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Summary 

Gastroparesis is characterised by delayed gastric emptying, with symptoms such as nausea, vomiting and abdominal pain, in the absence of mechanical obstruction. In most cases it is idiopathic although diabetes mellitus is another leading cause. The physiology of gastric emptying is a complex process which is influenced by various inputs including the central nervous system, enteric nervous system and gut hormones. Developments in our understanding of gastroparesis have now demonstrated dysfunction in these systems thus disrupting normal gastric emptying. Once mechanical obstruction is excluded, gastric scintigraphy remains the gold standard for diagnosis although wireless motility capsule and breath testing are alternative methods for diagnosis. Treatment for gastroparesis is challenging and widely available therapies are often limited either by their poor evidence for efficacy or concerns over their long-term safety profile. Novel prokinetic agents have shown initial promise in clinical trials and new endoscopic techniques such as gastric per oral endoscopic myotomy are emerging. These new treatment modalities may provide an option in refractory gastroparesis with the adage of reduced morbidity compared to surgical treatments.

Introduction

Gastroparesis is a syndrome characterised by symptoms such as nausea, vomiting, early satiety, upper abdominal pain and bloating in the presence of delayed gastric emptying (GE); without any evidence of mechanical obstruction (1,2). Alongside functional dyspepsia, it is one of the commonest neuromuscular disorders of the upper gastrointestinal tract, but the true epidemiology is still largely undefined. This is probable due to gastroparesis usually presenting with a multitude of symptoms which are then classified using less specific ICD-10 codes. Prevalence is estimated at up to 2% in the general population with many never receiving a formal diagnosis (3). Although there are multiple aetiologies that contribute to gastroparesis the majority of cases appear to be idiopathic or as a complication of diabetes mellitus (4). 

The overall understanding of gastroparesis has moved forward significantly over recent years with the physiological and cellular mechanisms becoming more established. Management of gastroparesis  can be challenging, and the impact of symptoms can be debilitating for some patients with significant impact on quality of life (5). However, with established diagnostic tests and novel treatments now under development there is promise of more effective management options for cases resistant to traditional therapy. 

In this review article we explain basic gastric physiology including the neurohormonal influences which play an integral role in GE. We review the various aetiologies of gastroparesis, as well as the key investigations which help in establishing the diagnosis.  Finally, we discuss traditional and more novel treatment options available for this problematic condition and the evidence underlying them.    

Physiology, pathogenesis and aetiology

Physiology of GE 

The stomach functions as a reservoir for food so nutritional content can be broken down mechanically and chemically to produce a fluid (chyme), which can then be released into the duodenum at a controlled rate, allowing maximum nutrient absorption. This control is achieved by feedback mechanisms from the stomach and small intestine, which activate the vagus nerve and a number of hormones, causing the slowly of GE. As food enters the stomach, relaxation reflexes occur in order to accommodate the food or liquid (gastric accommodation). Stretching of the oesophagus and stomach leads to a vasovagal reflex which causes the fundus and upper part of the corpus to relax, allowing food to enter the stomach without gastric pressure increasing (6). Following food intake waves of smooth muscle contraction move from the mid-corpus of the stomach to the pylorus. The frequency of these waves is controlled by interstitial cells of Cajal (ICC) situated in the upper part of the greater curvature, acting as a pacemaker. This creates slow-wave basal rhythm at a maximum frequency of three waves per minute during the fed state. The waves increase in amplitude and velocity as they near the pylorus, causing closure of the pylorus (7). Gastric contents are moved to the distal stomach and are forced against the closed pylorus. Each time this occurs a small amount of liquid leaves the stomach through the pylorus, whereas the solids are forced backwards to the middle of the stomach. This allows physical breakdown of the solids and mixing with gastric juices (8). Non-caloric liquids are emptied from the stomach immediately at a rate directly proportional to the volume in the stomach. In contrast, solid contents must be broken down into smaller particles before passing into the duodenum (9).

The postprandial motility allowing mixing and breakdown of food can last up to 120 minutes. This is known as the fed state. The food left in the stomach at this time will depend on the amount of food ingested, the amount of liquid and the solubility of the meal. Once these digestive processes following a meal have finished, gastric motility is controlled by contractile waves known as migrating myoelectric complexes (MMC), which is activated between meals every 45-180 minutes (10). The MMC consists of three stages:

Phase 1:  Little activity in the stomach with the occasional contraction which does not develop propulsion (60 minutes). 

Phase 2: Increased frequency of contractions (30 minutes).

Phase 3: There are ten minutes of intense activity in which contractile waves are initiated by the hormone motilin and occur around three times a minute in the antrum, increasing in velocity towards the pylorus and in the small intestine. These contractions move any remaining food towards the now relaxed pylorus. This allows large particles that remain in the stomach following the last feed to enter the duodenum with contractile waves continuing into the terminal ileum (11). 

Control of GE

The rate of GE varies depending on a number of mechanisms including the enteric nervous system, the central nervous system, and gastrointestinal peptide hormones (see figure 1).

Enteric Nervous System (ENS)

The Enteric Nervous System (ENS) is a group of neurons and glial cells organised into ganglia in the myenteric plexus and the submucosal plexus, which can perform functions independently of the CNS (12). It locally provides internal control of GE by communicating with pacemaker cells, and coordinating GE with motility of the rest of the gastrointestinal (GI) tract (13). Although the ENS has a role to play in GE, studies have found that inhibiting the ENS supply to the stomach does not stop gastric waves of activity (14). This is in contrast to the small and large intestine, which rely heavily on the ENS for propulsive activity (15). 

Central nervous system (CNS)

The CNS provides extrinsic neural control via parasympathetic and sympathetic inputs. The sympathetic nervous system has a mainly inhibitory effect on the stomach, and also causes vasoconstriction of GI blood vessels. It is supplied by preganglionic neurons from T6-T9, and postganglionic neurons from the coeliac ganglion (16). The parasympathetic system governs both excitatory and inhibitory influence over the stomach via the vagus nerve. It is a vasovagal reflex, for example, that controls the relaxation reflex of the proximal stomach in response to a meal (17). Both the sympathetic and parasympathetic inputs are influenced by homeostatic control, and cognitive and behavioural functions.

Glucose

High levels of blood glucose exert an inhibitory effect on GE, causing less food to enter the intestine for absorption, thus preventing a further rise in glucose levels. Hypoglycaemia has the opposite effect and leads to a faster rate of GE. The action of glucose is via the enteric nervous system, the CNS (vagus), and by modulating hormone release (16).

Gut Hormones

There are numerous gut hormones that influence the process of GE (table 1).
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Figure 1: Summary of the effect of neural inputs, blood glucose levels and hormones on the rate of GE.








	Table 1: Gut hormones involved in GE

	Hormone
	Production
	Effect on GE

	Motilin
	M-cells in the upper intestine
	Promotes GE.
Activates phase III of the MMC (18).

	Ghrelin
	Ghrelin-producing cells in the fundus of the stomach
	Increases appetite and gastric motility. Stimulates the release of growth hormone, prolactin, adrenocorticotropic hormone (ACTH) and cortisol (19,20). Levels are usually low in obese patients and high in cachectic or anorexic patients (21).

	Glucagon-like peptide 1 (GLP-1)
	L-cells in the intestinal mucosa
	Inhibits GE via ‘ileal-brake’ mechanism*.
Reduction of glucagon levels, promotion of insulin release.

	Glucose-dependent insulinotropic polypeptide (GIP)
	K-cells in the intestinal mucosa
	Promotes insulin release (22).

	Peptide tyrosine tyrosine (PYY)
	L-cells of the distal intestinal mucosa
	Inhibits GE via the ‘ileal-brake’ mechanism* (23).
Appetite suppressant.

	Cholecystokinin (CCK)
	I-cells in mucosa of small intestine
	Inhibits GE.
Released in response to fatty acids and monoglycerides entering the duodenum and jejunum.
Appetite suppressant.
Involved in pancreatic secretion and gallbladder contraction (24).

	Gastrin
	G-cells present in the duodenum and gastric antrum
	Increases stomach motility.
Stimulates gastric acid secretion.
Released in response to amino acids (25).



[bookmark: _gjdgxs][bookmark: _qhosbypf9pj4]* The ‘ileal-brake’ mechanism is an inhibitory feedback system stimulated by unabsorbed nutrients reaching the ileum, resulting in reduced GE via vagal inputs (22).

Pathogenesis of delayed GE

The regulation of GE is finely controlled by a number of factors, as described above. Any disruption to these mechanisms causing disorganisation or reduced frequency of antral contractions, or uncoordinated contractions at the pylorus can result in delayed GE (13).

Histologically, full thickness biopsies have shown a reduction in Interstitial cells of Cajal (ICC), a loss of neuronal nitric oxide synthase and a fall in the number of normal enteric nerve fibres (26). In healthy subjects, the ICC acts as a pacemaker by generating slow waves which propagate through the smooth muscle of the stomach, allowing synchronised contractions (27). The loss of ICC is thought to be a significant factor in delayed GE, particularly in patients with diabetic gastroparesis (28). Immune infiltration in muscle layers has also been seen. The degree of infiltration has been shown to have a stronger link to symptoms in idiopathic gastroparesis, rather than diabetic gastroparesis  (29). The significance of the histological findings to clinical features remains unclear but may be useful in understanding potential processes of delayed GE.

The loss of ICC and the presence of abnormal enteric neurons leads to ineffective antral contraction and produces gastric dysrhythmias. This prevents normal gastric peristaltic waves (30). Therefore, food matter is not mixed as effectively to produce chyme, and the stomach contents are not cleared as efficiently.

The involvement of nitric oxide dysregulation has been studied extensively in the pathogenesis of gastroparesis. In normal GE nitric oxide release from enteric neurons is involved in smooth muscle relaxation thereby allowing the pyloric sphincter to relax (31). Impairment or absence of the nitric oxide pathway may therefore contribute to pylorospasm where the pylorus does not relax concurrently with antral contraction thereby impairing GE (32,33). Whilst nitric oxide dysregulation may be an important factor it does not seem to underlie all cases of gastroparesis in vivo. In one human study of patients with idiopathic and diabetic gastroparesis only 40% and 20% of patients respectively had reduced nitric oxide expression in biopsy specimens (26).

Aetiology of gastroparesis

Diabetes mellitus constitutes approximately one third of cases, with idiopathic cases making up a further third (4). Other causes include post-surgical, medication related and connective tissue disorders (table 2). Although delayed gastric emptying is identified in patients with symptoms of gastroparesis, it has been found that their symptoms do not always correlate with the severity of gastric emptying delay (34). In both diabetic and idiopathic gastroparesis, impaired gastric accommodation and hypersensitivity to gastric distention have been shown to worsen symptoms (35,36).

Acute hyperglycaemia has been shown to reduce the frequency of MMC in the stomach and lower plasma motilin levels, and therefore delay GE (37). This is the case in diabetic and non-diabetic patients. It is unclear whether chronic hyperglycaemia has an effect on GE.

Surgical vagotomy or autonomic dysfunction (e.g. in diabetes) will reduce the vasovagal responses including fundus relaxation (13). The reflex also requires nitric oxide to be released from neurons and depends on ICC acting as stretch receptors. If both of these functions are depleted, gastric emptying will be impaired (38). Postural orthostatic tachycardia syndrome (POTS) is defined by excessive tachycardia and symptoms of cerebral hypoperfusion on standing; it is often associated with autonomic dysfunction (39). Gastrointestinal symptoms are very common in patients with POTS. One study found 36% of patient had impaired gastric emptying, however this was more commonly increased gastric emptying rather than delayed, which may be due to sympathetic dysfunction (40).

GI symptoms linked to reduced motility are very common in Parkinson’s Disease (PD). One study found 45% of patients have symptoms of gastroparesis such as early satiety, nausea and bloating (41). In PD, lewy body formation and loss of dopaminergic neurons appears to affect the ENS, as well as the CNS (42). Delayed GE in patients with PD is thought to have consequences on levodopa absorption, which may contribute to motor response fluctuations when using the drug for prolonged periods (43).

Opioids are well known to cause constipation; but may also delay GE due to its actions on opioid receptors in the GI tract. This can lead to reduced absorption of orally administered medications (44). A study used methylnaltrexone, an opioid antagonist that does not cross the blood brain barrier, to show a reversal of the effect of morphine on GE and helped reduce nausea symptoms. This suggests that peripheral action, rather than central action, of opioids leads to delays in GE (45).

A number of connective tissue disorders have been found to be linked to delayed GE. Gastrointestinal involvement is common in systemic sclerosis although the most common manifestation of this is oesophageal dysfunction, particularly reflux (46). Gastroparesis is a less common feature and has been associated with  histological findings of submucosal collagen deposition and replacement of smooth muscle with fibrous tissue in the stomach of patients with systemic sclerosis (47). Ehlers-Danlos syndrome describes a group of genetic connective tissue disorders defined by joint and skin hypermobility. Gastrointestinal symptoms are found in up to 50% of patients, with delayed GE found in 22% of patients in a retrospective study of 687 patients (48).


	Table 2: Aetiology of gastroparesis

	Common
	Uncommon

	Idiopathic 

	Neurological e.g. Parkinson’s disease


	Diabetes mellitus

	Endocrinopathies: thyroid, parathyroid, adrenal dysfunction



	Post-surgical (vagotomy, Nissen fundoplication, bariatric surgery, lung/heart transplantation)
May be associated with quicker emptying of liquids (dumping syndrome) and delayed emptying of solids
	Drugs: Amylin analogues (49); GLP-1 agonists (50); ciclosporin (51);  opiates (44)

	
	Connective tissue disorders e.g. systemic sclerosis, Ehlers-Danlos syndrome















Investigations

Initial workup 

The initial workup in a patient presenting with symptoms consistent with gastroparesis should aim to identify an underlying cause as well as rule out mechanical causes of obstruction. 

Blood tests

Blood tests should be performed including full blood count, electrolytes and renal function. Hypokalaemia can be an indicator of prolonged vomiting and deranged renal function may be seen in significant dehydration. Hba1c and thyroid function tests will help to assess for diabetes and thyroid disease which are possible aetiologies for gastroparesis. A pregnancy test should also be performed in female patients. 

Endoscopy

Upper GI endoscopy is indicated to exclude a mechanical obstruction. Normal structural appearances at endoscopy with retained stomach contents after an overnight fast is suggestive of gastroparesis (52,53). 

Imaging

Mechanical obstruction of the small bowel is an important differential to rule out by performing CT or MR enterography (54). 

Diagnostic tests

Gastric Scintigraphy

Gastric scintigraphy is considered the gold standard investigation for diagnosing delayed gastric motility (52). It involves the ingestion of a radiolabeled solid/semi-solid low-fat meal with subsequent imaging using a gamma camera to quantify the emptying of a physiologic caloric meal. Previously a variety of different test meals have been used creating problems with lack of standardization. To address this the American Neurogastroenterology and Motility society issued guidance suggesting a 99MTechnetium colloid-labelled egg sandwich should be ingested with imaging performed at 1h, 2h and 4 h following meal ingestion. The use of prokinetic drugs should be discontinued 2-3 days prior and it is suggested that glucose levels are <15.3 mmol/L at the time of the procedure  as higher levels may delay GE (55). >60% retention of the radiolabeled meal at 2 hours or >10% at 4 hours is diagnostic of gastroparesis (55,56). Although measurement of liquid GE on its own has a  lower diagnostic sensitivity at detecting gastroparesis compared to solid GE some studies have suggested that assessing GE of liquids may be also beneficial  to increase sensitivity of detecting gastroparesis from 25% to 36% (57,58).  The advantage of gastric scintigraphy is that it provides a non- invasive modality to quantitative assessment of GE but its main limitations are variation in protocol across institutions and radiation exposure preventing use in children and pregnant women (59). In addition, there is significant intra-individual variation in GE. Females in particular have on average a physiological GE delay of 15% suggesting the need for separate reference values for each gender (60). The ‘meals’ used may also not mimic real life meals in full.

Wireless motility capsule

Wireless Motility Capsule (WMC) is a single use device which has sensors capable of measuring pH, pressure and temperature. A transmitter contained within the device sends this information to an external data receiver for interpretation (61). The patient eats a standardized low-fat test meal followed by the capsule, then fasts for 6 hours. The change in pH from the acidic stomach to alkaline duodenum is recorded with the duration that the capsule resides in the acidic pH giving an indication of GE (62). This has been shown to have a good correlation with scintigraphy findings. (63) (64). Normal motility passage of the capsule should take place within 5 hours and this cut off is generally applied to differentiate against delayed motility (59). Further data has shown that WMC is able to differentiate between healthy and diabetic gastroparetic patients based on measurement on the number and amplitude of contractions in the stomach and small bowel (65). WMC provides a safe non-radiological technique to assess GE and can be more easily applied to outpatient settings and facilities without the necessity of complex equipment such as that required for scintigraphy (63). However, the WMC may not always represent physiological GE which occurs in phase III of the MMC. Cassilly et al. (2008) showed that the capsule was emptied by phase III MMC in two thirds of patients whereas in one third it occurred due to isolated antral contractions (66). The precise significance of these findings is not fully understood however they suggest that emptying of the WMC may not always occur at the time of physiological emptying of a solid meal. Furthermore the potential for complications exists with possible obstruction and retention requiring endoscopic retrieval although these risks are deemed low (67).

Breath test

The breath test involves ingestion of a radiolabeled carbon-containing test meal in a similar preparation to scintigraphy. During digestion carbon dioxide is released which can be measured in end tidal breath samples at 4 to 6 hours. The amount of carbon dioxide in samples can be used to estimate GE time using mathematical analysis (68–70). As levels of carbon dioxide excreted vary during activity levels the patient is advised to avoid physical activity during the test (71). The breath test has been shown to be comparable for measuring GE when compared to scintigraphy (72,73). Like WMC the breath test does not require exposure to radiation and therefore is helpful in patient groups such as pregnant women. Furthermore, it is less expensive and easier to perform than scintigraphy. However its limitations include a lack of standardization in mathematical analysis and loss of accuracy in certain conditions such as pancreatic insufficiency, lung and liver disease (74,75). 


MRI and Ultrasound

MRI and ultrasound use have remained mainly confined to research settings. Gastric MRI sequences have been shown to be able to measure GE, however use is limited by the requirement for the subject to stay very still during sequencing and the need for expensive equipment (76). Ultrasonography offers a widely available non-invasive imaging modality. Data shows that it can capably evaluate GE of liquid meals in both healthy volunteers and diabetic patients. However there is a lack of evidence for evaluation with solid meals, furthermore the difficulty in evaluating obese patients and its operator dependent nature makes it less desirable (77). 

Management

Conservative/supportive measures

Dietary modification

This is considered the first line therapy particularly for patient with mild symptoms. Small, frequent meals four or five times a day should be consumed. Fat and fibre slows GE therefore meals should be low in fat and low residue (78,79). Spicy food, acidic food and carbonated beverages can all aggravate symptoms so avoidance is recommended (80). If solids cannot be tolerated then food can be liquidized as often GE of liquids is preserved (78). High calorie small volume liquid drinks may be helpful in such scenarios. Alcohol and smoking should also be avoided as they have a tendency to aggravate symptoms through reduction in antral contractility and delay in GE (81,82). 

Glycaemic control

The precise association between glycaemic control and GE is not fully elucidated however good glycaemic control should be the objective with a view to improving long term morbidity and mortality in diabetes.  Some studies have found that acute hyperglycaemia in both healthy and type 1 diabetic patients results in delays in GE (83–85). However in type 2 diabetics a higher fasting blood glucose has been associated with increased GE (86,87). With regard to long term glycaemic control the results are conflicting with some studies suggesting no relationship and others suggesting higher HbA1c correlates with delayed GE (88,89). 

Nutrition and enteral feeding

Gastroparesis can result in reduced oral intake and malnutrition. Electrolyte disturbances including hypokalaemia and alkalosis can occur from recurrent vomiting. It can be associated with deficiencies in various vitamins in minerals including vitamin D, b12, folate, iron, vitamin E and thiamine which should be replaced appropriately (90,91). In milder disease maintaining oral intake should suffice through dietary modification and nutritional supplementation with the support of a dietician. In more severe disease however, enteral feeding may trialed to assess if adequate nutrition can be delivered and tolerated by the patient. If successful a percutaneous endoscopic gastrostomy with jejunal extension (PEG-J) can be considered as a long term feeding option (see figure 2) (92). A  surgical jejunostomy may be indicated if endoscopic tube placement is not possible (93).  As well as allowing nutritional optimization the placement and use of jejunal feeding tubes have been shown to improve symptoms and reduce hospitalization for exacerbations of symptoms (94). 

Psychological therapies

There is an association in the literature between gastroparesis and psychological distress, depression and anxiety, (95). Psychological factors are thought play an important role in various functional GI disorders including irritable bowel syndrome (IBS) and interventions directed to address these factors have been successful (96–98). There has been only 1 trial to date studying the effect of psychological interventions for gastroparesis. Liu et al. (2014) conducted a randomized controlled trial in 120 post-surgical gastroparetics. The psychological intervention group received conventional therapy plus support, counselling, music and massage and saw reductions in depression scores as well as improvements in gastric function (99). Further studies are needed to ascertain if psychological interventions provide a viable treatment option.

Prokinetics

Metoclopramide

Metoclopramide, a D2 receptor antagonist and 5-HT4 agonist can be used for short-term treatment to relieve symptoms. There have been several placebo-controlled trials for metoclopramide all demonstrating improvements in symptoms from 29% to 60%, as well as demonstrating improvements in GE (100–103).  The formulation of metoclopramide given may be important in its efficacy as tablets may accumulate in the stomach so liquid formulations are preferred (104). Parkman et al. (2014) showed that a nasal spray provided better symptom relief compared to tablets in diabetic gastroparetic patients (105). With prolonged use metoclopramide can lead to tardive dyskinesias and Parkinson type symptoms. As a result, in the US it is approved for use up to 12 weeks in duration only (106). The European Medicines agency sets a much shorter duration of 5 days (107).

Domperidone

Domperidone, a dopamine antagonist is similar to metoclopramide but with fewer central side effects as it poorly penetrates the blood brain barrier. There have been several randomized controlled trials assessing the short term use of domperidone in gastroparesis which have found significant symptomatic relief over 4-8 weeks (108,109). The largest of these trials included 208 patients in a randomized placebo controlled trial measured a 53.8% symptom improvement over a 4 week period (110). Studies looking at longer term use are more limited with only a small open label and retrospective study, but both demonstrated efficacy (111,112). Domperidone use is associated with significant cardiac risk including prolongation of the QT interval. The UK Medicines and Healthcare Regulatory Agency (MHRA) suggests that treatment should not exceed 1 week following a review by the European Medicines Agency in 2014. The MHRA also restricts its use to nausea and vomiting only (113,114). 
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Macrolide antibiotics

Erythromycin acts via motilin receptors to enhance antral contractions. Over 4 weeks tachyphylaxis may develop due to down regulation of the motilin receptors therefore limiting its use to the short term (115). Despite evidence suggesting that erythromycin has a prokinetic effect the evidence for oral erythromycin in improving symptoms in gastroparesis is very limited. A systematic review in 2003 included 5 studies with only one finding a statically significant benefit of oral erythromycin on symptoms when compared to metoclopramide (116). All studies included were limited by small sample sizes and none of them used symptoms as the primary endpoint. Intravenous erythromycin may be more efficacious and has been shown to improve GE as measured by scintigraphy in diabetic gastroparesis in a double blind-crossover study, however the effect on symptoms was not measured (117). The use of erythromycin is limited by its safety profile as it can prolong the QT interval and inhibit cytochrome P450 system. Other macrolide antibiotics have also been studied including Azithromycin which has also been shown to accelerate GE although the impact on symptoms is less well known. (118,119).

Novel prokinetics

Newer prokinetic therapies are currently being studied and are showing promise in the management of gastroparesis (see table 3). The ghrelin receptor has been a target of particular interest. Ghrelin is secreted mainly from the stomach and has an important role in regulating appetite. It has also been shown to stimulate gastrointestinal motility including GE in both human and animal studies (120–122). Relamorelin is a synthetic ghrelin agonist which targets the ghrelin receptor. Non-clinical studies showed it to be 100 times more potent than human ghrelin. Several randomized controlled trials appear to demonstrate efficacy with improvements in symptoms and acceleration in GE ((123–125). The data regarding ulimorelin, another ghrelin agonist, suggest less efficacy, with the largest randomized controlled trial showing no effect on symptoms (126–129). Selective 5-HT4 agonists have also shown promise. Velusetrag has demonsted efficacy in early studies and Prucalopride, another 5-HT4 receptor agonist which is primarily used for chronic constipation has demonstrated efficacy as outlined in a small randomized placebo controlled trial (130–132). Further larger robust studies are however needed. Older non selective 5-HT4 such as cisapride and tesagrod have been withdrawn due to cardiac safety concerns (133).

Antiemetics

When vomiting is a troublesome symptom, patients should be given an antiemetic particularly in the acute phase. Promethazine and prochlorperazine are commonly used in the first instance, their activity is through antagonism of the histamine H1 receptor. Ondansetron, a 5-HT3 antagonist, is also commonly used as a second line agent. Whilst antiemetics are widely used data to support their use specifically in gastroparesis is very limited (134,135). 

Neuromodulators

Tricyclic antidepressants

Tricyclic antidepressants (TCAs) are used in a range of functional bowel conditions. The precise mechanism in such disorders isn’t fully understood but it is likely related to anticholinergic and antihistamine properties as well as dampening symptom perception by the brain (134). In gastroparesis there is a paucity of evidence regarding their efficacy. Small open label studies have shown benefits in chronic nausea and vomiting not responsive to more conventional therapies (136,137). The most significant study looking at TCAs in gastroparesis involved 130 patients in a randomized placebo-controlled double-blind design (138).This study found no effect of nortriptyline on symptoms in patients with idiopathic gastroparesis over 15 weeks when compared to placebo. Theoretically the anticholinergic effect of TCAs, particularly amitriptyline, may even worsen symptoms in gastroparesis via further slowing of GE. As yet there is little in the way of evidence to support the use of TCAs in gastroparesis. 

Mirtazapine 

Mirtazapine is an antidepressant drug which may be able to exhibit symptom control in gastroparesis through its agonism of 5-HT receptors. Malamood et al. (2017) treated 30 patients with poorly controlled symptoms of gastroparesis with Mirtazapine 15 mg four times per day. After 2 and 4 weeks of treatment significant improvements in nausea and vomiting were seen. However, one fifth of patients ceased treatment due to side effects (139). Case reports also demonstrate efficacy of mirtazapine in gastroparesis however as yet there are no large-scale trials (140–142). 

Fundic Relaxants 

Impaired fundal accommodation has been noted in patients with gastroparesis and therefore fundic relaxants may provide a further therapeutic option (36). Acotiamide is an cholinesterase inhibitor and pre synaptic muscarinic receptor antagonist which has been shown to enhance gastric accommodation and GE as measured by ultrasonography and scintigraphy in patients with functional dyspepsia (143,144). Phase III placebo controlled trials in patients with function dyspepsia have shown also shown efficacy in reducing meal related symptoms such as post prandial fullness, early satiety and upper abdominal bloating (145,146). Buspirone is a 5-HT1A agonist that has also been shown to improve gastric accommodation in a small placebo-controlled trial of functional dyspepsia patients. There was also significant improvements in symptoms observed (147). Whilst early data for fundic relaxants such as acotiamide and buspirone appear promising however there have yet to be any studies examining their efficacy in populations with a specific diagnosis of gastroparesis.
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	Table 3. Summary of trial data for novel pro-kinetic agents


	Drug name
	Mechanism of action
	Study
	Design
	Participants
(diagnosis)
	Summary of results

	Relamorelin
	Ghrelin agonist
	Camelleri et al. (2017)
	Randomized placebo-controlled
	393 (diabetic gastroparesis)
	Significant reduction in core symptoms of gastroparesis and accelerated GE after 12 weeks treatment. Non-significant effect on vomiting compared to placebo.


	
	
	Lembo et al. (2016)
	Randomized double-blind placebo-controlled
	204 (diabetic gastroparesis)
	Significant reduction in vomiting and other symptoms of gastroparesis with 28 days treatment. Acceleration of GE.


	
	
	Shin et al. (2013)
	Double-blind cross-over 
	10 (diabetic gastroparesis)
	Significant reduction in upper GI symptoms and accelerated GE after a single dose.


	Ulimorelin
	Ghrelin agonist
	Ejskjaer et al. (2013)
	Randomized double-blind placebo-controlled 
	92 (diabetic gastroparesis)
	Significant improvement in gastroparesis symptoms with 28 days treatment. Non-significant effect on GE compared to placebo.


	
	
	McCallum et al. (2013)
	Randomized double-blind placebo-controlled
	201 (diabetic gastroparesis)
	No significant effect on symptoms compared to placebo with 12 weeks treatment.


	
	
	Ejskjaer et al. (2010)
	Randomized double-blind placebo-controlled
	78 (diabetic gastroparesis)
	Significant improvements in gastroparesis symptoms after 4 days treatment.


	
	
	Ejskjaer et al. (2009)
	Placebo-controlled cross-over 
	10 (diabetic gastroparesis)
	Significant improvements in GE after a single infusion. Non-significant effect on symptoms compared to placebo.


	Velusatrag
	Selective 5HT-4 agonist
	Theravance Biopharma (2017)
	Randomized double-blind  placebo-controlled
	232 (diabetic or idiopathic gastroparesis)
	Significant improvements in gastroparesis symptoms and GE time after 4 weeks treatment.


	
	
	Ahn et al. (2015)
	Randomized cross-over placebo-controlled
	34 (diabetic or idiopathic gastroparesis)
	Significant improvements in GE time after 7 doses.



	Prucalopride
	Selective 5HT-4 agonist
	Carbone et al. (2019)
	Randomized placebo-controlled cross-over
	34 (idiopathic gastroparesis)
	Significant improvements in gastroparesis symptoms and GE after 4 weeks treatment.




Endoscopic approaches

Botulinum toxin injection

Pyloric dysfunction is thought to contribute to gastroparesis in some subsets of patients. Based on this theory it is hypothesized that pyloric injection of botulinum toxin (BTx) should improve symptoms but a causal link between pyloric dysfunction and symptoms of gastroparesis has not yet been demonstrated in the literature (148). In gastroparesis BTx is delivered via endoscopic injection under direct visualization into the pylorus. Several open label trials demonstrated promise with significant improvements in symptoms of gastroparesis with pyloric BTx injection (149–151). The largest included 179 participants showing approximately 51% of patients had improved symptoms at 1-4 weeks, (152). However the two randomized controlled double blinded trials with approximately 30 participants have demonstrated no significant improvements in symptoms compared to placebo (153,154). The current evidence base for BTx in gastroparesis is limited and further evidence regarding BTx is needed before it can be recommended for use in routine clinical practice.

Venting gastrostomy

Venting gastrostomy involves placement of a gastrostomy to allow decompression of stomach contents which can be done via a percutaneous endoscopic approach. Venting gastrostomy/enterostomy has been shown to reduce hospitalization in patient with upper GI motility disorders (155,156). An open label study did demonstrate symptomatic improvement up to 3 years following endoscopic venting (157). 

Gastric per-oral endoscopic myotomy 

Gastric per oral endoscopic myotomy (G-POEM) is an emerging endoscopic technique that is showing promise in managing refractory gastroparesis. The procedure involves endoscopic myotomy at the pyloric ring through submucosal dissection (158). The first procedure of G-POEM in humans was carried out in 2013 and since there have been several case studies and small non randomized studies (159). One of the largest studies to date from Rodriguez et al. (2018) involved 100 patients showing significant improvement in gastroparesis cardinal symptom index (GCSI) from 3.82 to 2.54 three months following procedure in refractory gastroparesis (160). Further studies have also outlined improvements in symptoms as measured by GCSI, a standardized measure for symptoms in gastroparesis, immediately in the days after the procedure and at 1 and 3 months (161–165). Recent meta-analyses support the efficacy of G-POEM. In a meta-analysis of 196 patients over 7 studies clinical success was averaged at 82% with mean GE significant significantly decreased post-procedure (166). A further preliminary report of a meta-analysis by Avalos et al. (2018) including 130 patients suggests improvements in both symptom control and GE over 3-12 months of follow up (167). The use of impedance planimetry technology such as the EndoFlip system may help in identify those patients with pyloric dysfunction who could benefit from G-POEM therapy and indeed pylorus targeted therapy in general (168). Complications have been reported with G-POEM including bleeding and ulceration (166). However due to its less invasive nature compared to surgical options it is likely a safer option in refractory gastroparesis. A recent retrospective study suggested higher complications and average longer length of stay with laparoscopic pyloroplasty (LP) compared to G-POEM (169). Early data appears to outline the efficacy of G-POEM suggesting it may be a viable treatment option in certain subsets of gastroparetics. 

Transpyloric stenting

Transpyloric stenting (TPS) has also been proposed as a possible treatment option in refractory cases of gastroparesis. The procedure involves endoscopic placement of a fully covered oesophageal stent with the proximal end positioned 2-3 cm proximal from the pylorus but as yet there have been relatively few studies examining outcomes of this procedure (170). Khashab et al. (2015) reported a clinical response in 75% of patients with improvements in nausea and vomiting seen (171). Complications include stent miss deployment and migration and more rarely duodenal perforation and small bowel obstruction can occur (170). More studies are needed to establish the safety and efficacy of transpyloric stenting in gastroparesis.

Surgical Approaches

Gastric electrical stimulator

Gastric electrical stimulators are implanted using laparotomy or a laparoscopic approach and consist of two leads and a neurostimulator (see figure 3). The leads are fixed to muscle in the distal part of the stomach with the neurostimulator placed in the abdominal wall. When implanted high frequency, low energy impulses are delivered to the stomach wall and the device settings can be controlled externally using a programming device (172). There have been several meta-analyses looking at gastric electrical stimulation in gastroparesis. Chu et al. (2012) included 601 patients over 2 randomized controlled trials and 8 case series in their systematic review and meta-analysis. Despite the heterogeneity of the studies, significant improvements were reported in symptom severity scores as well as GE (173).The most recent meta-analysis by Levinthal & Bielefeldt (2017) included 5 randomized double blind design trials involving 185 patients did not show significant differences in symptom severity with GES devices and argued against the use of GES outside strict clinical trials (174). Randomized controlled trials that have followed since this meta-analysis however appear to lend support to the use of GES with two reporting symptomatic improvement in gastroparesis symptoms following implantation (175,176). Currently the evidence for the use of GES is not clear cut and GES is also associated with an in hospital mortality of around 1.7% as well as repeat operations which are required in around in 11.1% (174). Possible adverse events include dislodgement of electrodes, bowel obstruction, penetration of electrodes into gastric mucosa and infection (172). 
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Figure 3: The Enterra II electrical gastric stimulator device. Image reproduced with permission from Medtronic inc. 













Laparoscopic pyloroplasty (LP)

Laparoscopic pyloroplasty is generally considered the first line surgical intervention in refractory gastroparesis. The procedure involves division of the pyloric muscle thereby increasing the area of the gastric outlet which in principle aids GE. In a large cohort of 177 patients it was found that LP resulted in improvements in GE in 86% of patients (177). However, 105 of the patients also had fundoplication for concurrent reflux adding a confounding factor. Despite this, other small studies do suggest that LP is effective in improving the symptoms of gastroparesis with one study reporting symptom improvements in as high as 82% of patients (178–180). There is some debate whether LP should be always be combined with GES and vice versa. A randomized double blind trial currently being undertaken in an attempt to answer this question which is estimated to complete in 2020 (181).Whilst generally deemed a relatively safe this approach is more invasive than other treatment options previously described for gastroparesis. Longer term outcomes suggest that whilst symptom improvement may be sustained the need for repeat/adjunctive procedures is as high as one third (182).

Gastrectomy

Sub-total and total gastrectomy are the most radical treatments for gastroparesis and have been used in patients who have failed all other treatments and is therefore traditionally reserved for those with post-surgical gastroparesis (183). Laparoscopic approaches are generally advocated, however open and robotic techniques are also available (182). A retrospective study of 35 patients (combination of post surgical, diabetic and idiopathic aetiologies) showed at 6 months laparoscopic gastrectomy (LG) reduced nausea by 69% and chronic abdominal pain by 70% (184). Other small retrospective studies and case series also suggest it effectively reduces symptoms in morbidly obese patients with gastroparesis (185,186). Longitudinal data from a small number of patients studied also suggest improvements in vomiting and quality of life up to 6 years post procedure (187).  As expected with radical surgery LG has significant complications which include anastomotic leak reported at nearly 10% and reoperation rates of 17% (182). Zehetner et al. (2013) compared LG to GES with morbidity 23% and 8% at 30 days respectively. However the difference did decrease over time and symptomatic improvements were greater in the LG group (188). Gastrectomy may provide a treatment option in patients who have failed all other therapies but the objective for symptom relief needs to be weighed against the possible complications from surgery and longer term implications such as gastric dumping syndrome and vitamin deficiencies in particular vitamin B12 (189,190).


Conclusion

Over recent years our understanding of the pathological mechanisms underlying gastroparesis has moved forward significantly. Gastric scintigraphy remains the gold standard for diagnosis but newer non-radioactive diagnostic tests such as WMC and breath testing appear to provide viable alternatives that could be used in clinical practice. A key caveat to all of these investigations is that symptoms do not always appear to correlate directly with measurable delays in GE muddying the waters when it comes to identifying patients with gastroparesis.

A range of pharmacological, endoscopic and surgical treatments have been studied in gastroparesis (see figure 4). Conventional therapies such as traditional prokinetics may be of use in short term symptom control but there are significant concerns regarding safety profiles with long term use. The evidence base for other pharmacological agents such as TCA’s and non-prokinetic antiemetics is limited. Enteral feeding can be helpful in the malnourished patient but doesn’t provide an acceptable long-term option for the majority of gastroparetics. Novel prokinetics are showing some promise from early trials however further evidence is needed until their use can be introduced into routine clinical practice. Endoscopic pyloric therapies and gastric electrical stimulation demonstrate somewhat conflicting results in the literature with regard to their efficacy. It may be that these therapies are effective for refractory symptoms but only in certain subgroups of gastroparetics. The added drawback to these interventions is their more invasive nature compared to pharmacological options with morbidity and mortality associated and cure is not guaranteed. Overall there still remains a significant need to develop superior treatments in gastroparesis that target improvements in symptom control and importantly overall improvements in quality of life.  


Highlights

· Gastroparesis is a debilitating condition characterized by delayed gastric emptying with diabetic and idiopathic aetiologies making up a large proportion of cases.
· Gastric scintigraphy is the gold standard for diagnosis but WMC and breath testing offer non-radioactive alternatives.
· Management of gastroparesis is challenging with many widely used therapies having a limited evidence base or safety concerns with long term use.
· Early data from trials of novel prokinetics are showing some promise for future management.
· More invasive therapies such as GES, G-POEM and transpyloric stenting may be an effective treatment option in certain refractory cases.








































Figure 4. Algorithm summarizing current and experimental treatments for gastroparesis 

[bookmark: _GoBack]

References

1. 	Parkman HP, Hallinan EK, Hasler WL, Farrugia G, Koch KL, Calles J, et al. Nausea and vomiting in gastroparesis: similarities and differences in idiopathic and diabetic gastroparesis. Neurogastroenterol Motil. 2016; 
2. 	Hasler WL, Wilson LA, Parkman HP, Koch KL, Abell TL, Nguyen L, et al. Factors related to abdominal pain in gastroparesis: Contrast to patients with predominant nausea and vomiting. Neurogastroenterol Motil. 2013; 
3. 	Rey E, Choung RS, Schleck CD, Zinsmeister AR, Talley NJ, Locke GR. Prevalence of hidden gastroparesis in the community: The gastroparesis “iceberg.” J Neurogastroenterol Motil. 2012; 
4. 	Soykan I, Sivri B, Sarosiek I, Kiernan B, McCallum RW. Demography, clinical characteristics, psychological and abuse profiles, treatment, and long-term follow-up of patients with gastroparesis. Dig Dis Sci [Internet]. 1998 Nov [cited 2019 Jul 19];43(11):2398–404. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9824125
5. 	Talley NJ, Young L, Bytzer P, Hammer J, Leemon M, Jones M, et al. Impact of chronic gastrointestinal symptoms in diabetes mellitus on health-related quality of life. Am J Gastroenterol. 2001; 
6. 	Abrahamsson H, Jansson G. Elicitation of Reflex Vagal Relaxation of the Stomach from Pharynx and Esophagus in the Cat. Acta Physiol Scand. 1969; 
7. 	Hinder RA, Kelly KA. Human gastric pacesetter potential. Site of origin, spread, and response to gastric transection and proximal gastric vagotomy. Am J Surg. 1977; 
8. 	Carlson HC, Code CF, Nelson RA. Motor action of the canine gastroduodenal junction: a cineradiographic, pressure, and electric study. Am J Dig Dis [Internet]. 1966 Feb [cited 2019 Jul 19];11(2):155–72. Available from: http://www.ncbi.nlm.nih.gov/pubmed/5904357
9. 	Meyer JH, Thomson JB, Cohen MB, Shadchehr A, Mandiola SA. Sieving of solid food by the canine stomach and sieving after gastric surgery. Gastroenterology [Internet]. 1979 Apr [cited 2019 Jul 19];76(4):804–13. Available from: http://www.ncbi.nlm.nih.gov/pubmed/422008
10. 	Code CF, Marlett JA. The interdigestive myo-electric complex of the stomach and small bowel of dogs. J Physiol [Internet]. 1975 Mar [cited 2019 Jul 19];246(2):289–309. Available from: http://www.ncbi.nlm.nih.gov/pubmed/1142245
11. 	Telford GL, Sarna SK. The migrating myoelectric complex of the small intestine. Chaos [Internet]. 1991 Oct [cited 2019 Jul 19];1(3):299–302. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12779928
12. 	Costa M. Anatomy and physiology of the enteric nervous system. Gut. 2000; 
13. 	Varón AR, Zuleta J. From the physiology of gastric emptying to the understanding of gastroparesis. Rev Colomb Gastroenterol. 2010; 
14. 	Cannon WB. PERISTALSIS, SEGMENTATION, AND THE MYENTERIC REFLEX. Am J Physiol Content. 1912; 
15. 	Furness JB. The enteric nervous system (Google eBook). 2006. 
16. 	Browning KN, Travagli RA. Central nervous system control of gastrointestinal motility and secretion and modulation of gastrointestinal functions. Compr Physiol. 2014; 
17. 	Rogers RC, Hermann GE, Travagli RA. Brainstem pathways responsible for oesophageal control of gastric motility and tone in the rat. J Physiol. 1999; 
18. 	Luiking YC, Akkermans LMA, Peeters TL, Cnossen PJ, Nieuwenhuijs VB, Vanberge -Henegouwen GP. Effects of motilin on human interdigestive gastrointestinal and gallbladder motility, and involvement of 5HT3 receptors. Neurogastroenterol Motil [Internet]. 2002 Apr [cited 2019 Jul 19];14(2):151–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11975715
19. 	Hagemann D, Meier JJ, Gallwitz B, Schmidt WE. [Appetite regulation by ghrelin - a novel neuro-endocrine gastric peptide hormone in the gut-brain-axis]. Z Gastroenterol [Internet]. 2003 Sep [cited 2019 Jul 19];41(9):929–36. Available from: http://www.ncbi.nlm.nih.gov/pubmed/13130331
20. 	Jeon TY, Lee S, Kim HH, Kim YJ, Son HC, Kim DH, et al. Changes in plasma ghrelin concentration immediately after gastrectomy in patients with early gastric cancer. J Clin Endocrinol Metab. 2004; 
21. 	Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka M, et al. Plasma ghrelin levels in lean and obese humans and the effect of glucose on ghrelin secretion. J Clin Endocrinol Metab. 2002; 
22. 	Giralt M, Vergara P. Glucagonlike peptide-1 (GLP-1) participation in ileal brake induced by intraluminal peptones in rat. Dig Dis Sci [Internet]. 1999 Feb [cited 2019 Jul 19];44(2):322–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10063918
23. 	Steinert RE, Feinle-Bisset C, Asarian L, Horowitz M, Beglinger C, Geary N. Ghrelin, CCK, GLP-1, and PYY(3-36): Secretory Controls and Physiological Roles in Eating and Glycemia in Health, Obesity, and After RYGB. Physiol Rev [Internet]. 2017 [cited 2019 Jul 19];97(1):411–63. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28003328
24. 	Matzinger D, Degen L, Drewe J, Meuli J, Duebendorfer R, Ruckstuhl N, et al. The role of long chain fatty acids in regulating food intake and cholecystokinin release in humans. Gut [Internet]. 2000 May [cited 2019 Jul 19];46(5):688–93. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10764713
25. 	Prosapio JG, Jialal I. Physiology, Gastrin. StatPearls. 2019. 
26. 	Grover M, Farrugia G, Lurken MS, Bernard CE, Faussonepellegrini MS, Smyrk TC, et al. Cellular changes in diabetic and idiopathic gastroparesis. Gastroenterology. 2011; 
27. 	Sanders KM, Koh SD, Ward SM. INTERSTITIAL CELLS OF CAJAL AS PACEMAKERS IN THE GASTROINTESTINAL TRACT. Annu Rev Physiol. 2006; 
28. 	Grover M, Bernard CE, Pasricha PJ, Lurken MS, Faussone-Pellegrini MS, Smyrk TC, et al. Clinical-histological associations in gastroparesis: results from the Gastroparesis Clinical Research Consortium. Neurogastroenterol Motil [Internet]. 2012 Jun [cited 2019 Jul 19];24(6):531–9, e249. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22339929
29. 	Stevens JE, Jones KL, Rayner CK, Horowitz M. Pathophysiology and pharmacotherapy of gastroparesis: current and future perspectives. Expert Opin Pharmacother [Internet]. 2013 Jun [cited 2019 Jul 19];14(9):1171–86. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23663133
30. 	Koch KL, Calles-Escandón J. Diabetic gastroparesis. Gastroenterol Clin North Am [Internet]. 2015 Mar [cited 2019 Jul 19];44(1):39–57. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25667022
31. 	Gangula PRR, Sekhar KR, Mukhopadhyay S. Gender bias in gastroparesis: Is nitric oxide the answer? Digestive Diseases and Sciences. 2011. 
32. 	Watkins CC, Sawa A, Jaffrey S, Blackshaw S, Barrow RK, Snyder SH, et al. Insulin restores neuronal nitric oxide synthase expression and function that is lost in diabetic gastropathy. J Clin Invest. 2000; 
33. 	Mearin F, Camilleri M, Malagelada JR. Pyloric dysfunction in diabetics with recurrent nausea and vomiting. Gastroenterology [Internet]. 1986 Jun [cited 2019 Jul 19];90(6):1919–25. Available from: http://www.ncbi.nlm.nih.gov/pubmed/3699409
34. 	Talley NJ, Verlinden M, Jones M. Can symptoms discriminate among those with delayed or normal gastric emptying in dysmotility-like dyspepsia? Am J Gastroenterol. 2001; 
35. 	Karamanolis G, Caenepeel P, Arts J, Tack J. Determinants of symptom pattern in idiopathic severely delayed gastric emptying: Gastric emptying rate or proximal stomach dysfunction? Gut. 2007; 
36. 	Kumar A, Attaluri A, Hashmi S, Schulze KS, Rao SSC. Visceral hypersensitivity and impaired accommodation in refractory diabetic gastroparesis. Neurogastroenterol Motil. 2008; 
37. 	Barnett JL, Owyang C. Serum glucose concentration as a modulator of interdigestive gastric motility. Gastroenterology. 1988; 
38. 	Iwasaki H, Kajimura M, Osawa S, Kanaoka S, Furuta T, Ikuma M, et al. A deficiency of gastric interstitial cells of Cajal accompanied by decreased expression of neuronal nitric oxide synthase and substance P in patients with type 2 diabetes mellitus. J Gastroenterol [Internet]. 2006 Nov [cited 2019 Jul 19];41(11):1076–87. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17160518
39. 	Sandroni P, Opfer-Gehrking TL, McPhee BR, Low PA. Postural tachycardia syndrome: Clinical features and follow-up study. Mayo Clin Proc. 1999; 
40. 	Park KJ, Singer W, Sletten DM, Low PA, Bharucha AE. Gastric emptying in postural tachycardia syndrome: A preliminary report. Clin Auton Res. 2013; 
41. 	Edwards LL, Pfeiffer RF, Quigley EM, Hofman R, Balluff M. Gastrointestinal symptoms in Parkinson’s disease. Mov Disord [Internet]. 1991 [cited 2019 Jul 19];6(2):151–6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2057006
42. 	Singaram C, Ashraf W, Gaumnitz EA, Torbey C, Sengupta A, Pfeiffer R, et al. Dopaminergic defect of enteric nervous system in Parkinson’s disease patients with chronic constipation. Lancet (London, England) [Internet]. 1995 Sep 30 [cited 2019 Jul 19];346(8979):861–4. Available from: http://www.ncbi.nlm.nih.gov/pubmed/7564669
43. 	Djaldetti R, Baron J, Ziv I, Melamed E. Gastric emptying in Parkinson’s disease: Patients with and without response fluctuations. Neurology. 1996; 
44. 	Nimmo W, Heading R, Wilson J, Tothill P, Prescott L. Inhibition of gastric emptying and drug absorption by narcotic analgesics. Br J Clin Pharmacol. 1975; 
45. 	Murphy DB, Sutton JA, Prescott LF, Murphy MB. Opioid-induced delay in gastric emptying: a peripheral mechanism in humans. Anesthesiology [Internet]. 1997 Oct [cited 2019 Jul 19];87(4):765–70. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9357876
46. 	Lock G, Holstege A, Lang B, Schölmerich J. Gastrointestinal manifestations of progressive systemic sclerosis. American Journal of Gastroenterology. 1997. 
47. 	Manetti M, Milia AF, Benelli G, Messerini L, Matucci-Cerinic M, Ibba-Manneschi L. The gastric wall in systemic sclerosis patients: A morphological study. Ital J Anat Embryol. 2010; 
48. 	Nelson AD, Mouchli MA, Valentin N, Deyle D, Pichurin P, Acosta A, et al. Ehlers Danlos syndrome and gastrointestinal manifestations: A 20-year experience at Mayo Clinic. Neurogastroenterol Motil. 2015; 
49. 	Vella A, Lee JS, Camilleri M, Szarka LA, Burton DD, Zinsmeister AR, et al. Effects of pramlintide, an amylin analogue, on gastric emptying in type 1 and 2 diabetes mellitus. Neurogastroenterol Motil [Internet]. 2002 Apr [cited 2019 Jul 19];14(2):123–31. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11975712
50. 	Cervera A, Wajcberg E, Sriwijitkamol A, Fernandez M, Zuo P, Triplitt C, et al. Mechanism of action of exenatide to reduce postprandial hyperglycemia in type 2 diabetes. Am J Physiol Endocrinol Metab [Internet]. 2008 May [cited 2019 Jul 19];294(5):E846-52. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18334612
51. 	Maes BD, Vanwalleghem J, Kuypers D, Ghoos Y, Rutgeerts PJ, Vanrenterghem YF. Differences in gastric motor activity in renal transplant recipients treated with FK-506 versus cyclosporine. Transplantation [Internet]. 1999 Nov 27 [cited 2019 Jul 19];68(10):1482–5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10589943
52. 	Camilleri M, Parkman HP, Shafi MA, Abell TL, Gerson L. Clinical guideline: Management of gastroparesis. American Journal of Gastroenterology. 2013. 
53. 	Reddymasu S, Olyaee M. Gastroparesis. BMJ Best Practice. 2018. 
54. 	Reddivari AKR, Mehta P. Gastroparesis [Internet]. StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2019. Available from: https://www.ncbi.nlm.nih.gov/books/NBK551528/
55. 	Abell TL, Camilleri M, Donohoe K, Hasler WL, Lin HC, Maurer AH, et al. Consensus recommendations for gastric emptying scintigraphy: A joint report of the American neurogastroenterology and motility society and the society of nuclear medicine. In: American Journal of Gastroenterology. 2008. 
56. 	Tougas G, Chen Y, Coates G, Paterson W, Dallaire C, Paré P, et al. Standardization of a simplified scintigraphic methodology for the assessment of gastric emptying in a multicenter setting. Am J Gastroenterol. 2000; 
57. 	Sachdeva P, Malhotra N, Pathikonda M, Khayyam U, Fisher RS, Maurer AH, et al. Gastric emptying of solids and liquids for evaluation for gastroparesis. Dig Dis Sci. 2011; 
58. 	Ziessman HA, Chander A, Clarke JO, Ramos A, L.Wahl R. The Added Diagnostic Value of Liquid Gastric Emptying Compared with Solid Emptying Alone. J Nucl Med. 2009; 
59. 	Shin AS, Camilleri M. Diagnostic Assessment of Diabetic Gastroparesis. Diabetes. 2013; 
60. 	Camilleri M, Iturrino J, Bharucha AE, Burton D, Shin A, Jeong ID, et al. Performance characteristics of scintigraphic measurement of gastric emptying of solids in healthy participants. Neurogastroenterol Motil. 2012; 
61. 	Farmer AD, Scott SM, Hobson AR. Gastrointestinal motility revisited: The wireless motility capsule. United Eur Gastroenterol J. 2013; 
62. 	Camilleri M, Bharucha AE, Di Lorenzo C, Hasler WL, Prather CM, Rao SS, et al. American neurogastroenterology and motility society consensus statement on intraluminal measurement of gastrointestinal and colonic motility in clinical practice. Neurogastroenterology and Motility. 2008. 
63. 	Kuo B, McCallum RW, Koch KL, Sitrin MD, Wo JM, Chey WD, et al. Comparison of gastric emptying of a nondigestible capsule to a radio-labelled meal in healthy and gastroparetic subjects. Aliment Pharmacol Ther. 2008; 
64. 	Stein E, Berger Z, Hutfless S, Shah L, Wilson L, Haberl E, et al. Wireless motility capsule versus other diagnostic technologies for evaluating gastroparesis and constipation: a comparative effectiveness review. Comp Eff Rev. 2013; 
65. 	Kloetzer L, Chey WD, McCallum RW, Koch KL, Wo JM, Sitrin M, et al. Motility of the antroduodenum in healthy and gastroparetics characterized by wireless motility capsule. Neurogastroenterol Motil. 2010; 
66. 	Cassilly D, Kantor S, Knight LC, Maurer AH, Fisher RS, Semler J, et al. Gastric emptying of a non-digestible solid: Assessment with simultaneous SmartPill pH and pressure capsule, antroduodenal manometry, gastric emptying scintigraphy. Neurogastroenterol Motil. 2008; 
67. 	National Institute for Health and Care Excellence. Assessing motility of the gastrointestinal tract using a wireless capsule Interventional procedures guidance [IPG502]. 2014. 
68. 	Ghoos YF, Maes BD, Geypens BJ, Mys G, Hiele MI, Rutgeerts PJ, et al. Measurement of gastric emptying rate of solids by means of a carbon-labeled octanoic acid breath test. Gastroenterology. 1993; 
69. 	Lee JS, Camilleri M, Zinsmeister AR, Burton DD, Choi MG, Nair KS, et al. Toward office-based measurement of gastric emptying in symptomatic diabetes diabetics using [13C]octanoic acid breath test. Am J Gastroenterol. 2000; 
70. 	Choi MG, Camilleri M, Burton DD, Zinsmeister AR, Forstrom LA, Sreekumaran Nair K. Reproducibility and simplification of 13C-octanoic acid breath test for gastric emptying of solids. Am J Gastroenterol. 1998; 
71. 	Van Nieuwenhoven MA, Wagenmakers AJM, Senden JMG, Brouns F, Brummer RJM. Performance of the [13C]-acetate gastric emptying breath test during physical exercise. Eur J Clin Invest. 1999; 
72. 	Bharucha AE, Camilleri M, Veil E, Burton D, Zinsmeister AR. Comprehensive assessment of gastric emptying with a stable isotope breath test. Neurogastroenterol Motil. 2013; 
73. 	Szarka LA, Camilleri M, Vella A, Burton D, Baxter K, Simonson J, et al. A Stable Isotope Breath Test With a Standard Meal for Abnormal Gastric Emptying of Solids in the Clinic and in Research. Clin Gastroenterol Hepatol. 2008; 
74. 	Van De Casteele M, Luypaerts A, Geypens B, Fevery J, Ghoos Y, Nevens F. Oxidative breakdown of octanoic acid is maintained in patients with cirrhosis despite advanced disease. Neurogastroenterol Motil. 2003; 
75. 	Verbeke K. Will the 13C-octanoic acid breath test ever replace scintigraphy as the gold standard to assess gastric emptying? Neurogastroenterology and Motility. 2009. 
76. 	Fidler J, Bharucha AE, Camilleri M, Camp J, Burton D, Grimm R, et al. Application of magnetic resonance imaging to measure fasting and postprandial volumes in humans. Neurogastroenterol Motil. 2009; 
77. 	Muresan C, Blaga TS, Muresan L, Dumitrascu DL. Abdominal ultrasound for the evaluation of gastric emptying revisited. Journal of Gastrointestinal and Liver Diseases. 2015. 
78. 	Homko CJ, Duffy F, Friedenberg FK, Boden G, Parkman HP. Effect of dietary fat and food consistency on gastroparesis symptoms in patients with gastroparesis. Neurogastroenterol Motil. 2015; 
79. 	Ray TK, Mansell KM, Knight LC, Malmud LS, Owen OE, Boden G. Long-term effects of dietary fiber on glucose tolerance and gastric emptying in noninsulin-dependent diabetic patients. Am J Clin Nutr. 1983; 
80. 	Wytiaz V, Homko C, Duffy F, Schey R, Parkman HP. Foods Provoking and Alleviating Symptoms in Gastroparesis: Patient Experiences. Dig Dis Sci. 2015; 
81. 	Bujanda L. The effects of alcohol consumption upon the gastrointestinal tract. American Journal of Gastroenterology. 2000. 
82. 	Sanaka M, Anjiki H, Tsutsumi H, Abe K, Kawakami T, Saitoh M, et al. Effect of cigarette smoking on gastric emptying of solids in Japanese smokers: A crossover study using the 13C-octanoic acid breath test. J Gastroenterol. 2005; 
83. 	Samsom M, Akkermans LMA, Jebbink RJA, Van Isselt H, VanBerge-Henegouwen GP, Smout AJPM. Gastrointestinal motor mechanisms in hyperglycaemia induced delayed gastric emptying in type I diabetes mellitus. Gut. 1997; 
84. 	MacGregor IL, Gueller R, Watts HD, Meyer JH. The Effect of Acute Hyperglycemia on Gastric Emptying in Man. Gastroenterology. 1976; 
85. 	Schvarcz E, Palmer M, Aman J, Horowitz M, Stridsberg M, Berne C. Physiological hyperglycemia slows gastric emptying in normal subjects and patients with insulin-dependent diabetes mellitus. Gastroenterology. 1997; 
86. 	Halland M, Bharucha AE. Relationship Between Control of Glycemia and Gastric Emptying Disturbances in Diabetes Mellitus. Clinical Gastroenterology and Hepatology. 2016. 
87. 	Bharucha AE, Kudva Y, Basu A, Camilleri M, Low PA, Vella A, et al. Relationship between glycemic control and gastric emptying in poorly controlled type 2 diabetes. Clin Gastroenterol Hepatol. 2015; 
88. 	Izzy M, Lee M, Johns-Keating K, Kargoli F, Beckoff S, Chun K, et al. Glycosylated hemoglobin level may predict the severity of gastroparesis in diabetic patients. Diabetes Res Clin Pract. 2018; 
89. 	Bharucha AE, Batey-Schaefer B, Cleary PA, Murray JA, Cowie C, Lorenzi G, et al. Delayed gastric emptying is associated with early and long-term hyperglycemia in type 1 diabetes mellitus. Gastroenterology. 2015; 
90. 	Parrish CR. Nutritional considerations in the patient with gastroparesis. Gastroenterology Clinics of North America. 2015. 
91. 	Parkman HP, Yates KP, Hasler WL, Nguyan L, Pasricha PJ, Snape WJ, et al. Dietary intake and nutritional deficiencies in patients with diabetic or idiopathic gastroparesis. Gastroenterology. 2011; 
92. 	Parkman HP, Hasler WL, Fisher RS. American Gastroenterological Association technical review on the diagnosis and treatment of gastroparesis. Gastroenterology. 2004; 
93. 	Pearce CB, Duncan HD. Enteral feeding. Nasogastric, nasojejunal, percutaneous endoscopic gastrostomy, or jejunostomy: Its indications and limitations. Postgraduate Medical Journal. 2002. 
94. 	Fontana RJ, Barnett JL. Jejunostomy tube placement in refractory diabetic gastroparesis: a retrospective review. Am J Gastroenterol. 1996; 
95. 	Woodhouse S, Hebbard G, Knowles SR. Psychological controversies in gastroparesis: A systematic review. World Journal of Gastroenterology. 2017. 
96. 	Ljótsson B, Hedman E, Andersson E, Hesser H, Lindfors P, Hursti T, et al. Internet-delivered exposure-based treatment vs. Stress management for irritable bowel syndrome: A randomized trial. Am J Gastroenterol. 2011; 
97. 	Ljótsson B, Hesser H, Andersson E, Lackner JM, El Alaoui S, Falk L, et al. Provoking symptoms to relieve symptoms: A randomized controlled dismantling study of exposure therapy in irritable bowel syndrome. Behav Res Ther. 2014; 
98. 	Andersson E, Ljátsson B, Smit F, Paxling B, Hedman E, Lindefors N, et al. Cost-effectiveness of internet-based cognitive behavior therapy for irritable bowel syndrome: Results from a randomized controlled trial. BMC Public Health. 2011; 
99. 	Liu Y, Song X, Zhang Y, Zhou L, Ni R. The effects of comprehensive mental intervention on the recovery time of patients with postsurgical gastroparesis syndrome. J Clin Nurs. 2014; 
100. 	Snape WJ, Battle WM, Schwartz SS, Braunstein SN, Goldstein HA, Alavi A. Metoclopramide to treat gastroparesis due to diabetes mellitus. A double-blind, controlled trial. Ann Intern Med. 1982; 
101. 	Perkel MS, Moore C, Hersh T, Davidson ED. Metoclopramide therapy in patients with delayed gastric emptying - A randomized, double-blind study. Dig Dis Sci. 1979; 
102. 	McCallum RW, Ricci DA, Rakatansky H, Behar J, Rhodes JB, Salen G, et al. A multicenter placebo-controlled clinical trial of oral metoclopramide in diabetic gastroparesis. Diabetes Care. 1983; 
103. 	Ricci DA, Saltzman MB, Meyer C, Callachan C, McCallum RW. Effect of metoclopramide in diabetic gastroparesis. J Clin Gastroenterol. 1985; 
104. 	Rao AS, Camilleri M. Review article: Metoclopramide and tardive dyskinesia. Alimentary Pharmacology and Therapeutics. 2010. 
105. 	Parkman HP, Carlson MR, Gonyer D. Metoclopramide nasal spray is effective in symptoms of gastroparesis in diabetics compared to conventional oral tablet. Neurogastroenterol Motil. 2014; 
106. 	ANI Pharmaceuticals. Reglan tablets - Medication Guide [Internet]. Baudette; 2011. Available from: https://www.fda.gov/media/79804/download
107. 	European Medicines Agency. European Medicines Agency recommends changes to the use of metoclopramide. 2013. 
108. 	Braun A. Domperidone in the treatment of symptoms of delayed gastric emptying in diabetic patients. Adv Ther. 1989;6:51–62. 
109. 	Patterson D, Abell T, Rothstein R, Koch K, Barnett J. A double-blind multicenter comparison of domperidone and metoclopramide in the treatment of diabetic patients with symptoms of gastroparesis. Am J Gastroenterol. 1999; 
110. 	Silvers D, Kipnes M, Broadstone V, Patterson D, Quigley EMM, McCallum R, et al. Domperidone in the management of symptoms of diabetic gastroparesis: Efficacy, tolerability, and quality-of-life outcomes in a multicenter controlled trial. Clin Ther. 1998; 
111. 	Soykan I, Sarosiek I, McCallum RW. The effect of chronic oral domperidone therapy on gastrointestinal symptoms, gastric emptying, and quality of life in patients with gastroparesis. Am J Gastroenterol. 1997; 
112. 	Kozarek R. Domperidone for symptomatic management of diabetic gastroparesis in metoclopramide treatment failures. Adv Ther. 1990; 
113. 	Medicines and Healthcare products Regulatory Agency. Domperidone: risks of cardiac side effects. Drug Saf Updat. 2014;7(10). 
114. 	European Medicines Agency. Restrictions on the use of domperidone-containing medicines. London; 2014. 
115. 	Acosta A, Camilleri M. Prokinetics in gastroparesis. Gastroenterology Clinics of North America. 2015. 
116. 	Maganti K, Onyemere K, Jones MP. Oral erythromycin and symptomatic relief of gastroparesis: A systematic review. American Journal of Gastroenterology. 2003. 
117. 	Janssens J, Peeters TL, Vantrappen G, Tack J, Urbain JL, De Roo M, et al. Improvement of Gastric Emptying in Diabetic Gastroparesis by Erythromycin. N Engl J Med. 2010; 
118. 	Bortolotti M, Mari C, Brunelli F, Sarti P, Miglioli M. Effect of intravenous clarithromycin on interdigestive gastroduodenal motility of patients with functional dyspepsia and Helicobacter pylori gastritis. Dig Dis Sci. 1999; 
119. 	Larson JM, Tavakkoli A, Drane WE, Toskes PP, Moshiree B. Advantages of Azithromycin Over Erythromycin in Improving the Gastric Emptying Half-Time in Adult Patients With Gastroparesis. J Neurogastroenterol Motil. 2010; 
120. 	Tack J, Depoortere I, Bisschops R, Delporte C, Coulie B, Meulemans A, et al. Influence of ghrelin on interdigestive gastrointestinal motility in humans. Gut. 2006; 
121. 	Dass NB, Munonyara M, Bassil AK, Hervieu GJ, Osbourne S, Corcoran S, et al. Growth hormone secretagogue receptors in rat and human gastrointestinal tract and the effects of ghrelin. Neuroscience. 2003; 
122. 	Trudel L, Tomasetto C, Rio MC, Bouin M, Plourde V, Eberling P, et al. Ghrelin/motilin-related peptide is a potent prokinetic to reverse gastric postoperative ileus in rat. Am J Physiol Liver Physiol. 2015; 
123. 	Camilleri M, McCallum RW, Tack J, Spence SC, Gottesdiener K, Fiedorek FT. Efficacy and Safety of Relamorelin in Diabetics With Symptoms of Gastroparesis: A Randomized, Placebo-Controlled Study. Gastroenterology. 2017; 
124. 	Lembo A, Camilleri M, McCallum R, Sastre R, Breton C, Spence S, et al. Relamorelin Reduces Vomiting Frequency and Severity and Accelerates Gastric Emptying in Adults With Diabetic Gastroparesis. Gastroenterology. 2016; 
125. 	Shin A, Camilleri M, Busciglio I, Burton D, Smith SA, Vella A, et al. The Ghrelin agonist rm-131 accelerates gastric emptying of solids and reduces symptoms in patients with type 1 diabetes mellitus. Clin Gastroenterol Hepatol. 2013; 
126. 	Ejskjaer N, Dimcevski G, Wo J, Hellström PM, Gormsen LC, Sarosiek I, et al. Safety and efficacy of ghrelin agonist TZP-101 in relieving symptoms in patients with diabetic gastroparesis: A randomized, placebo-controlled study. Neurogastroenterol Motil. 2010; 
127. 	Ejskjaer N, Vestergaard ET, HellstrÖm PM, Gormsen LC, Madsbad S, Madsen JL, et al. Ghrelin receptor agonist (TZP-101) accelerates gastric emptying in adults with diabetes and symptomatic gastroparesis. Aliment Pharmacol Ther. 2009; 
128. 	Ejskjaer N, Wo JM, Esfandyari T, Mazen Jamal M, Dimcevski G, Tarnow L, et al. A phase 2a, randomized, double-blind 28-day study of TZP-102 a ghrelin receptor agonist for diabetic gastroparesis. Neurogastroenterol Motil. 2013; 
129. 	Mccallum RW, Lembo A, Esfandyari T, Bhandari BR, Ejskjaer N, Cosentino C, et al. Phase 2b, randomized, double-blind 12-week studies of TZP-102, a ghrelin receptor agonist for diabetic gastroparesis. Neurogastroenterol Motil. 2013; 
130. 	Ahn A, Barnes C, Shaywitz D, Grimaldi M, Canafax DM. Su1426 Velusetrag Improves Gastric Emptying Time in Subjects With Diabetic or Idiopathic Gastroparesis. Gastroenterology. 2015; 
131. 	Theravance Biopharma. Theravance Biopharma Announces Positive Top-Line Results from Phase 2b Study of Velusetrag (TD-5108) in Patients with Gastroparesis. 2017. 
132. 	Carbone F, Van Den Houte K, Clevers E, Andrews CN, Papathanasopoulos A, Holvoet L, et al. Prucalopride in Gastroparesis: A Randomized Placebo-Controlled Crossover Study. Am J Gastroenterol. 2019; 
133. 	Kumar M, Chapman A, Javed S, Alam U, Malik RA, Azmi S. The Investigation and Treatment of Diabetic Gastroparesis. Clinical Therapeutics. 2018. 
134. 	Stapleton J, Wo JM. Current Treatment of Nausea and Vomiting Associated with Gastroparesis: Antiemetics, Prokinetics, Tricyclics. Gastrointestinal Endoscopy Clinics of North America. 2009. 
135. 	Pasricha PJ, Nguyen LAB, Snape WJ, Colvin R, Lee LA, Abell TL, et al. Changes in quality of life and symptoms in a large cohort of patients with gastroparesis followed prospectively for 48 weeks. Gastroenterology. 2010; 
136. 	Prakash C, Lustman PJ, Freedland KE, Clouse RE. Tricyclic antidepressants for functional nausea and vomiting: Clinical outcome in 37 patients. Dig Dis Sci. 1998; 
137. 	Sawhney MS, Prakash C, Lustman PJ, Clouse RE. Tricyclic antidepressants for chronic vomiting in diabetic patients. Dig Dis Sci. 2007; 
138. 	Parkman HP, Van Natta ML, Abell TL, McCallum RW, Sarosiek I, Nguyen L, et al. Effect of nortriptyline on symptoms of idiopathic gastroparesis: The NORIG randomized clinical trial. JAMA - J Am Med Assoc. 2013; 
139. 	Malamood M, Roberts A, Kataria R, Parkman HP, Schey R. Mirtazapine for symptom control in refractory gastroparesis. Drug Des Devel Ther. 2017; 
140. 	Gooden JY, Takahashi PY. Mirtazapine treatment of diabetic gastroparesis as a novel method to reduce tube-feed residual: A case report. J Med Case Rep. 2013; 
141. 	Johnstone M, Buddhdev P, Peter M, Diggory R. Mirtazapine: A solution for postoperative gastroparesis? BMJ Case Rep. 2009; 
142. 	Kim SW, Shin IS, Kim JM, Kang HC, Mun JU, Yang SJ, et al. Mirtazapine for severe gastroparesis unresponsive to conventional prokinetic treatment. Psychosomatics. 2006. 
143. 	Nakamura K, Tomita T, Oshima T, Asano H, Yamasaki T, Okugawa T, et al. A double-blind placebo controlled study of acotiamide hydrochloride for efficacy on gastrointestinal motility of patients with functional dyspepsia. J Gastroenterol. 2017; 
144. 	Kusunoki H, Haruma K, Manabe N, Imamura H, Kamada T, Shiotani A, et al. Therapeutic efficacy of acotiamide in patients with functional dyspepsia based on enhanced postprandial gastric accommodation and emptying: Randomized controlled study evaluation by real-time ultrasonography. Neurogastroenterol Motil. 2012; 
145. 	Altan E, Masaoka T, Farré R, Tack J. Acotiamide, a novel gastroprokinetic for the treatment of patients with functional dyspepsia: Postprandial distress syndrome. Expert Review of Gastroenterology and Hepatology. 2012. 
146. 	Matsueda K, Hongo M, Tack J, Saito Y, Kato H. A placebo-controlled trial of acotiamide for meal-related symptoms of functional dyspepsia. Gut. 2012; 
147. 	Tack J, Janssen P, Masaoka T, Farré R, Van Oudenhove L. Efficacy of Buspirone, a Fundus-Relaxing Drug, in Patients With Functional Dyspepsia. Clin Gastroenterol Hepatol. 2012; 
148. 	Pasricha TS, Pasricha PJ. Botulinum Toxin Injection for Treatment of Gastroparesis. Gastrointestinal Endoscopy Clinics of North America. 2019. 
149. 	Ezzeddine D, Jit R, Katz N, Gopalswamy N, Bhutani MS. Pyloric injection of botulinum toxin for treatment of diabetic gastroparesis. Gastrointest Endosc. 2002; 
150. 	Miller LS, Szych GA, Kantor SB, Bromer MQ, Knight LC, Maurer AH, et al. Treatment of idiopathic gastroparesis with injection of botulinum toxin into the pyloric sphincter muscle. Am J Gastroenterol. 2002; 
151. 	Bromer MQ, Friedenberg F, Miller LS, Fisher RS, Swartz K, Parkman HP. Endoscopic pyloric injection of botulinum toxin A for the treatment of refractory gastroparesis. Gastrointest Endosc. 2005; 
152. 	Coleski R, Anderson MA, Hasler WL. Factors associated with symptom response to pyloric injection of botulinum toxin in a large series of gastroparesis patients. Dig Dis Sci. 2009; 
153. 	Friedenberg FK, Palit A, Parkman HP, Hanlon A, Nelson DB. Botulinum toxin A for the treatment of delayed gastric emptying. Am J Gastroenterol. 2008; 
154. 	Arts J, Holvoet L, Caenepeel P, Bisschops R, Sifrim D, Verbeke K, et al. Clinical trial: A randomized-controlled crossover study of intrapyloric injection of botulinum toxin in gastroparesis. Aliment Pharmacol Ther. 2007; 
155. 	Pitt HA, Mann LL, Berquist WE, Ament ME, Fonkalsrud EW, Denbesten L. Chronic Intestinal Pseudo-obstruction: Management With Total Parenteral Nutrition and a Venting Enterostomy. Arch Surg. 1985; 
156. 	Murr MM, Sarr MG, Camilleri M. The Surgeon’s Role in the Treatment of Chronic Intestinal Pseudoobstruction. Am J Gastroenterol. 1995; 
157. 	Kim CH, Nelson DK. Venting percutaneous gastrostomy in the treatment of refractory idiopathic gastroparesis. Gastrointest Endosc. 1998; 
158. 	Tao J, Patel V, Mekaroonkamol P, Luo H, Li B, Guan Q, et al. Technical Aspects of Peroral Endoscopic Pyloromyotomy. Gastrointestinal Endoscopy Clinics of North America. 2019. 
159. 	Khashab MA, Stein E, Clarke JO, Saxena P, Kumbhari V, Chander Roland B, et al. Gastric peroral endoscopic myotomy for refractory gastroparesis: first human endoscopic pyloromyotomy (with video). Gastrointest Endosc. 2013; 
160. 	Rodriguez J, Strong AT, Haskins IN, Landreneau JP, Allemang MT, El-Hayek K, et al. Per-oral Pyloromyotomy (POP) for Medically Refractory Gastroparesis: Short Term Results From the First 100 Patients at a High Volume Center. Ann Surg. 2018; 
161. 	Gonzalez JM, Benezech A, Vitton V, Barthet M. G-POEM with antro-pyloromyotomy for the treatment of refractory gastroparesis: mid-term follow-up and factors predicting outcome. Aliment Pharmacol Ther. 2017; 
162. 	Mekaroonkamol P, Dacha S, Wang L, Li X, Jiang Y, Li L, et al. Gastric Peroral Endoscopic Pyloromyotomy Reduces Symptoms, Increases Quality of Life, and Reduces Health Care Use For Patients With Gastroparesis. Clin Gastroenterol Hepatol. 2019; 
163. 	Dacha S, Mekaroonkamol P, Li L, Shahnavaz N, Sakaria S, Keilin S, et al. Outcomes and quality-of-life assessment after gastric per-oral endoscopic pyloromyotomy (with video). In: Gastrointestinal Endoscopy. 2017. 
164. 	Malik Z, Kataria R, Modayil R, Ehrlich AC, Schey R, Parkman HP, et al. Gastric Per Oral Endoscopic Myotomy (G-POEM) for the Treatment of Refractory Gastroparesis: Early Experience. Dig Dis Sci. 2018; 
165. 	Rodriguez JH, Haskins IN, Strong AT, Plescia RL, Allemang MT, Butler RS, et al. Per oral endoscopic pyloromyotomy for refractory gastroparesis: initial results from a single institution. Surg Endosc. 2017; 
166. 	Aghaie Meybodi M, Qumseya B, Shakoor D, Lobner K, Vosoughi K, Ichkhanian Y, et al. Efficacy and feasibility of G-POEM in management of patients with refractory gastroparesis: a systematic review and meta-analysis. Endosc Int Open. 2019; 
167. 	Avalos DJ, Satiya J, Bashashati M, Zuckerman M, Mendoza-Ladd A, Sarosiek I, et al. Sa1584 - G-Poem Improves Clinical Symptoms and Gastric Emptying in Gastroparesis: A Systematic Review and Meta-Analysis. Gastroenterology. 2018; 
168. 	Snape WJ, Lin MS, Agarwal N, Shaw RE. Evaluation of the pylorus with concurrent intraluminal pressure and EndoFLIP in patients with nausea and vomiting. Neurogastroenterol Motil. 2016; 
169. 	Landreneau JP, Strong AT, El-Hayek K, Tu C, Villamere J, Ponsky JL, et al. Laparoscopic pyloroplasty versus endoscopic per-oral pyloromyotomy for the treatment of gastroparesis. Surgical Endoscopy and Other Interventional Techniques. 2018; 
170. 	Brewer Gutierrez OI, Khashab MA. Stent Placement for the Treatment of Gastroparesis. Gastrointestinal Endoscopy Clinics of North America. 2019. 
171. 	Khashab MA, Besharati S, Ngamruengphong S, Kumbhari V, El Zein M, Stein EM, et al. Refractory gastroparesis can be successfully managed with endoscopic transpyloric stent placement and fixation (with video). Gastrointest Endosc. 2015; 
172. 	Atassi H, Abell TL. Gastric Electrical Stimulator for Treatment of Gastroparesis. Gastrointestinal Endoscopy Clinics of North America. 2019. 
173. 	Chu H, Lin Z, Zhong L, Mccallum RW, Hou X. Treatment of high-frequency gastric electrical stimulation for gastroparesis. Journal of Gastroenterology and Hepatology (Australia). 2012. 
174. 	Levinthal DJ, Bielefeldt K. Systematic review and meta-analysis: Gastric electrical stimulation for gastroparesis. Autonomic Neuroscience: Basic and Clinical. 2017. 
175. 	Abell TL, McCallum RW, May KP, Wilson L, Parkman HP, Hasler WL, et al. 296 Effectiveness of Gastric Electrical Stimulation in Gastroparesis: Results From a Large Prospectively Collected Database of a National Gastroparesis Registry. Gastroenterology. 2015; 
176. 	Ducrotté P, Coffin B, Mathieu N, fontaine  sébastien, Varannes SB des, Zerbib F, et al. Gastric Electrical Stimulation (Ges) for Refractory Vomiting: Results of a Prospective Multicenter Double-Blinded Randomized Controlled Cross-Over Trial. Gastroenterology. 2017; 
177. 	Shada AL, Dunst CM, Pescarus R, Speer EA, Cassera M, Reavis KM, et al. Laparoscopic pyloroplasty is a safe and effective first-line surgical therapy for refractory gastroparesis. Surg Endosc. 2016; 
178. 	Toro JP, Lytle NW, Patel AD, Davis SS, Christie JA, Waring JP, et al. Efficacy of laparoscopic pyloroplasty for the treatment of gastroparesis. J Am Coll Surg. 2014; 
179. 	Mancini SA, Angelo JL, Peckler Z, Philp FH, Farah KF. Pyloroplasty for refractory gastroparesis. Am Surg. 2015; 
180. 	Hibbard ML, Dunst CM, Swanström LL. Laparoscopic and Endoscopic Pyloroplasty for Gastroparesis Results in Sustained Symptom Improvement. J Gastrointest Surg. 2011; 
181. 	Sarosiek I. Gastric Electrical Stimulation (GES) and Pyloroplasty for the Treatment of Gastroparesis (GES+PP). ClinicalTrials.gov. 2017. 
182. 	Zihni AM, Dunst CM, Swanström LL. Surgical Management for Gastroparesis. Gastrointestinal Endoscopy Clinics of North America. 2019. 
183. 	Sarosiek I, Davis B, Eichler E, McCallum RW. Surgical Approaches to Treatment of Gastroparesis. Gastroenterol Clin North Am. 2014; 
184. 	Bhayani NH, Sharata AM, Dunst CM, Kurian AA, Reavis KM, Swanstrom LL. End of the Road for a Dysfunctional End Organ: Laparoscopic Gastrectomy for Refractory Gastroparesis. J Gastrointest Surg. 2015; 
185. 	Sun Z, Rodriguez J, McMichael J, Chand B, Nash D, Brethauer S, et al. Surgical treatment of medically refractory gastroparesis in the morbidly obese. Surg Endosc. 2015; 
186. 	Meyer A, Pallati P, Shaligram A, Oleynikov D, Goede M. Partial longitudinal gastrectomy: a novel curative approach for gastroparesis. Proc 2012 Annu Meet Soc Am Gastrointest Endosc Surg. 2012;249. 
187. 	Watkins PJ, Buxton-Thomas MS, Howard ER. Long-term outcome after gastrectomy for intractable diabetic gastroparesis. Diabet Med. 2003; 
188. 	Zehetner J, Ravari F, Ayazi S, Skibba A, Darehzereshki A, Pelipad D, et al. Minimally invasive surgical approach for the treatment of gastroparesis. Surg Endosc. 2013; 
189. 	Kwon Y, Kim HJ, Lo Menzo E, Park S, Szomstein S, Rosenthal RJ. Anemia, iron and vitamin B12 deficiencies after sleeve gastrectomy compared to Roux-en-Y gastric bypass: A meta-analysis. Surg Obes Relat Dis. 2014; 
190. 	Ramadan M, Loureiro M, Laughlan K, Caiazzo R, Iannelli A, Brunaud L, et al. Risk of Dumping Syndrome after Sleeve Gastrectomy and Roux-en-Y Gastric Bypass: Early Results of a Multicentre Prospective Study. Gastroenterol Res Pract. 2016; 


Gastroparesis


MDT approach


Dietician input


Diabetes optimization


Psychological support


Pharmacological


Prokinetics


Traditional agents


Metoclopramide


Domperidone


Macrolides


Novel agents


Ghrelin agonists


Selective 5-HT4 agonists


Antiemetics


Ondansetron


Prochlorperazine and promethazine


Neuromodulators


Tricyclic antidepressants


Mirtazipine


Fundic relaxants 


Acotiamide


Buspirone



Resistance to medical and lifestyle therapy


Endoscopic therapy


Venting gastrostomy


PEG/PEG-J


BOTOX


G-POEM


Transpyloric stenting


Surgery


Jejunostomy


Gastric electrical stimulator


Laparoscopic pyloroplasty


Gastrectomy


image3.jpg




image4.png
Metoclopramide

Prokinetics

Gastroparesis

Traditional agents Domperidone
Macrolides
Ghrelin agonists
Novel agents
Selective 5-HT4.
agonists
Ondansetron

L[ Prochiorperazine

and promethazine

Neuromodulators

Tricyclic
antidepressants

Mirtazipine

Fundic relaxants

Acotiamide

Buspirone





image5.png
-  PEG/PEG-

H BOTOX

Endoscopic therapy = G-POEM

H Transpyloric stenting

L] Venting gastrostomy

Jejunostomy

Gastric electrical
stimulator

Resistance to medical and |

Surgery H

Laparoscopic
pyloroplasty

Ll Gastrectomy





image1.png
Control of Gastric

Emptying
Parasympathetic Sympathetic
(Vagus) @ <)
Hyperglycaemia
Ghreli ©
relin
Motilin @ «
Gastrin — > v\@
Hypoglycaemia
S
GLP-1
PYY

CCK




image2.png
o T T




