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Abstract

Introduction—This study evaluates the modeling of gastric electrophysiology tracings during
long-term gastric electrical stimulation for gastroparesis. We hypothesized that serosal
electrogastrogram may change over time representing gastric remodeling from gastric stimulation.

Patients—Sixty-five patients with gastroparesis underwent placement of gastric stimulator for
refractory symptoms. Mean age at initial stimulator placement was 44 years (range, 8-76), current
mean age was 49, and the majority of the subjects were female (7= 51, 78 %). Only a minority
had diabetes-induced gastroparesis (7= 16, 25 %); the remainder were either idiopathic or
postsurgical.

Methods—At the time of stimulator placement, electrogastrogram was performed after the
gastric leads were placed but before stimulation was begun. Patients underwent continuous
stimulation until pacer batteries depleted. At the time of replacement, before the new pacemaker
was attached, electrogastrogram was again performed.

Correspondence to: Thomas L. Abell, t honas. abel | @ oui svi | | e. edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al. Page 2

Results—After a mean of 3.9 years of stimulation therapy, the mean of baseline frequency before
stimulation therapy was 5.06 cycles/min and declined to 3.66 after replacement (p = 0.0000002).
The mean amplitude was 0.33 mV before stimulation therapy and decreased to 0.31 mV (p=
0.73). The frequency/amplitude ratio was 38.4 before stimulation therapy and decreased to 21.9 (o
=0.001).

Conclusion—Long-term gastric electrical stimulation causes improvement in basal unstimulated

gastric frequency to near normal.

Keywords
Electrogastrogram; Gastric electrical stimulation; Gastroparesis; Gastric motility

Introduction

Gastric electrical stimulation (GES) has been shown to effectively reduce symptoms of
nausea and vomiting in patients with drug refractory gastroparesis, a gastric motility
disorder characterized by the symptoms of the above, as well as early satiety, bloating,
anorexia, and abdominal pain.1=9 In patients with this disorder, GES therapy with the
Enterra system has been shown to: (1) reduce vomiting, (2) improve nausea better than
placebo, (3) reduce total symptom severity scores from severe to mild—-moderate ranges, (4)
increase quality of life, (5) increase weight, (6) decrease use of medications, (7) decrease the
use of J-tubes, and (8) decrease medical billing costs compared to medical therapy
alone.8:10-16 Several novel GES methods to improve gastric motility have been introduced
over the last 20 years, such as multichannel GES, dual-pulse GES, and synchronized
GES.17-26 The term “gastric neuromodulation” has been used as a term to describe the
antiemetic effect of GES therapy, as the symptom improvement is believed to be mediated
through neurons and neuronal connectivity. A number of GES studies have demonstrated
that gastric slow-wave pacing has entrained these slow waves with the pulse rates of the
GES device.17:18.20.27-29 Not much is known about the long-term changes of gastric
neurophysiology after chronic GES therapy. It has been shown that GES therapy is not
effective in improvement of gastric dysrhythmia.30:31 What chronic GES therapy /s effective
at improving or changing in terms of baseline neurophysiology, in particular baseline
frequency and amplitude of gastric slow waves, has not been documented. This study
hypothesized that the serosal electrogastrogram (EGG) recordings may instead change over
time, which may represent gastric remodeling due to GES.

Material and Methods

Data were retrospectively collected on all patients who had a permanent gastric pacemaker
in which serosal EGG data of the initial GES device implantation could be found. Mean age
at initial GES placement was 44 years (range 8-76); current mean age was 49; the majority
of the subjects were female (7= 51, 78 %). Only a minority had diabetes-induced
gastroparesis (/7= 16, 25 %); the remainder were either idiopathic (n= 48, 74 %) or
postsurgical (7=1, 1 %).
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Permanent Placement

Sixty-five patients with gastroparesis underwent placement of gastric stimulator for
refractory symptoms. GES electrodes were inserted via laparotomy and fixed to the gastric
serosa. All patients were treated with the identical Enterra system, which is the only device
approved in the USA (or anywhere) for the treatment of gastroparesis. This utilizes high-
frequency, low-energy stimulation, and all patients initially received identical settings.
Serosal EGG was performed after the gastric leads were placed but before stimulation was
begun. Patients underwent continuous stimulation until pacer batteries depleted, for a mean
of 3.9 years (46 months); the stimulator was then replaced. At the time of stimulator
replacement, after the stimulator was removed, but before the new pacemaker was attached,
serosal EGG was again performed using the gastric leads. Gastric emptying tests were not
part of this analysis. However, a published meta-analysis has shown that there may be
improvement in gastric emptying with GES as delivered here.32

Data Collection and Analysis

Results

EGG tracings from the serosal recordings of the initial GES placement of each patient were
obtained. It was imperative that the recordings were from the initial operation, in order to
obtain an accurate baseline of gastric electrical activity before any GES-induced
neuromodulation could take place. EGG tracings from the most recent replacement
operation were also obtained. These values were analyzed using a paired ftest with each
patient as his or her own control. The graphs were analyzed using a Gaussian GEE
regression analysis.

See Table 1. After a mean of 3.9 years (46 months) of GES therapy, the mean unstimulated
baseline frequency for gastroparesis patients before initial GES therapy was 5.06 cycles/min
(SD+£1.39) and declined to 3.66 (SD+ 1.43) after replacement (p = 0.0000002). The mean
amplitude was 0.33 mV (SD+0.39) before initial GES therapy and decreased to 0.31 (SD
+0.34) afterward (p= 0.73). The frequency/amplitude ratio was 38.4 (SD+38.7) before
initial GES therapy and decreased favorably to 21.9 (SD+18.7) afterward (p = 0.001). Both
diabetic gastroparesis subjects and idiopathic gastroparesis subjects saw a significant
decrease in frequency only, when analyzed separately (o =0.002 and p = 0.00004,
respectively).

In a regression analysis, both the percent change in serosal EGG frequency (Fig. 1) and the
absolute change in EGG frequency have decreased (Fig. 2) relative to the initial and
replacement frequency increase as the initial frequency increased (/2 = 0.19, 0.49, and 0.34,
respectively). Our patient cases also showed improvement in serosal EGG amplitude after
the long-term gastric stimulation (Figs. 3, 4, and 5). Our preliminary analysis of
gastroparesis symptoms change from time of primary GES placement to time of most recent
GES replacement and serosal EGG change in frequency and amplitude has showed no
correlation.
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Discussion

Previous studies have discussed the prokinetic abilities of GES therapy on gastric electrical
physiology, namely in improvement of 4-h gastric emptying.10 This is the first study that has
demonstrated quantitative improvement in baseline frequency of gastric slow waves after
chronic GES therapy, on the order of several years rather than several weeks or months. A
number of possible mechanisms of how this neuromodulation is occurring have been
discussed. One such mechanism concerns the interstitial cells of Cajal (ICC). In one study,
with a cohort of 41 gastroparesis patients, 36 % had nearly no ICC, while the remainder had
adequate amount of ICC. Relevant to our finding, the group without ICC also had
significantly more tachygastria than the adequate ICC group, 32 vs. 11 %, respectively. This
ICC depletion did not correlate with the severity of disease, but it did correlate with the
likelihood of response to GES therapy.33 Our tachygastric patients were far more likely to
have a significant improvement in frequency, and the probable lack of ICC in our more
tachygastric patients may account for the dramatic improvement.

Another such mechanism is gastric accommodation, a term which describes the reflexive
postprandial expansion of the stomach. This is frequently impairment in gastoparetic
patients and has been shown to improve following GES therapy.1%34-37 However, this
phenomenon is likely only an explanation for symptomatic reduction and probably does not
describe the improvement in baseline gastric frequency.

Further causes of the observed effect of neuromodulation after initiation of GES therapy
have been investigated, from the observations of: (1) increased activation of vagal afferent
and efferent pathways; (2) increased radioactive counts via positron emission tomography in
the thalamic and caudate nucleil®; (3) activation of neurons in the tract of the solitary
nucleus38; (4) in rats, inhibited action potentials of neurons in the paraventricular
hypothalamic nucleus3?; and (4) most recently, in rats, an increase in ghrelin activity, in the
form of more ghrelin mRNA, higher quantities of ghrelin-positive cells, and increased
plasma ghrelin levels.*? Having mentioned all of these possible mechanisms, it is indeed
possible that not only one but many of these explanations are evolving simultaneously,
accounting for the documented change in gastric electrical physiology.

One weakness of our study is the omission of symptom data. This study did not target
symptoms, which have been shown in all published studies to improve. The main
observation supports the concept of remodeling. Remodeling, at least in the cardiac world,
and perhaps in the gut, does not always correlate with clinical status. This, however, does not
diminish its potential importance.

Conclusion

More and higher quality studies with control arms are needed for gastroenterological
acceptance of this treatment. We know that GES therapy improves symptoms. We also know
that GES improves gastric motility function, but we do not know Aow this happens. Further
studies such as gastroparesis onset and neural changes at the cellular level may help us gain
a further understanding of how GES can provide symptom relief and, in particular, how GES
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improves gastric motility function. More studies with placebo arms are especially needed, as
one meta-analysis found that only one of 13 studies concerning GES therapy for
gastroparesis contained controls.10
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Results - Relative change in frequency

y =-0.0994x + 0.2997
R? = 0.18865

4 5 6 7 8 9 10
Initial Baseline frequency (cycles/min)

Relative change in EGG frequency. Percent change in EGG frequency between the initial
baseline frequency and the pre-replacement frequency, which illustrates that the higher the
baseline frequency, the more likely the frequency is to improve (decrease to normal)
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Results - Absolute change in frequency

2

Replacement
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R?=0.33932
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y=-0.8518x + 2.814
g R¥=0.49349
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Initial (blue) and Replacement (red) frequency (cycles/min)

Absolute change in EGG frequency. Change in baseline frequency with respect to the initial
baseline frequency and with respect to the replacement frequency. Mean of initial frequency
is 5.06 cycles/min; mean of replacement frequency is 3.66 cycles/min. Notice how many of
the replacement points now fall within the normal range of frequency
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Table 1

Comparison of mean serosal EGG values of primary vs. replacement GES in gastroparesis patients

Frequency Amplitude Frequency/amplitude

Primary serosal EGG 5.06 0.33 38
Replacement serosal EGG  3.66 0.31 21
pvalue 0.0000002  0.73 0.001
Normal EGG values 2.743.3 0.50 <10

Primary, at initial GES implantation. Replacement, at battery replacement; mean of 3.9 years later
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