed in the pig. After the initial high-amplitude, high-velocity
activity at the pacemaker site, porcine gastric slow wave propagation was found to be
uniform throughout the remainder of the stomach whereas this was not the case in humans?0
and canines.20

Porcine gastric anatomy also demonstrates important differences from the gastric anatomy
of either man or the dog, which appear more grossly similar. The porcine esophagus enters
the stomach at the mid-lesser curvature, meaning the cardia is more distal and the
anatomical fundal area is larger. No slow waves were detected at the site of the two
anatomical specializations of the porcine stomach, the torus pyloricus (a muscular
thickening of the distal antrum/pylorus) and the gastric diverticulum (a pouch surmounting
the fundus). The stomach tissue adjacent to the lesser curvature was also found to be
electrically quiescent. Previously, a histological examination of the mouse lesser curvature
by Hirst et al 2! revealed that the population of ICC-MY was highest along the greater
curvature and was either sparse or absent along the lesser curvature. Similarly, Sarna et al.,
years earlier had shown that slow waves were not usually recorded near the lesser curvature
of the corpus in the fasted dog, but that the administration of acetylcholine could induce
them.22 More recently a study of rat gastric motility reported that contractions induced by a
viscous perfusate were initially localized to the greater curvature, however, when more
perfusate was added, the contractions gained in amplitude and extended to also involve the
lesser curvature from a point just below the GEJ.23 Therefore, it is possible that tissue areas
close to the lesser curvature show quiescence in the fasted state, but may be recruited to
entrained slow wave activity in a stimulated state, such as following a meal.

Slow wave velocity throughout the porcine stomach (~8 mm s™1) is found to be higher than
that of the human corpus (~3 mm s™1) and canine corpus (~5 mm s™1), being closer to the
velocity of the activity of the human antrum (~6 mm s71).9.10 Recent HR stomach mapping
studies have shown that multiple slow wave fronts propagate simultaneously in the
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longitudinal axis of the canine and human stomachs, at a separation that is dependent on the
velocity and period of the slow waves.? 10 The existence of multiple propagating wavefronts
is of interest to investigators of electrogastrography and magnetogastrography, because the
signals measured from the body surface represent a summation of multiple waves and
cannot be directly related back to the specific individual events occurring in the
stomach.2425 With a period of ~19 s, and a velocity of ~8 mm s™1, the average spacing of
slow waves in the porcine stomach is estimated from this study to be ~150 mm. Therefore,
1-2 slow waves will propagate simultaneously in the pig stomach compared to the multiple
wavefronts propagating in the human stomach, where the average wavefront spacing in the
corpus is ~60 mm.10

The findings of this study are comparable to a previous sparse-electrode study of conscious
miniature Pitman-Moore pig stomachs (10-12 kg animals), by Roze et al.” The slow wave
frequency in the miniature pigs was determined at 4.10 + 0.04 cpm, compared to 3.22 + 0.23
cpm in this study but their variations were quite large, ranging from 3.78 to 4.66 cpm. The
different porcine slow wave frequency in that study may be attributable to breed differences.
The propagation velocities in the miniature pig stomach was found to range from 5.8 £ 0.3
to 7.8 + 0.3 mm s~1, similar to the range of velocities in the fundus, corpus and antrum in
this study. The presence and characteristics of the pacemaker region were missed in the
previous sparse-electrode porcine study, as they were in previous canine and human sparse-
electrode studies, due to the limitations of the low-resolution approach.®:10

For the first time, simultaneous recordings of the anterior and posterior gastric walls were
performed and at high resolution. This was made possible by the flexibility of the PCB
arrays,® and by the relatively rotated position of the porcine stomach compared to the canine
and human, whereby the greater curvature is positioned ventrally, and the lesser curvature
dorsally. The slow wave activity is found to propagate simultaneously and synchronously
down both gastric surfaces, which in the contracting stomach, would give rise to a
circumferential band of contraction that is witnessed during imaging.28

Like the few other HR mapping studies to date, the experiments here were performed in the
fasted state under general anesthesia. In a recent HR study of human gastric slow wave
activity in the anesthetized state, the overall description of slow wave propagation dynamics
was in good agreement with the available data from imaging studies.1® However, around
15% of the recordings in the current study were excluded because they demonstrated
dysrhythmic activities. The cause of these dysrhythmias is unknown; however, the effects of
anesthesia, the neurohormonal stress of laparotomy, and/or prostaglandin release induced by
gastric handling could potentially have contributed.2’ Previous studies have also
documented dysrhythmias arising in the context of anesthesia, surgery and visceral
handing,1>28 and we have also encountered sporadic dysrhythmias in the porcine stomach
during attempts at gastric pacing.®

Propagating spike activity has previously been observed during HR mapping of the distal
canine antrum,® however, it was not observed in this study. We have routinely recorded
intestinal spike activity with this same system in other contexts (T. Angeli, W. Qiao, J. U.
Egbuji, G. O’Grady, P. Du, L. Cheng, W. J. E. P. Lammers, J. A. Windsor, A. J. Pullan,
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unpublished data), so we do not believe that the absence of spike recordings was a technical
problem. Roze et al. described the variable presence of spike potentials in the distal stomach
of conscious fasted miniature pigs in vivo, and described them to be three times more
common after a meal.” The significance of spike activity in the porcine study would be
better evaluated in the awake fed state, but it is not possible to perform this research at high
resolution with current technology.

The findings of this study will also serve to inform further refinements of computational
models of porcine gastric slow wave activity, which have the potential to improve research
efficiency while reducing the animal burden and associated costs, compared to using purely
experimental animal models.29 Porcine gastric HR mapping has been recognized as a
convenient method of informing and validating multiscale mathematical GI models,3 and
the results of the present study will be a valuable foundation for future work in this
direction.

In summary, this study provides a detailed understanding of the origin and propagation of
slow wave activity in the porcine stomach following anesthesia and laparotomy. The data
presented will provide a useful baseline for investigators employing porcine models for slow
wave investigations in future. There are significant differences in porcine activity compared
to canine and human activity and further work is required to elucidate their underlying
mechanisms and their impact on gastric motility.
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Figure 1.
(A) The flexible Printed Circuit Board (PCB) recording head used in this study (4 x 8 array,

interelectrode distance 7.62 mm). (B) Porcine gastric anatomy. FD, fundal diverticulum;
Eso, esophagus; TP, torus pyloricus. Two anatomical lines were used to divide the stomach
into fundus, corpus, and antrum: (i) FL, fundal line: a horizontal line drawn from the angle
of His to the greater curvature; (ii) C/A, corpus—antrum line: a line drawn at a 45° angle
from the incisura (a notch on the lesser curvature) to the greater curvature. (C) A dot-matrix
representation of the PCB array. (D) An example of slow wave recordings from a PCB
electrode (4-6 PCB electrodes were used during this study), placed over the lower corpus
(position shown in B), using the configuration shown in C. The inset demonstrates
amplitude (a) calculation: the difference between the maximum and the minimum voltage
during a slow wave event. (E) The temporal profile of propagating slow wave fronts is
graphically represented by activation time mapping. In this example, the isochronal lines
demarcate 1 s time intervals. (F) Velocity values at the individual electrode points are
represented graphically by velocity arrow plots. The arrow heads are aligned in the direction
of the propagating slow wave form, and the arrow lengths are proportional to the slow wave
velocity at each electrode point.
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Figure 2.
Examples of slow wave propagation within the pacemaker and fundal regions of two

experimental animals. (A, E) Printed Circuit Board (PCB) position diagrams showing the
site of the PCB arrays during the recordings; the red rectangles highlight the region
represented in the subsequent maps. (B, F) Representative electrograms recorded from the
pacemaker region. Activation times from the first cycle are shown in red, and amplitudes
from the next cycle are shown in purple. Amplitudes are higher in the vicinity of the gastric
pacemaker. (C, G) Activation time maps of the pacemaker region, corresponding to the
cycles marked with the arrow in B, F. The isochronal color bands indicate the area of slow
wave propagation per 0.5 s intervals. Activity propagates isotropically from the pacemaker
site. (D, H) Velocity plots from the same data, demonstrating fast activity in the vicinity of
the gastric pacemaker.
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Slow wave propagation in the corpus and antrum. (A) Printed Circuit Board (PCB) positions
for the demonstrated mapped sequence (five PCBs; 160 electrodes total; 77 cm?). The red
outline shows the area of interest in the subsequent maps. (B) Representative electrograms
from nine channels, showing consistent slow wave activity through the corpus and antrum.
The corpus wavefronts propagate aborally as a circumferential band of activation. (C)
Activation time map of the cycle marked by the arrow in (B). The isochronal color bands
demonstrate the area of slow wave propagation per 2 s intervals. (D) Velocity plot of the
same cycle. There was no difference in wave amplitude or velocity between the proximal

corpus, distal corpus, and antrum.
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Figure4.
Simultaneous mapping of the anterior and posterior stomach. (A) Six Printed Circuit Boards

(192 electrodes; ~96 cm?) were wrapped around the greater curvature of the corpus. The red
rectangle highlights the region represented in the subsequent maps. (B, C) Representative
simultaneous electrogram sequences from the anterior (B) and posterior (C) serosa, showing
similar propagation patterns in both regions. (D) Activation time mapping of the sequences
designated by arrows in B and C, revealing a circumferential band of activity that propagates
down both gastric surfaces in synchrony. (E) The corresponding velocity plot, displaying
consistent slow wave velocities across the majority of the mapped field (mean velocity in
mapped field = 8.8 mm s™1). GC, greater curvature.
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Figureb.
Examples of electrical quiescence near the lesser curvature, from two experiments. (A, E)

Printed Circuit Board (PCB) position diagrams showing the site of the PCB arrays during
recording; the red rectangles reflect the regions represented in the subsequent activation
maps. (B, F) Activation time (AT) maps of gastric slow waves captured by the PCB arrays.
The isochronal color bands indicate the area of slow wave propagation per 1 s intervals. (C,
D, G) Representative electrograms recorded from the corpus and antrum from the electrodes
indicated on the AT maps. An electrically quiescent region is seen along the left (medial)
side of the maps, close to the lesser curvature.
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Figure6.
Summary of porcine gastric slow wave activity. Slow waves originate from a pacemaker site

along the greater curvature of the mid fundus. The activity initially propagates radially, but
only activates a limited region of the fundus. The shaded areas are electrically quiescent.
Propagation is isotropic, rapid and of high-amplitude in the vicinity of the pacemaker region,
before dropping by ~30% in velocity and ~30% in amplitude in the adjacent stomach.
Propagation continues aborally at a similar amplitude and velocity throughout the corpus
and antrum, toward the torus pyloricus, which is electrically quiescent. Slow wave
propagation is consistent and continuous across both the anterior and posterior gastric
serosal surfaces as shown in Figure 4. Eso, esophagus, TP, torus pyloricus.
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