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ABSTRACT

Objective: To outline the use and utility of gastric electric
stimulation (GES) as a therapeutic intervention for
gastroparesis.

Methods: Review of the literature.

Results: Gastroparesis is characterized by delayed gastric
emptying, with symptoms of nausea, vomiting, early
satiety, postprandial fullness, and abdominal pain. Some
patients with gastroparesis do not respond to medical
intervention, and for these patients surgical intervention
may be warranted. GES utilizes high-frequency gastric
neurostimulation to facilitate gastric emptying and
reduce symptoms of gastroparesis. It is indicated for
patients with idiopathic and diabetic gastroparesis who
have nausea and vomiting as their primary symptoms
and who have not responded to medical therapy.

GES has also been used in postsurgical and pediatric
gastroparesis patients. Optimizing the outcome of this
surgical treatment through proper patient selection and
meticulous surgical technique is essential as there are
inherent risks to the procedure. Nonblinded studies

of GES for medically refractory gastroparesis have
demonstrated therapeutic symptomatic benefit, whereas
randomized controlled trials have not. New interventions
such as pyloromyotomy and pyloroplasty are reasonable
alternatives or addendums to GES.

Conclusion: GES may be considered among the therapies
available for treating patients with refractory symptoms
of gastroparesis. More studies, specifically those
comparing GES, pyloromyotomy, GES combined with
pyloromyotomy, and placebo, are needed to help guide
therapy selection for refractory gastroparesis.
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astroparesis is a chronic dysmotility disorder
characterized by delayed gastric emptying with
associated symptoms of nausea, vomiting, early
satiety, postprandial fullness, and abdominal pain. Med-
ical treatments for gastroparesis include dietary modifi-
cations, glucose control in those with diabetes, prokinet-
ic medications, antiemetic medications, and symptom
modulators, but unfortunately patients frequently do not
respond to these treatments. In patients refractory to
medical therapy, surgical treatments can be considered.
Gastric electric stimulation (GES; Enterra [Medtronic,
Minneapolis, MN]) was approved via a Food and Drug
Administration (FDA) Humanitarian Use Device (HUD)
exemption for the treatment of medically refractory gas-
troparesis in 2000. Understanding the indications, risks,
outcomes, and alternatives to GES is essential to provid-
ing appropriate care for patients with medically refractory
gastroparesis. This article outlines the use and utility of
GES as a therapeutic intervention for gastroparesis.

Types of Gastroparesis

Gastroparesis is a chronic symptomatic disorder of the
stomach manifested by delayed gastric emptying with-
out evidence of gastric outlet obstruction or ulceration.!
The pathophysiology of gastroparesis appears to involve
abnormalities in functioning of several elements includ-
ing the autonomic nervous system, especially the vagus
nerve, smooth muscle cells, enteric neurons, and intersti-
tial cells of Cajal.

Idiopathic gastroparesis and diabetic gastropare-
sis are the 2 most common types of gastroparesis.?
Symptomatic delayed gastric emptying with no primary
underlying abnormality predisposing to gastroparesis is
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categorized as idiopathic gastroparesis.® A small subset
of patients with idiopathic gastroparesis report an initial
infectious prodrome such as gastroenteritis or respiratory
infection. It has been suggested that this postinfectious
gastroparesis results from viral injury to the neural inner-
vation of the stomach or the interstitial cells of Cajal in
the stomach.* Viruses that have been implicated in the
development of gastroparesis include cytomegalovirus,
Epstein-Barr virus, Norwalk virus, rotavirus, herpes zos-
ter, and varicella zoster.>°

Diabetic gastroparesis is characterized as onset of
symptoms of gastroparesis in patients with diabetes, with
concomitant delayed gastric emptying. It is often attribut-
ed to chronic hyperglycemia-induced damage to the
vagus nerve, and is frequently observed in association
with other diabetic complications such as neuropathy,
retinopathy, and nephropathy.'

Gastroparesis that develops following surgery is clas-
sified as postsurgical gastroparesis. In the past, this
form of gastroparesis most commonly occurred after
ulcer surgery, often performed with vagotomy. These
types of surgeries are performed less frequently in the
era of proton pump inhibitor therapy and treatments for
Helicobacter pylori. Presently, Nissen fundoplication and
bariatric surgery are the more common surgical proce-
dures associated with gastroparesis.® Long-term use of
medications that delay gastric emptying, such as opiate
narcotic medications, can lead to gastroparesis and
represent another form of iatrogenic gastroparesis. Other
forms of gastroparesis (atypical gastroparesis) arise due
to various underlying etiologies, including neurological
disorders (eg, Parkinson disease, multiple sclerosis),
metabolic or endocrine conditions (eg, hypothyroidism),
autoimmune disorders, connective tissue and collagen
vascular disorders (eg, systemic lupus erythematosus,
scleroderma, Sjogren syndrome, Ehlers-Danlos syn-
drome), or eating disorders (eg, anorexia, bulimia).®

Epidemiology

There is a female preponderance in patients with gast-
roparesis. Data from the Rochester Epidemiology Proj-
ect, a database of linked medical records for residents
of Olmsted County, MN, showed that the age-adjusted
prevalence of definite gastroparesis per 100,000 inhabi-
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tants was 37.8 for women and 9.6 for men." More recent
estimates have suggested a much higher prevalence of
probable gastroparesis (approximately 1.8%) in the gen-
eral population using symptoms suggestive of gastropa-
resis.”? Hospitalization rates for gastroparesis have in-
creased since 2000, which could reflect rising prevalence
and/or the effects of heightened awareness about and
better identification of gastroparesis.” This increase may
also be due in part to the rising rate of diabetes leading to
more cases of diabetic gastroparesis; withdrawal of some
gastroparesis treatments from the market (cisapride, te-
gaserod) leading to hospitalizations for symptoms not ad-
equately being treated; and hospitalizations needed for
insertion of the gastric electric stimulator.

Gastroparesis Symptoms
The main symptoms of gastroparesis are early satiety,
postprandial fullness, bloating, nausea, and vomiting."*
Nausea (> 90% of patients) and early satiety (60% of
patients) are the most common symptoms.’® Abdominal
pain is often present in patients with gastroparesis but
is usually not the predominant symptom. The pain can
be multifactorial, with somatic, visceral, and neuropathic
components.'®® Moderate to severe abdominal pain has
been found more often in patients with idiopathic gast-
roparesis and in association with opiate use.'® Symptoms
of gastroparesis may be persistent or present as episodic
flares. Due to the symptoms, some patients will experi-
ence weight loss and malnutrition and, in severe cases,
dehydration.”®

Although the definition of gastroparesis is a delay in
gastric emptying along with symptoms, symptoms cor-
relate poorly with the degree of delayed gastric emptying.
The symptoms that appear to have the strongest cor-
relation with gastric emptying are nausea, vomiting, early
satiety, and postprandial fullness, whereas symptoms
such as abdominal pain and bloating have little correla-
tion. Furthermore, improving gastric emptying does not
necessarily lead to improved symptoms, and symptom
improvement does not always lead to improved gastric
emptying times.?° Between 5% and 12% of patients with
diabetes report symptoms consistent with gastroparesis,
though many of these patients have normal gastric emp-
tying. The symptoms of gastroparesis overlap with those



of functional dyspepsia, as both may have motor and
sensory alterations.?!

The Gastroparesis Cardinal Symptom Index (GCSI), a
subset of the Patient Assessment of Gastrointestinal Dis-
orders Symptom Severity Index (PAGI-SYM), is a ques-
tionnaire that is commonly used to establish symptom
severity in patients with gastroparesis. It is comprised of
3 subscales—nausea and vomiting, postprandial fullness
and early satiety, and bloating—which are averaged to
provide a total GCSI score. Symptoms over the 2 weeks
prior to administration of the questionnaire are assessed
and rated from O (none) to 5 (very severe).?? Grading the
severity of gastroparesis may take into account symp-
toms, quality of life, and gastric emptying. One commonly
used grading system assigns a grade from 1 to 3, with
grade 1 being mild gastroparesis, grade 2 being com-
pensated gastroparesis, and grade 3 being gastric failure
with refractory symptoms that are uncontrolled.’®?® Qual-
ity-of-life surveys also suggest that gastroparesis inde-
pendent of other factors leads to a worse quality of life.?*

Indications for GES

Gastric electric stimulator implantation is a surgical proce-
dure with inherent risks and complications and is reserved
for patients with intractable symptoms of gastroparesis
who remain symptomatic despite treatment attempts with
dietary management, antiemetic agents (eg, compazine,
phenergan, and ondansetron), and prokinetic agents
(eg, metoclopramide, erythromycin, and domperidone).
Symptom modulators such as nortriptyline and mirtazap-
ine are occasionally tried.

Surgical intervention can be considered upon failure
of medical treatment measures. At least a year of docu-
mented care provided by a physician specializing in gas-
troparesis is suggested for surgical consideration. The
gastric electric neurostimulator is approved by the FDA as
a HUD for the care of patients with idiopathic and diabetic
gastroparesis, performed on a compassionate basis.
GES implantation requires Institutional Review Board ap-
proval at the institution, and patients are required to have
documented delayed gastric emptying.

It is important to remember that the GES device is
incompatible with magnetic resonance imaging (MRI) and
explantation of the device is necessary prior to MRI. As
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such, in patients with anticipated need of frequent MR,
such as those with multiple sclerosis, serious consid-
eration should be given to alternative strategies prior to
focusing on this modality.

Device Placement
GES was devised to improve gastric emptying. The Enter-
ra GES system uses high-frequency, low-energy electric
stimulation. An alternative method is true gastric pacing
that uses high-energy, low-frequency stimulation to en-
train the gastric slow waves and subsequent contractions
at 3 cycles per minute (cpm). Gastric pacing has great-
er energy requirements than GES, which makes the size
of the stimulator too large to be practical. In pilot animal
studies, GES produced an accelerating effect on gastric
emptying, but in human studies GES had an inconsistent
effect on gastric emptying. Studies have suggested that
GES influences the proximal stomach, with a reduction of
gastric tone,?® and also that GES has an afferent modula-
tory mechanism.2®

The Enterra GES is placed surgically under general
anesthesia, commonly via laparotomy or minimal ac-
cess surgical techniques (laparoscopically or robotically
assisted). Preoperative intravenous antibiotics are given.
The system consists of a pair of electrodes connected
to a pulse generator. The 2 stimulation leads are insert-
ed into the gastric muscularis propria 1 cm apart along
the greater curvature 10 cm proximal to the pylorus.
Upper endoscopy is performed to ensure that the leads
do not penetrate through the mucosa into the stomach
lumen; if this occurs, repositioning of the lead is nec-
essary. A horizontal incision through the skin is made,
and the distal ends of the stimulating wires are tunneled
through the abdominal wall and connected to the pulse
generator. The impedance (resistance) between the
wires is measured to ensure the appropriate range (200-
800 Ohmes). The neurostimulator with the distal ends of
the stimulating wires is then placed into the subcutane-
ous pocket and sutured to the underlying fascia. The
pulse generator delivers a high-frequency, low-energy,
0.1-second train of pulses at a frequency of 12 cpm.
Within each pulse train, individual pulses oscillate at a
frequency of 14 cycles per second. The voltage of the
stimulations is set to provide a current of 5 milliamps
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(mA; remembering that voltage = current x resistance).

Patients are often hospitalized with a recovery time
of 1 to 3 days. Immediate postoperative care usually
includes intravenous fluids, controlling any postoperative
ileus, advancing diet, and providing analgesic pain med-
ications. Hospital length of stay can be impacted by sur-
gical technigue.?® Patients are seen several weeks after
discharge for assessment of the incision and toleration
of diet. Medications for gastroparesis that patients were
taking prior to the GES implantation are usually continued
postoperatively, with a goal of reducing these medica-
tions over time. Patients are then followed every 3 to 12
months, depending on their clinical condition.

At follow-up Vvisits, medications are reviewed and
new treatments can be added if appropriate. The gastric
stimulator is interrogated to determine if changes in resis-
tance occurred; if necessary, minor readjustments can
be made to keep the current at desired levels (5 mA). For
persistent symptoms with GES treatment, the stimulator
parameters can be adjusted after 3 months of follow up,
typically first increasing the current from 5 to 7.5 mA and
then to 10 mA. After this, the frequency can be increased
from 14 Hz to 28 Hz, and then to 55 Hz. Rarely, the ON
duration is increased from 0.1 to 1 second. Increasing the
ON time can worsen symptoms in some patients, cause
abdominal pain, and decrease the battery life from the
usual 7 years.

Complications of GES

In an analysis of the Manufacturer and User Facility De-
vice Experience (MAUDE) databank, Bielefeldt identified
1587 reports of adverse effects related to the gastric elec-
tric stimulator from January 2001 to October 2015.%” The
most common adverse effects are reviewed here.

Skin erosion/wound dehiscence is one of the most
common reported complications; it may be related to
superficial placement or inadequate securing of the de-
vice to the fascia. Abscess can develop postoperatively
due to hematogenous seeding or may be a sign of lead
erosion into the lumen, tracking along the leads into
subcutaneous tissue.?® It is important to warn patients to
protect the area over the device from needle injections
as this also can lead to hematoma formation and direct
contamination of the device. If the device gets infected,

30 January/February 2019 Vol. 26, No. 1

it cannot be salvaged and requires explantation. Implan-
tation of a new device can be attempted once all wound
issues resolve.

Device migration/flipping most often occurs be-
cause the device is inadequately fixed to the underlying
fascia, but occasionally it can occur from patients flipping
the device around. Flipping can occur due to superficial
pocket location within subcutaneous tissue, especially
in obese patients. Migration/flipping can lead to promi-
nence of the contour of the device and discomfort, ulti-
mately requiring surgical correction.

Perforation and erosion of the leads. With time,
leads can erode into the stomach, although this is rare.
Usually erosion is associated with loss of device function.
Endoscopy confirms this finding. In rare cases, infection
can track proximally along the lead and present as a
surgical site infection at the pulse generator. This compli-
cation often requires explantation of the neurostimulator
leads and pulse generator.

Intestinal obstruction. Although rare, the intestines
can get wrapped around the leads of the device, causing
different degrees of obstruction (Figure 1). Positioning
the device in the left upper quadrant minimizes the
intraabdominal length of the leads and pulls them max-
imally out, coiling under the device (Figure 2). In cases
where other locations are used either due to a hostile
upper abdominal region (skin infection, presence of
gastrostomy or other devices) or surgeon’s preference,
the GES device can be implanted in the lower abdomen
(Figure 3). In these circumstances, carefully draping the
omentum over the bowels might help to prevent this
complication. Tacking of the leads to the parietal perito-
neum with sutures can also be preventative. In cases of
obstruction requiring intervention by laparotomy or mini-
mal access techniques (laparoscopy or robotic assisted
surgery), all efforts are made to preserve the neurostim-
ulator leads. In cases that require bowel resection, lead
contamination is a serious concern, but lead explantation
is not mandatory. Close postoperative monitoring for the
development of lead infection is required.

Hematoma and seroma. Postoperative hematomas
can occur from inadequate hemostasis, and seromas
can occur in the stimulator pocket. Small hematomas
may be observed if not complicated (Figure 4). In cases



Figure 1. Small bowel obstruction caused by wrapping of the
small bowel loops around the stimulator leads.

of large hematomas with skin compromise or dehiscence,
prompt washout and drainage is required. In ideal cases,
the device can be preserved. Relocation to another site
might be required if skin necrosis develops. The possibility
of device contamination also must be considered; after
resolution of wound issues, implantation of a new device
may be tried. Seromas at the generator pocket site are
a frequent occurrence but are often benign, self-limiting,
and generally resolve over 4 to 6 weeks.

Incisional hernia. Hernias can develop after any ab-
dominal surgery and are not unique to GES implantation.
Use of minimally invasive technique for the GES implan-
tation minimizes this complication.

Electric shock sensations may occur from breakage
of the plastic lining covering the stimulator wires or from
fluid buildup around the insertion of the wires into the
stimulator. Shocks can also occur due to shortening of
the leads on the muscles of the abdominal wall. Patients
describe periodic muscle cramps with the frequency
of the device (every 5 seconds). To prevent this com-
plication, freshly implanted leads should be covered
by an omental flap to isolate them from the abdominal
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Figure 2. Placement of the device in left upper quadrant, with
leads coiled under the generator in the pocket.

Figure 3. Placement of the device in right lower quadrant with the
long intraabdominal course of the leads visualized.
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Figure 4. Hematoma at the site of the gastric electric stimulator
implantation.
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Figure 5. Abdominal radiograph documenting migration of a lead
in a patient with recurrent symptoms and an abnormal impedance
value.

wall. In patients who continue to feel shocks despite all
efforts, the possibility of visceral hypersensitivity should
be considered. A trial of symptom modulators such as
nortriptyline and lowering of the output amperage below
the minimal recommended setting of 5 mA can be un-
dertaken. If these interventions do not work, the device
must be turned off for a period of time. Occasionally,
replacement of the leads or explantation of the device
must be considered.

Lack of effect/persistent symptoms. If a patient

32 January/February 2019 Vol. 26, No. 1

presents with lack of improvement after device im-
plantation, a thorough workup should be undertaken
to ensure that the device is functioning properly. In the
case of abnormal impedance values, an abdominal
x-ray study can be performed to rule out lead migration
(Figure 5). If no abnormalities are detected, the output
of the device can be increased. After adjusting device
settings, the patient should be assessed for improvement
over at least a 1- to 3-month period. One report suggests
that in patients not responding to GES, repositioning the
location of the stimulator leads on the stomach can be
helpful.2®

Outcomes of GES
Study results of investigative GES models in animals and
select patients were published in 1997.3%3" Following
these reports, 2 large multicenter studies were conduct-
ed to demonstrate the efficacy of GES for the treatment of
refractory gastroparesis. The Gastric Electrical Mechani-
cal Stimulation Study (GEMS) was an open-label, multi-
center study of 38 patients who received percutaneous
and later permanent GES devices.®? Marked reduction in
weekly vomiting and nausea was observed at 4 weeks,
with a 90% reduction in nausea and vomiting frequency
at 11 months. Following this, a second multicenter study
(Worldwide Anti-Vomiting Electrical Stimulation Study
[WAVES]) involving a double-blind sham stimulation con-
trolled trial with 33 idiopathic and diabetic gastroparesis
patients was performed.® During the blinded portion of
this study, there was a noticeable decrease in vomiting
frequency, particularly in the patients with diabetic gas-
troparesis. Patient preference was for the stimulator ON
as compared to OFF. The FDA's HUD exemption for the
Enterra GES device in 2000 was based on these studies.

Four independent double-blind studies of GES have
been conducted (Table 1).°3% It has been difficult to
demonstrate improvement during the double-blind pe-
riod with gastric stimulation compared to no stimulation.
Despite total symptom severity improvement and indi-
vidual symptom improvements in these studies, a recent
meta-analysis demonstrated a summative insignificant
difference between the GES ON versus OFF states.®®

In contrast to the double-blind studies, numerous
open-label studies have demonstrated clinical improve-



Table 1. Blinded Studies of Gastric Electric Stimulation

Clinical Review

Study Design Patients, n Patient Type Results

Abell et al (2003)* Double-blind, 33 Mixed Vomiting frequency was reduced with GES device
prospective ON vs OFF

Frokjaer et al (2007)% Double-blind, 7 Diabetic No significant evidence of GES-induced modulation
prospective of visceral sensory system or central excitability

McCallum et al (2010)% Double-blind, 55 Diabetic Nonsignificant reduction in vomiting frequency
prospective with GES device ON vs OFF

McCallum et al (2013)% Double-blind, 32 Idiopathic Nonsignificant reduction in vomiting frequency

prospective

GES, gastric electric stimulation.

ments in patients with diabetic and idiopathic gastropa-
resis (Table 2)3233%:36395% |eading some to question
whether the demonstrable efficacy reflects a placebo
effect or regression to the mean. Patients may perceive
an operative, aggressive intervention as likely to be effec-
tual in comparison to incremental medication efforts, thus
creating a placebo effect. It should also be noted that not
all open-label studies have demonstrated improvement
with GES. Indeed, Jones et al reported no significant dif-
ference in nausea and vomiting at 6-month follow-up, and
recommended that physicians exercise caution with GES
as a therapeutic strategy given the cost and lack of con-
firmed demonstrable effect.®® Thus, the clinical successes
demonstrated in open-label studies must be weighed not
only against the lack of unequivocal improvement, but also
against the potential deleterious effects of the surgery.

In an open-label study that employed the GCSI to
follow symptoms of gastroparesis, 29 patients underwent
GES implantation over an 18-month period, with follow-up
in 28 patients.** GES resulted in clinical improvement in
50% of patients with refractory gastroparesis. The overall
GCSI significantly decreased, with improvement in the
nausea/vomiting subscore and the post-prandial fullness
subscore, but no improvement in the bloating subscore
or abdominal pain. The decrease in GCSI was greater
for patients with diabetic versus idiopathic gastroparesis.
Patients with the main symptom of nausea/vomiting had a
greater improvement than patients with the main symptom
of abdominal pain. Patients taking narcotic analgesics at

with GES device ON vs OFF

the time of implant had a poorer response compared to
patients who were not. In this study, 3 clinical parameters
were associated with a favorable clinical response: (1)
diabetic rather than idiopathic gastroparesis, (2) nausea/
vomiting rather than abdominal pain as the primary symp-
tom, and (3) independence from narcotic analgesics prior
to stimulator implantation. Knowledge of these 3 factors
may allow improved patient selection for GES.

A large prospective study by Heckert et al detailed
marked improvements with GES and the patterns of
those improvements.® Nausea, vomiting, loss of appe-
tite, and early satiety improved significantly with stim-
ulator use, with a greater improvement in vomiting in
patients with diabetic gastroparesis than in those with
the idiopathic form. Although GES improved symptoms
in 756% of all patients, patients with diabetes had a post-
GES Clinical Patient Grading Assessment score that was
statistically higher than the score among patients with
idiopathic gastroparesis. This difference is thought to be
due to the neuromolecular mechanism of diabetic gast-
roparesis, where blunting of the enteric nervous system
may contribute to symptomatology.

Several studies have demonstrated a clinical response
to GES in patients with postsurgical gastroparesis. A
study by Oubre et al showed that GES led to weekly
vomiting improvements as well as a reduction in total
symptom severity score.’” A study by McCallum et al
further demonstrated improved symptoms, quality of life,
nutritional status, and hospitalization requirements.®® GES
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Table 2. Open-Label Studies of Gastric Electric Stimulation

Author Study Design
Abell et al (2002)* Prospective
multicenter
Abell et al (2003)% Unblinded,
prospective
Lin et al (2004)*° Retrospective
Mason et al (2005)* Retrospective
McCallum et al (2005)*' Retrospective
van der Voort et al (2005)*  Prospective
de Csepel et al (2006)* Prospective
Maranki et al (2008)* Retrospective
Filichia et al (2008)*® Retrospective
Lin et al (2008)*¢ Retrospective
Islam et al (2008)* Retrospective
Brody et al (2008)*® Retrospective
McCallum et al (2010)%¢ Unblinded,
prospective
McCallum et al (2011)* Retrospective
McCallum et al (2013)% Unblinded,
prospective
Teich et al (2013)*° Retrospective
Lahr et al (2013)° Prospective
Keller et al (2013)% Prospective
Brody et al (2015)%° Retrospective
Richmond et al (2015)> Retrospective
Heckert et al (2016)%° Retrospective

GES, gastric electric stimulation; QOL, quality of life.
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Patients, n
38

33

48

29

16

17

16

29

13

63

50

55

221

32

16

95

266

79

56

151
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Patient Type
Mixed

Mixed

Diabetic

Mixed

Postsurgical

Mixed

Mixed

Mixed

Mixed

Mixed

Pediatric

Mixed

Diabetic

Mixed

|diopathic

Pediatric

Mixed

Mixed

Mixed

Mixed

Mixed

Results

35 of 38 experienced > 80% improvement in vomiting
and nausea severity

Vomiting frequency decreased; QOL and total
symptom severity scores improved

Total symptom severity improved at 6 and 12 months;
mean hospitalization days were decreased

Gastric emptying improved in 15 patients; nutritional
support was discontinued in 19 patients

Gastric emptying was not significantly faster at 12
months; mean hospitalizations improved at 12 months

Weekly vomiting and nausea decreased at 6 and 12
months; gastric retention decreased from 83% to
35% at 2 hours

Nausea and vomiting decreased at 6 months; half of
patients no longer required prokinetic medications

15 patients improved, 8 remained same, 6 worsened;
overall symptom severity for nausea and vomiting
improved

Diabetic, idiopathic, and transplant-induced
gastroparesis improved, with improvements in
nausea, vomiting, retching, and postprandial
symptoms

14 patients had normalization of gastric emptying
time at 1 year; nausea, vomiting, epigastric pain were
significantly reduced

Improvements in combined symptom score, nausea
and vomiting

Total symptom severity was decreased at 6 and 12
months; gastric retention at 4 hours reduced by 14%

Improvements in vomiting frequency, total symptom
score, gastric emptying, QOL, and median days in
hospital were reported

Total symptom severity, hospitalization days, and
use of medications were significantly reduced;
greater response seen in diabetic and postsurgical
gastroparesis than in idiopathic

Improvements in QOL and reduction in hospitalization
days

Improvements in the frequency and severity of
nausea and vomiting

Pain scores decreased with temporary and
permanent GES placement

70% of demonstrated improvement in pain, bloating,
and nausea

Symptom scores decreased; at 1 year, 44%
of patients achieved at least 25% reduction in
symptoms

Diabetic patients were more likely than idiopathic to
move to a lower total symptom severity score and
had more consistent improvement

Clinical improvement was seen in both diabetic and
idiopathic gastroparesis; symptoms improving most
included nausea, loss of appetite, and early satiety



has also been shown to improve gastroparesis symp-
toms in pediatric populations.*”%® Thus, although not a
direct indication, GES has been shown to be beneficial in
various subtypes of gastroparesis.

Additionally, irrespective of gastroparesis type, the
improved symptomatology with GES appears to be
durable, with one study showing persistent clinical im-
provements up to 8 years after device placement.®’ The
improvements were persistent and incremental. Likewise,
McCallum et al showed that continued reductions in total
symptom severity scores were evident in all gastroparesis
types up to 10 years after stimulator implantation.t” The
success of the procedures in part comes from careful
selection of patients. Clinical parameters that are asso-
ciated with favorable clinical response include diabetic
gastroparesis subtype, nausea/vomiting predominance,
and independence from narcotic analgesics prior to stim-
ulator placement.®?

GES has also been noted to improve other patient
care metrics besides symptomatology, including nutri-
tional status, reduced need for nutritional supplemen-
tation, and improved HobA1c.%3-6% Additionally, a study by
Cutts et al established that health care resource utilization
significantly improved at 12, 24, and 36 months follow-
ing GES placement, as compared to patients receiving
standard medical therapy.®® This decreased resource uti-
lization was also reflected in decreased costs in the GES
group compared with the standard care group.

Surgical Alternatives to GES

Pyloric interventions such as pyloroplasty and pyloromy-
otomy are other surgical treatment modalities offered for
gastroparesis. Whereas GES uses neurostimulation to
facilitate gastric emptying and potentially improve fundic
accommodation, pyloric interventions are intended to in-
crease gastric emptying by reducing outflow resistance
from the pyloric sphincter.

Pyloric Interventions

Various studies have shown significant improvements
with pyloric interventions, similar to the improvements
seen with GES. One such study involving 177 patients
demonstrated an 86% improvement in gastric emptying,
with symptom severity scores for nausea, vomiting, bloat-
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ing, abdominal pain, and early satiety decreasing signifi-
cantly at 3 months following pyloroplasty.®” A significant
advantage of pyloric interventions is that pyloromyotomy
can be performed endoscopically (gastric peroral endo-
scopic pyloromyotomy [G-POEM] or peroral pyloromyot-
omy [POPY]), thus minimizing the risks of open surgery. A
recent review that included a pooled analysis of 7 stud-
ies of G-POEM for gastroparesis demonstrated 100%
technical success, with clinical efficacy in 81.5% of the
procedures as assessed by the GCSI.%8 Additionally, the
intraoperative and perioperative complication rates were
6.6% and 7.6%, respectively, suggesting that G-POEM
is a safe and clinically beneficial therapeutic option. Few
studies comparing the outcomes of pyloric interventions
to GES have been performed.

Recently, GES has been combined with pyloric inter-
ventions 1o maximize therapeutic potential. This allows
simultaneous neurologic and functional interventions to
expedite gastric emptying and improve patient symptom-
atology. Davis et al demonstrated significant improvement
in 21 patients who underwent GES placement and pyloro-
plasty, with 71% improvement in total symptom severity.®®
Notably, dual surgery did not increase the incidence of in-
fection or adverse surgical outcomes. Although this study
did not directly compare dual surgery to GES alone, the
results are nonetheless favorable. GES provides a strong
antiemetic and anti-nausea effect, whereas the pyloromy-
otomy provides improvement in gastric emptying.

Feeding/Venting Tubes

Feeding jejunostomy tubes and venting gastrostomy
tubes can be used alone or in combination with GES.
Feeding jejunostomy is performed for malnutrition and
weight loss that accompanies the refractory symptoms of
early satiety, nausea, and vomiting. Venting gastrostomy
tubes allow for removal of retained gastric contents that
may cause distension, nausea, and vomiting. Gastrojeju-
nostomy tubes can also be placed endoscopically or by
interventional radiology.

Gastrectomy

Gastrectomy can provide therapeutic benefit through
elimination of the gastric reservoir function and con-
sequent removal of afferent neural impulses. In select
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patient populations, outcomes of gastrectomy have com-
pared favorably with those of GES. For example, one
study demonstrated favorable outcomes of Roux-en-Y
gastrectomy in morbidly obese patients with gastropare-
sis.”® In another study, favorable outcomes were reported
in a cohort of 103 patients, with gastrectomy demon-
strating 87% symptom improvement (nausea, vomiting,
epigastric pain) compared to just 63% improvement with
GES."" However, the dramatic impact on anatomy and
physiology and the invasiveness of the procedure need to
be weighed against the therapeutic benefit. For example,
in the same study, the 30-day morbidity was 23% for gas-
trectomy versus just 8% for the GES implant.”

When to Use GES

The gastric electrical neurostimulator (Enterra; Medtronic,
Inc.) is approved for treatment of idiopathic and diabet-
ic gastroparesis that is refractory to medical treatment,
performed on a compassionate basis. Patients with di-
abetic gastroparesis respond to GES better than do pa-
tients with the idiopathic form. Of the symptoms of gast-
roparesis, primarily nausea and vomiting improve. Thus,
GES favors patients with diabetic gastroparesis who have
primarily nausea and vomiting, rather than, for instance,
patients with idiopathic gastroparesis who have primarily
abdominal pain and may be taking narcotics. Some cen-
ters provide GES for postsurgical patients and children
with gastroparesis.

The 3 main surgical interventions for medically refrac-
tory gastroparesis are GES, pyloric intervention (pylo-
roplasty or pyloromyotomy), and gastrectomy. Of the 3
interventions, gastrectomy is the most radical given its
dramatic effect on anatomy and is thus not preferred. The
clinical decision then becomes: GES, pyloric intervention,
or both? There are limited data to support a definitive
answer to this question.

In a single-center retrospective analysis of prospective
data (electronic medical record), Arthur et al compared
outcomes of GES patients with medically refractory gas-
troparesis who received various surgical interventions.”
In total, 33 stimulator, 7 pyloroplasty, 2 gastrectomy, and
16 combined stimulator and pyloroplasty patients were
analyzed for postoperative symptom improvement. Pylo-
roplasty alone demonstrated the least symptom improve-
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ment, combination GES and pyloroplasty demonstrated
increased improvement, and GES alone demonstrated
the most improvement. The results of this study suggest
that barring contraindication, placement of a gastric
stimulator as the initial treatment is best, with pyloroplas-
ty reserved for patients who do not achieve adequate
symptom control. Limitations of the study include its
single-center design and low patient numbers for pyloro-
plasty in isolation.

In contrast, a recent retrospective systematic review
synthesized the outcomes of various studies of GES and
pyloric interventions for medically refractory gastropa-
resis.”® A therapeutic effect was found for each surgical
intervention, with pyloric surgery patients demonstrating
a greater response to intervention than GES patients.
Unfortunately, attempts to analyze combination interven-
tions were hindered by a lack of power.

Conclusion

Initial management of gastroparesis is medical (lifestyle
and diet changes), with antiemetic and prokinetic agents
used in refractory cases. Following failure of this ther-
apy, placement of a GES device is a surgical interven-
tion that has been approved under FDA humanitarian
device exemption to help ameliorate symptomatology.
Improvement with GES has been demonstrated in non-
blinded studies, but the lack of randomized controlled
trials demonstrating benefit suggests the possibility of
an underlying placebo effect. Additionally, new medical
procedures such as G-POEM complicate the decision of
which intervention should be attempted first. More stud-
ies, specifically comparing GES, pyloric interventions, and
combined GES with pyloric intervention to placebo, are
needed to fully understand what therapy is best for refrac-
tory gastroparesis.
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