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Gastroparesis: Approach, Diagnostic
Evaluation, and Management

Derek M. Tang, MD and Frank K. Friedenberg, MD

Gastroparesis is a chronic motility disorder of the
stomach that involves delayed emptying of solids and
liquids, without evidence of mechanical obstruction.
Although no cause can be determined for the majority
of cases, the disease often develops as a complication of
abdominal surgeries or because of other underlying
disorders, such as diabetes mellitus or scleroderma.
The pathophysiology behind delayed gastric emptying
is still not well-understood, but encompasses abnormal-
ities at 3 levels—autonomic nervous system, smooth
muscle cells, and enteric neurons. Patients will often
cite nausea, vomiting, postprandial fullness, and early
satiety as their most bothersome symptoms on history
and physical examination. Those that present with
severe disease may already have developed complica-
tions, such as the formation of bezoars or masses of
undigested food. In patients suspected of gastroparesis,
diagnostic evaluation requires an initial upper endos-
copy to rule out mechanical causes, followed by a
gastric-emptying scintigraphy for diagnosis. Other di-
agnostic alternatives would be wireless capsule motil-
ity, antroduodenal manometry, and breath testing.
Once gastroparesis is diagnosed, dietary modifications,
such as the recommendation of more frequent and
more liquid-based meals, are encouraged. Promotility
medications like erythromycin and antiemetics like
prochlorperazine are offered for symptomatic relief.
These agents may be frequently changed, as the right
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combination of effective medications will vary with
each individual. In patients who are refractory to
pharmacologic treatment, more invasive options, such
as intrapyloric botulinum toxin injections, placement
of a jejunostomy tube, or implantation of a gastric
stimulator, are considered. Future areas of research
are based on current findings from clinical studies.
New medications, such as hemin therapy, are emerging
because of a better understanding of the pathophysiol-
ogy behind gastroparesis, and present treatment op-
tions, such as gastric electric stimulation, are evolving
to be more effective. Regenerative medicine and stem
cell-based therapies also hold promise for gastroparesis
in the near future.

ntroduction
astroparesis, or delayed gastric emptying, is a motility disorder of the

tomach that is characterized by slowed emptying of food in the absence
f mechanical obstruction.1,2 Normal gastric motor function is a coordi-
ated sequence of events influenced by the autonomic nervous system,
mooth muscle cells, and enteric neurons.3 Disturbances of any of these
ontrol pathways can lead to delayed gastric emptying or gastric stasis. A
ange of causes has been identified, most notably idiopathic, diabetic, and
ostsurgical etiologies.1,4 Symptoms of gastroparesis are variable and
onspecific, but the most common include nausea, vomiting, bloating, early
atiety, and abdominal pain.4 As the severity of gastroparesis progresses,
ther disorders or complications, such as esophagitis, Mallory–Weiss tear,
eptic ulcer disease, and bezoar formation, can develop.1,5,6

This article systematically reviews our current understanding of the
pidemiology, basic science, etiology, and pathophysiology of gastropa-
esis. It also reviews recent advances in management, including patient
valuation, diagnosis, and treatment.

pidemiology
The epidemiology of gastroparesis in the USA is not well-defined, but

he condition is relatively common. A population-based study in Olmsted
ounty, Minnesota identified 3604 potential cases, of which 83 met
iagnostic criteria for definite gastroparesis.7 The age-adjusted incidence
er 100,000 person-years for definite gastroparesis was 2.5 for men and
.8 for women, while the age-adjusted prevalence per 100,000 persons

as 9.6 for men and 37.8 for women.7 These statistics also support the
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nding that gastroparesis more frequently affects females.8 In a study that
ollowed 146 individuals with gastroparesis over 6 years, 84% of the
atients were women, and the mean age of onset was 34 years.4 Although
he reason behind this gender difference is unclear, healthy females have
emonstrated slower gastric emptying than their male counterparts.9

Longstanding diabetes mellitus, among a number of other causes, can
ead to gastroparesis. In 1958, it was originally believed that gastric
etention was only associated with type 1 diabetes.10 Now, it is being
ncreasingly recognized in an equal number of type 2 diabetes cases.11

opulation-based studies have shown that 2-19% of diabetic patients
eport upper gastrointestinal symptoms.12,13 Meanwhile, investigations at
ertiary referral centers have shown that 48-65% of diabetic patients with
bdominal symptoms have delayed gastric emptying.14,15

Gastroparesis is an increasingly recognized disorder on the rise because
f heightened awareness and testing in the USA. Hospitalizations with
astroparesis as the primary and secondary diagnoses more than doubled
rom 1995 to 2004.16 The increasing prevalence is in part because of the
rowing cases of diabetes mellitus, improving longevity of diabetic
atients, and increasing number of surgeries for gastroesophageal reflux
isease (GERD) and morbid obesity.16 Moreover, gastroparesis-related
ospitalizations have a significant economic impact in the USA. Com-
ared with hospitalizations for GERD, gastric ulcers, gastritis, and
ausea/vomiting, patients with gastroparesis had the longest duration of
ospital stay and the highest or second highest total costs.16

asic Science
The stomach is traditionally described as having 2 functional seg-
ents—the fundus and antrum.3 Both participate in differing but com-

lementary roles in gastric emptying. Although discrepancies exist,
eneral opinion is that the fundus is more responsible for the gastric
mptying of liquids, while the antrum is a greater contributor in the
astric emptying of solids.17,18 During a meal, the fundus serves as a
eservoir and facilitates the chemical digestion of food into large particles
ia gastric acid and proteases.17 Its slow sustained contractions regulate
ntragastric pressure before food is advanced to the antrum. In contrast,
he antrum provides continence for food and is mainly responsible for
rinding, mixing, and trituration (process of reducing food into fine small
articles).17 In between meals, the resulting chyme is cleared from the
tomach into the proximal duodenum through peristaltic antral contrac-

ions.2
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Normal gastric emptying is a series of events that is controlled by the
utonomic nervous system, smooth muscle cells, and enteric neurons.3

nnervation of the vagus nerve by parasympathetic activity regulates
undic accommodation, antral contractions, and pyloric relaxation.2 These
ctions are countered or inhibited by the celiac ganglia, which is supplied
y sympathetic activity. Smooth muscle cells are responsible for contrac-
ions throughout the stomach. Depolarization of resting membrane
otentials contracts the cells, and electrical coupling of neighboring
uscle cells propagates this contraction.19 The interstitial cells of Cajal,

r pacemaker cells located within the enteric nervous system in the
reater curvature, provide the patterned electrical activity and synaptic
onnectivity that initiate the smooth muscle cells.19

Several neurotransmitters are essential in gastric emptying, but nitric
xide (NO) is the one of greatest interest.3 Closely associated with the
nterstitial cells of Cajal, this inhibitory neuromuscular transmitter mainly
unctions in the relaxation and accommodation of the fundus.20 It does
ot seem to have an effect on the antrum, but does also serve to decrease
he tone of the pylorus.21 Chronic depletion of NO from neuronal NO
ynthase, the enzyme responsible for NO synthesis, leads to delayed
astric emptying of both solids and liquids.20

tiology and Pathophysiology
Underlying conditions should be considered in patients who develop a
astrointestinal motility disorder. Of 146 patients, the most common
tiologies of gastroparesis were idiopathic (36%), diabetic (29%), and
ostgastric surgery (13%); other associated disorders included Parkin-
on’s disease, collagen vascular disorders, and intestinal pseudoobstruc-
ion.4

Idiopathic gastroparesis is an umbrella term used when no known cause
an be identified. Postinfectious or postviral gastroparesis is regarded as
subgroup under this heading, representing 21% of idiopathic cases.22

cute gastroenteritis has been linked to gastric stasis, and implicated
athogens in adults include the herpes (ie, Epstein-Barr), Hawaii, and
orwalk viruses.23,24 In children, rotavirus is the suspected cause.25

lthough the exact mechanism in which viruses cause abnormal gastric
mptying is difficult to ascertain, it is postulated that the infecting agent
nduces a form of neuropathy by either directly affecting autonomic
anglia or inducing an immunologic and inflammatory response.22,26

ostviral gastroparesis appears to be self-limiting, with most cases

esolving within 18 months in adults and 24 months in children.24,25
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Longstanding diabetes mellitus predisposes patients to developing
astric dysmotility. Referral center studies have shown that more than
alf of diabetic patients with gastrointestinal symptoms have delayed
astric emptying.14,15 However, the prevalence of abdominal symptoms
uggestive of diabetic gastroparesis is much lower, affecting up to 20% of
atients in the community.12,13,27 This discrepancy may be because
atients at referral centers represent those with more severe disease. The
athogenesis of diabetic gastroparesis is multifactorial and results in a
euromyopathy. In diabetes mellitus, increased oxidative stress from low
eme oxygenase-1 levels in addition to reduced insulin and insulin-like
rowth factor-1 signaling, not hyperglycemia, are responsible for the loss
f the interstitial cells of Cajal.28,29 Consequently, this depletion causes
bnormalities in gastric slow waves, absence of peristalsis, and atrophy of
astric smooth muscle.28,30,31

Postsurgical gastroparesis occurs after injury to the vagus nerve usually
ollowing upper abdominal operations, such as fundoplication for GERD
nd bariatric surgery for morbid obesity.32 In 60 patients who developed
tasis after gastric surgery, 80% had received a partial gastrectomy with
gastroenterostomy.33 Surgeries involving the pancreas and esophagus

ave been implicated as well. In one study, 67% of patients receiving
ancreatic cancer cryotherapy and 4.8% receiving pancreaticoduodenec-
omy developed delayed gastric emptying in the early postoperative
eriod.34 There have been data associating gastrointestinal complications
ith organ transplantation. Among 208 lung transplant recipients, 6%
eveloped gastroparesis over a median follow-up period of 3.5 years.35

eanwhile, the majority (83%) of patients who received heart-lung
ransplantation developed severe medication-refractory gastroparesis over

mean follow-up period of 2.6 years.35-37 Lastly, endoscopic variceal
clerotherapy has been demonstrated to induce transient alterations in
astrointestinal motility and subsequent bezoar formation.38,39 In these
ases of postsurgical gastroparesis, damage to the vagus nerve seems to
e the culprit, leading to reduced antral contractions and loss of pyloric
elaxation.32

Less common causes of delayed gastric emptying include medications,
eurological conditions, and connective tissue disorders. Alpha-2 adren-
rgic agonists and tricyclic antidepressants slow gastrointestinal motility
y mainly increasing sympathetics through adrenergic receptor stimula-
ion. Diseases that affect the central nervous system (CNS) are Parkin-
on’s disease, multiple sclerosis, and amyloidosis. Impaired gastric
mptying is the most common nonmotor feature of Parkinson’s disease

nd is caused by neuronal degeneration in the dorsal nucleus of the vagus
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erve and gastrointestinal myenteric plexuses by Lewy bodies.40-42 In
ultiple sclerosis, lesions involving the white matter, especially in the

agal parasympathetic fibers, is believed to be the trigger.43 Finally, in
myloidosis and connective tissue disorders like systemic sclerosis,
ysmotility occurs in patients in the later stages of presentation. Infiltra-
ion into the autonomic nerves and smooth muscle leads to progressive
brosis and altered function of enteric neurons.44-46

istory and Physical Examination
Careful history taking and an understanding of the patient’s symptoms

an help discern other disorders before making a preliminary diagnosis.
everal conditions can mimic the clinical presentation of gastroparesis,

ncluding esophagitis, peptic ulcer disease, malignancy, bowel obstruc-
ion, and pancreaticobiliary disorders.5 Medication side effects and
remia should be considered as well.5

Patients suspected of gastroparesis usually present with several concur-
ent but nonspecific abdominal complaints. The symptom profile of 146
atients in one study was as follows: nausea (92%), vomiting (84%),
loating (75%), early satiety (60%), and abdominal pain (46%).4 A
maller study with 28 patients yielded similar results, but only with
ausea and abdominal pain as the most reported symptoms.47

The severity, nature, and frequency of the nausea and vomiting should
e further characterized, as these may be useful in narrowing the
ifferential diagnosis. Abdominal pain is a prominent symptom that
orrelates with a patient’s quality of life, rather than the severity of
elayed gastric emptying.48 Patients often describe it as burning, vague,
r crampy in nature, with a minority of patients localizing it to the
pigastric region.47 Sharp well-localized pain is not characteristic, and
ther causes, such as pancreatitis, need to be ruled out in these situations.2

he timing of the abdominal pain may vary widely, either manifesting
fter meals or during nighttime sleep.47

Various tools have been developed over the years to gauge the severity
f symptoms in patients with gastroparesis. One reliable and valid
odality, known as the Gastroparesis Cardinal Symptom Index (GCSI),

as allowed for better subjective symptom reporting from patients and
igher correlation of these symptoms with gastric emptying. Compiled
rom clinician recommendations, interviews with patient focus groups,
nd literature reviews, the GCSI is an assessment of symptom severity
ver 2 weeks and incorporates 9 symptoms focusing on 3 areas—early
atiety, nausea/vomiting, and bloating.49,50 A GCSI daily diary was later

eveloped to minimize potential patient recall effects related to the
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-week symptom period.51 This instrument helps quantify gastrointestinal
ymptoms in patients across institutions.
Physical examination may reveal epigastric or diffuse tenderness during

bdominal palpation, but patients can sometimes present with no evident
ndings. The remainder of the examination should be devoted to

dentifying characteristics of underlying disorders. For instance, patients
uspected of systemic sclerosis may have discoloration (Raynaud’s
henomenon) of the distal extremities on inspection, large joint contrac-
ures on musculoskeletal examination, and a split S2 or loud P2 suggestive
f pulmonary hypertension on cardiac auscultation.52

iagnostic Tests and Imaging
Initial laboratory testing is generally not useful in diagnosing patients
ith presumed gastroparesis, but routine blood tests should be tailored

oward the outcome of the history and physical examination. They can
lso be performed to rule out other differentials. For example, pancreatitis
hould be considered in patients presenting with abdominal pain in the
pigastric region, and a serum lipase would be most helpful. When other
onditions are ruled out, then gastroparesis should be given more
onsideration.53

Diagnostic evaluation generally encompasses an esophagogastroduode-
oscopy initially. This endoscopy is to rule out structural disorders of the
pper gastrointestinal tract and to visualize any source of mechanical
bstruction, such as malignancy or peptic ulcer disease. If this upper
ndoscopy yields organic etiologies, those specific disorders will need to
e treated. Otherwise, if the endoscopy yields negative findings, patients
ill need additional testing to assess their rate of gastric emptying.

astric-Emptying Scintigraphy
Gastric-emptying scintigraphy (GES) is currently regarded as the gold

tandard for measuring motility of the stomach. This noninvasive,
uantitative method involves the patient eating a radiolabeled solid meal,
nd then gastric counts, which correlate with the amount of meal
emaining in the stomach, are measured scintigraphically at particular
ime points.54 Although GES has long been the standard in evaluating
elayed gastric emptying, there has been a lack of standardization of this
est, such as differences in the meals used, patient positioning, and
requency or duration of imaging.54 This consequently limits the clinical
tility of the test and presents obstacles for both patients and physicians,

s the latter try to interpret results from other institutions.54
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Consensus standards for GES have been published by the American
eurogastroenterology and Motility Society and the Society of Nuclear
edicine. The recommended protocol involves a low-fat, egg-white meal
ith imaging at 0, 1, 2, and 4 hours after meal ingestion. The technetium-
9m sulfur colloid radiolabeled meal would comprise 2 large eggs, 2
lices of bread, and jam with water.54 Delayed gastric emptying would be
resent if there is �90% gastric retention at 1 hour, �60% at 2 hours, and
10% at 4 hours (Fig 1); these numbers are based on results from the

argest multi-institutional study that investigated gastric-emptying rates in
ealthy individuals.54,55 In patients who have a normal percentage of
astric retention after 2 hours, completing or extending the GES to 4
ours is recommended. Studies have shown that the data at 2 hours have
reater accuracy for detecting accelerated gastric emptying, while the data
t 4 hours have higher accuracy for identifying gastric stasis.56,57

A multitude of individual factors can influence the results of GES,

IG 1. Abnormal results from a gastric-emptying scintigraphy. The left half of this figure depicts
he gastric emptying of a radiolabeled meal at particular time points from start to 4 hours. The
ight half of the figure shows a chart plotting the percentage of remaining radiolabeled meal in
he stomach (y-axis) versus time in minutes (x-axis). This patient has an abnormal 4 hour
astric-emptying scintigraphy, because there is 32.5% gastric retention at 240 minutes (or 4
ours). Gastric retention greater than 60% at 2 hours and/or greater than 10% at 4 hours is
iagnostic for delayed gastric emptying. Note that this patient has normal gastric emptying at
20 minutes (or 2 hours), with about 45% of the radiolabeled meal remaining in the stomach.
ncluding medications, tobacco smoking, and hyperglycemia. Anticholin-
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rgics, tricyclic antidepressants, narcotic analgesics, and adrenergic
gents can slow gastric emptying, while prokinetic drugs (ie, metoclo-
ramide, cisapride, domperidone, erythromycin) can accelerate empty-
ng.58 Because these medications can cause a false-positive or -negative
esult, they should be discontinued for at least 48 hours before the GES.54

igarette smoking has been shown to delay the gastric emptying of solids,
nd although it is unclear whether nicotine is responsible, patients should
e advised to cease smoking in the morning before the test.54,59,60 Mild
levations in blood glucose (�144 mg/dL) can delay gastric emptying,
hile other studies have demonstrated that modest elevations (�288
g/dL) can significantly retard it in diabetic patients.61,62 Thus, it is

ecommended that diabetics should have their glucose checked on the
orning before the GES; if it is �275 mg/dL, then insulin should be

dministered to lower the level, or the study should be rescheduled.54

hose caring for patients with gastroparesis need to recognize that there
s often a discrepancy between patient symptoms and rates of gastric
mptying.63

ireless Capsule Motility
The SmartPill GI Monitoring System (SmartPill Corporation, Buffalo,
Y) was approved by the US Food and Drug Administration (FDA) in
006 for evaluation of delayed gastric emptying and chronic constipation
Fig 2). This indigestible capsule provides a nonradioactive and compa-
able alternative to GES. After the pill is swallowed, it measures
astric-emptying time by sensing luminal pH, pressure, and temperature
s it traverses through the digestive tract.64,65 Gastric emptying is
emarcated when there is a sudden change in pH from the acidity of the
tomach to the alkaline environment of the duodenum.63 Using miniatur-
zed wireless sensor technology, the pill relays information to a receiver
hat can be worn on the patient’s belt or around his/her neck. The
martPill is excreted from the gastrointestinal tract after 1 or 2 days, and
hen the patient returns to clinic, information from the receiver is
ownloaded to a computer to be analyzed. Gastric emptying by wireless
apsule motility seems to correlate with the T-90% GES and the return of
hase III of the migrating motor complex (MMC) of the fasting period.66

ntroduodenal Manometry
Antroduodenal manometry assesses the coordination of gastrointestinal
otor function in fasting and postprandial periods through pressure
easurements.67 With the help of radiographic fluoroscopy or endoscopy,
roper positioning of a catheter or transducer with pressure sensors allows
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or recording gastric and duodenal contractions. This technique can be
erformed over a 5- to 8-hour period in a stationary setting or a 24-hour
eriod in an ambulatory one. In patients with gastroparesis, there is a
isturbance in the relationship between antral, pyloric, and duodenal
ressure waves that result in a reduced antral motility index.68 This test is
articularly valuable in distinguishing between processes suggestive of
yopathy (ie, systemic sclerosis) and neuropathy (ie, diabetes mellitus).58

n myopathic etiologies, manometry demonstrates less frequent low-
mplitude antral MMCs. Meanwhile, in patients with neuropathic causes,
ntral MMCs are generally poorly coordinated, but of normal ampli-
ude.69-72

reath Testing
Breath testing is a noninvasive method that can be used in the

mbulatory setting. It indirectly measures the gastric-emptying rate of
olids with similar reliability to GES.73,74 It involves a stable nonradio-
ctive 13C isotope bound to a digestible substance, such as octanoic acid,
cetate, or Spirulina platensis (algae).73-75 13C-labeled octanoic acid is

IG 2. Image of the SmartPill (SmartPill Corporation, Buffalo, NY). The SmartPill is often
escribed as the size of a large multivitamin pill. It measures approximately 1.3 cm by 2.6 cm.
ore commonly used, and this is then mixed into a solid meal, such as a
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uffin.76,77 As 13C-octanoate is ingested and absorbed into the small
ntestine, it is metabolized into 13C-CO2, which is expelled from the lungs
nd collected; the rate-limiting step of this reaction is the rate of solid
astric emptying.53 The main advantage of breath testing is its lack of
adiation exposure to the patient, while its disadvantage is that patients
ith select disorders, like celiac disease or cirrhosis, have impaired
etabolism of octanoate into CO2. There have been recent attempts to

evelop a more standardized meal to be used with the 13C-octanoic acid
reath test that does not carry side effects and can be used in patients with
actose intolerance, diabetes mellitus, and celiac disease.78

ther Imaging Studies
Transabdominal ultrasonography and magnetic resonance imaging

MRI) are two other studies that can evaluate gastric emptying in patients,
ut are less frequently used. Ultrasonography is a simple and noninvasive
echnique that can assess structural and functional abnormalities of gastric
otility. Two-dimensional ultrasound can indirectly provide information

bout gastric emptying by quantifying changes in antral area over time.79

study has shown that diabetics have a wider antral area in fasting and
ostprandial states than healthy individuals.80 Three-dimensional ultra-
ound provides more detailed information by being able to assess
ntragastric meal distribution and volume, but requires an operator with
onsiderable technical experience.81 MRI of gastrointestinal function is a
ecently developing tool that is comparable to GES in reliably assessing
he gastric emptying of mixed solid and liquid meals.82 Because it can
istinguish between gastric air and fluid, its high-resolution imaging
apabilities can simultaneously measure gastric emptying, gastroduodenal
otility, and gastric secretions.83 Disadvantages of this MRI technique

nclude its relatively expensive cost, need for specialized equipment, and
ack of standardization across institutions. Currently, transabdominal
ltrasonography and MRI are used more as clinical research tools, rather
han definitive diagnostic tests, in the workup of patients with gastropa-
esis.

reatment

eneral Approach
General principles for patient management include (1) hydration with

orrection of electrolyte imbalances; (2) identification and treatment of
he underlying disorder (ie, diabetes mellitus); and (3) alleviation of

ymptoms (ie, nausea, vomiting) with medications.84 A list of the
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atient’s current medications should be reviewed, and those that may
recipitate gastric dysmotility or limit the advantages of antiemetics and
rokinetic agents should be discontinued.1 Diabetics with symptoms of
astroparesis should monitor their blood glucose closely and have their
nsulin regimen or medications optimized, as hyperglycemia has been
hown to exacerbate symptoms.61,62,85

For symptomatic patients with mild disease, dietary modifications and
ymptomatic management with medications are recommended initially.
atients with more severe manifestations, such as pronounced dehydra-

ion or intractable vomiting, may need hospitalization or more invasive
nterventions.1 These include intrapyloric botulinum toxin (Botox) injec-
ions, placement of a feeding jejunostomy, or implantation of a gastric
lectrical stimulator. The diagnostic approach to patients with gastropa-
esis (Fig 3) should ultimately be based on the collective experiences and
pinions of clinicians who specialize in their care.1

ietary Modifications
Dietary recommendations mainly involve adjustments to meal content

nd frequency. Patients should be encouraged to eat more liquid-based
eals, such as soups or stews, since individuals with gastroparesis often

ave preserved gastric emptying of liquids. Intake of fats and nondigest-
ble fibers should be reduced, because these foods generally retard gastric
mptying through various mechanisms. Fats are time-dependent on the
ipolysis of triglycerides to fatty acids via gastric hormones, while
igh-fiber fruits and vegetables (ie, green beans, apples, brussel sprouts)
redispose to phytobezoar formation because of reduced interdigestive
ntral motility.86,87 Smaller portioned meals should be suggested, and the
eals should be spread throughout the day.88 Meals of larger weight and

igher calorie content have been demonstrated to have longer gastric-
mptying times.89,90 Patients with severe symptoms may not be able to
olerate smaller, more frequent, and more liquid-based meals. As a result,
hey may require liquidized or homogenized meals with vitamin supple-
ents. Enteral nutrition via a jejunostomy tube may be necessary, while

arenteral nutrition should be reserved for patients who fail enteral
eeding.91

rokinetic Medications
Prokinetic agents promote the movement of contents from the stomach
y increasing antral contractility, correcting gastric dysrhythmias, and
mproving coordination between the antrum and duodenum.91 These

edications provide only modest efficacy, and because there is a
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iscrepancy between improvement in gastric emptying and symptom
elief, response to treatment should be judged clinically.92 The three
rimary promotility agents in the USA are metoclopramide, domperi-
one, and erythromycin (Fig 4). Unlike erythromycin, metoclopramide
nd domperidone have antiemetic properties as well.93-95

Metoclopramide is currently the only FDA-approved medication used
n the treatment of gastroparesis. It is a substituted benzamide derivative
hat is structurally similar to procainamide and primarily acts as a
opamine D2 receptor antagonist. As the agent blocks dopamine D2

eceptors and stimulates 5-HT4 receptors, there is an augmented release of

IG 3. Approach to gastroparesis. This flowchart depicts the approach to gastroparesis, from
istory and physical examination to treatment.
cetylcholine within the gut wall.96 This leads to increased lower

6 DM, February 2011
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sophageal sphincter tone, antral contractility, fundic tone, and antroduo-
enal peristalsis.2,96 The resulting effect of accelerated gastric emptying
as been demonstrated in several studies.94,97,98 Because metoclopramide
an cross the blood–brain barrier, patients should be monitored for any
eurological changes that would warrant discontinuation of the drug.
etoclopramide has been closely linked to causing or precipitating

xtrapyramidal movement disorders, such as Parkinsonism, tardive dys-
inesia, and akathisia.96,99,100 The FDA issued a black box warning in
009 highlighting the risk of tardive dyskinesia from metoclopramide;
vailable data show that this risk may be �1%.96 Those at greatest risk
nclude elderly people (�70 years old) and those on continuous therapy
or more than 3 months. Other adverse CNS effects include somnolence,
nxiety, depression, and reduced mental acuity.94

Domperidone is approved only on an investigational basis in the USA,
ut is otherwise available in Canada, Mexico, and Europe. In the USA,
his drug is available at specific compounding pharmacies, but requires an
nstitutional review board approval and signed consent form for use. This
enzimadole derivative chiefly acts as a peripheral dopamine D2 receptor
ntagonist with a mechanism of action similar to that of metoclopramide.
he drug accelerates gastric emptying by inhibiting fundic relaxation
hile promoting antroduodenal coordination.2 Because domperidone
oes not cross the blood–brain barrier, CNS side effects should be less
vident. Release of prolactin (the pituitary sits outside of the blood–brain
arrier) is promoted by both domperidone and metoclopramide because
f their antidopaminergic activity, which can lead to menstrual irregular-
ties and lactation in younger women. Both domperidone and metoclo-
ramide are equally effective and efficacious in improving symptoms of

IG 4. Summary of primary promotility agents. Properties of the main promotility agents used in
he pharmacologic treatment of gastroparesis are shown.
astroparesis.94,101

M, February 2011 87



p
r
t
t
c
q
u
a
o
a
m
i
s

a
e
F
b
5
t
f
i

A

s
T
m
p
m
a
(

k
t
d
t
i
i
s

8

Erythromycin is a macrolide antibiotic that has been secondarily used to
romote gastric emptying. The drug is believed to act as a motilin
eceptor agonist, and thereby, mimics the effects of motilin, a gastroin-
estinal polypeptide involved in gastric smooth muscle contrac-
ions.102,103 Studies have shown that erythromycin has potent prokinetic
apabilities comparable to metoclopramide.104,105 However, an inade-
uate number of controlled trials limits the data regarding the clinical
tility of erythromycin in treating gastroparesis.106 Side effects of the
ntibiotic include abdominal cramps, nausea, diarrhea, and prolongation
f the QT interval.107 Concomitant use with calcium channel blockers and
variety of medications that can prolong the QT interval limit erythro-
ycin’s utility. Long-term usage of the drug can result in tachyphylaxis,

n addition to adverse effects from prolonged antibiotic administration,
uch as pseudomembranous colitis.107,108

Other promotility medications are cisapride and Tegaserod. Cisapride is
5-HT4 receptor agonist that facilitates the release of acetylcholine from

fferent motor neurons within the gut wall. It has been previously
DA-approved, but has since been withdrawn from the market in 2000
ecause of risk of arrhythmia-associated death.109 Tegaserod is another
-HT4 receptor agonist, but was previously FDA-approved for the
reatment of irritable bowel syndrome and constipation. It was pulled
rom the market in 2007 because of increased risk of cardiovascular
schemic events, although a recent study shows no correlation.110

ntiemetic Medications
In conjunction with prokinetic medications, antiemetics are used for

ymptomatic relief of nausea and vomiting in patients with gastroparesis.
hese work through a range of peripheral or central neural pathways. The
ain classes of these agents are phenothiazine derivatives (ie, prochlor-

erazine), serotonin 5-HT3 receptor antagonists (ie, ondansetron), dopa-
ine receptor antagonists (ie, metoclopramide), histamine H1 receptor

ntagonists (ie, diphenhydramine), and benzodiazepines (ie, lorazepam)
Fig 5).84

Prochlorperazine and ondansetron are commonly prescribed, as they are
nown for their significant and clinically effective antiemetic proper-
ies.84 Prochlorperazine is a phenothiazine derivative that acts as a
opamine receptor antagonist. It specifically blocks the chemoreceptor
rigger zone of the area postrema, a structure that controls vomiting and
s located in the fourth ventricle of the CNS.2 Its principal side effects
nclude sedation and extrapyramidal symptoms.91 In comparison, ondan-

etron is a serotonin 5-HT3 receptor antagonist that targets the chemore-
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eptor trigger zone of the area postrema, but is believed to be have
dditional peripheral effects on afferent vagal nerve fibers.2 The exact
echanism of action is still unclear, and the drug appears to be relatively
ell-tolerated.111

nvasive and Surgical Interventions
Refractory gastroparesis is seen in patients who fail medical therapy
ith prokinetics and/or antiemetic agents and who are unable to meet

heir nutritional requirements. There is no general consensus in the
anagement of recalcitrant gastroparesis, but for patients that exhaust all

ttempts at pharmacotherapy, endoscopic and surgical options are then
onsidered.1

Endoscopic treatment of gastroparesis involves the injection of Botox
nto the pyloric sphincter. This neurotoxin is produced by the anaerobic
lostridium botulinum bacterium and causes muscle paralysis through

IG 5. List of primary antiemetic agents. This is a list of the main antiemetic classes and their
espective members in the treatment of nausea and vomiting in patients with gastroparesis.
nhibition of acetylcholine release from nerve terminals.112,113 Botox
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njections have been used successfully in the past on the lower esophageal
phincter in patients who suffer from achalasia.114 Pyloric muscle spasms
re believed to contribute to delayed gastric emptying, and these injec-
ions offer localized reduction of these contractions.115 Earlier nonran-
omized studies of Botox injections have demonstrated significant tem-
orary improvement in symptoms and subsequent gastric-emptying tests
or 3-6 months.77,116-119 Nevertheless, results from more recent random-
zed controlled studies have not been as promising, showing that Botox
mproves symptoms of gastroparesis for no more than one month, with no
dded benefit of a second injection.120,121 Data from more randomized
ontrolled studies are still needed, but presently, intrapyloric Botox
njections are not recommended for widespread treatment of gastropare-
is.121

Surgical placement of a jejunostomy tube is performed in patients with
evere refractory gastroparesis. This therapeutic option is often consid-
red in patients who have had frequent hospitalizations that need access
o hydration, nutrition, and medications. Laparoscopic jejunostomy can
e performed safely, although major complications, such as displacement,
bstruction, and aspiration pneumonia, may result after the procedure.122

espite these postoperative risks, overall health status has been demon-
trated to improve with jejunostomy tube placement. In one retrospective
tudy of patients with diabetic gastroparesis, 39% reported fewer symp-
oms of nausea and vomiting, 52% reported fewer hospitalizations, 56%
eported better nutritional status, and 83% reported improved overall
ealth.123 In addition to laparoscopic jejunostomy, simultaneous insertion
f a gastric tube may be necessary to facilitate abdominal decompression
nd symptomatic relief.
Gastric electrical stimulation is a surgical option that was FDA-approved in
000 for the treatment of drug-refractory diabetic or idiopathic gastroparesis.
t involves the placement of a gastric pacemaker or neurostimulator (ie,
nterra Therapy; Medtronic, Inc, Minneapolis, MN) in a subcutaneous pouch
ften in the right abdominal quadrant (Fig 6). The small device sends
ontinuous high-frequency and low-energy waves through electrodes that are
onnected to the muscle wall of the antrum.124 These waves stimulate and
nhance autonomic vagal function to allow for more gastric accommoda-
ion.125 Gastric electric stimulation has been shown to significantly decrease
astrointestinal symptoms and improve quality of life from as little as 6
eeks of therapy.126 Over the long term, the neurostimulator maintains

ymptomatic relief and recovery of nutritional status for several years, with

ne study reflecting continued improvement for up to 5 years.124,127,128 The
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ost common complication associated with gastric electrical stimulation is
nfection, leading to device removal in 5-10% of patients.1

uture Direction
There has been considerable progress in the management of gastro-
aresis over the last 5 years, and overall, the outlook is encouraging
Fig 7).129

Advances in our understanding of the pathophysiology have led to the
evelopment of potentially useful new medications. The etiology of
iabetic gastroparesis is multifactorial and has not been completely
lucidated yet. Induction of the heme oxygenase-1 pathway has been
hown previously to counter cellular changes related to the gastrointes-
inal complications of diabetes. It is believed that high levels of heme
xygenase-1 exert its protective effect by decreasing oxidative stress on
he interstitial cells of Cajal.29 The recent discovery that CD206-positive

2 macrophages are responsible for heme oxygenase-1 upregulation
uggests a new therapeutic option for patients.130 Presently, there is a
ilot study investigating the efficacy of hemin, a therapy that induces

IG 6. Implantation of a gastric electrical stimulator. This x-ray shows the placement of a gastric
lectrical stimulator in a subcutaneous pouch in the right lower quadrant of the abdomen. Leads
rom the stimulator connect to the muscle wall of the stomach’s antrum.
eme oxygenase-1 expression in macrophages.

M, February 2011 91



o
n
a
o
p
s
p
w

t
s
w
t
s
b
t
m
c
b
f
6
a
t
d
w

F
a

9

Other medications arising from a better understanding of pathophysi-
logy include ghrelin (ligand that binds to receptors on vagal afferent
eurons and enteric neurons), ghrelin receptor agonists (ie, TZP-101), and
cotiamide hydrochloride (or Z-338; muscarinic M1/M2 receptor antag-
nist that increases acetylcholine release).131-134 These medications may
ossibly represent two new classes of prokinetic drugs. Herbal agents,
uch as iberogast (STW-5), have also shown symptomatic benefits in
atients with functional dyspepsia and gastroparesis, although it is unclear
hether the herbal extract truly accelerates gastric emptying.135

Meanwhile, there are studies investigating enhancements and alterna-
ives to currently available medications, such as macrolides. Gastropare-
is can result in altered nutrition and inadequate medication delivery
ithin the stomach. One study intended to develop a transmucosal system

hat bypasses intestinal absorption to better deliver erythromycin than the
tandard oral or parenteral methods. Although successful in rats, the
uccal delivery of erythromycin with permeation enhancers did not
ranslate well into humans.136 Further research is aimed at studying
acrolide derivatives that are motilin receptor agonists without antimi-

robial activity. One macrolide, ABT-229, has already been shown to not
e effective in relieving symptoms in patients with gastroparesis or
unctional dyspepsia.137,138 However, another agent, mitemcinal (GM-
11), was demonstrated to accelerate gastric emptying in diabetic canines
nd rhesus monkeys.139,140 One randomized controlled study revealed
hat mitemcinal at different doses accelerates gastric emptying in both
iabetic and idiopathic patients with gastroparesis.141 More clinical trials

IG 7. Summary of key points. The chart highlights important take-home points in the approach
nd management of gastroparesis.
ill need to be conducted to confirm this finding.
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Treatment options for delayed gastric emptying have been limited, but
astric electrical stimulation has shown promise in improving gastroin-
estinal symptoms and sustaining relief over time. With the goal of
chieving sustainable stimulation, alternative ways include long-pulse
igh-energy, single-channel, and multichannel with long pulse gastric
lectrical stimulation.63,129 Other future treatment possibilities involve
dvances in regenerative medicine, particularly stem cell-based therapies.
tem cells are uncommitted cells characterized by their ability to undergo
itotic division and cultivate into a variety of differentiated, specialized

ells.142 Upon reprogramming, these stem cells would theoretically be
ble to provide an unlimited source of patient-specific replacement
ells.142 Stem cell-based therapies would aim to restore tissue integrity,
uch as in regeneration of the interstitial cells of Cajal, that are lost in
iabetic gastroparesis or alleviation of inflammatory changes seen in
diopathic gastroparesis.
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