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Abstract

Gastroparesis is the most common gastric motility disorder. The cardinal
symptoms are nausea, vomiting, gastric fullness, early satiety, or bloating,
associated with slow gastric emptying in the absence of mechanical obstruction.
Delayed gastric emptying is demonstrated by a gastric emptying scintigraphy or
by a breath test. Gastroparesis can be idiopathic, post-operative, secondary to
diabetes, iatrogenic, or post-infectious. Therapeutic care must be
multidisciplinary including nutritional, medical, endoscopic and surgical modes.
The complications of delayed gastric emptying must be sought and addressed,
particularly malnutrition, in order to identify and correct vitamin deficiencies and
fluid and electrolyte disturbances. An etiology should be identified and treated
whenever possible. Improvement in symptoms can be treated by dietary regimes
and pharmaceutical treatments, including prokinetics. If these are not effective,
specialized endoscopic approaches such as endoscopic or surgical
pyloromyotomy aim at relaxing the pyloric sphincter, while the implantation of an
electrical stimulator of gastric muscle should be discussed in specialized centers.

Keywords: gastric bypass; gastroparesis; G-POEM; gastric pacemaker; gastric

electrical stimulation; endoscopic treatment.



Introduction

Gastric motility disorders may result in multiple non-specific digestive symptoms,
such as nausea, vomiting, epigastric pain, or early satiety. Gastroparesis,
defined by slow gastric emptying in the absence of mechanical obstruction and
resulting in this combination of symptoms, is the most common of these
disorders [1]. It can occur secondary to diabetes, or after surgery, but in 40% of
cases, no etiology can be identified.

The severe forms can lead to an impaired quality of life, and to marked food
intolerance and malnutrition [2]. Numerous endoscopic and surgical treatment
options have been developed in recent years, aimed at improving the
management of patients who are refractory to medical treatment. The objective
of this review is to describe the clinical presentation of gastroparesis, to detail the
diagnostic modalities, and then the multidisciplinary medical, nutritional,
endoscopic and surgical management of this motility disorder.

Epidemiology

The prevalence of gastroparesis is difficult to assess since it is generally
underdiagnosed, while its non-specific symptoms overlap with those of functional
dyspepsia. Epidemiological data come mainly from the United States and, in
particular, from a Mayo Clinic population study in Minnesota that evaluated the
prevalence at 0.02% of the population [3]. The study by Rey et al. attempted to
estimate the prevalence of undiagnosed disease and indicated that the
prevalence could reach 1.8% of the general population [4]. Recently, an
epidemiological study in the United Kingdom confirmed a similar diagnostic
prevalence in Europe, estimated at 13.8 per 100,000 inhabitants [5]. These
studies also revealed the incidence and prevalence to be two to four times higher
in women, with no explanation for this gender inequality [3,5].

Data on life expectancy in gastroparesis are conflicting. Thus, in the study by
Jung et al., the survival of patients with gastroparesis was reduced compared to



subjects matched for age and gender [3]. However, other studies in patients with
diabetic gastroparesis showed no increase in mortality up to 25 years after
diagnosis, although morbidity was greater with more hospitalizations and
emergency room visits [6]. Also, the number of hospitalizations is increasing
sharply, estimated at + 160% between 1995 and 2004, due to an increase in the
incidence of diabetes and a better ability to diagnose gastroparesis [7]. Finally, a
quality of life study carried out on more than 1400 gastroparetic patients, showed
that 35% judged their quality of life unsatisfactory, and 32% judged it mediocre

[2].

Clinical presentation

The most common clinical symptoms described in gastroparesis are nausea
(92% of patients), vomiting (84%), bloating (75%), early satiety (60%), and
abdominal pain or discomfort (55%) [8]. Other studies suggest that abdominal
pain is often underestimated and may affect up to 90% of patients, sometimes
with disabling nocturnal pain that requires opioid treatment [9]. Symptoms are
usually gradual in onset, but abrupt onset can be seen in some cases of
idiopathic gastroparesis or after an episode of viral infection [10]. The diagnosis
can also be made when a patient presents with an acute complication of disease
such as esophagitis, Mallory-Weiss syndrome, aspiration pneumonia or gastric
bezoar. Finally, long-term complications must be systematically sought,
particularly undernutrition or dehydration, which are signs of severe disease [1].
These complications should be sought particularly in obese patients, who
represent up to 50% of patients with gastroparesis in some studies [11].

Several scores have been developed to assess the frequency and severity of the
disease. The most reproducible score at present is the Gastroparesis Cardinal
Symptom Index (GCSI) assessing nine items (nausea, regurgitation, vomiting,
gastric fullness, early satiety, post-prandial fullness, loss of appetite, bloating,
abdominal distension) [12]. This questionnaire is reproduced in Appendix 1,

Results are measured on a scale of 0 to 5; a score > 2 is considered as severe.



This score is also used in clinical trials to assess the response to treatments, and
a decrease of 0.75 to 1 point in the score is considered effective therapy [13].
However, the GCSI has no diagnostic value, and there is currently no threshold

to indicate the need for further investigation.

Etiologies

The diagnosis of gastroparesis is often suggested by the clinical context.
Diabetes is a common cause, accounting for one-third of cases [14]. The
cumulative risk of gastroparesis over 10 years has been estimated to be 5% in
patients with type 1 diabetes and 1% in patients with type 2 diabetes [15]. The
presence of diabetic gastroparesis is often associated with other complications of
diabetes, particularly diabetic retinopathy, peripheral neuropathy, and poorly
controlled diabetes with increased glycated hemoglobin (HgbA1C) levels [16].
Thirteen percent of gastroparesis occurs in a post-operative context. This entity
should be distinguished from acute gastric distention, which can also occur after
any abdominal surgery, or in the context of compartment syndrome. Acute
gastric dilation is rare. There are many published case reports, but few series
reported in the literature. It is defined by major gastric distension visible on
imaging, with air and liquid contents of the stomach. This complication, similar to
post-operative ileus, requires urgent medical treatment with nasogastric tube
decompression. Delayed diagnosis can lead to vomiting or even gastric
ischemia. The pathophysiology of this entity is not clear, although
hyperglycemia, or gastroparesis may be risk factors [17]. Post-operative
gastroparesis is defined by long-term persistence of delayed emptying of solids.
It is often linked to vagus nerve injury and had thus been described in the
aftermath of vagotomy for peptic ulcer disease, a procedure that is now no longer
performed [18]. The current surgeries that predispose to vagal injury include
anti-reflux surgeries, esophageal or gastric resection for cancer, and rarely
bariatric surgeries [19]. Gastroparesis is also common following pancreato-

duodenectomy, but is most often transient [20].



The other causes are rarer. Medications may be implicated, particularly opioids.
These medications cause a decrease in contractility of the gastric antrum and an
increase in pyloric pressure. Post-viral gastroparesis has been described after
infections with Epstein-Barr, herpes, or cytomegalovirus, but these seem to
regress spontaneously within a year of infection [21]. Other systemic or
neurodegenerative diseases can also be involved, such as scleroderma, or
Parkinson's disease. Here, gastroparesis is thought to be linked to damage to
the myenteric nervous system, or smooth muscle cells in the stomach.

Finally, 40% of gastroparesis cases are idiopathic [14]. Of note, the consumption
of tobacco or alcohol has not been associated with an increased risk of

gastroparesis [11].

Definitive diagnosis

When symptoms suggestive of gastroparesis are present, the diagnosis should
be confirmed by objective measurement of gastric emptying. An upper
gastrointestinal endoscopy should be performed first to eliminate any mechanical
cause for the symptoms. If gastroscopy is normal, gastric motility should then be
evaluated, either by a radionuclide scan of gastric emptying or by a breath test
after ingestion of a radioactive carbon isotope.

A radionuclide scintigraphy of gastric emptying is currently the gold standard [22].
The fasting patient ingests a solid meal labeled with Technetium® and a liquid
meal labeled with Indium''!. The standardized content of the meal contains a
appropriate quantity of calories and fat [22]. Images are obtained over at least
four hours with image acquisition at 0, 1, 2 and 4 hours. A gastric retention rate
>60% at two hours or >10% at four hours is diagnostic of gastroparesis [23]. The
severity of gastroparesis is also classified according to the results: a retention
rate of 10 to 15% at four hours constitutes slight impairment, while 15 to 35%
defines moderate impairment, and >35% defines severe impairment [24].
However, use of scintigraphy is limited, mostly due to its low availability.



The carbon’@ breath test is an alternative diagnostic test [25]. This test measures
the level of exhaled C'3 reflecting the amount of C'3 incorporated in the meal,
and how much is absorbed after gastric passage. The test is also performed
after an eight-hour fasting period. The patient usually ingests C'3, in an octanoic
acid meal or spirulina. Respiratory samples are collected before meals, and
thereafter at regular intervals, usually every 30 minutes for four hours. This
helps to estimate the half-life of gastric emptying [26]. More widely available and
having less radiation exposure than scintigraphy, this test nevertheless remains
an indirect measure of gastric emptying, and results can be altered by respiratory
or hepatic disease, by heart failure, or by intestinal malabsorption.

Recently, the United States Food and Drug Administration (FDA) approved the
SmartPill™ capsule for the measurement of gastric emptying. This capsule is
different from the recording video capsule used in everyday practice for
assessment of the small bowel. It measures pressure, pH and temperature, and
enables measurement of the gastric or intestinal transit time. However,
reservations have been expressed on the reliability of these results, since the
capsule, being a large and non-digestible object, does not seem to leave the
stomach under normal conditions after eating, but is rather expelled by powerful
post prandial antral contractions [27].

Other possibilities in the differential diagnoses of gastroparesis should not be
overlooked. If symptoms are suggestive but gastric emptying is normal, the
diagnosis of functional dyspepsia should be considered. The symptoms are
indeed the same for these two entities, except for vomiting, which is absent in
dyspepsia. A recent study showed that, at an advanced stage, these two
diagnoses were indistinguishable, particularly owing to the intrinsic variability of
gastric emptying over time [28]. Repeated vomiting should suggest the
possibility of cannabis use, the cannabinoid hyperemesis syndrome, in which
cyclic vomiting syndrome presents as repeated attacks spaced apart by
asymptomatic intervals. Except during attacks, there is no change in gastric

emptying. Finally, eating disorders, especially anorexia nervosa, can mimic



gastroparesis and lead to impaired gastric emptying, which is often normalized
after correction of malnutrition [8].

Treatment (Figure 1)

Nutritional care

Dietary measures are the first-line treatment of gastroparesis. Oral feeding is
always preferred when possible. Vitamin and electrolyte deficiencies should be
detected and repleted. Since early satiety is a frequent patient complaint, meals
should be split with the addition of snacks to daily meals to maintain a
satisfactory caloric intake [8]. Clinical trials have shown the value of a low-fat,
low-fiber diet with small particles [29]. Gastric emptying is more rapid with these
foods, and these measures have led to symptomatic improvement in patients
with diabetic gastroparesis [30]. In patients with severe impairment of gastric
emptying, a blenderized diet may be necessary, with fortified soups and food
supplements, since emptying of fluids is often less impaired.

Finally, for patients with severe undernutrition or recurrent fluid and electrolyte
disturbances, a feeding jejunostomy may be necessary. It helps reduce
symptoms and reduce the number of hospitalizations, by feeding distal to the
affected stomach [31]. Tolerance of this feeding route should be checked by
initial placement of a naso-jejunal tube, since small bowel dysmotility may also
be present in some patients [8]. The preferred technique is percutaneous
endoscopic jejunostomy (PEJ), which can be successfully performed in 78.6% of
attempts. However, the rate of severe complications requiring surgery reached
18% at one year in a series of 12 patients [32]. An endoscopic alternative is the
placement of an endoscopic gastrostomy with jejunal extension (PEG-J), which is
technically simpler. However, the risk of jejunostomy tube migration is high, with
an estimated re-operation rate of 39.5%, and the skin insertion site often
becomes irritated due to leakage of acidic gastric contents [33]. The choice of

technique for jejunostomy should also be adapted to the patient's surgical history,



and surgical placement may then be necessary. These techniques have a
success rate of 53%, and the choice of technique is therefore guided by the
complication rate [34]. Placement of a tube by a tunneled Witzel enterotomy has
a 2% risk of complications such as small bowel obstruction and surgical site
infection [35]. Needle catheter jejunostomy can be performed laparoscopically,
with a similar complication rate, and allows for faster return of intestinal motility

[34]. Finally, parenteral nutrition should only be considered as a last resort.

Medical treatment

Treatment of the underlying cause also slows the progression of gastroparesis.
Thus, in diabetic patients, glycemic imbalance contributes to slow gastric
emptying. Improvement of glycemic control with an insulin pump has been shown
to be effective in optimizing symptoms of gastroparesis [36]. It should be noted
that gastroparesis can also impair the absorption of oral medications and delay
post-prandial absorption from meals, thus contributing to blood sugar imbalances
[1]. Glucagon-like Peptide 1 (GLP-1) analogues should also be avoided since
they slow gastric emptying [29]. Other treatments that cause slow gastric
emptying, especially opioids, should be avoided.

As each of these measures often proves insufficient, combined drug treatments
should be considered [24]. The medications that have best demonstrated their
effectiveness are prokinetics, first and foremost dopamine D2 receptor
antagonists [37]. These accelerate gastric emptying by increasing gastric
contractions and they also have an antiemetic effect. Metoclopramide is the only
treatment validated by the FDA for this indication, and the sublingual route of
administration is preferred to circumvent bioavailability problems associated with
the oral route in gastroparesis. However, since this medication crosses the
blood-brain barrier, the risk of extrapyramidal syndrome and tardive dyskinesia
should be monitored [38]. Domperidone has similar efficacy, and has been
validated in several other countries, even though there may be cardiotoxicity with

prolongation of the QT interval. Erythromycin, a Motilin agonist, has shown



similar short-term efficacy. Intravenous administration is more effective than oral
administration [8]. However, drug side-effects are numerous, and treatment
efficacy wanes in one-third of patients due to tachyphylaxis, warranting short-
term prescriptions [39].

New prokinetics are also being evaluated. Thus, relamorelin, a ghrelin agonist
that stimulates antral contractions, has shown an acceleration of gastric
emptying, and a decrease in symptoms in patients with diabetic gastroparesis in
a phase-2 study [40]. Prucalopride, a serotonin 5-HT4 receptor agonist that is
currently available in the treatment of refractory constipation, has also been
shown to be effective in the treatment of idiopathic gastroparesis in a series of 34
patients [41].

If prokinetic treatments and dietary measures fail, other second-line symptomatic
treatments can be combined to improve the patient’s quality of life. For nausea
and vomiting, several anti-emetics have been used such as promethazine,
ondansetron, or even Aprepitant [1]. These treatments should be reserved for
moderate to severe forms of vomiting, and it is necessary to take their side
effects into consideration. Tricyclic antidepressants, such as amitriptyline, can
be used to treat vomiting and epigastric pain, however, their effectiveness
remains controversial in patients with gastroparesis [42]. For persistent pain,
tramadol is preferred, since it has shown clinical benefit without impairing gastric
emptying, and results in fewer hospitalizations and less nausea and vomiting

compared to more potent opioids [43].

Endoscopic treatment

About 25% of patients do not have a satisfactory response to six months of
correctly administered medical treatment and are therefore considered refractory.
For these patients with moderate to severe refractory gastroparesis, several
endoscopic management techniques have been developed. These techniques
aim to treat pylorospasm, which is present in some patients with diabetic

gastroparesis [44]. Pyloric dysfunction has recently been evaluated by the



Endoscopic Functional Lumen Imaging (EndoFLIP) system. This impedance
planimetry system allows evaluation of the geometry and pressure of a sphincter.
The EndoFLIP catheter, which has an inflatable balloon and a pressure sensor,
is passed through the working channel of the gastroscope. It was initially
designed for the assessment of the lower esophageal sphincter (LES) in
achalasia, but has also been studied in gastroparesis. It shows that the resting
pyloric pressure is not altered, but that the compliance after balloon inflation is
reduced in these patients, compared to healthy volunteers [45]. This technique
could therefore be a predictive tool for selecting patients eligible for treatments
that target the pylorus.

Another technique is the intra-pyloric injection of botulinum toxin. Several
retrospective studies have shown clinical benefit with short-term symptomatic
improvement in 50 to 77% of patients [46]. However, two randomized placebo-
controlled studies have not shown its superiority over a placebo injection either at
a dose of 100 or 200 IU [47,48]. Thus, the European Society for Gastrointestinal
Endoscopy (ESGE) does not recommend this treatment [49]. It can be used in
some patients to induce temporary remission while waiting for other treatment,

but its effectiveness is only short-term, lasting no more than three months [1].

Balloon dilation of the pyloric sphincter has been little studied, and most studies
published to date are retrospective [49]. These show efficacy in patients with
pylorospasm post esophagectomy or gastrectomy with pyloric preservation, with
clinical efficacy of up to 73% at two years [50]. A single prospective study
evaluated this technique and revealed efficacy in the very short term (10 days) in
ten patients with improvement in symptoms, gastric emptying, and pyloric
compliance [45]. Several pyloric dilation techniques have been described in the
literature using a 20mm hydrostatic balloon passed through the endoscope
operating channel or using a 30mm pneumatic balloon (Rigiflex) positioned under
fluoroscopic control; there was no observed difference in the rate of

complications [51]. The larger 30mm balloon would reduce the number of



iterative dilations required. Recently, a new Esophageal Functional Lumen
Imaging device (EsoFLIP ) was developed that combines compliance
measurement by EndoFLIP with therapeutic dilation. In a retrospective study,
pyloric dilation to diameters up to 30mm has been used in 46 patients with
refractory gastroparesis, and showed a decrease in symptoms and in gastric
emptying time in 57% of patients at four months [52]. However, since these
studies constitute a low level of evidence, this treatment is not currently
recommended by the ESGE [49]

The use of a transpyloric stent was evaluated in a series of 33 patients and
resulted in symptom improvement in 75% [53]. However, the risk of stent
migration, which occurred in 59% of patients, is high, and this technique is
therefore not recommended [49].

Recently, endoscopic pyloromyotomy, referred to as G-POEM (gastric per-oral
endoscopic myotomy) was developed based on the results of endoscopic
myotomy of the lower esophageal sphincter (LES) in achalasia. The technique
described by Khashab et al. consists of making a submucosal tunnel in the
antrum, then continuing this tunnel 3cm to the pyloric muscle [54]. The pyloric
muscle must then be divided down to its termination at the duodenal bulb; the
mucosal tunnel entrance is then closed with clips or endoscopic suture [49]. If
there are no complications, the patient’s diet can be gradually increased, first to a
liquid diet on D1, and further advanced after hospital discharge. Several
retrospective series have shown similar short-term results with an improvement
in the symptoms of gastroparesis, and an acceleration of gastric emptying in 62
to 90% of patients [55,56]. Prospective studies are underway, and show
encouraging results, with a 56% efficacy at one year, and with no difference in
efficacy regardless of the cause of the gastroparesis [57]. The complication rate
has been estimated between 4 and 10% depending on the study, mainly
bleeding and a low risk of pneumoperitoneum (<1%) [56]. Randomized studies
are awaited to confirm the effectiveness of this technique, but it is currently the
endoscopic technique most strongly recommended by ESGE [49].



Surgical treatment

Surgical pyloroplasty is based on the same principle as the above-mentioned
endoscopic techniques that target the pylorus. Performed laparoscopically, it
consists of a longitudinal seromyotomy starting 3 cm proximal to the pyloric
sphincter and extending distally 3 cm into the duodenum [58]. This technique has
resulted in improvement in over 80% of patients in the short term in non-
randomized trials. However, the high complication rate (up to 30%), and the
recent development of G-POEM with a much lower complication rate, have
decreased the use of this technique [59]. This technique may still be indicated in
conjunction with another surgery performed for gastroparesis (jejunostomy, or
gastric stimulator placement) [60]. Extramucosal biopsies of the gastric wall are
also recommended during surgery, to achieve better understanding of the
possible underlying histological abnormalities [34].

Another treatment option in patients with refractory gastroparesis is the
implantation of an electrical gastric stimulator (EGS). The stimulator device is
implanted into the abdominal wall, and the two permanent stimulation electrodes
are laparoscopically implanted in the muscularis of the gastric greater curvature,
approximately 10cm proximal to the pylorus [61]. The stimulator is then activated
via an external programmer. EGS aims to correct the antral hypomotility
described in gastroparesis, and thus accelerate gastric emptying. Settings are
akin to neurostimulation with short low-intensity pulses (5mA, 14Hz, 330us, on-
cycle 0.1s, off-cycle 5s). Since these settings do not show any change in gastric
emptying, the technique therefore seems to improve symptoms by acting on the
fibers of the vagus nerve, and interfering with the transmission of efferent signals
to the brain, thereby allowing better gastric accommodation and less visceral
sensitivity [1].

The EGS device was approved by the FDA in 2000 as a humane measure to
improve refractory chronic nausea and vomiting. The effectiveness of the device
on symptoms was demonstrated in an initial randomized trial on 33 patients [61].

However, two subsequent randomized trials in patients with diabetic or idiopathic



gastroparesis could not confirm these results, due to lack of power, and the
positive results from retrospective series were controversial [62,63]. Recently, a
large multicenter cross-over randomized controlled study that included 218
patients confirmed the effectiveness of this technique to decrease vomiting [64].
No statistically significant difference was noted in gastric emptying or nutritional
status between periods when the device was turned on or off. Likewise,
improvement in quality of life did not reach statistical significance. These results
were similar regardless of the cause of the gastroparesis. This technique might
also be more effective when combined with a pylorotomy, but there are currently
no criteria to guide the therapeutic strategy in patients [34].

The high cost of EGS implantation (cost of $15,000 in France without insurance
coverage, and $24,000 in the United States) has also hampered its use.
However, a recent cost-effectiveness study showed that EGS reduced the costs
related to hospitalizations and sick leave by $3,500 per patient per year, making
the technique cost-effective by four years after implantation [65]. The mean
lifespan of EGS after device implantation is estimated at 10 years, with long-term
efficacy persisting in 50% of patients [66]. The complication rate was not
negligible, however, and 25% of patients may have a paradoxical increase in
abdominal pain. Therefore, this treatment is debatable in patients in whom the
disease is mainly expressed by pain. The risk of surgical site infection site was
7% and this complication can require explantation of the device (2 to 8%
depending on the study). The settings should be adjusted for optimal effect,
altering the frequency and intensity of EGS before considering explantation
[34,64].

Surgical gastrectomy may be considered as a last resort for patients who are
resistant to all other therapies, who constituted 5% of patients in a tertiary care
center [33]. Gastrectomy was shown to be effective in 67% of patients, with an
estimated anastomotic leak rate of 5% [33]. One study that compared total
gastrectomy (n = 125) to partial gastrectomy (n = 46) did not show any

statistically significant difference between the two techniques [67]. Finally, in



obese patients, several series have shown that Roux-en-Y gastric bypass led to
improvement of the symptoms of gastroparesis in 67 to 71% of patients. This
option should therefore be considered in obese patients [34]. In our experience,
we have extrapolated the management in obese patients and we now offer a
Roux-en-Y gastric bypass with a 70 cm alimentary loop and gastro-jejunal
anastomosis to a small gastric pouch for patients who have failed other invasive

treatments. This controls vomiting and reduces of pain (results submitted).

Conclusion

Gastroparesis is a gastric motility disorder whose incidence is increasing. It can
be responsible for severe complications. The diagnostic methods and risk
factors have now been identified, but the pathophysiology still remains poorly
understood. New therapeutic options have become available, such as G-POEM,
or EGS, whose efficacy has now been established, thus expanding the
therapeutic arsenal. However, the therapeutic strategy remains uncodified and
predictive factors for the response to the various treatments are still not known.
The development of tests to better assess pyloric dysfunction or antral
hypomotility seem necessary and would allow better personalization of
treatments for individual patients.
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Figure 1: Algorithm for management of gastroparesis by a strategy of

therapeutic escalation

BTA: Botulinum Toxin A; G-POEM: Gastric-PerOral Endoscopic Myotomy



Appendix 1
Gastroparesis Cardinal Symptom Index (GCSI):
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