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Disorders of gastric motility
Andrea Shin

Gastroparesis is a disorder of delayed gastric emptying with associated symptoms of postprandial fullness, early 
satiety, nausea, vomiting, bloating, and abdominal pain. Functional dyspepsia is an upper gastrointestinal disorder of 
gut–brain interaction that presents with similar symptoms but is defined according to symptom patterns rather than 
gastric motor dysfunction. Although delayed gastric emptying is a defining feature of gastroparesis, other aspects of 
gastric neuromuscular dysfunction, such as gastric accommodation and visceral hypersensitivity might contribute to 
symptoms. Similarly, although functional dyspepsia is not defined by impaired gastric emptying, disordered gastric 
motility might underlie pathogenesis in some patients with functional dyspepsia. In the last decade, it has been 
increasingly recognised that these two disorders might represent varying presentations along a common continuum 
of neuromuscular dysfunction, although with differentiating features with respect to outcomes, diagnosis, and 
treatments. In this Review, an overview of gastroparesis and functional dyspepsia from the perspective of gastric 
motility is provided, discussing what is distinct and what is shared between these disorders.

Introduction
Disorders of gastric motility give rise to a variety of 
clinical symptoms, including abdominal pain, nausea, 
vomiting, bloating, postprandial fullness, and loss of 
appetite. Under normal physiological conditions, the 
stomach serves three major functions: it acts as a reservoir 
for gastric contents; triturates solid contents into particles 
of 2 mm or less in size; and facilitates the emptying of 
contents into the duodenum  through antropyloroduode-
nal coordination and pyloric sphincter relaxation. 
Disturbances in any of these functions might lead to 
several clinical manifestations, of which gastroparesis 
and upper gastrointestinal disorders of gut–brain interac-
tion (DGBIs), including functional dyspepsia, are among 
the most clinically relevant. Advancements in the under-
standing of the pathophysiological mechanisms that are 
commonly shared between gastroparesis and functional 
dyspepsia have suggested  that these two disorders might 
represent different points along a spectrum of gastric 
neuromuscular dysfunction. This Review uses relevant 
scientific publications, systematic reviews, and expert 
opinion to summarise the definitions, epidemiology, risk 
factors, clinical presentations, pathophysiological mecha-
nisms, diagnostic assessments, and therapies of these 
major disorders, emphasising the role of disturbances in 
gastric motility. Further considered are the unique and 
overlapping features of these disorders and future direc-
tions for evaluation and management that might hold 
promise for enhancing the approach to personalised 
patient care.

Definitions
Gastroparesis
Gastroparesis is defined by a delay in gastric emptying 
and cardinal symptoms of nausea, vomiting, early satiety, 
postprandial fullness, bloating, and abdominal pain in 
the absence of mechanical obstruction.1,2 Diabetic and 
idiopathic gastroparesis are the two most common aetio-
logical subsets of gastroparesis,3,4 with a smaller 
proportion of cases being attributed to post-surgical 
causes, drug-induced causes, or, more rarely, other 

disorders, such as neuromuscular (eg, extrinsic or 
intrinsic neuropathy and Parkinson’s disease), metabolic 
(eg, thyroid dysfunction), autoimmune and post-viral, 
rheumatological (eg, connective tissue diseases), or para-
neoplastic conditions.5 Although approved therapies for 
the treatment of gastroparesis are scarce, advances in the 
understanding of the putative mechanisms that underlie 
the symptoms of gastroparesis have led to new diagnostic 
approaches and unveiled potential targets for the devel-
opment of novel therapies.

Functional dyspepsia
Functional dyspepsia is a DGBI defined according to the 
symptom-based Rome IV diagnostic criteria and is charac-
terised by one or more of the following in the absence 
of explanatory structural disease: postprandial fullness, 
early satiety, and epigastric pain or burning. Functional 
dyspepsia can be subclassified into postprandial distress 
syndrome, which is characterised by meal-related 
symptoms (bothersome postprandial fullness, early 
satiety, or both at least 3 days per week), epigastric pain 
syndrome, which is characterised by epigastric pain, 
burning, or both that occurs regardless of meals at least 
1 day per week, and overlapping postprandial distress 
syndrome and epigastric pain syndrome.6 Criteria must be 
fufilled for the past 3 months, with symptom onset 
at least 6 months before diagnosis. Although functional 
dyspepsia is defined according to clinical symptoms rather 
than gastric motility, patients with functional dyspepsia 
might exhibit one or more disturbances in gastric motor 
functions. It has been recognised that gastroparesis and 
functional dyspepsia might exist along a continuum of 
neuromuscular dysfunction (figure).7,8 Although delayed 
gastric emptying might be present in functional dyspepsia, 
the magnitude of delay is generally milder than that in 
gastroparesis and more stringent thresholds are used to 
define the delay in gastroparesis.9,10

Epidemiology
Studies on the epidemiology of gastroparesis are scarce.  
The prevalence of definite gastroparesis was estimated to 

For more on Rome IV 
diagnostic criteria see 

https://theromefoundation.org/
rome-iv/rome-iv-criteria/

https://theromefoundation.org/rome-iv/rome-iv-criteria/
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range from 0·02% to 1·8%4,11 and the age-adjusted 
incidence per 100 000 person-years to be 2·4 (95% CI 
1·2–3·8) for men and 9·8 (7·5–12·1) for women in older 
community-based studies conducted in Olmsted County, 
Minnesota, USA.4 Enhanced access to administrative 
health claims and electronic medical records data has 
enabled researchers in the past few years to conduct 
larger-scale, population-based studies on the epidemiol-
ogy of gastroparesis.3,12 In a systematic review, Dilmaghani 
and colleagues13 estimated the prevalence and incidence 
of gastroparesis in the general population to be 
13·8–267·7 cases per 100 000 adults and 1·9–6·3 cases 
per 100 000 person-years, respectively, albeit all but 
one of the included studies were from the USA. Based on 
the few studies that have used objective criteria to define 
gastroparesis, the true prevalence of gastroparesis is 
likely to be around 21·5–24·2 cases per 100 000 people3,4 
and the true incidence is probably close to 6·3 cases 
per 100 000 person-years.4 Demographic characteristics 
of gastroparesis patient populations have suggested that 
women and White individuals are disproportionately 
affected.2,13

Despite the substantial degree of clinical overlap, epi-
demiological studies have revealed that functional 
dyspepsia is much more common than gastroparesis, 
with a pooled worldwide prevalence of 7·2% in a study 
from the Rome Foundation.14 Among functional 
dyspepsia subtypes, most patients had postprandial 
distress syndrome (66·6%), followed by an overlapping 
disorder (18·1%), and then epigastric pain 
syndrome (15·3%).14 Although the prevalence of func-
tional dyspepsia might vary across the globe, studies 
across different regions have reported similar observa-
tions. In a cross-sectional survey study of the general 
adult population done in the USA, Canada, and the UK, 
9% overall and approximately 10% in each country met 
the Rome IV criteria for functional dyspepsia.15 One 
study reported a lower prevalence of 4·8% for functional 
dyspepsia in Asia (vs 7·0% in western Europe), and the 
overall prevalence of all DGBIs was generally lower in 
Asia than in western Europe.16 

Risk factors, clinical features, and impact
Gastroparesis
Type 1 and type 2 diabetes remain the most common 
underlying causes of gastroparesis in the general popula-
tion.13 However  data from the Gastroparesis Clinical 
Research Consortium suggest that, among patients seen 
at tertiary referral centres, idiopathic gastroparesis is 
more common than diabetic gastroparesis.2,17 Reported 
differences in the ratios of diabetic to idiopathic gastro-
paresis might be related to variations in patient 
populations, case definitions, and the grouping of 
causes.18 The relative proportions of other causes of 
gastroparesis, including post-surgical, post-viral, neuro-
muscular, autoimmune, rheumatological, metabolic, 
paraneoplastic, or drug-related, are not fully known. 

Research has found a higher prevalence in women than 
in men4 and has identified poor glycaemic control as a 
potential risk factor.19

Cardinal symptoms of gastroparesis include postpran-
dial fullness, early satiety, nausea, vomiting, and bloating. 
Among these symptoms, nausea is the most common 
and an almost universal factor among patients with 
gastroparesis.2,17,20 However, abdominal pain is increas-
ingly being recognised as another prominent feature of 
gastroparesis.21,22 Pain might be particularly important in 
people with idiopathic gastroparesis and is often a 
symptom prompting diagnostic evaluation.17 Patients 
with gastroparesis might also report other symptoms, 
such as gastro-oesophageal reflux17,23 or bowel dysfunc-
tion, including constipation.22 Although gastroparesis 
might lead to weight loss,24 nutritional compromise,25 
and restrictive eating,26 a substantial proportion of 
patients, particularly those with type 2 diabetes, paradoxi-
cally experience weight gain, overweight, or obesity.27

The socioeconomic burdens imposed by gastroparesis 
are substantial. Several studies17,28 have shown that quality 
of life is impaired in patients with gastroparesis and that 
impairments are significantly associated with individual 
symptoms, such as nausea and vomiting, abdominal 
pain,20,21 comorbidities, the presence of irritable bowel 
syndrome, use of narcotic pain medications, anxiety, 
depression, smoking, need for nutritional support, 
symptom progression, and symptom exacerbations.28 
Several studies have suggested that gastroparesis or 
gastroparesis-like symptoms might frequently co-exist 
with other DGBIs and that overlap is associated with 
increasing illness severity and burden of health-care 
consumption.28–30

Figure: Gastric motor dysfunction in gastroparesis and functional dyspepsia
The placement of symptoms along the spectrum indicates their relative 
prominence within each condition as they are traditionally defined.
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Gastroparesis is associated with increased morbidity 
and mortality. However, deaths in people with gastro
paresis are largely related to complications of comorbid 
disease rather than gastroparesis itself.4 Data from the 
Gastroparesis Clinical Research Consortium have shown 
hospitalisations to be more common in patients with 
type 1 diabetic gastroparesis than in patients with idio-
pathic gastroparesis.17 Higher rates of hospitalisations 
have also been noted among non-Hispanic Black indi-
viduals with gastroparesis compared with Hispanic and 
non-Hispanic White individuals and among men 
compared with women.31 A study from 2009 has shown 
poorer overall survival in White patients with gastro
paresis compared with age-specific and sex-specific 
expected survival in a Minnesota White population. 
Common causes of death were identified as cardiovascu-
lar disease, respiratory failure, malignancy, chronic renal 
failure, and cerebrovascular accident.4 A study from 2023 
suggests that hospitalisations and emergency depart-
ment visits for gastroparesis appear to be increasing in 
the last few decades.13 However, overall rates of in-hospital 
mortality have decreased with time from the mid-1990s 
to late 2000s.13

Functional dyspepsia
Although the clinical features of gastroparesis and 
upper DGBIs, such as functional dyspepsia, might 
often be indistinguishable, several studies7,8,32 have 
suggested differences in their predisposing factors and 
natural histories. These differences might be related to 
variation in the relative contributions of pathophysio-
logical mechanisms and comorbid conditions that 
underlie functional dyspepsia and functional gastro
duodenal symptoms versus gastroparesis, which have 
been increasingly viewed as disorders along a 
continuum rather than distinct clinical diseases.7,8,32 
Some risk factors appear to be shared between func-
tional dyspepsia and gastroparesis, such as female sex 
and smoking.15,33,34 Previous infection has also been 
linked to both gastroparesis and functional dyspepsia,35 
but the role of infection might differ between the 
two disorders. Researchers have proposed that acute 
viral infections might lead to acute autonomic neuro
pathy, resulting in delayed gastric emptying in some 
patients who later develop post-infection gastro
paresis.36 By contrast, the contribution to the 
development of functional dyspepsia of infections, 
including Helicobacter pylori or acute gastroenteritis, 
might be explained by non-motor mechanisms, such as 
enhanced visceral hypersensitivity or duodenal micro-
inflammation.37,38 Other risk factors for functional 
dyspepsia might include non-steroidal anti-inflamma-
tory drug use and psychological factors, such as anxiety 
and depression.6,33,34 Like patients with gastroparesis, 
patients with functional dyspepsia have increased 
health impairment and health-care resource utilisa-
tion.15 Increased health-care utilisation, diminished 

quality of life, and greater symptom severity appear to 
be heightened in patients who have overlapping DGBIs, 
such as functional dyspepsia and irritable bowel 
syndrome.39,40 However, unlike gastroparesis, functional 
dyspepsia does not appear to adversely affect long-term 
survival. In a 10-year follow-up study of a large 
community cohort, dyspepsia was not associated with 
increased mortality.8,41

Pathophysiology of gastric motility disorders
Gastroparesis
Although the correlation between delayed gastric 
emptying and symptoms is often debated, a 2019 meta-
analysis showed that optimally measured gastric 
emptying is associated with upper gastrointestinal 
symptoms.42 Other gastric sensorimotor functions, such 
as impaired gastric accommodation and visceral hyper-
sensitivity, might also have a prominent role in 
gastroparesis symptoms.7,43 Disturbances in major gas-
troduodenal motor functions, including delayed gastric 
emptying, can result from disordered myogenic and 
neuromuscular control mechanisms, perhaps driven by 
underlying neuronal, smooth muscle, cellular, or 
molecular abnormalities,2 leading to antral hypomotility, 
pyloric dysfunction, or small intestinal dysmotility.44 
Examination of histological changes in diabetic and idio-
pathic gastroparesis has shown loss of the interstitial 
cells of Cajal in the gastric body as a prominent pathologi-
cal feature affecting the enteric nervous system in 
gastroparesis.45 Loss or damage of myenteric and intra-
muscular interstitial cells of Cajal might induce antral 
hypomotility and pyloric dysfunction.46 Other pathologi-
cal changes45,47–49 that have been described include altered 
myenteric immune cell intriltrates, loss of anti-
inflammatory macrophages the gastric antrum, 
decreased nerve fibres in gastric muscle layers, lesions in 
the nitrergic pathway that regulates pyloric motor activity, 
increased fibrosis within the muscle layers of the 
stomach, and altered hormonal levels. However, the 
direct effect of these abnormalities on  neuromuscular 
mechanisms in gastroparesis is not fully understood. 
Some differences in cellular and tissue abnormalities 
have also been described between patients with idiopathic 
versus diabetic gastroparesis.45,50 For example, studies of 
smooth muscle cell morphology have shown thickened 
basal lamina around smooth muscle cells in diabetic 
gastroparesis versus a basal lamina of normal thickness 
in idiopathic gastroparesis.45,50 Extrinsic denervation as a 
consequence of post-surgical vagotomy, transient vagal 
nerve injury, or vagal dysfunction in the context of 
diabetes might also lead to gastroparesis through 
changes in gastric accommodation and antral 
hypomotility.46,47

Functional dyspepsia
Gastric motor dysfunctions, including abnormal gastric 
accommodation and delayed or accelerated gastric 
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emptying, might commonly occur in patients with 
upper DGBIs, including functional dyspepsia.32 Although 
a diagnosis of functional dyspepsia relies on symptom-
based criteria, delayed gastric emptying might be observed 
in a subset of patients with functional dyspepsia, albeit to a 
milder degree than in patients with gastroparesis. In a 
retrospective study, the presence of delayed gastric 
emptying was detected by 13C-octanoic acid breath test in 
54 (18%) of 307 patients with functional dyspepsia 
symptoms.24 Although some studies have suggested that 
gastric emptying rates are labile and that patients with 
gastroparesis might frequently be reclassified as having 
functional dyspepsia and vice versa,7 consistency of test 
results might be improved by optimising the measure-
ment of gastric emptying through use of a real-egg meal 
with higher fat and caloric content compared with a stand-
ardised lower calorie and low fat (2%) meal.51 These 
observations are particularly important as it has become 
widely recognised that gastroparesis and functional 
dyspepsia are indistinguishable based on clinical features 
and appear to represent varying degrees of common 
pathophysiological disturbances rather than distinct 
clinical disorders.7,32 As in gastroparesis, other disturbances 
in gastric motility might contribute to the pathophysiology 
of upper DGBIs.52 Studies assessing gastric motor 
functions have shown that either accelerated gastric 
emptying and reduced gastric accommodation are present 
in 20–40% of patients presenting with upper gastroduode-
nal symptoms or functional dyspepsia, and a quarter of 
patients might show both symptoms.32,53 In a large retro-
spective study of more than 1200 patients with functional 
gastroduodenal symptoms, nausea and vomiting were 
more common in patients with delayed versus accelerated 
or normal gastric emptying, and reduced respiratory sinus 
arrhythmia was associated with impaired gastric accom-
modation.32 Although  sensorimotor dysfunction might be 
a marker of functional dyspepsia, some studies have 
suggested that it is not directly associated with reduced 
quality of life.54 Beyond disturbances in gastric motility, 
additional pathophysiological mechanisms of functional 
dyspepsia include visceral hypersensitivity, duodenal 
microinflammation, intestinal  barrier dysfunction, and 
microbial fermentation of dietary substrates dysregulated 
central processing; these mechanisms have been reviewed 
elsewhere.6,55,56 

Diagnostic evaluation of gastric motor 
dysfunction
Documentation of delayed gastric emptying remains a 
prerequisite for the diagnosis of gastroparesis as 
upper gastrointestinal symptoms do not consistently 
distinguish delayed from accelerated or normal gastric 
emptying.32 Other essential gastrointestinal motor 
functions that might influence gastric emptying, 
correlate with histopathological changes, or contribute to 
gastroparesis symptoms, such as gastric accommoda-
tion, gastric rhythm, gastric satiation, pyloric dysfunction, 

and enteric dysmotility, can be assessed through various 
tests. However, consensus on the role that these mecha-
nisms have in the clinical features of gastroparesis is yet 
to be established.57 A summary of these methods is 
presented in the table.

The role for diagnostic testing of gastric motor functions 
in upper DGBIs, such as functional dyspepsia, is less well 
established. Although abnormal gastric motility might 
contribute to symptoms for some patients with functional 
dyspepsia, the diagnosis of functional dyspepsia and its 
subcategories is determined according to clinical history 
and symptom-based criteria,6 and recommendations 
regarding the routine investigation of gastric motor 
functions in functional dyspepsia are inconsistent. 
Currently, functional dyspepsia is conceptualised as a 
constellation of characteristic clinical symptoms in the 
absence of notable delay in gastric emptying. However, 
the practice of using gastric emptying to distinguish func-
tional dyspepsia from gastroparesis has been brought into 
question due to previous work showing that approximately 
40% of patients classified as having gastroparesis or func-
tional dyspepsia based on gastric emptying measurement 
with a standard, recommended meal (low-fat, low-calorie, 
egg-white sandwich meal) will switch to the alternate 
diagnosis upon repeat testing.7 Subsequent studies have 
further suggested that the use of a 320 kcal, 30% fat, real 
egg (standard size) meal, more typical of real-world diets 
provided a consistent diagnosis in more than 85% of 
patients.51 Most published guidelines advocate for testing 
for H pylori and endoscopy based on patient-specific risk 
factors to rule out alternative diseases, such as peptic 
ulcer disease or neoplasms, but do not support motility 
testing as a first-line approach to clinical evaluation.53,58 
Nevertheless, validated techniques for the assessment of 
gastric motor disturbances offer important objective 
measurements that provide insight into gastroduodenal 
symptoms.32,52

Gastric emptying
Before conducting a test for gastric emptying, structural 
abnormalities should be excluded. Gastric emptying tests 
should be done after an overnight fast and patients 
should cease medications that might affect results 
(eg, opioids, anticholinergics, prokinetics, and anti
emetics) for 48–72 h before the test.57,59 Several tests are 
available to assess gastric emptying. Of these tests, 
gastric scintigraphy remains the gold standard and is 
endorsed by national societies for the assessment of 
gastric motor dysfunction.57,59,60 Consensus-based recom-
mendations for testing include a standardised protocol 
following a universally accepted test meal consisting of a 
low-fat, low-calorie, egg-white sandwich.60 Following an 
overnight fast, patients ingest a standardised radiola-
belled meal after which gastric emptying is measured for 
up to 4 h by scintigraphy. Alternative meals with higher 
fat and caloric content have been well characterised and 
validated, showing excellent reproducibility in both 
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healthy volunteers and in patients with gastroparesis or 
functional dyspepsia.51 Other non-invasive methods46,57,59,61 
that can be used to measure gastric emptying include 
stable isotope breath testing using ¹³C-labelled sub-
strates, such as ¹³C-octanoic acid or ¹³C-Spirulina  
platensis,62,63 and the wireless pressure and pH motility 
capsule. Stable isotope breath uses standardised test 
meals containing ¹³C-labeled substrates to measure 
gastric emptying by analysing exhaled ¹³CO₂. This 
method is an alternative to scintigraphy, does not involve 
radiation exposure, and is safe for pregnant women, 
breastfeeding women, and children, though factors like 
physical activity and certain diseases might affect results. 
The wireless motor capsule SmartPill (Medtronic, 
Minneapolis, MN, USA) motor capsule is FDA-approved 
for evaluating gastric emptying and colonic transit in 
suspected slow transit constipation. It measures pH, 
temperature, and pressure as it passes through the gas-
trointestinal tract, with gastric emptying indicated by a 
sudden pH rise. The wireless motility capsule provides 
the added benefit of assessing pan-intestinal transit and 

the amplitude of pressure activity within the stomach 
and small bowel. The capsule is an indigestible solid that 
is expelled from the acidic environment of the stomach 
to the alkaline duodenum upon return of the phase III 
migrating motor complex that occurs in the fasting state 
after emptying of liquids and triturable solids. Therefore, 
the wireless motility capsule provides a surrogate assess-
ment of gastric emptying rather than a direct 
physiological measurement. Use of the wireless motility 
capsule in clinical practice is hindered by its low 
availability. 

Although measurement of gastric emptying is consid-
ered the most relevant test for gastric motor functions, 
some experts have questioned its prognostic value. 
Several studies have suggested that gastric emptying 
rates do not predict or influence responses to treatment 
with prokinetic therapy.64–66 Conversely, one study found 
that a greater proportion of patients with gastroparesis 
who improved on treatment at longitudinal follow-up 
had moderate-to-severe delay in gastric emptying 
compared with those who did not improve.23 In a 

Function measured Strengths Limitations Utility in 
functional 
dyspepsia

Utility in 
gastroparesis

Availability

Gastric scintigraphy Gastric emptying and gastric 
accommodation*

Non-invasive; validated extensively 
validated in clinical trials and in vitro 
studies; standardised; quantitative 
assessment of liquid and solid gastric 
emptying; and reproducible in healthy 
volunteers and patients

Meal components might not be tolerated by 
all; radiation exposure; and considerable intra-
individual variation with low-fat egg meal; 
gamma camera also required

Moderate High Widely 
available

Stable isotope breath 
testing

Gastric emptying* Non-invasive; no radiation exposure; 
ease of performance; and reproducible 
in healthy volunteers

Indirect assessment of gastric emptying and  
might be affected by post-gastric metabolism 

Moderate High Widely 
available

Wireless pressure and 
pH motility capsule

Gastric emptying*and pressure 
amplitude

No radiation exposure; measures pan-
intestinal transit; and reproducible in 
healthy volunteers

Indirect assessment of gastric emptying and  
potential for capsule retention 

Low Moderate Low

Single-photon 
emission CT

Gastric accommodation Non-invasive; reproducible in both 
healthy volunteers and patients with 
upper gastrointestinal symptoms

Radiation exposure and gamma 
camera  required

Moderate Moderate Low

MRI Gastric accommodation and 
gastric contractions

Non-invasive; can differentiate gas 
and fluid

Only used by few centres and costly Low Moderate Low

Nutrient or water load 
satiety testing

Gastric accommodation* Non-invasive; measures gastric 
capacity

Indirect assessment of gastric accommodation 
and not validated as clinical biomarkers of 
gastroparesis

Low Low Low

Electrogastrography Gastric myoelectrical activity Non-invasive; might identify 
subgroups of neuromuscular 
dysfunction

Does not directly assess gastric emptying, 
gastric accommodation, or gastric 
contractions, further studies needed to assess 
clinical utility

Low Moderate Low

Body surface gastric 
mapping

High-resolution gastric 
myoelectrical activity

Non-invasive, and measures frequency, 
amplitude, and propagation of gastric 
slow waves, including slow-wave 
initiation

Does not directly assess gastric emptying, 
gastric accommodation, or gastric 
contractions, and clinical utility remains 
undefined, further studies needed to assess 
clinical utility

Low Moderate Low

Functional luminal 
imaging probe

Pyloric distensibility and 
compliance

Might select patients more likely to 
respond to pyloric interventions

Invasive and its role remains investigational Low High Low

Antropyloroduodenal 
manometry

Gastric and duodenal motility 
patterns and pyloric sphincter 
pressure profiles†

Might discern underlying causes of 
gastroparesis

Invasive; low availability; and sensitivity for 
measurement of pyloric function not 
established

Low Moderate Low

*Indirect assessment. †Pyloric motility dysfunction might be identified with high-resolution techniques.

Table: Methods to measure gastric motility
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meta-analysis of trials of prokinetic therapies in patients 
with gastroparesis or functional dyspepsia, although 
there was no association between changes in gastric 
emptying and upper gastrointestinal symptoms overall, 
there was a significant association between improvement 
in gastric emptying and symptoms when only studies 
using optimal testing methods were considered.67 These 
observations suggest that multiple pathophysiological 
mechanisms other than gastric emptying dysfunction 
may underlie upper gastrointestinal symptoms and while 
gastric emptying is relevant, the degree to which it affects 
symptoms might vary across patients.

Additional methods for assessment of gastric motor 
functions
Non-invasive tests for gastric accommodation68 have 
been developed, largely replacing traditional gastric 
barostat  techniques, which involved introducing a baro-
statically controlled balloon into the patient’s stomach. 
These newer, non-invasive methods include single-
photon emission CT (SPECT)52 and MRI.69 The 
SPECT technique uses intravenous ⁹⁹mTc pertechnetate, 
which is taken up by the gastric mucosa, after which 
gamma camera scans are used to calculate gastric 
volumes after ingestion of a 300 mL Ensure meal (Abbott 
Labs, Abbott Park, IL, USA).70 MRI-based methods 
involve imaging of the stomach in the fasting and post-
prandial states after ingestion of a liquid Ensure meal 
labeled with with gadolinium. Surrogate approaches to 
measure gastric accommodation might also be used, 
including nutrient or water load satiety testing43 or 
measurement of intragastric meal distribution71 during 
gastric emptying scintigraphy.2 Water-load satiety testing 
is designed for measuring gastric capacity and sensation 
as patients are requested to consume water or participate 
in a nutrient drink challenge until maximum satiety is 
achieved. Studies in humans have suggested that post-
prandial gastric accommodation is correlated with gastric 
emptying72 and might influence symptoms in both 
patients with gastroparesis and upper DGBIs.32,71 The 
Gastroparesis Clinical Research Consortium have 
conducted studies in patients with diabetic and idiopathic 
gastroparesis using water load satiety testing as an 
indirect assessment of gastric accommodation.43,73 These 
studies have shown increased gastroparesis symptoms in 
patients with impaired water ingestion on testing 
compared with patients with normal water consumption, 
but similar symptom profiles in patients with delayed 
versus normal gastric emptying, suggesting a role for 
impaired gastric accommodation in postprandial 
symptoms of gastroparesis.43,73

Gastric myoelectrical activity can be measured using 
cutaneous electrogastrography, which can be done with 
the use of low and high resolution techniques. 
Electrogastrography uses cutaneous electrodes placed on 
the abdominal skin to capture gastric myoelectrical activity. 
Gastric dysrhythmias ranging from tachygastria to 

bradygastria in response to both liquid and solid test meals 
have been described in the majority of patients with gastro-
paresis.2,74 Higher-resolution mapping that build on 
traditional electrogastrography methods coupled with 
advanced bioinstrumentation, signal processing, and 
computational modeling have given way to body surface 
gastric mapping, which has further identified identified 
abnormal initiation and propagation of gastric slow waves 
in patients with diabetic and idiopathic gastroparesis,75 and 
has suggested that abnormal gastric myoelectrical para
meters might correlate with upper gastrointestinal 
symptoms in patients with functional dyspepsia and gas-
troparesis.76,77 Although the frequency and amplitude of 
gastric myoelectrical dispersion profiles might correlate 
with gastric contractile activity and emptying,78 gastric 
electrophysiological patterns do not directly assess gastric 
accommodation, contractions, or emptying. Descriptive 
studies have suggested that gastric electrical mapping 
might aid in guiding care for patients with chronic gas-
troduodenal disorders.77 However, further studies are 
needed to define the clinical utility of electrogastrography 
and  body surface gastric mapping phenotypes.52

Under normal physiological conditions, pyloric con-
striction aids in the trituration of solids as peristaltic 
waves progress to the terminal antrum to generate 
grinding forces and retropulsion of gastric contents. 
After the contents have been triturated, antroduodenal 
coordination and pyloric relaxation facilitate gastric 
emptying. Although the role of pyloric dysfunction in 
gastroparesis is not fully understood, failure of pyloric 
relaxation might lead to a functional obstruction and 
impaired gastric emptying.46 Pyloric dysfunction might 
be identified with the use of newer modalities, such as 
the endoluminal functional lumen imaging probe 
(EndoFLIP), which assesses diameter and distensibility 
of the pylorus with in infinitely compliant balloon. 
Studies done with the EndoFLIP in patients with gastro-
paresis have shown correlations between physiological 
pyloric characteristics (eg, diameter and cross-sectional 
area) and symptoms, as well as associations between 
pyloric compliance and gastric emptying half-time,79,80 
suggesting that the EndoFLIP might be a promising tool 
for identifying patients who might respond to pyloric 
interventions. Still, the role of the EndoFLIP remains 
exploratory and data on the use of this probe for assess-
ment of pyloric relaxation in patients with functional 
dyspepsia are insufficient. Several studies have reported 
normative reference values for pyloric diameter and dis-
tensibility using the EndoFLIP in healthy humans during 
the fasted state,81 postprandial EndoFLIP assessments 
and the clinical utility of EndoFLIP parameters in 
patients with varying degrees of delayed gastric emptying 
have yet to be established.82

Antropyloroduodenal manometry using water-
perfused or solid-state multi-sensor catheters can be 
used to assess gastric and duodenal motility patterns in 
patients with severely delayed gastric emptying. This 
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method is less useful for patients with milder 
presentations or individuals with functional dyspepsia, 
because it is reserved for patients with severely delayed 
gastric emptying. Neuropathic processes are character-
ised by normal-amplitude contractions but disorganised 
activity or low-contractile frequencies, and myopathic 
processes are associated with very low-amplitude con-
tractions with preserved migrating motor complexes.46,83 
Studies in patients with confirmed gastroparesis have 
shown differences in the fed period duration (defined as 
the number of minutes between meal ingestion and the 
first phase III contraction), and number and presence 
of migrating motor complexes across patients with 
idiopathic, diabetic, and post-surgical gastroparesis.84 
Manometry has also been used as a method for assessing 
pyloric sphincter pressure profiles. However, measure-
ment of pyloric function by antropyloroduodenal 
manometry is technically challenging due to the 
potential for catheter migration and is limited by 
decreased sensitivity for low-pressure values and the 
potential for overestimation of pyloric sphincter length 
due to the use of data interpolation for estimation of 
pressure values between sensors.85 Furthermore, associa-
tions between manometric profiles and gastric emptying 
rates are not fully understood.86 However, improvements 
with high-resolution approaches might help to overcome 
some of these limitations, and future research on the 
role of antropyloroduodenal manometry for guiding 
treatment selection or predicting responses to pyloric 
interventions in patients with gastroparesis is needed.44

Management of gastric motility disorders
Dietary therapies
Dietary modification is a cornerstone in the management 
of gastroparesis and upper DGBIs and should be offered 
to all patients irrespective of disease severity. Patients 
with gastroparesis are advised to consume smaller, more 
frequent meals with low-fat and low-residue content, 
while increasing their intake of liquids, which are more 
easily emptied from the stomach.59 A randomised con-
trolled trial showed that low-residue diets (foods that 
consist of small particle sizes or foods that could easily be 
processed into small particle size) reduced key gastro
paresis symptoms in patients with diabetic gastroparesis 
compared with foods typically recommended for patients 
with diabetes.87 Gastroparesis diets might further 
augment the benefit of pharmacological treatments, 
such as prokinetics or neuromodulators, in patients with 
gastroparesis.66

Although most patients with functional dyspepsia 
report worsening of symptoms in relation to food 
ingestion, the role and efficacy of dietary treatments in 
functional dyspepsia are less well established. Patients 
with functional dyspepsia are often advised to consume 
smaller, more frequent meals with low-fat content; 
however, the benefits of these diet modifications have not 
been rigorously assessed through prospective studies.53 

Because mechanisms such as the microbial fermentation 
of dietary carbohydrates have also been speculated to 
play a role in functional dyspepsia pathophysiology, other 
dietary approaches, including a diet low in fermentable 
oligosaccharides, disaccharides, monosaccharides, and 
polyols (the low-FODMAP diet), have been investigated. 
In one randomised study of patients with functional 
dyspepsia, symptom and quality of life improvements 
were no different for patients randomly assigned to a 
low-FODMAP diet versus traditional dietary advice.88 
However, subgroup analysis of patients with post
prandial distress syndrome or bloating showed a 
significantly higher proportion of responders in the low-
FODMAP group versus the traditional dietary advice 
group.

Pharmacotherapy for gastric motor dysfunction
Most pharmacotherapies available for the treatment of 
gastric motor dysfunctions act through prokinetic effects 
that enhance coordinated gastrointestinal motility and 
transit to enhance gastric emptying. Agents targeting 
impaired gastric accommodation or pyloric dysfunction 
have been less studied. However, the fact that the 
treatment effects of various pharmacotherapies might 
not necessarily be limited to one aspect of gastric motor 
dysfunction is widely recognised.

Prokinetics
Prokinetic therapy can be offered to patients with gastro-
paresis in whom symptoms persist despite dietary 
modifications to increase the rate of gastric emptying. 
Metoclopramide  is a dopamine receptor antagonist and 
the only agent for gastroparesis approved by the US Food 
and Drug Administration (FDA) and is available in 
multiple formulations.59 Most clinical trials of meto
clopramide in gastroparesis were done more than 
two decades ago with the use of oral metaclopramide, all 
showed symptomatic benefit or acceleration of gastric 
emptying with treatment. More recently, metoclopramide 
nasal spray has been developed, with initial studies sug-
gesting efficacy in women but not men with diabetic 
gastroparesis.89 A multicentre, phase 3 trial of 205 women 
with diabetic gastroparesis and delayed gastric emptying 
showed no difference in symptom reduction after 
4 weeks with metoclopramide nasal spray compared with 
placebo.89 However, statistically significant treatment 
effects from weeks 1 to 3 in patients with moderate-to-
severe symptoms at baseline and significant reductions 
in individual symptoms of nausea and upper abdominal 
pain were observed for metoclopramide versus placebo.89 
Metoclopramide use is restricted to 12 weeks or less due 
to the rare risk of tardive dyskinesia, which is estimated 
to be in the range of 0·1% per 1000 patient-years.59,90 
Domperidone is another dopamine receptor antagonist 
that is available in Europe and Asia and shows prokinetic 
properties in addition to antiemetic actions through 
effects on the brainstem. Domperidone is only available 
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in the USA through a special programme administered 
by the FDA,59,66 and a baseline electrocardiogram is 
advised due to the rare risk of QT interval prolongation.91 
Current guidelines suggest the use of metoclopramide 
and domperidone, where available, for symptom man-
agement in patients with gastroparesis over no treatment 
for medically refractory gastroparesis.59 In a systematic 
review and network meta-analysis,91 oral dopamine 
receptor antagonists were found to be superior to placebo 
for improvement in global symptoms of gastroparesis.

Other prokinetic agents that are available but not spe-
cifically approved for use in gastroparesis include motilin 
receptor agonists (erythromycin, clarithromycin, and 
azithromycin), 5-HT4 receptor agonists (prucalopride), 
and cholinesterase inhibitors (pyridostigmine). 
Macrolide antibiotics, such as erythromycin, azithromy-
cin, and clarithromycin, are motilin receptor agonists 
and stimulate gastroduodenal motility to improve gastric 
emptying, stimulate fundal and antral contractions, and 
inhibit pyloric contractility. Oral regimens of erythromy-
cin 250 mg three times daily might be used for short-term 
therapy of gastroparesis, as longer durations might be 
limited by the development of tachyphylaxis.46,59,92 
Azithromycin and clarithromycin are other macrolide 
antibiotics that have been shown92-94 to stimulate gastro
duodenal motility, but no randomised clinical trials 
assessing the efficacy of these agents in gastroparesis 
have been done. Use of macrolide antibiotics for 
treatment of symptoms in patients with gastroparesis 
should be carefully weighed against risks of potential 
drug interactions with concurrent use CYP3A inhibitors, 
cardiac arrhythmias including drug-induced torsades de 
pointes, and bacterial resistance.95 Cholinesterase inhibi-
tors, such as pyridostigmine, might enhance gastric 
emptying through stimulation of gastrointestinal 
motility.96 However, no clinical trials examining the 
efficacy of pyridostigmine in patients with gastroparesis 
have been conducted. Although data on the efficacy of 
selective 5-HT4 agonists for gastroparesis are inconclu-
sive, prucalopride can be considered, particularly in 
patients with concomitant constipation.57 In one small 
crossover study,97  prucalopride showed superiority 
compared with placebo for relieving gastroparesis 
symptoms and enhancing gastric emptying.

In patients with functional dyspepsia whose symptoms 
might be associated with delayed gastric emptying or in 
individuals with overlapping disorders involving other 
aspects of gastrointestinal motor dysfunction (eg, consti-
pation), prokinetic therapies might be of benefit. 
However, the overall strength of the evidence supporting 
the routine use of prokinetics in functional dyspepsia is 
low. Results of several systematic reviews and meta-
analyses, including a 2021 network meta-analysis, have 
suggested evidence for symptom benefit in patients with 
functional dyspepsia or upper gastroduodenal symptoms 
with prokinetic therapy;67,98,99 however, the analyses 
showed significant heterogeneity and many of the 

included drugs are not available in many countries. High 
quality randomised trials examining efficacy of widely 
available prokinetics are scarce. Use of prokinetics in 
patients with functional dyspepsia who have not 
responded treatment of modifiable risk factors, such as 
H pylori eradication, is generally supported by some 
society guidelines, including the American College 
of Gastroenterology, the Canadian Association of 
Gastroenterology, and the British Society of Gastro
enterology.58,100 Other organisations, such as the European 
Society of Neurogastroenterology and Motility, have been 
unable to achieve consensus,53,58,101 suggesting that the role 
of prokinetics in functional dyspepsia remains an area for 
which further study is necessary.

Medications for gastric accommodation
Pharmacotherapies for the treatment of impaired gastric 
accommodation include 5-HT1A agonists, such as 
buspirone. One clinical trial101 found that buspirone 
improved symptoms and gastric accommodation versus 
placebo in patients with functional dyspepsia, but 
evidence across studies of other 5-HT1A agonists has been 
mixed.53,102 Acotiamide is a cholinesterase inhibitor with 
fundus-relaxing and prokinetic properties that is 
approved in Japan for functional dyspepsia and has been 
shown to enhance gastric accommodation and improve 
symptoms of dyspepsia.103 The rationale behind the use 
of these agents in gastroparesis is based on the observa-
tion that some patients with gastroparesis might show 
impairments in both gastric accommodation and 
emptying. However, in a 2023 multicentre clinical trial, 
there were no significant differences between buspirone 
or placebo in early satiety or postprandial fullness scores 
after 4 weeks of treatment in patients with moderate-to-
severe symptoms of gastroparesis.104 Therefore, more 
evidence is needed before pharmacotherapies targeting 
fundal accommodation can be routinely used in clinical 
practice.

Antiemetics and neuromodulators
Antiemetic agents (eg, ondansetron, granisetron, 
promethazine, and aprepitant) are more commonly used 
to treat symptoms of nausea and vomiting than for their 
effects on gastric motor functions or emptying.46,59 These 
agents are frequently used for symptoms of gastroparesis 
irrespective of gastric emptying delay.66 Among the central 
neuromodulators, there are data to suggest benefit with 
tricyclic antidepressants (eg, nortriptyline, amitriptyline, 
and imipramine), for the treatment of upper gastrointes-
tinal symptoms in patients with gastroparesis, although 
efficacy has not been proven in randomised controlled 
trials, and tricyclic antidepressants have shown efficacy 
for pain-related symptoms of functional dyspepsia.58,102,105 
Mirtazapine is another antidepressant that has shown 
beneficial effects in patients with functional dyspepsia, 
leading to improvements in early satiety, quality of life, 
nutrient tolerance, and weight loss, which appear to be 
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related to centrally mediated effects rather than effects on 
gastric sensorimotor functions.106,107 Central neuromodu-
lators for the treatment of gastroparesis, including 
tricyclic antidepressants, have not been rigorously 
examined. One randomised trial of nortriptyline 
did not show efficacy versus placebo for overall gastropa-
resis symptoms in patients with idiopathic gastroparesis.108 
However, tricyclic antidepressants are commonly used as 
off-label treatments in gastroparesis and one 2024 study 
suggested that this class of drugs might be associated 
with gastroparesis symptom improvement, independent 
of changes in gastric emptying.66

Investigational agents
Several other prokinetics, including novel 5-HT4 agonists 
(eg, felcisetrag and velusetrag)109,110 and ghrelin receptor 
agonists (eg, relamorelin),92,111 remain under active inves-
tigation for the treatment of gastroparesis. Other 
pharmacological agents in the research pipeline include 
dopamine D2 and D3 receptor (eg, trazpiroben)112 and 
substance-P receptor (eg, aprepitant and tradipitant)113 
antagonists, which represent diverse medication classes 
that might target distinct aspects of gastric sensorimotor 
dysfunction or symptoms that might contribute to 
symptoms of gastroparesis and functional dyspepsia.46,92

Device-based therapy
Gastric electrical stimulation is available for drug-refrac-
tory gastroparesis under a humanitarian device 
exemption defined by the FDA. Originally designed to 
use low-energy, low-frequency stimulation to modulate 
slow waves and enhance gastric motor function, the 
effects of gastric electrical stimulation on gastric 
emptying were inconsistent.59,114 Subsequently, the 
technique has been modified to deliver low-energy, high-
frequency stimulation that might interfere with the 
transmission of sensory information.115 In a multicentre, 
randomised, crossover study of patients with refractory 

vomiting with or without gastroparesis. gastric electrical 
stimulation was associated with a significant reduction 
in vomiting, but did not lead to changes in gastric 
emptying or quality of life.116 Device-related adverse 
events were recorded in 26% of patients who received 
implants. Although gastric electrical stimulation might 
be considered for control of intractable symptoms in 
patients who have not responded to standard therapy for 
gastroparesis, clinicians should fully consider the risks 
and benefits and appropriately counsel patients regarding 
potential adverse effects, including infection, that could 
necessitate surgical removal.

Surgical interventions
Therapies targeting pyloric dysfunction have been 
proposed as an alternative treatment for patients with 
gastroparesis in whom standard medical therapies 
are insufficient. Several interventions, including intra-
pyloric botulinum toxin injection, balloon dilation, and 
transpyloric stenting, have been considered but their role 
in the management of gastroparesis is poorly defined due 
to insufficient evidence for clinical efficacy. In the past 
decade, endoscopic pyloromyotomy (G-POEM) has 
emerged as a promising treatment for patients with 
severe and refractory gastroparesis due to its minimally 
invasive technique and early evidence for efficacy in 
uncontrolled trials. The results of the first randomised 
controlled trial of 41 patients with severe and refractory 
gastroparesis showed significantly higher treatment 
success rates with G-POEM (71%) compared with 
sham (22%) at 6 months, with decreased gastric retention 
at 4 h in the G-POEM group. The trial was stopped early 
after an interim analysis due to a highly significant result 
in favour of G-POEM and the risk of general anaesthesia 
in patients randomly assigned to the sham group.117 Early 
termination limited the study’s power to conclusively 
determine the efficacy of G-POEM in gastroparesis 
subgroups, namely post-surgical and idiopathic gastro
paresis. In another randomised trial, investigators 
compared the efficacy of G-POEM with that of botulinum 
toxin injection in 40 patients with medically refractory 
gastroparesis. Although response rates were numerically 
higher in the G-POEM group than in the botulinum toxin 
group, differences were not statistically significant.118 
Although G-POEM’s role has yet to be fully defined, it is 
anticipated that assessment of pyloric physiology with the 
use of newer tools, such as EndoFLIP, might be useful in 
predicting treatment responses in patients in whom 
pyloric interventions are being considered.59 Clinicians 
should be cautioned that more drastic interventions, such 
as partial or subtotal gastrectomy with Roux-en-Y recon-
struction, should be used rarely in select patients with 
refractory gastroparesis, and only as a last resort.

Behavioural therapies
Non-pharmacological treatments including brain–gut 
psychotherapies, such as cognitive behavioural therapy 

Search strategy and selection criteria

A comprehensive search of the biomedical literature was 
done via MEDLINE, Embase, and Cochrane from database 
inception to July 1, 2024. The search terms included: 
“gastroparesis,” or “functional dyspepsia,” or “gastric 
motility,” or “gastric motor functions,” or “gastric emptying,” 
or “gastric accommodation,” or “pyloric dysfunction,” AND 
“epidemiology,” or “risk factors,” or “pathophysiology” or 
“management” or “treatment” or “therapy” or “prokinetic” 
or “pharmacologic” or “behavioral treatment”, or 
“hypnotherapy.” The references of relevant papers were also 
manually reviewed. Only publications in English were 
included, with emphasis on original clinical trials, meta-
analyses, and established guidelines. Articles of greatest 
importance were identified based on their relevance and 
contribution to the existing body of knowledge.
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and gut-directed hypnotherapy, can be integrated into the 
care plan for patients with upper DGBIs, such as func-
tional dyspepsia. These interventions might be a 
particularly useful as adjunctive therapies for the 
management of chronic pain. Although there is a large 
body of evidence supporting the efficacy of psychological 
therapies in patients with functional dyspepsia, including 
from randomised trials,119,120 studies have been unblinded 
and have examined a wide range of psychological inter-
ventions. Despite these limitations, the evidence for 
benefit in patients with functional dyspepsia suggests 
that gut–brain psychotherapies represent an important 
component of the care plan for patients with persistent 
symptoms despite standard medical care.58 The effect of 
these therapies on underlying gastric motor dysfunc-
tions, including gastroparesis, is not well established. In 
a randomised study of 90 patients with irritable bowel 
syndrome, gut-directed hypnotherapy was not associated 
with significant changes in gastrointestinal transit times 
or the results of antroduodenojejunal manometry.121 No 
randomised trials of psychotherapies have been done in 
patients with gastroparesis.

Summary and future directions
Gastroparesis and functional dyspepsia are two major 
disorders that represent overlapping yet distinct condi-
tions along the continuum of disordered gastric motility. 
Progress in the field has made way for deeper insights 
into the pathophysiological mechanisms of the gastric 
motor dysfunctions that contribute to the clinical 
symptoms and outcomes of these disorders. These sci-
entific advances might help to redesign the approach to 
the diagnosis and management of gastroparesis, func-
tional dyspepsia, and other chronic gastroduodenal 
diseases. New techniques for measuring pyloric 
function and gastric electrical activity might comple-
ment traditional methods that measure well studied 
aspects of gastric motility, such as gastric emptying. 
Defining the role of these new approaches in gastro
paresis, and whether they are applicable to some 
patients with functional dyspepsia, carries important 
clinical and research implications. Improved pheno
typing might guide new treatment strategies in both 
disorders while fostering biomarker discovery. Future 
studies should investigate novel pharmacotherapies 
tailored to refined mechanistic insights, explore the role 
of established treatments for new indications, and 
identify strategies for predicting therapeutic responses 
to optimise the delivery of individualised care across the 
disease spectrum.
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