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Abstract: Gastroparesis (GP), a historically vexing disorder characterized by symptoms of nausea, vomiting, abdominal pain, early 
satiety, and/or bloating, in the setting of an objective delay in gastric emptying, is often difficult to treat and carries a tremendous 
burden on the quality of patients’ lives, as well as the healthcare system in general. Though the etiology of GP has been fairly well 
defined, much work has been done recently to better understand the pathophysiology of GP, as well as to identify novel effective and 
safe treatment options. As our understanding of GP has evolved, many myths and misconceptions still abound in this rapidly changing 
field. The goal of this review is to identify myths and misconceptions regarding the etiology, pathophysiology, diagnosis, and treatment 
of GP, in the context of the latest research findings which have shaped our current understanding of GP. Recognition and dispelling of 
such myths and misconceptions is critical to moving the field forward and ultimately advancing the clinical management of what will 
hopefully become a better understood and more manageable disorder in the future. 
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Introduction
Gastroparesis (GP) is a syndrome defined by characteristic symptoms (nausea, vomiting, early satiety, abdominal pain, 
and/or bloating) in the setting of an objective delay in gastric emptying and the absence of mechanical obstruction.1 As 
such, a diagnosis of GP requires objective measurement of gastric emptying, traditionally performed with a 4-hour 
scintigraphic study (GES) using a standardized test meal; however, assessment of gastric emptying can also now be 
performed with a stable isotope 13-carbon spirulina (13C) breath test.2,3 Historically, the epidemiology of GP has been 
difficult to estimate since many patients with GP may be labeled with alternative ICD-10 codes, such as nausea and 
vomiting; alternatively, patients who have perhaps not undergone formal assessment for GP may be inappropriately 
labeled with the code for GP based on symptoms alone. One frequently referenced study, utilizing data from 1996 to 
2006 in Olmsted County, Minnesota, found the prevalence of GP to be 37.8 in women and 9.6 in men per 100,000 -
persons.4 More recently, a systematic review of 13 epidemiologic studies of GP, mostly involving US databases or 
registries, identified a prevalence range of 13.8–267.7 per 100,000 adults. When considering those with diabetes 
specifically, the estimated 10-year cumulative incidence of GP in type 1 diabetes was 5.2%, compared to 1% in patients 
with type 2 diabetes.5

The impact of GP on patients’ quality of life can be significant. A recently published survey study utilizing the 36- 
item Short Form (SF-36), a validated questionnaire to assess quality of life, identified that mean scores for mental health 
and social functioning in patients with GP were similar to scores for patients with irritable bowel syndrome (IBS) and 
depression.6 From an economic standpoint, a previous study estimated that GP accounted for a total of 3500 million 
dollars in hospital charges and 911,963 hospital days in 2004.7 A more recent study reported that the number of 
Emergency Department visits for patients with GP as a primary diagnosis in the US increased from 15,459 in 2006 to 
36,820 in 2013.8 Given the tremendous physical, psychologic, and economic burden attributed to GP, it is easy to 
understand why this topic is of great interest to the field today. Much work has been done recently in an attempt to better 
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understand GP, and to ultimately identify novel safe and effective treatment options. As a result, our understanding of GP 
is rapidly evolving. The purpose of this review is to identify myths and misconceptions based on our current under-
standing of GP and to discuss the current state of management for this historically vexing disorder.

Etiology
The etiology of GP is diverse but has been well defined. A common misconception is that GP is nearly always a result of 
diabetes mellitus with associated peripheral neuropathy, though this is false, as connective tissue disorders, surgery (ie, 
hiatal hernia repair, fundoplication surgery, lung transplantation), ischemia, and a variety of inflammatory or neurologic 
disorders are also well-established risk factors for the development of GP.9–11 Notably, prior data suggested that the 
majority of patients with GP could be categorized with idiopathic GP, meaning an underlying cause cannot be identified – 
though it has been theorized that many of these patients developed GP as a post-infectious phenomenon.9–12 However, 
updated epidemiologic data suggest that the majority of patients with GP (57.4%) have a diabetic etiology13 (Myth/ 
Misconception #1). In a large, retrospective, cross-sectional analysis of over 71,000 patients with GP, postsurgical (15%), 
drug-induced (11.8%) and idiopathic (11.3%) classifications followed diabetes as the most prevalent etiologies. Thus, 
recent data reaffirm the importance of diabetes as a risk factor for GP (though not the sole risk factor) and suggest that 
idiopathic GP may now be less prevalent, perhaps due in part to our improved understanding of GP and recognition of 
this disorder over time.

Pathophysiology
Gastroparesis is defined by an objectively measured delay in gastric emptying, which is often associated with decreased 
amplitude or frequency of gastric antral contractions. A common misconception is that delayed gastric emptying occurs 
largely due to vagal nerve dysfunction (Myth/Misconception #2); however, delayed gastric emptying can also occur due 
to decreased gastric fundic tone, antroduodenal dyscoordination, gastric dysrhythmias, abnormal duodenal feedback, as 
well as pyloric dysfunction (Figure 1).9,10,14 Historically, the extent of gastric emptying delay has not been shown to 
reliably predict symptom severity (Myth/Misconception #3). However, this sentiment has recently been challenged by 
a large meta-analysis which identified that, when gastric emptying is optimally measured (ie, a scintigraphy study 
measuring the emptying of a solid meal for at least 3 hours), delayed gastric emptying does indeed correlate with GP 

Figure 1 Pathophysiologic mechanisms involved in the generation of gastroparesis symptoms. 
Notes: Reproduced from Lacy BE, Tack J, Gyawali CP. AGA clinical practice update on management of medically refractory gastroparesis: expert review. Clin Gastroenterol 
Hepatol. 2022;20(3):491–500. Copyright 2022, with permission from Elsevier.39
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symptoms.15 These data emphasize the critical importance of utilizing standardized means of gastric emptying assess-
ment in the evaluation of GP.

In addition to the severity of gastric emptying delay, a recent study suggests that the distribution of an ingested meal 
within the stomach may predict different upper gastrointestinal symptoms. In a study of 100 patients with GP, those with 
immediate and 1-hour distal distribution of food contents on a standard GES, as measured by regional intragastric meal 
distribution analysis, more often had symptoms of early satiety, whereas those with more proximal delayed (4-hour) 
distribution of food had more severe nausea and vomiting.16 Further, recent data suggest that small bowel motility 
abnormalities may also contribute to symptoms in patients with GP. In a small study of patient with symptoms of GP, 
enteric dysmotility, as measured by small bowel manometry, was identified in nearly all patients (96%) with delayed 
gastric emptying (n = 25).17 On a microscopic level, delays in GE may occur due to a loss of interstitial cells of Cajal (the 
so-called gastric pacemaker cells), which have been identified in the gastric body, antrum, and pylorus in patients with 
GP, alterations in inhibitory and excitatory components of the enteric nervous system, as well as degeneration and fibrosis 
of gastric smooth muscle.18–22 Additionally, hyperglycemia and vagal nerve denervation are relevant factors in diabetic 
GP specifically.1,2

Though once thought to be entirely separate disorders, there has been growing sentiment among experts in the field 
that there is significant overlap between GP and functional dyspepsia (FD), a common disorder of gut–brain interaction 
(DGBI), defined by Rome IV criteria, and characterized by symptoms similar to GP, including abdominal pain, nausea, 
early satiety, and bloating23–26 (Myth/Misconception #4). Though symptoms of nausea and vomiting are traditionally 
more prominent in GP compared to FD, for many patients, symptoms of GP may frequently be indistinguishable from 
FD.9,10,27,28 A recent publication by the Gastroparesis Consortium (funded by the National Institutes of Health) described 
the results of a 48-week prospective study involving 944 patients, 720 of whom had GP, in which 42% of patients with 
GP were found to have normal gastric emptying at the conclusion of the study and 37% of patients with normal gastric 
emptying transitioned to delayed gastric emptying.29 Given the significant transition between diagnoses over time, the 
authors put forth the view that GP and FD should be considered as part of the same spectrum of gastric sensorimotor 
dysfunction. Though this landmark study was not without limitations (ie, all patients included were referred for tertiary 
evaluation, Rome III criteria was used, information was not provided on which patients underwent pyloric interventions 
over the course of the study), the overall premise of the study is in keeping with a growing movement within the field to 
recognize the significant overlap between GP and FD.23–26

Moreover, there is evidence that both visceral and central hypersensitivity are relevant from a pathophysiologic 
standpoint for some patients with GP. In a study of 58 patients with idiopathic GP, 29% had evidence of gastric 
hypersensitivity as measured by gastric barostat study, and gastric hypersensitivity was associated with symptoms of 
epigastric pain, early satiety, and weight loss.30 Additionally, a recent pilot study using functional MRI brain imaging in 
10 GP patients with symptoms of nausea identified a significant reduction in functional network connectivity in the insula 
of GP patients, compared to controls, after 30 minutes of exposure to a visual cue meant to provoke motion sickness.31 

Though the study was small, these results provide intriguing insight into the possibility that some patients with GP may 
develop symptoms due to changes in the central processing of peripheral stimuli.

Diagnosis
Updated clinical guidelines by the American College of Gastroenterology (ACG) reaffirm GES as the standard test for 
assessment of gastric emptying in patients with upper gastrointestinal symptoms, such as nausea, vomiting, early satiety, 
abdominal pain, and/or bloating.2 Notably, the guidelines specify the importance of utilizing a solid meal to measure 
gastric emptying – ideally for 4 hours. The stable isotope gastric emptying breath test using 13C and wireless motility 
capsule (WMC) testing are considered reasonable alternative means of measuring gastric emptying. However, while the 
WMC has been shown to have reasonable agreement with GES, it is important to recognize that the WMC measures 
emptying of a nondigestible object, as opposed to a solid meal, and therefore depends primarily on the migrating motor 
complex (MMC), which is responsible for clearing the stomach between meals.32 Additionally, cutaneous electrogas-
trography (ECG) can be used to measure gastric myoelectric activity and different patterns of gastric electrical signal 
amplitude and frequency have been described in patients with gastric outlet obstruction compared to patients with 
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idiopathic GP, for example.33 However, importantly, cutaneous ECG does not measure gastric emptying and therefore its 
clinical utility remains unclear and it is not currently recommended as a diagnostic test for GP in clinical practice.2,3 

Greater than 10% retention of a solid meal on GES has historically been utilized as the cutoff to distinguish delayed 
gastric emptying from normal gastric emptying. However, in light of the recent evidence suggesting that GP and FD be 
considered a part of the same spectrum of gastric sensorimotor dysfunction, the updated clinical guidelines suggest that 
this cutoff may need to be reconsidered as mild delays in gastric emptying are commonly found in patients with FD.34

Notably, these authors recently identified that GP is frequently misdiagnosed in the community. In a retrospective 
study involving 339 patients referred to our tertiary referral center for evaluation of GP, 80.5% of referred patients 
ultimately received alternative diagnoses after tertiary evaluation, with FD being the most common alternative diagnosis 
(44.5% of patients).35 Of note, only 130 of these patients (38.3%) had undergone a 4-hour GES, but only 23 patients 
(6.8%) were known to have ingested a standard test meal of radiolabeled eggs. These data emphasize the importance of 
performing a GES properly, and adhering to a well-established, standardized protocol, in order to make an accurate 
diagnosis of GP36 (Myth/Misconception #5). However, a recent questionnaire-based study assessing key GES protocol 
measures identified overall poor compliance with GES protocol guidelines among US medical institutions.37 Among the 
121 responses (40.4% of which were academic or teaching medical centers), the average rate of protocol adherence to the 
52 different measures assessed was only 64%. Moreover, only 58% of responding medical institutions performed 
scintigraphic imaging for the validated 4-hour length of time, and only 59% used the recommended test meal of egg 
whites, two slices of white toast, jelly, and water.

Finally, an important misconception as it relates to the diagnosis of GP is the relevance of retained food content seen 
on esophagogastroduodenoscopy (EGD). In the aforementioned study from our center, patients correctly diagnosed with 
GP after tertiary evaluation more often had retained food in the stomach on upper endoscopy [22.7% vs 8.8%, p = 
0.004].35 However, current data suggests that the identification of retained food during endoscopy is not diagnostic for 
GP. In a recent retrospective study of nearly 3000 patients who underwent both EGD and GES, findings of retained 
gastric contents were associated with the positive predictive value of retained gastric contents for delayed gastric 
emptying was only 55%.38 Further, retained gastric contents were noted to be present in 3% of all upper endoscopy 
procedures assessed (85,116 EGDs performed in 55,537 patients), a small but not insignificant number. Moreover, other 
risk factors were identified as being associated with retained gastric contents aside from GP, such as diabetes, acid 
suppressant medications, some cardiovascular medications, and opioids. Indeed, the updated ACG clinical guidelines 
caution that retained gastric food should not be considered diagnostic for GP2(Myth/Misconception #6).

Treatment
Introduction
The treatment of GP should be individualized based on the patient’s predominant symptom and the severity of reported 
symptoms (Figure 2).39 For example, a patient with idiopathic GP with the predominant symptom of occasional nausea 
may simply require dietary modifications. In contrast, a patient with long-standing diabetic GP with daily nausea and 
vomiting and severe abdominal pain may require multimodal medical therapy as well as endoscopic intervention. The 
data presented below primarily focus on single-agent studies compared to placebo, as data from large, head-to-head 
comparison studies do not exist.

Dietary Interventions
Patients with GP frequently report meal-related symptoms of early satiety, abdominal pain and/or discomfort, and nausea 
and vomiting. Intuitively, eating smaller, more frequent meals to improve meal-related symptoms makes sense, although 
data supporting this concept are quite limited. A small study of diabetic patients with GP showed that a diet with large 
particle size emptied more slowly than a diet with small particle size.40 A prospective, 20-week parallel group dietary 
intervention study in diabetic patients (n = 56; 36 with type I diabetes) found that a small particle diet substantially 
improved symptoms of early satiety, bloating, nausea and vomiting compared to a large particle diet.41 A retrospective 
analysis of 86 patients with GP found that a low-fiber, low-fat, small frequent meal diet combined with prokinetic therapy 
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improved symptoms in 58% of patients.42 Although many patients with GP report that fatty foods worsen GI symptoms, 
no prospective study has evaluated a low fat versus a normal fat diet over a prolonged course of time. It is important to 
highlight that tight glycemic control is essential for patients with diabetic GP as elevated blood sugar levels impede 
gastric emptying. We recommend that for patients with mild GP symptoms with nausea predominance a small particle, 
reduced fat diet should be employed for a minimum of 4 weeks. If patients do not report symptom improvement, then the 
prior diet can be resumed. Of note, many patients with GP voluntarily restrict food intake in order to minimize 
symptoms, potentially leading to malnutrition, vitamin and nutrient deficiencies (eg, D, E, K, folate, calcium, iron) 
and even the development of avoidant-restrictive eating behaviors.43

The prevalence of eating disorders among patients with gastrointestinal disorders has perhaps been underrecognized 
to date, though this topic is gaining increased attention. For example, a recent study of 158 patients presenting for 
evaluation of GP/dyspepsia symptoms identified the presence of clinically significant eating disorders in nearly 55% of 
patients, with approximately 40% meeting cutoff for avoidant restrictive food intake disorder (ARFID).44 Thus, it is 
critically important that providers exercise caution in recommending dietary therapy for patients with GP, particularly 
those with a history of an eating disorder or who may be deemed to be at risk for an eating disorder based on psychologic 
assessment. Additionally, gastric emptying can be delayed in patients with eating disorders such as anorexia nervosa and 
bulimia nervosa, and can improve with weight gain.45 Therefore, it is important for clinicians to understand that delayed 
gastric emptying may occur as a result of weight loss associated with an eating disorder in the appropriate patient. 
Referral to Psychiatry/Psychology should be considered in patients with signs of an eating disorder, and referral to 
a dietitian should be considered when malnutrition is a concern based on laboratory testing and symptom severity. In 
patients with severe refractory symptoms which result in malnutrition, enteral therapy, such as via jejunostomy tube, may 
need to be considered.2,39

Figure 2 Proposed management for the treatment of gastroparesis based on predominant symptom and overall symptom severity. 
Notes: Reproduced from Lacy BE, Tack J, Gyawali CP. AGA clinical practice update on management of medically refractory gastroparesis: expert review. Clin Gastroenterol 
Hepatol. 2022;20(3):491–500. Copyright 2022, with permission from Elsevier.39 

Abbreviations: GES, gastric emptying study; CAM, complementary and alternative medicine; CBT, cognitive and behavioral therapy; G-POEM, gastric per oral endoscopic 
myotomy.
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Medical Therapies for Nausea and Vomiting
Multiple agents are available to treat nausea and vomiting; however, most have never been tested in prospective studies 
involving GP patients (Table 1). The following section summarizes commonly used medications to treat symptoms of 
nausea and vomiting in patients with GP, beginning with the dopamine receptor antagonists metoclopramide and 
domperidone. Prokinetic agents which improve gastric emptying but without a documented mechanism to improve 
nausea and vomiting are discussed in a later section.

Metoclopramide is a centrally acting dopamine type-2 (D2) receptor antagonist. It is widely available in the EU and is 
the only FDA-approved medication for the treatment of GP symptoms in the US. Metoclopramide exhibits antiemetic 
effects via inhibition of D2 and 5-HT3 receptors in the brain, as well as prokinetic effects due to its 5-HT4 receptor 
agonist activity.46 Metoclopramide can be administered through multiple routes (oral, subcutaneous, intravenous, nasal) 
depending upon the clinical situation and patient preferences. Clinical guidelines recommend starting at the lowest 
possible effective dose for each patient beginning with 5 mg t.i.d. 30 minutes before meals with a maximum dose of 
40 mg/day.9 A recent review identified 8 separate trials of metoclopramide for the treatment of GP.47 Six studies involved 
a comparator (placebo in 4 cases; domperidone in one; erythromycin in one); 5 studies were double-blinded; 2 studies 
were open label. The sample size in these studies ranged from 1 to 45 patients; the majority of the patients were diabetic; 
most studies were 3–4 weeks in duration; metoclopramide dosing was generally 10 mg by mouth four times daily. 
Overall, GP symptom improvement was rated at approximately 30%. Metoclopramide’s use is often limited by side 
effects including mild sedation, agitation, hyperprolactinemia, and extrapyramidal effects. In the US, metoclopramide 
carries a black box warning restricting its use to ≥12 weeks for the risk of tardive dyskinesia, although this risk has been 
estimated to be small (<1%).48 More recently, a retrospective analysis of studies assessing the presence of tardive 
dyskinesia in patients treated with metoclopramide found the risk of tardive dyskinesia to be even smaller than previously 
thought (0.1% per 1000 patient years)49 (Myth/Misconception #7).

Domperidone, a dopamine type-2 (D2) receptor antagonist, is similar in action to metoclopramide, although it does 
not readily cross the blood–brain barrier.50 Domperidone is thus associated with fewer central side effects than 
metoclopramide. Providers should be aware of an association of domperidone with QT prolongation and ventricular 
tachycardia.51 Domperidone is widely available throughout most of the world and is sold over-the-counter in some 
countries. It is only available in the US through an FDA investigational drug application. The recommended starting dose 
is 10 mg three times daily with escalation to 20 mg four times daily including at bedtime.9 A recent analysis identified 11 

Table 1 Suggested Medications and Dosing for 
Treatment of Nausea and Vomiting in Gastroparesis

Medications Oral Dose

Metoclopramide 5–10 mg three to four times daily

Domperidone** 10 mg three to four times daily

Ondansetron* 4–8 mg three times daily

Prochlorperazine* 5–10 mg four times daily

Chlorpromazine* 10–25 mg four times daily

Scopolamine* 1.5 mg patch every 3 days

Aprepitant* 80 mg daily

Tradipitant* 85 mg twice daily

Dronabinol* 5–10 mg three times daily

Ginger 1 g twice daily

Notes: *Off label use. **Only available in the United States via FDA 
investigational drug protocol.
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separate trials of domperidone for the treatment of GP.47 Six were randomized, controlled trials; 4 were open label. Four 
were placebo-controlled, while two were comparator studies (one each for cisapride and metoclopramide). Sample size 
ranged from 3 to 208 patients. Most studies involved patients with diabetic GP and were 4 weeks in duration, although 
a retrospective study lasted just over one year. The typical dose used was 10 mg taken four times daily. Symptom 
improvement was reported by most patients; in the one comparator study involving metoclopramide, no difference was 
noted between the two groups. Adverse effects occurred in up to 16–17% of patients; elevated prolactin levels were 
identified in all patients receiving domperidone in one open-label study. In a separate, single-center cohort study (n = 
115) not included in this meta-analysis, the majority (68%) of GP patients treated with domperidone reported improve-
ment in symptom scores. This study also noted that 7% (8 of 115) of patients had cardiac-type side effects necessitating 
drug cessation.52

Serotonin type-3 (5-HT3) receptor antagonists and phenothiazines are commonly used (off-label) for the treatment of 
nausea and vomiting related to GP. 5-HT3 receptor antagonists inhibit vagal afferent nerves and receptors in the 
chemoreceptor trigger zone but do not affect gastric motility.53,54 All first-generation 5-HT3 antagonists are considered 
to have similar efficacy, and therefore selection can be determined by availability, price, and tolerability.55 Ondansetron is 
available in tablet form as well as an oral disintegrating tablet, which may ease administration in patients with symptoms of 
severe nausea; granisetron is available as a transdermal patch. In two studies, transdermal granisetron (3.1 mg/24 hr) was 
moderately effective in reducing symptoms of nausea and/or vomiting in patients with GP with symptoms refractory to 
conventional treatment.56,57 Phenothiazines, such as prochlorperazine and chlorpromazine, inhibit both D1 and D2 receptors 
in the brain leading to antiemetic effects. No studies have directly compared 5-HT3 receptor agonists to phenothiazines.9

Other medications are available to treat nausea and vomiting, but there is no, or limited, data to support their use in 
patients with GP. Scopolamine is a muscarinic cholinergic receptor antagonist that can be considered for the treatment of 
nausea in GP patients, although it is important to note that there have been no clinical studies which support its use for 
treatment of GP. Aprepitant is a NK-1 receptor antagonist that reduces nausea and vomiting through the inhibition of 
substance P in the area postrema within the brainstem. A randomized, placebo-controlled trial of 126 patients (most, but 
not all, with documented GP) treated with aprepitant (125 mg/day, n = 63) resulted in mixed results as it failed to meet 
the primary outcome of a reduction in nausea but did meet some secondary outcomes in terms of reducing symptom 
severity.58 Tradipitant, another NK-1 antagonist, yielded better results in a slightly larger study (n = 152) involving only 
patients with documented idiopathic or diabetic GP.59 During this 4-week study, 85 mg twice daily of tradipitant was 
more effective than placebo at reducing nausea severity and frequency (p = 0.0099). Synthetic cannabinoids, such as 
dronabinol and nabilone, are approved for the treatment of nausea and vomiting associated with chemotherapy but have 
not been studied specifically for the treatment of GP. It is important to recognize that cannabinoids may slow gastric 
emptying and thus could potentially worsen some GP symptoms.

Prokinetic Therapy
One common misconception is that all symptoms of GP will resolve if gastric emptying is improved or normalized 
(Myth/Misconception #8). Research efforts for many years thus focused on accelerating gastric emptying. A number 
of agents (reviewed in the following section) have been tested, although the benefits of prokinetic therapy are much 
less than hoped for. Erythromycin, a macrolide antibiotic that acts as a motilin receptor agonist, is commonly used off- 
label to treat GP symptoms. Activation of motilin receptors in the GI tract stimulates cholinergic activity in the gastric 
antrum and helps initiate the MMC, thus accelerating movement of material from the stomach to the small 
intestine.60,61 Hospitalized GP patients may benefit with a course of intravenous erythromycin at a dose of 3 mg/kg 
(over 45 minutes) every 8 hours.9 For outpatients, oral doses of 50–100 mg four times daily given 30–45 minutes prior 
to meals and at bedtime may improve symptoms.62 Unfortunately, most patients develop tachyphylaxis to erythro-
mycin fairly rapidly thus limiting its effectiveness and many patients report a worsening of nausea. Ghrelin is an 
endogenous peptide that is also involved in stimulation of Phase III of the MMC.63 Relamorelin is a potent synthetic 
ghrelin agonist, which has been shown to improve gastric emptying and symptoms in diabetic GP patients.64,65 

Improvement in vomiting frequency was noted in a small subset of patients. Overall lack of efficacy, however, 
prompted cessation of further research trials. In a placebo-controlled, cross-over study, 34 patients with GP (28 
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idiopathic) were treated with prucalopride, a 5-HT4 agonist for 4 weeks.66 Prucalopride (2 mg q.d.) led to 
a statistically significant improvement in symptoms of early satiety, nausea, vomiting and bloating, compared to 
placebo; as well, overall quality of life was improved. Large, multicenter studies are needed to confirm these 
interesting results.

Complementary and Alternative Therapy
Patients are increasingly turning to complementary and alternative medicines for relief of their GP symptoms. Ginger is 
commonly used to treat symptoms of nausea, although its exact antiemetic mechanism of action is unclear. Although not 
directly tested in patients with GP, a meta-analysis of five randomized trials demonstrated that a dose of 1 gram of ginger 
was significantly better in preventing post-operative nausea and vomiting (PONV) than placebo.67 STW 5 (Iberogast), 
a combination herbal product, has been shown to be superior to placebo in improving dyspeptic symptoms in 
a prospective, multicenter study involving over 300 patients with FD.68 STW 5 is thought to improve gastric antral 
motility and enhance relaxation of the proximal stomach but does not appear to negatively affect gastric emptying.69,70 

Although STW 5 has not been studied for the treatment of GP, it was noted that patients with “dysmotility-like” FD had 
a greater decrease in symptom scores with STW 5, compared to those with “ulcer-like” and non-specific FD.70 

Acupuncture improves some medical conditions, although its efficacy for treatment of GP remains unclear. A meta- 
analysis of 14 randomized controlled trials assessing acupuncture treatment in diabetic patients with dyspeptic symptoms 
demonstrated higher response rates with acupuncture, though the results were overall inconclusive given the low quality 
of trials included in the analysis.71 Similarly, a recent comprehensive meta-analysis of 32 studies involving 2601 
participants using several different acupuncture techniques provided very low-certainty evidence of benefit in the setting 
of evidence of publication bias and a positive bias of small study effects.72 Based on this data, we would not recommend 
acupuncture for GP symptoms. Relaxation techniques, including guided imagery and hypnosis, have proved useful in 
treating symptoms of nausea and vomiting in patients undergoing chemotherapy, but these techniques have not been 
studied in GP patients.73

Medical Therapies for Abdominal Pain
Abdominal pain is a cardinal, but perhaps underrecognized, symptom of GP (Myth/Misconception #9). In a recent 
prospective study of 346 GP patients (212 idiopathic) whose symptoms were assessed by numerous questionnaires and 
who underwent various physiologic tests (such as GES and WMC), abdominal pain was found to be present in 90% of 
patients.74 Further, abdominal pain was found to be more common in women, and over 50% of patients reported daily 
pain. Moreover, over one-third of patients reported severe or very severe pain, and pain severity was associated with 
depression, anxiety, and elevated somatic symptom scores. Notably, the severity of abdominal pain was not found to be 
associated with the severity of delayed gastric emptying, suggesting that there are separate pathophysiologic processes 
involved in the generation of pain symptoms in patients with GP.

Tricyclic antidepressants (TCA), such as amitriptyline, desipramine, and nortriptyline, now commonly referred to as 
neuromodulators, have been extensively used in clinical practice to treat pain. In low doses, these medications may also 
reduce symptoms of nausea and vomiting. One placebo-controlled, randomized trial assessed the efficacy of a TCA for 
the treatment of GP. The NORIG trial evaluated nortriptyline, dose escalated at 3-week intervals up to 75 mg at 12 
weeks, on overall symptoms of idiopathic GP in 130 patients.75 Overall, this study showed no difference between 
patients treated with nortriptyline compared to those who received placebo, though the strict primary outcome measure-
ment of ≥50% reduction in overall GCSI scores on two consecutive assessments compared to the baseline is worth 
noting. Despite this being a negative study, low-dose neuromodulator therapy using a tertiary amine TCA (eg, amitripty-
line or imipramine) may provide some pain relief, based on studies demonstrating positive results for the treatment of FD 
and other DGBIs.76

Mirtazapine, an antidepressant with both noradrenergic, serotonergic activity and antihistaminic activity, has been 
shown to be effective in treating refractory nausea and vomiting in multiple case reports. A recent trial in patients with 
FD indicated that it was effective in reducing dyspeptic symptoms and resulted in a significant increase in body weight.77 

In a prospective, 4-week trial, open-label trial, patients with GP (n = 30; 26 idiopathic) reported improvement in 
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symptoms of nausea, vomiting, retching and reduced appetite.78 Although data from large, placebo-controlled trials are 
lacking, mirtazapine may be considered a reasonable option for treating some patients with GP, especially those with 
symptoms of refractory nausea and vomiting with weight loss.

Pregabalin binds to a subunit of the voltage gated calcium channels within the central nervous system and modulates 
calcium influx, inhibiting release of excitatory neurotransmitter and exerting anti-nociceptive and anticonvulsant effects. 
It is structurally related to gabapentin but has no activity at GABA or benzodiazepine receptors, though both pregabalin 
and gabapentin are frequently used to treat neuropathic pain. A pooled analysis from seven randomized clinical trials 
involving a total of 1510 patients with painful diabetic neuropathy identified a statistically significant reduction in mean 
pain scores with pregabalin at treatment doses of 150 mg, 300 mg and 600 mg daily.79 Though pregabalin and gabapentin 
have not been studied for the treatment of GP symptoms specifically, a recent study of randomized control trial involving 
72 FD patients found that treatment with pregabalin 75 mg daily for 4 weeks resulted in significant overall improvement 
in dyspeptic symptoms, particularly abdominal pain, compared to placebo.80

Behavioral Therapies
Behavioral therapies such as cognitive behavioral therapy (CBT) and hypnotherapy (now termed “brain-gut behavior 
therapies (BGBTs)”) have gained increased recognition and acceptance as treatments for various gastrointestinal 
disorders, particularly DGBIs.81 Cognitive behavioral therapy, in particular, is one of the most widely used forms of 
behavioral therapy for gastrointestinal disorders characterized by pain (ie, FD and IBS) and recurrent vomiting and/or 
regurgitation (ie, rumination syndrome).81–83 Cognitive behavioral therapy is also used to treat psychologic distress, such 
as anxiety, which is important to highlight as patients with GP have been shown to have elevated scores for both anxiety 
and depression on the validated Hospital Anxiety and Depression Scale (HADS).84 Though there have been no published 
studies to date which have assessed CBT for the treatment of GP, it stands to reason that CBT may be effective for 
treating symptoms of GP, as CBT has been shown to improve symptoms of FD, and considering the sentiment that GP 
and FD exist along a spectrum of gastric sensorimotor dysfunction. In a study of 158 patients with FD, a 10-week course 
of coping-focused CBT yielded significant improvement of dyspeptic symptoms and quality of life compared to medical 
therapy alone; further, these improvements were shown to be maintained at 6 months.85 Cognitive behavioral therapy, 
administered over 4 months, was also found to result in a significantly greater reduction in dyspeptic symptoms, as well 
as improvement in psychologic parameters, compared to no medical care, when assessed at 1-year follow-up in a study of 
100 patients with FD.86 Similarly, gut-directed hypnotherapy has yet to be studied for the treatment of GP but has been 
shown to improve symptoms and quality of life in patients with FD87,88 As such, BGBTs would seem to represent 
a treatment domain, which is ripe for investigation to understand the potential benefit for patients with GP.

Interventional Therapy
It is thought that some patients with GP may have delayed gastric emptying due to abnormalities in gastric pyloric tone 
and pressure, so-called “pylorospasm”, as well as dyscoordination between pyloric relaxation and antral contractions.11,89 

Thus, the pylorus has become a fitting target for interventional therapies with a goal to reduce pylorospasm. Endoscopic 
injection of botulinum toxin A (BoTox) was previously viewed as a promising intervention after multiple open-label 
studies demonstrated that pyloric injection of botulinum toxin resulted in improvement in gastric emptying and patients’ 
symptoms.90,91 However, two subsequent randomized control trials showed that injection of botulinum toxin was not 
superior to placebo in improving gastric emptying or symptoms.92,93 As such, the role of intrapyloric injection of 
botulinum toxin as a valid treatment for GP has become controversial, and updated ACG guidelines currently do not 
recommend intrapyloric botulinum toxin injection for the treatment of GP (Myth/Misconception #10). That said, a recent 
prospective study of 35 patients with refractory GP demonstrated that intrapyloric botulinum toxin injection significantly 
improved symptoms in patients with altered pyloric distensibility, as measured by endoluminal functional lumen imaging 
probe (EndoFLIP).94 Therefore, the utilization of EndoFLIP to assess pyloric distensibility could possibly reinvigorate 
interest in intrapyloric injection for the treatment of GP.

Updated ACG guidelines acknowledge the potential role for EndoFLIP to assess pyloric function in some patients 
with GP, as well as to predict treatment response to gastric peroral endoscopic myotomy (G-POEM), an intervention 
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which has gained considerable intrigue in recent years. Several open-label studies have previously demonstrated that 
G-POEM improves symptoms and gastric emptying in GP patients.2 Further, more recent studies have shown favorable 
long-term outcome data for treatment of GP with G-POEM, up to 4 years.95–97

While sham-controlled trials were previously lacking, one recent sham-controlled study demonstrated that G-POEM 
resulted in significant improvement in symptoms in GP patients over sham therapy. In a study of 41 GP patients (17 with 
diabetic GP, 13 with postsurgical GP, and 11 with idiopathic GP), in which 21 were randomized to G-POEM and 20 
underwent a sham procedure (EGD lasting at least 40 minutes, without pyloric intervention), significantly more patients 
undergoing G-POEM experienced treatment success, defined as at least a 50% improvement in GCSI score at 6-months 
follow-up, compared to the patients who underwent the sham procedure (77% vs 22%, p = 0.005).98 Notably, the study 
was terminated early after interim analysis by the Data and Safety Monitoring Board revealed a significant difference in 
response among the two groups. Also, of note, patients included in the study had an abnormal gastric emptying 
scintigraphy, defined by >60% gastric retention at 2 hours and/or >10% retention at 4 hours, as well as severe symptoms 
(assessed by GCSI score) which persisted for at least 6 months. While this work certainly adds to the excitement of 
G-POEM for the treatment of GP, additional sham-controlled studies are needed to help determine which patients may be 
best suited for treatment with G-POEM, as well as to better define the role of EndoFLIP in predicting treatment success 
with pyloric interventions.

Finally, the role of gastric electrical stimulation (GES) for the treatment of GP continues to be debated. Though 
approved for the treatment of refractory nausea and vomiting symptoms due to GP by the FDA in 2000, GES’s precise 
mechanism of action remains unclear, as it has not been shown to effectively improve gastric emptying, and prospective 
randomized studies have yielded mixed results.99–103 That said, multiple individual studies to date have demonstrated 
significant improvement in symptoms of nausea and vomiting with GES treatment in patients with diabetic or idiopathic 
GP; abdominal pain has not been shown to improve. Therefore, GES is currently thought of as a reasonable treatment 
option in GP patients, not taking opioids, with nausea/vomiting predominant symptoms refractory to standard therapy.2,39

Conclusions
Gastroparesis remains a troubling disorder, which has a tremendous impact on patients’ quality of life and the healthcare 
system in general. Recent epidemiologic data suggest that GP is more prevalent than previously thought. Though 
historically characterized by an objective delay in gastric emptying, the pathophysiology of GP is complex and recent 
data has shed light on other pathophysiologic mechanisms beyond delayed gastric emptying, such as visceral and central 
hypersensitivity, which provide further evidence to dispel the misconception that GP is solely a disorder of delayed 
gastric emptying. Further, the recent movement among experts in the field to classify GP along the same spectrum of 
gastric sensorimotor dysfunction as FD has the potential to fundamentally transform how GP is viewed as a disorder, 
with tremendous implications for future research. Regarding treatment, the evidence in support of G-POEM for treatment 
of GP continues to mount, though additional large, sham-controlled trials are still needed to help identify the specific GP 
patient population which would be best suited for pyloric intervention, as well as to better define the potential role for 
EndoFLIP in this evaluation. Finally, increased attention to the complexity of GP from a pathophysiologic standpoint 
brings hope of novel treatments beyond traditional antiemetics and prokinetics whose overall efficacy remains modest at 
best for the GP population at large. As it stands, metoclopramide remains the only FDA-approved treatment for GP. 
Moving forward, gut-brain directed therapies, such as behavioral therapies and neuromodulators, seem worthy of further 
investigation as treatment options for GP given emerging evidence linking GP with FD.
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