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Gastroparesis is characterized by symptoms suggestive of,
and objective evidence of, delayed gastric emptying in the
absence of mechanical obstruction. This review addresses
the normal emptying of solids and liquids from the stom-
ach and details the myogenic and neuromuscular control
mechanisms, including the specialized function of the py-
loric sphincter, that result in normal emptying, based
predominantly on animal research. A clear understanding
of fundamental mechanisms is necessary to comprehend
derangements leading to gastroparesis, and additional
research on human gastric muscles is needed. The section
on pathophysiology of gastroparesis considers neuromus-
cular diseases that affect nonsphincteric gastric muscle,
disorders of the extrinsic neural control, and pyloric
dysfunction that lead to gastroparesis. The potential
cellular basis for gastroparesis is attributed to the effects
of oxidative stress and inflammation, with increased pro-
inflammatory and decreased resident macrophages, as
observed in full-thickness biopsies from patients with
gastroparesis. Predominant diagnostic tests involving
measurements of gastric emptying, the use of a functional
luminal imaging probe, and high-resolution antral
duodenal manometry in characterizing the abnormal mo-
tor functions at the gastroduodenal junction are discussed.
Management is based on supporting nutrition; dietary in-
terventions, including the physical reduction in particle
size of solid foods; pharmacological agents, including pro-
kinetics and anti-emetics; and interventions such as gastric
electrical stimulation and pyloromyotomy. These are dis-
cussed briefly, and comment is added on the potential for
individualized treatments in the future, based on optimal
gastric emptying measurement and objective documenta-
tion of the underlying pathophysiology causing the
gastroparesis.

Keywords: Gastric Accommodation; Gastric

Emptying.

Gastroparesis;

ngestion of food results in gastric accommodation,

followed by development of antral contractions. After
food is triturated to a small particle size, pyloric relaxation
and antropyloroduodenal coordination lead to the emptying
of food from the stomach. Foods of different physical nature
and consistency follow distinct emptying patterns': expo-
nential for liquids with low calorie content under the
pressure gradient provided by fundic tone with relaxation of

the pylorus; and linear for nutrient liquids and homogenized
solids. Posture influences the emptying of non-nutrient
liquids, which is faster in the upright position.” Raised
intragastric pressure increases emptying of liquids, but not
solids.”

Solids are retained initially in the proximal stomach and
are moved subsequently to the antrum to undergo tritura-
tion. This initial period without emptying is termed the lag
phase. Antral phasic pressure activity is essential and
significantly correlates with the rate of emptying of solid
food from the stomach, as shown in healthy stomach” and
by prolongation of gastric emptying in the presence of antral
hypomotility.” Antral hypomotility is typically characterized
by an average of <1 distal antral contraction per minute in
the first postprandial hour.°

The timing and mechanistic steps responsible for pyloric
regulation of gastric emptying are still incompletely un-
derstood.” From early cineradiographic studies in labora-
tory animals,® it was known that peristaltic contractions
progress from corpus to pylorus, resulting in a brief period
of emptying of liquid and small particles. As the peristaltic
wave reaches the terminal antrum, pyloric constriction oc-
curs, restricting emptying during the period of highest
pressure in the terminal antrum. Contents are forcefully
retropulsed back into the body of the stomach, setting up
the shearing forces that cause trituration of solids. Thus, the
antropyloroduodenal junction provides a sieving function
whereby food particles must be reduced in size to <2 mm
before emptying occurs.’ Particles retrieved from duode-
nums of healthy dogs were <2 mm, whereas dogs with
Billroth I gastrectomy with loss of the pylorus had larger
solid food particles emptied,'’ and this may lead to malab-
sorption due to inefficient digestion after this form of gastric
surgery.'’

Failure of antral contractions or of pyloric relaxation
may impede gastric emptying and constitute the predomi-
nant pathophysiological disturbances in gastroparesis,

Abbreviations used in this paper: ENS, enteric nervous system; GES,
gastric electrical stimulation; G-POEM, gastric peroral endoscopic
myotomy; ICC, interstitial cells of Cajal; IM, intramuscular; MY, myenteric;
NO, nitric oxide; NOS, nitric oxide synthase; SMC, smooth muscle cell;
WMC, wireless motility capsule.
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which are identified by classical clinical symptoms that
include nausea, vomiting, early satiety, postprandial full-
ness, bloating, upper abdominal pain, and documentation of
delayed gastric emptying in the absence of mechanical
obstruction.'? A recent study has drawn attention to the
observation that, 1 year after initial classification, patients
with functional dyspepsia and gastroparesis assessed in
tertiary referral centers are not distinguishable based on
clinical and pathologic features or based on assessment of
gastric emptying of a low-fat, relatively low-calorie, easily
digestible meal."® This emphasizes the importance of accu-
rate diagnosis based on optimal measurements of gastric
emptying by scintigraphy or breath test (Supplementary
Table 1) and the use of robust normative data, such as
gastric retention >75% at 2 hours and >25% at 4 hours,
based on normative data reported in 319 healthy volun-
teers.'* Such strict cut-off criteria are extremely important,
given the mean inter- and intraindividual coefficients of
variation for gastric emptying Ty, of 24.5% and 23.8%,
respectively, in healthy individuals, and the intraindividual
coefficient of variation of 20% in a study of 60 patients (21
with diabetes) presenting with upper gastrointestinal
symptoms when evaluated twice 15 days apart, on
average.'”” In a more recent study'® of 9 patients with
proven gastroparesis (2 with type 1 diabetes and 7 idio-
pathic) measured twice at 3-day intervals, the range of
mean gastric emptying T;,, was 20-240 minutes and the
intraindividual coefficient of variation was 11.1%.

Myogenic Mechanisms

Smooth muscle cells (SMCs) provide the forces required
for trituration of food and gastric emptying. SMCs are
spindle-shaped, 40-100 um long, 2-8 um in diameter, and
tightly packed with little connective tissue between cells.
SMCs are organized into 3 layers (ie, circular, longitudinal,
and oblique) in the stomach. As with other muscle cells,
gastric contractions depend on coupling of electrical events
to contractions through an increase in cytoplasmic calcium
jons (Ca®"). SMCs are electrically coupled by gap junctions,
which facilitate synchronicity of contractions by conduction
of electrical impulses between the cells.

From a functional perspective, the stomach is composed
of the following 3 major regions: the proximal stomach
(fundus), which generates tone that can be actively regulated
to accommodate ingestion of food; the distal stomach (corpus
and antrum), which processes food before emptying; and the
pyloric sphincter, which regulates the rate of gastric
emptying.'” SMCs in these regions have both similar and
different intrinsic properties that facilitate specialized func-
tions. Common to all gastric SMCs is expression of voltage-
dependent Ca®?" channels (dihydropyridine-sensitive, L-
type channels) that comprise the main Ca*" entry mecha-
nism regulating excitation-contraction coupling. However,
proximal, distal, and pyloric SMCs have different comple-
ments of potassium (K') channels that regulate resting
membrane potentials and the state of basal excitability of the
SMCs. Fundus cells are intrinsically more depolarized than
antral cells. Fundus SMCs sit at potentials (approximately
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-50 mV) that facilitate continuous leak of Ca*" into cells
through voltage-dependent conductances. This facilitates the
development and maintenance of tone. Antral and pyloric
SMCs, in contrast, have more negative resting membrane
potentials at which Ca®" entry is minimal, facilitating relax-
ation between excitable events. The resting potentials of
gastric SMCs are set at negative levels by highest perme-
ability to K" ions.

The intrinsic features of SMCs, however, cannot generate
the important motor patterns of the stomach. SMCs are
electrically coupled to 2 types of interstitial cells. Interstitial
cells of Cajal (ICC) and fibroblast-like cells (PDGFRa™ cells)
are coupled to SMCs by gap junctions,'®'® forming an
electrical syncytium known as the SIP (abbreviation for
SMCs, ICC and PDGFRa" cells) syncytium.”’ The syncytial
nature of gastric muscles means that electrical responses
that develop in interstitial cells can conduct to SMCs and
regulate the excitability and motor activity of SMCs. There
are 2 basic classes of ICC: intramuscular ICC (ICC-IM), which
are closely aligned with varicose projections of enteric
motor neurons®' (Figure 14-C**); and ICC in the myenteric
region (ICC-MY), which form a complex cellular network in
the region between the circular and longitudinal muscle
layers®® (Figure 1D-G****). ICC-MY generate pacemaker
activity.”> More details about the functions of ICC-IM and
PDGFRa" cells in the SIP syncytium (Figure 24°° and E*”)
are discussed in the section on Neuromuscular Control
Mechanisms.

ICC-MY express unique ionic conductances that generate
and actively propagate electrical slow waves (Figure 1H%),
the electrophysiological events that generate the phasic
contractions of gastric peristalsis. A dominant pacemaker
region exists in the proximal corpus at or near the greater
curvature. ICC-MY in this location are the most excitable and
generate slow waves at the highest frequency. Slow waves
are initiated by small depolarizations due to spontaneous
Ca®" release in ICC-MY and activation of Ca®"-activated CI”
channels (encoded by ANO1 or anoctamin 1 gene).”’ Tran-
sient activation of ANO1 channels and depolarization causes
activation of low-threshold, voltage-dependent Ca®" chan-
nels (dihydropyridine-insensitive, T-type Ca®" channels),
resulting in rapid depolarization, an event not unlike a Ca®"
action potential that can propagate regeneratively through
the network of ICC-MY. This event is known as the upstroke
of the slow wave. Ca*" entry during the upstroke sets off
additional Ca®" release events through a process known as
Ca®*-induced Ca®* release, maintaining the activation of
ANO1 channels and creating the second component of the
slow wave, the plateau phase. During the plateau phase, the
elevated permeability of Cl™ ions (via sustained activation of
ANO1 channels) is dominant relative to the permeability of
other ions. This causes membrane potential to linger near
the equilibrium potential for Cl” ions, generating the depo-
larized conditions during the plateau potential. Termination
of Ca®" release causes deactivation of ANO1 channels
(which are Ca*"-dependent), switching back from dominant
ClI” permeability to dominant K™ permeability, and this
causes repolarization to the resting (ie, inter-slow wave)
potential.
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Figure 1. (A) c-Kit and (B) Ano1 immunolabeling and (C) merged files of ICC-IM from monkey gastric fundus. (D-F) ICC-MY
shown by same immunolabels. (D) c-Kit, (E) Ano1, and (F) merged from monkey antrum. (G) Network of ICC-MY (c-Kit la-
beling) shown with myenteric plexus (PGP 9.5 labeling) of guinea pig stomach. (H) Gastric map used by surgeons to show
where gastric muscles originate. LES, lower esophageal sphincter; PS, pyloric sphincter. (I-J) Slow waves recorded from
human gastric antrum (area 14). Red arrow denotes upstroke phase of slow wave and the green arrow denotes the plateau
phase. (J) Simultaneous recording of slow waves (above) and phasic contractions (below). These recordings are made from an
impaled SMC within a small sheet of antral muscle. In the intact stomach, both the slow waves and the contractions they
induce propagate from corpus to the pyloric sphincter, constituting gastric peristalsis. (A-F): From Blair et al,* reproduced
with permission. (G) From Komuro,?* reproduced with permission. (H) Redrawn from Rhee et al.®

Slow waves conduct to SMCs, causing depolarization,
activation of L-type Ca®* channels, and excitation-contraction
coupling. SMCs do not express the ion channels required for
active propagation of slow waves, and thus an intact network
of ICC-MY is necessary for normal gastric motility.>°

Neuromuscular Control Mechanisms
Most of what is described in the next sections is based
on animal research. The enteric nervous system (ENS),
which consists of about 100 million neurons throughout the
entire gut,’’ regulates tonic contraction in the proximal
stomach and the amplitude and frequency of phasic

contractions in the distal stomach. The ENS is organized in
distinct ganglionated plexi, including the submucous plexus,
which is mainly involved in absorption and secretion, and
the myenteric plexus, which regulates motility.>' Innerva-
tion of the gastric muscularis results from both excitatory
and inhibitory enteric motor neurons®” (Figure 3*?). Excit-
atory neurons release acetylcholine and tachykinins. Inhib-
itory neurons release nitric oxide (NO), vasoactive intestinal
polypeptide, pituitary adenylate cyclase-activated peptide,
and purines. Retrograde neural tracing has shown that cell
bodies of muscle motor neurons are in myenteric ganglia,
with excitatory neurons projecting proximally and inhibi-
tory neurons projecting distally.**
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Figure 2. (A) Electron micrograph (x19,000) showing elements of the SIP (abbreviation for SMCs, ICC and PDGFRa*) syn-
cytium in the stomach of guinea pig. Both PDGFRa™ cells and ICC (c-Kit™ cell) make close contacts with bundles of enteric
neurons. In some places, very close contact between varicosities and ICC occur (<20 nm; see area denoted by red arrow in
the inset [x44,000]), which is a magnification of the varicosity noted by the black arrow in (A). Both PDGFR«™ cells and ICC
form gap junctions with SMCs (not shown in this image), forming an electrical syncytium. ICC transduce cholinergic and
nitrergic inputs and PDGFRa ™ cells transduce purinergic inputs from enteric motor neurons. (B-D) Enteric motor neurons (PGP
9.5; green [B)) and c-Kit (red [C]) labeling in monkey stomach. (D) Merged images demonstrating the close relationship between
the projections of motor neurons and ICC. (E) Schematic of SIP syncytium with ICC in red and PDGFRa™" cells in green, also
showing formation of gap junctions with SMCs. (4): From Mitsui and Komuro,?® reproduced with permission. (B-D): From Sung
et al,®® reproduced with permission. (E): From Figure 2 in Sanders et al,?” reproduced with permission.

Motor neurons innervate the SMCs through ICC and
PDGFRa" cells*#**?° (Figure 2B-D*°). ICC-IM mediate re-
sponses to cholinergic excitatory’’ and nitrergic inhibi-
tory®’  neurotransmission. PDGFRa™ cells mediate
responses to purinergic inhibitory neurons in gastrointes-
tinal muscles.*® ICC-IM form synaptic-like connections with
varicosities of enteric motor neurons that are thought to be
sites of neurotransmission (Figure 2A4). In the case of
cholinergic neurotransmission, the tiny junctional volumes
between ICC-IM and nerve varicosities facilitate rapid

metabolism of acetylcholine, thereby limiting its diffusion
through the interstitium. NO may have dominant effects in
ICC-IM, which would also be due to the close proximity of
ICC-IM to sites of synthesis and release. PDGFRa™ cells,
which are also closely associated with enteric motor neu-
rons (Figure 24), mediate purinergic response by dominant
expression of key receptors and ion channels. Cholinergic
nerve stimulation causes a dramatic increase in Ca®" release
in ICC-IM in colonic muscles®’; however, this has not yet
been documented in gastric ICC-IM. In contrast, NO inhibits

REVIEWS AND
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Figure 3. Myenteric plexus showing neurons labeled with
neuronal NOS 1 (nNOS1) (A) and vesicular acetylcholine
transporter (VChaT) (B). Some of the nNOS™ neurons are
inhibitory muscle motor neurons, and some of the VChaT
neurons are excitatory muscle motor neurons. The images in
(A) and (B) showing nNOS1 and VChaT neurons, respectively,
are merged in (C). (D) A ma%nified view of a single ganglion
from (C). From Cipriani et al,*>® reproduced with permission.

Ca?" release in ICC-IM. As noted above, release of Ca®" is
coupled to activation of ANO1 channels, such that enhancing
Ca®" release would elicit a general depolarizing trend in the
SIP syncytium and increase SMC excitability. Inhibiting Ca®"
release in ICC-IM would reduce ANO1 activation and reduce
excitability.

Excitatory nerve stimulation in the stomach has both
inotropic and chronotropic consequences. The inotropic ef-
fect is to enhance the amplitude and duration of slow waves,
resulting in stronger peristaltic contractions. The chrono-
tropic effects increase the frequency of slow waves. It does
not appear that the chronotropic effects are due to direct
cholinergic innervation of ICC-MY, the pacemaker cells.
Instead, the depolarizations, caused by cholinergic stimula-
tion of ICC-IM, are capable of enhancing pacemaker fre-
quency.””  Chronotropic effects of excitatory nerve
stimulation are lacking in mutant animals lacking ICC-IM,*!
confirming the importance of ICC-IM in transducing neural
inputs to regulate slow wave frequency.

Extrinsic innervation comes from both sympathetic and
parasympathetic nerves,?%4214 Parasympathetic efferent
neurons, with cell bodies in the dorsal motor nucleus in the
brainstem, innervate myenteric neurons, with 70% or more
of gastric neurons, including both excitatory and inhibitory
motor neurons, receiving direct input from vagal efferent
neurons.*” Vago-vagal reflexes are responsible for many of
the gastric responses to eating. For example, ingestion of
food leads to relaxation of the proximal stomach, gastric
accommodation, through a vago-vagal reflex that ultimately
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activates enteric inhibitory motor neurons to release
NO.***” Sympathetic innervation originates in the inter-
mediolateral cell column of the thoracic spinal cord levels
5-10 and synapses with post-ganglionic neurons in the ce-
liac and superior mesenteric ganglia. Sympathetic neurons
regulating motility are focused on myenteric ganglia, but
sympathetic fibers, labeled with tyrosine hydroxylase anti-
bodies, also innervate the muscle layers directly. Sympa-
thetic input inhibits gastric contraction, but this occurs
primarily when vagal excitatory nerves are active, suggest-
ing prejunctional targeting of sympathetic fibers to vagal
inputs to excitatory motor neurons.

Specializations of the Pyloric Sphincter

The pyloric sphincter is a narrow zone of thickened
muscularis and increased luminal pressure (radiologically
estimated to be 1.2 cm in width) at the junction between the
stomach and duodenum. Pyloric contractions and re-
laxations also depend on transduction of neural signals by
ICC and conduction of responses to SMCs.*®

Studies of pyloric muscles in vitro suggest that there are
at least 2 independently controlled, functional areas of the
pyloric musculature: the circular muscle close to the
myenteric plexus, which is dominated by the propagation of
gastric slow waves and results in sphincteric contractions at
the termination of each gastric peristaltic event; and the
deeper, thickened circular muscle regulated by motor neu-
rons, as slow waves do not propagate into this region.*”
Independent control of the 2 regions may provide tempo-
ral and functional regulation of pyloric resistance.

At the gastroduodenal junction, there is separation of the
electrical and mechanical functions of the stomach and py-
lorus from the duodenum, despite clear anatomical con-
nections between the muscular tissues. ICC generate and
propagate slow waves in both the stomach and small in-
testine,>® and there is reduction in the density of ICC net-
works within a narrow zone between the pylorus and
duodenum that appears not to support propagation of slow
waves, thereby facilitating independent electrical and motor
activities in the 2 organs.*®

Enteric inhibitory neurotransmission, measured by
inhibitory junction potentials in canine pyloric muscles, is
mediated primarily by NO and by a purine neurotrans-
mitter”””" acting through activation of small conductance
Ca*"-activated K* channels. Inhibition of inhibitory junction
potentials unmasked excitatory junction potentials in the
myenteric region and increased the excitability of SMCs and
contractions in the submucosal region of the pylorus. Both
the myenteric and submucosal layers of pyloric muscles are
innervated by nitrergic neurons, as confirmed by NO syn-
thase (NOS)-like immunoreactivity.*®?

As in the main areas of the stomach, post-junctional
nitrergic responses depend on ICC.**°® Lesions in the
nitrergic pathway that regulates pyloric motor activity,
whether due to loss of NOS, loss of NOS neurons, or loss of
ICC that contribute to neurotransduction of nitrergic signals,
result in abnormal regulation of pyloric relaxation and,
therefore, could impede gastric emptying. It should be noted
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that loss of ICC appears to have clinical relevance because
reduction or morphologic abnormalities in ICC have been
noted in full-thickness biopsies from gastric muscles of pa-
tients with idiopathic and diabetic gastroparesis.”*”> Recent
studies have also shown reduced pyloric ICC in patients
with gastroparesis.”®

Enkephalinergic nerve fibers are also present in the
tunica muscularis of dogs,57 cats,”® and humans,”’ sug-
gesting regulation of neural responses by endogenous opi-
ates, including inhibition of both cholinergic excitatory and
nitrergic inhibitory junction potentials in canine pyloric
muscles.”” Endogenous opiate peptides (eg, met-
enkephalin) participate in regulation of pyloric contraction
(eg, in response to duodenal acidification)®" and exogenous
opioids interfere with normal neural regulation of the py-
lorus and cause stimulation of pyloric tone and phasic
contractility.®” The effects of opioids to increase pyloric tone
are mediated by inhibition of nitrergic relaxation®® or
cholinergic stimulation.’?

Functions of the pyloric sphincter regulating gastric
emptying are not entirely understood. Instillation of acid
into the duodenum, but not the antrum, increased the fre-
quency and amplitude of phasic contractions in the pylorus,
and this response was antagonized by tetrodotoxin
(implying neural mediation) and intraluminal naloxone
(opioid antagonist). Conversely, there was no effect noted
with cholinergic, adrenergic, or serotonergic modulation of
pyloric contraction in response to intraduodenal acid.®*

Pathophysiology of Gastroparesis

Neuromuscular Diseases Affecting
Nonsphincteric Gastric Muscles

Figure 4 summarizes the disorders of extrinsic and
enteric neural control and muscle resulting in motility dis-
orders.** Idiopathic and diabetic gastroparesis are typically
associated with postprandial antral hypomotility with
reduced frequency (mean, <1/min postprandially) and
normal amplitude contractions”?; infiltrative disorders, such
as scleroderma, result in low-amplitude contractions antral
(<40 mm Hg) and intestinal contractions (<2 mm Hg)*°*;
the latter resulting in delayed gastric emptying and small
bowel transit and absence of ileocolonic bolus transfers. In
more than 1280 patients with upper gastrointestinal
symptoms who underwent both gastric emptying and
gastric accommodation studies, it was found that increased
accommodation (postprandial to fasting ratio >3.85) was
more prevalent in patients with delayed compared with
accelerated gastric emptying.®® Higher postprandial gastric
volumes are also associated with delays in gastric emptying
of solids measured simultaneously.®”

Post-Surgical or Post-Bariatric Endoscopy
Gastroparesis

Vagotomy performed for peptic ulcer disease is invari-
ably associated with a drainage procedure, either pylo-
roplasty or gastrojejunostomy. Post-surgical gastroparesis68
is associated with partial gastrectomy and is associated with
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either extrinsic denervation of the gastric remnant or
abnormal motility in the anastomosed jejunal loop.®®”°
Proximal gastric vagotomy inhibits gastric tone and delays
gastric emptying of liquids without altering antral
contractility.”*

Fundoplication may result in gastroparesis72 due to
vagal injury, and this is associated with impaired antral
motility.”® Transient vagal injury may result from endo-
scopic variceal sclerotherapy’* or from radiofrequency
ablation”® of accessory conduction pathways in the heart
and may be manifest by dysphagia, nausea, vomiting, and
nonspecific esophageal motor disorders, accelerated gastric
emptying of solids at 1 hour, or delayed gastric emptying of
solids. The restoration of vagal function is associated with
relief of symptoms or normalized objective tests.

Partial gastrectomy results in acceleration of gastric
emptying of liquids and overall stasis if there is associated
vagotomy, as was the norm in surgery performed for peptic
ulceration, and was associated with either dumping syn-
drome (involving mainly liquids) or gastric stasis of solids.”
Dogs with Billroth I gastrectomy with loss of the pylorus
had larger solid food particles emptied, and this may
contribute to malabsorption after this form of gastric
surgery.'’

Uncomplicated fundoplication’” and sleeve gastrec-
tomy’® accelerate gastric emptying of solids, as the reser-
voir capacity of the stomach is reduced and repeated
esophageal peristaltic contractions induce isobaric pres-
surization of the proximal stomach,”’ thus providing the
drive to pressurize and empty the vertical compartment of
the gastric sleeve.

Sleeve gastroplasty produces a funnel-shaped stomach
with a constricted middle and distal stomach, resulting in
delayed gastric emptying.®’ Inclusion of the distal antrum in
the gastroplasty may impact the solid trituration and
emptying of the solid phase of the meal from the stomach.

Pyloric Dysfunction

Pyloric dysfunction was first described in diabetic
gastroparesis in 1986’ as unusually prolonged, but inter-
mittent contractions characterized by marked increases in
baseline tone at the pylorus, or “pylorospasms.” These
findings were reported in 24 diabetic patients with
symptoms of gastroparesis.7 Concomitant pylorospasm,
antral hypomotility, and evidence of extraintestinal auto-
nomic neuropathy in 13 of 24 patients suggested the
pylorospasm was secondary to diabetic neuropathy.’”
Because loss of ICC has also been reported in diabetic
gastroparesis,54 it is also possible that these effects could
be due to a damaged ICC-MY network (antral hypomotiity)
or loss of pyloric ICC-IM (pylorospasm). In recent years,
the pylorus has become a potential target for endoscopic
treatment, as described below. Pyloric dysfunction and
gastric stasis may also result from effects of opioid use,
which is becoming increasingly prevalent in patients with
gastroparesis.

In diabetic gastroparesis, excessive postprandial pyloric
tonic and phasic pressure activity may accompany antral
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hypomotility,” and both may be due to damage of ICC-MY
(antral hypomotility) and ICC-IM (pylorospasm). Re-
searchers at Temple University®' performed pyloric studies
using the EndoFLIP device (composed of 17 impedance
electrodes spaced 4 or 8 mm apart and 1 solid-state pres-
sure transducer to determine intraballoon pressure) in 39
patients with idiopathic and 15 patients with diabetic gas-
troparesis. They measured the pressure, diameter, cross-
sectional area, and distensibility index (cross-sectional
area in cm?® divided by the simultaneous intraballoon
pressure in mm Hg), and documented the wide range in
diameter (5.6-22.1 mm) and distensibility (1-55 mm?/mm
Hg) of the pylorus. Symptoms of early satiety and post-
prandial fullness were inversely correlated with pyloric
sphincter diameter and cross-sectional area.®' Several
studies have shown that pyloric distensibility was decreased
in gastroparesis and correlated with gastric emptying as
well as gastroparesis symptoms.”?

Potential Cellular Basis for Gastroparesis:
Oxidative Stress and Inflammation

Experimental models of gastroparesis show a reduction
in, or remodeling of, ICC-IM, leading to secondary effects in
SMCs because of the lack of trophic factors (eg, stem cell
factor).” A few case reports document the reduced
numbers of ICC-IM in patients with gastroparesis.”* This
loss of ICC appears to result from imbalance between pro-
cesses that injure ICC networks and those that generate and

Gastroenterology Vol. 162, No. 1

Intrinsic
cholinergic
neuron. ChAT, choline
acetyl transferase. (B)
Intrinsic inhibitory nitrergic
neuron (NOS). (C) Extrinsic
neural control of gastroin-
testinal motor function.
Parasympathetic supply is
generally excitatory (indi-
cated by plus sign [+]) to
nonsphincteric muscle or
excitatory to inhibitory
intrinsic nerves (indicated
by minus sign [-], eg,
nitrergic neurons). Sym-
pathetic nerves are
generally inhibitory to
nonsphincteric muscle
and stimulatory to
sphincteric muscle, such
as the pylorus. CNS, cen-
tral nervous system.

Figure
excitatory

4.(A)

maintain ICC. For example, relative insulinopenia and in-
sulin growth factor-1 deficiency in diabetes leads to reduced
production of stem cell factor by SMCs, an important ICC
survival factor.®” Moreover, diabetes is associated with high
oxidative stress, which may result from down-regulation of
macrophage heme oxygenase-1.°“®” Loss of CD206", anti-
inflammatory M2 (resident) macrophages, and increased
expression of genes associated with pro-inflammatory M1
macrophages in full-thickness gastric biopsies from patients
with gastroparesis have also been reported. Depletion of M2
macrophages, which express heme oxygenase-1, leads to
oxidative damage to the pacemaker cells.

Light microscopic studies of full-thickness gastric bi-
opsies from patients with idiopathic and diabetic gastro-
paresis showed no significant differences in nerves or SMC
cell markers, except for reduction in expression of neuronal
NOS in diabetic compared with idiopathic gastroparesis.”
At the ultrastructural level, diabetic gastroparesis was
associated with a thickened basal lamina around SMCs, and
altered neuronal cell bodies and nerve endings and fibrosis
around nerves were noted as more severe in idiopathic than
diabetic gastroparesis.””

From proteomics and deep sequencing of gene tran-
scripts®® 7% of full-thickness gastric body biopsies, it was
shown that granulocyte adhesion and diapedesis, as well as
a macrophage-based immune dysregulation pathway, are
the most significantly affected pathways altered in both
diabetic and idiopathic gastroparesis. M1 (pro-inflamma-
tory) macrophages were increased in idiopathic
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gastroparesis samples compared with their controls. In
addition, diabetic gastroparesis was associated with pro-
teins involved in the complement and prostaglandin syn-
thesis pathway. However, the same study revealed no
enrichment of genes associated with M1 (marrow-derived)
or M2 (resident) macrophages in the biopsies relative to
diabetic control samples. Finally, diabetic gastroparesis bi-
opsies had reduced expression of inflammatory markers.
The significance of these findings is unclear because diabetic
gastroparesis has been associated with M2 macrophage
deficiency, which would be expected to result in increased
inflammation.

Overall, further research on both human biopsies and
animal models of diabetes is needed to understand the
molecular and cellular bases for gastroparesis. The chal-
lenges include potential of sampling error impacting
morphologic or expression studies; the need to clarify the
role of inflammatory mechanisms; the impact of vagal
denervation (eg, associated with diabetes mellitus) on
inflammation, given the anti-inflammatory = ENS-
macrophage nicotinic acetylcholine receptor cholinergic
pathway”’; and the need for treatments to effectively inhibit
oxidative stress on the gut neuromuscular apparatus. A
recent controlled drug trial of hemin failed to achieve the
pharmacokinetic goals to test its efficacy,’” so tests of other
therapies are needed.

Symptoms in Relation to Gastric Motor
Dysfunctions

The relationship between impairment of gastric
emptying of a mixed radiolabeled meal or gastric accom-
modation (by single-photon emission computed tomogra-
phy) and upper gastrointestinal symptoms was examined in
almost 1300 patients at Mayo Clinic.°® Nausea, vomiting,
weight loss, and abdominal discomfort were more prevalent
in those with delayed gastric emptying compared with those
with accelerated or normal gastric emptying; bloating was
associated with accelerated gastric emptying. In 108 of
those tertiary referral patients with diabetes and upper
gastrointestinal symptoms consistent with gastroparesis,g3
the most common presenting symptoms were nausea
(80.6%), vomiting (53.7%), and abdominal pain (52.8%).
The most frequent symptom associated with abnormal
gastric accommodation was belching.

In the National Institutes of Health Gastroparesis Con-
sortium multicenter database,””” severely delayed gastric
emptying of a 2% fat, 255-kcal meal was associated with
worse vomiting, more severe anorexia, and overall gastro-
paresis symptoms, as well as stomach fullness, postprandial
fullness, and early satiety.’®

However, gastroparesis symptoms showed little associ-
ation with profiles of emptying of a wireless motility capsule
(WMC).”” This discrepancy may reflect the different re-
sults’® obtained with an easily triturated egg-substitute
meal compared with a relatively large WMC that is usually
emptied from the stomach with the return of phase 3 of the
interdigestive migrating motor complex.”” Hinder and
Kelly’” demonstrated previously that emptying of 7-mm
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diameter radiopaque spheres from canine stomach did not
occur for at least 4 hours after ingestion of liver cubes and
water.

In the original description of gastroparesis diabeticorum,
Kassander'?° identified that diabetic triopathy (ie, retinop-
athy, nephropathy, and neuropathy) was highly prevalent.
In more recent cohorts,”” diabetic triopathy was uncommon
at the time of presentation with upper gastrointestinal
symptoms: 10% of patients with type 1 diabetes and 3%
with type 2 diabetes had triopathy with gastroparesis.
Indeed, 39% of patients with diabetes and gastroparesis did
not have any complications of diabetes.'’’ Examples of
diseases causing GI motility disorders are shown in Figure 5.

Diagnostic Tests

Typically, diagnostic testing is guided primarily by
symptom pattern and severity. Delayed gastric emptying
can be documented by scintigraphy and stable isotope
breath test; however, presence of retained food in the
stomach at endoscopy is of limited predictive value'°* un-
less the patient has a known underlying disease predis-
posing to gastric retention. Barium studies and scintigraphy
using labeled liquid or semi-solid meals are typically normal
and of limited diagnostic value, even in the presence of
moderately severe symptoms. The tests that are available to
measure gastric emptying noninvasively are summarized in
Supplementary Table 1.1°3

Scintigraphic assessment of solid emptying over 4 hours
is a more sensitive test, with a well-defined normal range,
and with the proportion retained at 2 and 4 hours having a
sensitivity of 90% and a specificity of 70% to identify
delayed emptying.'’* It is not accurate to extrapolate the
emptying pattern from scans taken for a shorter duration
(typically 90 or 120 minutes).

Another useful test for measuring solid-phase gastric
emptying uses a standardized biscuit enriched with a *3C-
enriched substrate. When metabolized, the proteins, carbo-
hydrates, and lipids of the Spirulina platensis or the
medium-chain triglyceride, octanoate, result in a rise in
respiratory '3CO, that is measured by isotope ratio mass
spectrometry, allowing for estimation of gastric emptying
T1/2_1057107

The WMC, which senses pressure, temperature, and pH,
has been approved by the US Food and Drug Administration
for the evaluation of gastric emptying and colonic transit
time in people with suspected slow transit constipation.'°®
Gastric emptying time is identified by a rise in pH from
gastric baseline to >4.0 in the duodenum.'’® The estimated
gastric emptying time with the WMC is not as accurate as
scintigraphy with a digestible solid meal. The WMC identi-
fied lower numbers of contractions and motility indices in
gastroparesis.'’? Use of the capsule is contraindicated in
children and those with a known history of esophageal
stricture or possible intestinal obstruction.

For people with severe upper gastrointestinal symp-
toms, antropyloroduodenal manometry assesses pressure
profiles in the stomach and small bowel; neuropathic dis-
orders are associated with distal antral contractile
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Parasympathetic
nerves

Diabetic neuropathy
Brainstem tumor or stroke
Pseudobulbar palsy
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Primary enteric nerves
and smooth muscle

ENS disorder (e.g.,
diabetes, iatrogenic)
Myopathy (e.g.,
amyloidosis, MNGIE)

Diabetic or other
neuropathies
Autonomic system
degeneration

Sympathetic
nerves

Diabetic neuropathy
Spinal cord injury
Multiple sclerosis

Parkinson’s disease

—

Figure 5. Examples of diseases causing gastrointestinal motility disorders. These disorders, including gastroparesis, may
result from abnormalities in parasympathetic nerves as occurs in diabetic neuropathy or brainstem diseases affecting vagal
and other autonomic nuclei; disorders affecting sympathetic nerves, including neuropathies and dysautonomias; and diseases
affecting primarily the enteric nerves (ENS) or smooth muscle, including myopathies, such as amyloidosis and mitochondrial
neurogastrointestinal encephalopathy (MNGIE). CNS, central nervous system. From Camilleri,** reproduced with permission.

frequency of less than an average of 1/min during the first
postprandial hour, whereas myopathic disorders are asso-
ciated with amplitude <40 mm Hg and small intestinal
amplitude <10 mm Hg.*"'° Manometry may also reveal
excessive tonic and phasic pressure activity at the pylorus,’
although the sensitivity of manometry for measurement of
pyloric function is not established. Pyloric dysfunction is
also documented with a functional luminal imaging probe
performed during endoscopy (EndoFlip), which assesses
diameter and distensibility of the pylorus,'0*10810911L112 1¢
has been proposed that this measurement might facilitate
selection of those for pyloric interventions for gastroparesis.

Management

Management of gastroparesis should include assessment
and correction of the nutritional state, relief of symptoms,
improvement of gastric emptying, reversal of iatrogenic
gastroparesis (chiefly due to opioids), and, in patients with
diabetes, glycemic control.

Nutrition

The first step in the management of gastroparesis is to
educate the person to use a small-particle diet, aided with
cooking of nondigestible fiber and homogenization of solids
to a small particle size.'*® Although nutritional re-
quirements and symptoms can be addressed to a variable
extent in persons with mild and compensated gastroparesis,
those with severe gastroparesis often require hospitaliza-
tion for 1 or more of the following measures: intravenous
hydration and correction of metabolic derangements (eg,
ketoacidosis, uremia, hypoglycemia, or hyperglycaemia),
nasoenteric decompression, or enteral nutrition to manage

vomiting and nutritional requirements."**

For individuals with severe gastroparesis who do not
respond to the measures outlined above, it may be neces-
sary to bypass the stomach with a jejunal feeding tube.'*”
This procedure should be preceded by a trial of nasojeju-
nal feeding for a few days, with infusion rates of at least 60
mL of iso-osmolar nutrient per hour. It is preferable to place
jejunal feeding tubes directly into the jejunum either by
endoscopy or, if necessary, by laparoscopy, rather than via
percutaneous endoscopic gastrostomy tubes. Such tubes
allow restoration of normal nutritional status, but they are
not without adverse effects, and it is important to allow for a
few days of habituation, escalating the infusion rate step-
wise and slowly from 10 mL/h to the goal of 60 mL/h.

Parenteral nutrition may become necessary in cases of
malnutrition. Ideally, this is a temporary measure for pa-
tients presenting with severe weight loss and poor oral
tolerance, with conversion to long-term enteral nutrition in
order to avoid risks. such as central line infection and
metabolic complications.

Bezoars may be mechanically disrupted during endos-
copy, followed by gastric decompression to drain residual
nondigestible particles.

Pharmacological Interventions

Stimulation of nonsphincteric muscle con-
tractility. Erythromycin, at a dose of 3 mg/kg body weight
intravenously every 8 hours, can accelerate gastric
emptying."*®*'” When oral intake is resumed, treatment
with oral erythromycin, 250 mg 3 times per day for 1-2
weeks, is worthwhile. The prokinetic effects of erythromycin
are limited by tachyphylaxis.
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In the United States, the only available medication is
metoclopramide, a peripheral cholinergic and anti-
dopaminergic agent. During acute administration, it initially
enhances gastric emptying of liquids in diabetic gastro-
paresis, but its symptomatic efficacy (data summarized in
Camilleri et al'?) is probably related to its central anti-
emetic effects. However, its long-term use is restricted by a
decline in efficacy and by central nervous system adverse
effects, most commonly reversible involuntary movements
and tardive dyskinesia (irreversible), in the range of 0.1%
per 1000 patient-years."'® Therefore, it is preferred to
prescribe a dose of 10 mg 3 times per day, administered 30
minutes before meals and the US Food and Drug Adminis-
tration guidance suggests a period of up to 3 months only.
Intranasal formulation of metoclopramide'’® has been
approved for treatment of adults with gastroparesis,
although its efficacy was only proven in women in the
controlled trial.

Experimental medications in development for gastro-
paresis are felcisetrag (5-HT, agonist),'*’ tradipitant (NK1
antagonist),"*! relamorelin (ghrelin agonist),'** and traz-
piroben (dopamine D,/Ds receptor antagonist).'?

Supplementary Table 2 lists current'?”*?°713¢ and
investigational®” prokinetic drugs for gastric motility dis-
orders, as summarized recently.138

Two pharmacological approaches pursued to
reverse pyloric dysfunction. First is reversal of the
reduced neuronal NOS expression and decreased guanosine
3/,5'-cyclic monophosphate content with the
phosphodiesterase-5 inhibitor, sildenafil. Sildenafil had no
significant effect on gastric emptying in gastroparesis
associated with uremia.'®® Second, given that naloxone
corrected gastric stasis in patients with gastric hypo-
motility,"*? 2 studies'**'*' tested peripherally active
u-opioid receptor antagonists, methylnaltrexone (subcu-
taneous 0.30 mg/kg) or naloxegol (25 mg), daily on opioid-
induced delay in gastric emptying and noted they did not
reverse the retardation of gastric emptying in healthy vol-
unteers treated with codeine 30 mg 4 times per day.'*!
However, alvimopan, administered at 1 log higher than the
dose used for opioid-induced constipation, reversed the
retardation of transit induced by the same dose of
codeine.'*?

Anti-nausea medications are critical for relief of nausea
and vomiting, however, their efficacy is based predomi-
nantly on mechanisms of action rather than formal ran-
domized controlled trials. Ondansetron (4-8 mg 3 times per
day as tablet or oral dissolving tablet) is a 5-HT3 antagonist
that reduces nausea without affecting gastric compliance or
postprandial accommodation.'*®> The 5-HT; antagonist,
granisetron, is available as a sustained-release transdermal
patch,’** which was shown in an open-label study to reduce
nausea and vomiting in gastroparesis. Prochlorperazine and
promethazine reduce nausea through effects on dopamine
(D2) and histamine (H1) receptors, respectively, and are
available as oral or rectal formulations. Drowsiness, dry
mouth, and constipation are common adverse effects.
Promethazine may be habit-forming and is reserved as a
“rescue” agent. In a placebo-controlled trial, the NK1
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receptor antagonist, aprepitant (which acts on the vomiting
center and is approved for chemotherapy-induced emesis),
improved nausea.'** Many patients with gastroparesis use
A9THC'™® for symptomatic relief; however, marijuana’*®
and the nonselective cannabinoid receptor agonist, drona-
binol,"*” retard gastric emptying.

Gastric electrical stimulation. A systematic review
and meta-analysis'*® documented 5 studies that randomly
allocated patients to periods with or without gastric elec-
trical stimulation (GES) and showed no significant differ-
ences in the total symptom severity scores between these
periods, in contrast to 16 open-label studies of GES, which
showed a significant total symptom severity decrease. A 48-
week observational study from the National Institutes of
Health Gastroparesis Consortium'*’ demonstrated a signif-
icant benefit for 1 symptom (ie, nausea) in 81 patients with
GES compared with 238 patients without GES. In a ran-
domized, double-blind, crossover trial’>’ of 172 patients
with refractory vomiting (133 with confirmed gastro-
paresis), GES improved vomiting score, but not gastric
emptying or quality of life.

Relationship of Symptoms, Gastric
Emptying, and Response to Prokinetic
Agents

Efficacy of pharmacological agents in the treatment of
gastroparesis has been documented in systematic reviews
and meta-analyses in critically ill patients with feeding
intolerance requiring enteral nutrition,"”' as well as in
patients with gastroparesis.lgz'153 However, questions
have arisen regarding the association of gastric emptying
delay and symptoms suggestive of gastroparesis.'>* Recent
studies based on meta-regression of symptoms and gastric
emptying measurements obtained with scintigraphy and
stable isotope breath tests demonstrated that, when
emptying was measured using a solid meal and there was
assessment of emptying for >2 hours (ie, 3 or 4 hours)
after ingestion of the test meal, there was a significant
association between gastric emptying and symptoms.155 In
addition, when the same criteria to identify studies with
optimal measurement of gastric emptying were used to
select the studies for analysis, meta-regression demon-
strated an association between acceleration of gastric
emptying and reduction in symptoms'®?; specifically, a
20.4-minute reduction in gastric emptying T,,, was
associated with a clinically relevant improvement in
symptoms.

Interventions to Increase Pyloric
Diameter or Distensibility and Impact
on Symptoms and Gastric Emptying

The advent of procedures directed at the pylorus (bot-
ulinum toxin injection, surgical, or endoscopic pylo-
romyotomy) has renewed interest in the role of the region
in the pathophysiology of gastroparesis.
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Multiple open-label trials of intrapyloric botulinum toxin
injections for gastroparesis suggested efficacy,'®°® but
the 2 randomized controlled trials'*”®° failed to show any
improvement in symptoms. It is unclear whether partici-
pants had pyloric dysfunction at baseline, and it is unclear
whether the neurotoxin had the expected effects on the
pylorus, although 1 trial’®’ confirmed improved gastric
emptying compared with placebo. However, fasting pyloric
compliance (based on measured pressure and pyloric
diameter) was decreased in patients with gastroparesis and
was associated with delayed gastric emptying, symptoms,
and quality of life."®" These data suggest that it may be
useful to target pyloric compliance by pyloric dilation or
botulinum toxin injection in patients with gastroparesisu’l;
however, rigorous controlled trials are required that also
include measurements of pyloric diameter and distensibility
and impact on patient response outcomes in addition to
motor functions.

Surgical pyloroplasty has been associated with short-
term improvements in symptom severity scores 3 months
post procedure and accelerated gastric emptying in several
case series.'®”"'®* The standard Heineke-Mikulicz pylo-
roplasty involves transverse closure of a longitudinal inci-
sion across the pylorus, which involves both longitudinal
and circular muscle layers. These studies set the stage for
gastric peroral endoscopic myotomy (G-POEM),'®® which
divides the pylorus from the mucosal surface and presum-
ably cuts the circular muscle layer predominantly, while
maintaining the longitudinal muscle to avoid perforation.
Improved gastric emptying with G-POEM has also been
documented.'®® Current evidence on the efficacy of G-POEM
for gastroparesis is summarized in Table 1,"°”"*”7 which
shows results of exclusively uncontrolled trials. There is a
critical need for a controlled study of the effect of G-POEM
in patients with well-characterized gastroparesis, including
baseline and post-treatment measurements of antropylor-
oduodenal motor function and the diameter, distensibility,
and compliance of the pylorus itself, in order to ascertain
whether there are predictors of responsiveness to the G-
POEM procedure.

Several individual studies and published systematic re-
views and meta-analyses based on 10 studies involving 292
patients’’® have documented early and medium-term effi-
cacy of G-POEM in the treatment of gastroparesis and
improvement of gastric emptying, as well as the superiority
of this approach to GES for gastroparesis and equivalence of
results to surgical pyloroplasty based on 332 patients with
G-POEM (11 studies) and 375 patients who underwent
surgical pyloroplasty (7 studies).'”’

It has been suggested that the change in diameter and
distensibility index of the pylorus after G-POEM is associ-
ated with improved therapeutic outcome.*”''*'%° Two
studies found that the average change in diameter of the
pylorus may be about 2 mm"*? or 1.2 mm,"®® and this has
led to the reiteration that, if antral hypomotility is a
component of the pathophysiology in a patient undergoing
G-POEM, then merely widening the pyloric diameter may
not be sufficient therapy.'®' In fact, the average post-G-
POEM changes in the diameter of the pylorus in those with
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clinical success and clinical failure were estimated to be
7.46 mm and 1.92 mm, l"espectively,180 with the EndoFLIP
device distended to 50 mL. Watts et al'' also showed that
after G-POEM, the number of phasic contractions of the
pylorus remained unchanged compared with recordings
before G-POEM, and this is consistent with the known
antropyloric coordination because the circular muscle
close to the myenteric plexus propagates gastric slow
waves to the pyloric region, resulting in sphincter
contraction.*® It is unknown whether the phasic contrac-
tions at the pylorus actually provide resistance to flow of
content out of the stomach; the option of extending the
pyloromyotomy to the distal antrum in order to reduce
pyloric phasic contractions might further aggravate gastric
emptying by impacting antral trituration of solids. A recent
study reported that gastroparesis symptoms were unre-
lated to the inner diameter or length of the pylorus or
thickness of the pyloric wall, before or after G-POEM.'®?
Further details on how to optimize functional benefit
from the endoscopic pyloroplasty are therefore required.
In addition, it is important to note that such surgical or
endoscopic procedures may be complicated by develop-
ment of dumping syndrome.

Future Treatment of Gastroparesis:
Individualize Treatment Based on the

Disorder of Function

Gastric emptying of solids needs to be measured for >2
hours (ie, 3 or 4 hours) to show correlation with symptoms
and beneficial symptom responses in gastroparesis.'®*'°”
Patients should be selected for prokinetic agents based on
delayed gastric emptying of solids. In a meta-regression’”?
that included 9 studies with low risk of bias and optimal
gastric emptying test methodology, there was a significant
association between change in gastric emptying and upper
gastrointestinal symptoms in response to prokinetic agents
(specifically, cisapride, revexepride, domperidone, ghrelin,
relamorelin, and the motilin receptor agonists, TZP-101 and
TZP-102).

There is increased recognition of the overlap of
functional dyspepsia and gastroparesis with common
symptom profiles and variation in gastric emptying in the
patients over time.'® Additional studies are required to
explore functions of ICC-IM and ICC-MY in functional
dyspepsia. Because a link between loss of ICC and gas-
troparesis has been made, future investigation into how
loss of these cells might be avoided or how the ICC
phenotype might be restored should be pursued. Given
that the origin of symptoms suggestive of gastroparesis
may reflect other mechanisms, such as gastric hypersen-
sitivity or alteration in gastric accommodation, other
pathophysiologic mechanisms may also be targets for
pharmacological therapy. Pharmacological agents have
been used to target sensory mechanisms, such as mirta-
zapine,'® an antagonist of the histamine receptor H1, the
a2 adrenergic receptor, the serotonin receptors 5-HT;c
and 5-HTj, and the NK1 antagonist, aprepitant,134 which



Table 1.Published Studies on Gastric Peroral Endoscopic Myotomy

Gastroparesis
type/no. of Duration of
Patients, n patients Changes in GE Changes in symptoms follow-up Adverse events Reference
29 Diabetic, 7 70% normalized 79% at 3 mo; 69% at 6 mo 3 and 6 mo 17% (2/12) 167
Idiopathic, 15 GCSlI improved from 3.5 to 0.9 pneumoperitoneum
Post-surgical, 5 at 3 mo requiring
Scleroderma, 2 decompression
16 Diabetic, 9 75% normalized, 81% improvement. GCSI 12 mo None 168
Idiopathic, 5 25% improved improved from baseline of
Post-surgical, 1 3.4 to 1.46 12 mo later
Post-infectious, 1
47 Diabetic, 12 4h retention GCSI improved from 4.6 to 3.3 3 mo (follow-up in 1 death (unrelated) 169
Idiopathic, 27 improved: from 31/47 patients)
Post-surgical, 8 37.2% to 20.4%
30 Diabetic, 11 47% normalized No validated outcome 6 mo 2/30 (6%): 1 prepyloric 170
Idiopathic, 7 measure available ulcer and 1
Post-surgical, 12 capnoperitoneum
13 Diabetic, 1 4/6 improved; % In 11: 4 considerably, 4 3 mo 3 accidental mucosotomy 171
Idiopathic, 4 retention at 4 h somewhat better, 1 no closed with clips; 1
Post-surgical, 8 improved from change, 2 worse pulmonary embolism
49% to 33%
16 Diabetes, 3 Mean % retention Mean total symptom score 3 mo 1 pyloric stenosis at day 45 172
Post-surgical, 13 (radiolabeled from 24.25 to 6.37; 13/16
bread) at 2 h substantial improvement
from 69.3% to
33.4%
20 Diabetic, 10 % retention at 4 h GCSI improved from 3.5 to 3 mo 3 mild hemorrhage, 173
Nondiabetic, 10 improved from 1.3; QOL improved 3 gastric perforation,
57.5% to 15%; 1 moderate dyspepsia
and 30%
normalized
40 Diabetic, 15 % retention at 4 h Improved GCSI, nausea/ Median 15 mo 1 tension 174
Nondiabetic, 25 (of reduced by vomiting, not bloating capnoperitoneum,
which 18 were 41.7% 1 exacerbation of

idiopathic)

COPD; 1 (Ehlers-Danlos
syndrome) disrupted
mucosotomy + ulcer

REVIEWS AND
PERSPECTIVES
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Table 1.Continued

Gastroparesis
type/no. of Duration of

Patients, n patients Changes in GE Changes in symptoms follow-up Adverse events Reference
22 Diabetic, 8, 7/11 with post-G- GCSI improved (reduction 1 and 3 mo 1 laparoscopy for pain due 175

idiopathic, 14, all POEM GE were 1.63 points); improved all to capnoperitoneum

with GES and normal subscores and adhesions

most with

diverse other

procedures
38 Post-surgical % retention at 4 h GCSI improved (mean 1 mo 2 readmissions: 1 melena; 176

gastroparesis improved from reduction 1.29 points); 1 dehydration

(76% for 46.4% to 17.9%; improved all subscores

fundoplication or 50% normalized

hiatal hernia

repair)
80 Idiopathic (41.3%), GE improvement in Decrease in total GCSI >1 + 3 mo GES, 12 mo 3 symptomatic 177

postsurgical 64.2% and >25% decrease in at least clinical capnoperitoneum,

(85%) and normalized in 2 of the subscales in 1 mucosotomy; 1 thermal

diabetes (23.8%) 47.2% (of 53 66.6% at 12 mo mucosal injury

cases with test)
at 3 mo

NOTE. GCSI scores are mean values pre or post G-POEM.
COPD, chronic obstructive pulmonary disease; EDS, Ehlers-Danlos syndrome; GCSI, Gastroparesis Cardinal Symptom Index; GE, gastric emptying; QOL, quality of life.
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in addition to effects on nausea, also increases gastric
accommodation.'*®

Finally, it is anticipated that selection of patients for G-
POEM should be based on objective measurements, such as
diameter and distensibility index by EndoFLIP'%%'8% or
postprandial pyloric hypercontractile responses on antro-
pyloroduodenal manometry. EndoFLIP can measure
antropyloric propagated contractions or isolated pyloric
contractions,'1%'®% and the impact of such measurements
on outcomes of G-POEM are awaited. Nevertheless, a
recent study did not identify predictors of benefit with G-
POEM based on EndoFLIP or antroduodenal
manometry.184

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://doi.org/10.1053/
j-gastro.2021.10.028.

References

1.Camilleri M, Shin A. Editorial: novel and validated ap-
proaches for gastric emptying scintigraphy in patients
with suspected gastroparesis. Dig Dis Sci 2013;
58:1813-1815.

2.Anvari M, Horowitz M, Fraser R, et al. Effects of
posture on gastric emptying of nonnutrient liquids
and antropyloroduodenal motility. Am J Physiol 1995;
268:G868-G871.

3. Moragas G, Azpiroz F, Pavia J, et al. Relations among
intragastric pressure, postcibal perception, and gastric
emptying. Am J Physiol 1993;264:G1112-G1117.

4. Camilleri M, Malagelada JR, Brown ML, et al. Relation be-
tween antral motility and gastric emptying of solids and
liquids in humans. Am J Physiol 1985;249:G580-G585.

5.Camilleri M, Brown ML, Malagelada JR. Relationship

between impaired gastric emptying and abnormal
gastrointestinal  motility.  Gastroenterology  1986;
91:94-99.

6. Thumshirn M, Bruninga K, Camilleri M. Simplifying the
evaluation of postprandial antral motor function in pa-
tients with suspected gastroparesis. Am J Gastroenterol
1997;92:1496-1500.

7.Mearin F, Camilleri M, Malagelada JR. Pyloric dysfunc-
tion in diabetics with recurrent nausea and vomiting.
Gastroenterology 1986;90:1919-1925.

8. Carlson HC, Code CF, Nelson RA. Motor action of the
canine gastroduodenal junction: a cineradiographic,
pressure, and electric study. Am J Dig Dis 1966;
11:155-172.

9. Hinder RA. Individual and combined roles of the pylorus and
the antrum in the canine gastric emptying of a liquid and
a digestible solid. Gastroenterology 1983;84:281-286.

10. Meyer JH, Thomson JB, Cohen MB, et al. Sieving of
solid food by the canine stomach and sieving after
gastric surgery. Gastroenterology 1979;76:804-813.

11. Wollaeger EE, Waugh JM, Power MH. Fat-assimilating
capacity of the gastrointestinal tract after partial

Gastroparesis 81

gastrectomy with gastroduodenostomy (Billroth | anas-
tomosis). Gastroenterology 1963;44:25-32.

12.Camilleri M, Parkman HP, Shafi MA, et al. Clinical
guideline: management of gastroparesis. Am J Gastro-
enterol 2013;108:18-37.

13.Pasricha PJ, Grover M, Yates KP, et al. Functional
dyspepsia and gastroparesis in tertiary care are inter-
changeable syndromes with common clinical and path-
ologic features. Gastroenterology 2021;160:2006-2017.

14. Camilleri M, lturrino J, Bharucha AE, et al. Performance
characteristics of scintigraphic measurement of gastric
emptying of solids in healthy participants. Neuro-
gastroenterol Motil 2012;24. 1076-e562.

15. Desai AC, O’Connor MK, Neja BE, et al. Reproducibility
of gastric emptying assessed with scintigraphy in pa-
tients with upper Gl symptoms. Neurogastroenterol Motil
2018;30:13365.

16.Zheng T, Vosoughi K, Burton D, et al. Performance
characteristics of scintigraphic measurement of gastric
emptying of solids in diabetes with gastroduodenal
symptoms or gastroparesis. Neurogastroenterol Motil
2021;33(Suppl 1):e14230, abstract #79.

17.Hinder RA, Kelly KA. Canine gastric emptying of solids
and liquids. Am J Physiol 1977;233:E335-E340.

18. Horiguchi K, Komuro T. Ultrastructural observations of
fibroblast-like cells forming gap junctions in the W/W(nu)
mouse small intestine. J Auton Nerv Syst 2000;
80:142-147.

19.Ishikawa K, Komuro T, Hirota S, et al. Ultrastructural
identification of the c-kit-expressing interstitial cells in
the rat stomach: a comparison of control and Ws/Ws
mutant rats. Cell Tissue Res 1997;289:137-143.

20.Sanders KM, Koh SD, Ro S, et al. Regulation
of gastrointestinal motility—insights from smooth
muscle biology. Nat Rev Gastroenterol Hepatol 2012;
9:633-645.

21.Burns AJ, Lomax AE, Torihashi S, et al. Interstitial cells
of Cajal mediate inhibitory neurotransmission in the
stomach. Proc Natl Acad Sci U S A 1996;93:12008-12013.

22.Blair PJ, Bayguinov Y, Sanders KM, et al. Interstitial cells
in the primate gastrointestinal tract. Cell Tissue Res
2012;350:199-213.

23.Dickens EJ, Hirst GD, Tomita T. Identification of rhyth-
mically active cells in guinea-pig stomach. J Physiol
1999;514(Pt 2):515-531.

24.Komuro T. Atlas of interstitial cells of Cajal in the
gastrointestinal tract. Springer Science, 2012.

25.0rddg T, Ward SM, Sanders KM. Interstitial cells of Cajal
generate electrical slow waves in the murine stomach.
J Physiol 1999;518(Pt 1):257-269.

26. Mitsui R, Komuro T. Direct and indirect innervation of
smooth muscle cells of rat stomach, with special refer-
ence to the interstitial cells of Cajal. Cell Tissue Res
2002;309:219-227.

27.Sanders KM, Hwang SJ, Ward SM. Neuroeffector
apparatus in gastrointestinal smooth muscle organs.
J Physiol 2010;588:4621-4639.

28.Rhee PL, Lee JY, Son HJ, et al. Analysis of pacemaker
activity in the human stomach. J Physiol 2011;589(Pt
24):6105-6118.

av
25
< =
-
(2R T
=w
B
S e
W
£ a



http://www.gastrojournal
http://doi.org/10.1053/j.gastro.2021.10.028
http://doi.org/10.1053/j.gastro.2021.10.028
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref1
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref1
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref1
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref1
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref1
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref2
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref2
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref2
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref2
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref2
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref3
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref3
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref3
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref3
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref4
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref4
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref4
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref4
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref5
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref5
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref5
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref5
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref5
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref6
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref6
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref6
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref6
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref6
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref7
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref7
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref7
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref7
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref8
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref8
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref8
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref8
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref8
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref10
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref10
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref10
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref10
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref11
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref11
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref11
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref11
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref11
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref12
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref12
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref12
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref12
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref13
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref13
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref13
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref13
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref13
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref14
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref14
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref14
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref14
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref14
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref15
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref15
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref15
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref15
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref16
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref16
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref16
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref16
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref16
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref17
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref17
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref17
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref18
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref18
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref18
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref18
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref18
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref19
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref19
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref19
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref19
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref19
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref20
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref20
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref20
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref20
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref20
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref20
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref21
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref21
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref21
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref21
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref22
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref22
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref22
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref22
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref23
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref23
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref23
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref23
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref24
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref24
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref25
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref25
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref25
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref25
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref26
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref26
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref26
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref26
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref26
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref27
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref27
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref27
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref27
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref28
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref28
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref28
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref28

-}
m
El
]
<
m
1]
=
=
m
w»

ANV SM3INY

82  Camilleri and Sanders

29. Drumm BT, Hennig GW, Battersby MJ, et al. Clustering
of Ca®" transients in interstitial cells of Cajal defines slow
wave duration. J Gen Physiol 2017;149:703-725.

30. Sanders KM, Ward SM, Koh SD. Interstitial cells: regu-
lators of smooth muscle function. Physiol Rev 2014;
94:859-907.

31.Spencer NJ, Hu H. Enteric nervous system: sensory

transduction, neural circuits and gastrointestinal
motility. Nat Rev Gastroenterol Hepatol 2020;
17:338-351.

32.Furness JB, Di Natale M, Hunne B, et al. The identifi-
cation of neuronal control pathways supplying effector
tissues in the stomach. Cell Tissue Res 2020;
382:433-445.

33. Cipriani G, Terhaar ML, Eisenman ST, et al. Muscularis
propria macrophages alter the proportion of nitrergic but
not cholinergic gastric myenteric neurons. Cell Mol
Gastroenterol Hepatol 2019;7:689-691.e4.

34.Brookes SJH, Hennig G, Schemann M. I|dentification
of motor neurons to the circular muscle of the
guinea pig gastric corpus. J Comp Neurol 1998;
397:268-280.

35. Blair PJ, Bayguinov Y, Sanders KM, et al. Relationship
between enteric neurons and interstitial cells in the pri-
mate gastrointestinal tract. Neurogastroenterol Motil
2012;24:e437-e449.

36.Sung TS, Hwang SJ, Koh SD, et al. The cells and
conductance mediating cholinergic neurotransmission in
the murine proximal stomach. J Physiol 2018;
596:1549-1574.

37.Ward SM, Beckett EA, Wang X, et al. Interstitial cells of
Cajal mediate cholinergic neurotransmission from
enteric motor neurons. J Neurosci 2000;20:1393-1403.

38. Kurahashi M, Zheng H, Dwyer L, et al. A functional role
for the ’fibroblast-like cells’ in gastrointestinal smooth
muscles. J Physiol 2011;589(Pt 3):697-710.

39.Drumm BT, Rembetski BE, Huynh K, et al. Excitatory
cholinergic responses in mouse colon intramuscular
interstitial cells of Cajal are due to enhanced Ca®*
release via Mareceptor activation. FASEB J 2020;
34:10073-10095.

40. Hirst GD, Dickens EJ, Edwards FR. Pacemaker shift in
the gastric antrum of guinea-pigs produced by excitatory
vagal stimulation involves intramuscular interstitial cells.
J Physiol 2002;541(Pt 3):917-928.

41.Forrest AS, Orddg T, Sanders KM. Neural regulation of
slow-wave frequency in the murine gastric antrum. Am J
Physiol Gastrointest Liver Physiol 2006;290:G486-G495.

42. Camilleri M, Chedid V, Ford AC, et al. Gastroparesis. Nat
Rev Dis Primers 2018;4:41.

43.Lu KH, Cao J, Oleson S, et al. Vagus nerve stimulation
promotes gastric emptying by increasing pyloric opening
measured with magnetic resonance imaging. Neuro-
gastroenterol Motil 2018;30:e13380.

44. Camilleri M. Invited review: gastrointestinal motility dis-
orders in neurologic disease. J Clin Invest 2021;131:
e143771.

45.Schemann M, Grundy D. Electrophysiological identifi-
cation of vagally innervated enteric neurons in guinea pig
stomach. Am J Physiol 1992;263:G709-G718.

Gastroenterology Vol. 162, No. 1

46.Desai KM, Sessa WC, Vane JR. Involvement of nitric
oxide in the reflex relaxation of the stomach to accom-
modate food or fluid. Nature 1991;351:477-479.

47.Desai KM, Warner TD, Bishop AE, et al. Nitric oxide, and
not vasoactive intestinal peptide, as the main neuro-
transmitter of vagally induced relaxation of the guinea
pig stomach. Br J Pharmacol 1994;113:1197-1202.

48.Ward SM, Morris G, Reese L, et al. Interstitial cells of
Cajal mediate enteric inhibitory neurotransmission in the
lower esophageal and pyloric sphincters. Gastroenter-
ology 1998;115:314-329.

49. Sanders KM, Vogalis F. Organization of electrical activity
in the canine pyloric canal. J Physiol 1989;416:49-66.

50. Bayguinov O, Sanders KM. Role of nitric oxide as an
inhibitory neurotransmitter in the canine pyloric
sphincter. Am J Physiol 1993;264:G975-G983.

51.Camilleri M, Sanders KM. Commentary: opiates, the
pylorus, and gastroparesis. Gastroenterology 2020;
159:414-421.

52.Ward SM, Xue C, Sanders KM. Localization of nitric
oxide synthase in canine ileocolonic and pyloric
sphincters. Cell Tissue Res 1994;275:513-527.

53.Sivarao DV, Mashimo H, Goyal RK. Pyloric sphincter
dysfunction in NNOS-/- and W/Wv mutant mice: animal
models of gastroparesis and duodenogastric reflux.
Gastroenterology 2008;135:1258-1266.

54.Grover M, Farrugia G, Lurken MS, et al. Cellular changes
in diabetic and idiopathic gastroparesis. Gastroenter-
ology 2011;140:1575-1585.e8.

55. Faussone-Pellegrini MS, Grover M, Pasricha PJ, et al.
Ultrastructural differences between diabetic and idio-
pathic gastroparesis. J Cell Mol Med 2012;16:1573-1581.

56. Bashashati M, Moraveji S, Torabi A, et al. Pathological
findings of the antral and pyloric smooth muscle in pa-
tients with gastroparesis-like syndrome compared to
gastroparesis: similarities and differences. Dig Dis Sci
2017;62:2828-2833.

57. Allescher HD, Ahmad S, Daniel EE, et al. Inhibitory opioid
receptors in canine pylorus. Am J Physiol 1988;
255:G352-G360.

58.Edin R, Lundberg J, Terenius L, et al. Evidence for vagal
enkephalinergic control of the feline pylorus and stom-
ach. Gastroenterology 1980;78:492-497.

59. Ferri GL, Morreale RA, Soimero L, et al. Intramural dis-
tribution of met5-enkephalin-arg6-gly7-leu8 in sphincter
regions of the human gut. Neurosci Lett 1987;
74:304-308.

60. Bayguinov O, Sanders KM. Regulation of neural re-
sponses in the canine pyloric sphincter by opioids. Br J
Pharmacol 1993;108:1024-1030.

61.Dooley CP, Reznick JB, Valenzuela JE. A continuous
manometric study of the human pylorus. Gastroenter-
ology 1985;89:82-86.

62. Camilleri M, Malagelada JR, Stanghellini V, et al. Dose
related effects of synthetic human B endorphin and
naloxone on fed upper gastrointestinal motility. Am J
Physiol 1986;251:G147-G154.

63. Mearin F, Azpiroz F, Malagelada JR. Pyloric contribution
to antroduodenal resistance to flow in the conscious
dog. Am J Physiol 1987;253:G72-G78.


http://refhub.elsevier.com/S0016-5085(21)03700-8/sref29
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref29
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref29
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref29
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref29
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref30
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref30
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref30
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref30
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref31
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref31
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref31
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref31
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref31
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref32
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref32
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref32
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref32
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref32
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref33
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref33
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref33
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref33
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref33
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref34
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref34
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref34
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref34
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref34
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref35
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref35
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref35
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref35
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref35
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref36
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref36
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref36
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref36
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref36
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref37
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref37
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref37
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref37
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref38
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref38
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref38
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref38
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref39
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref39
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref39
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref39
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref39
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref39
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref39
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref40
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref40
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref40
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref40
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref40
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref41
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref41
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref41
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref41
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref42
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref42
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref43
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref43
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref43
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref43
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref44
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref44
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref44
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref45
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref45
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref45
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref45
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref46
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref46
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref46
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref46
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref47
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref47
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref47
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref47
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref47
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref48
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref48
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref48
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref48
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref48
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref49
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref49
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref49
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref50
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref50
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref50
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref50
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref51
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref51
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref51
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref51
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref52
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref52
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref52
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref52
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref53
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref53
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref53
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref53
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref53
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref54
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref54
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref54
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref54
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref55
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref55
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref55
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref55
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref55
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref56
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref56
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref56
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref56
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref56
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref56
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref57
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref57
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref57
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref57
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref58
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref58
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref58
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref58
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref59
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref59
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref59
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref59
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref59
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref60
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref60
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref60
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref60
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref61
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref61
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref61
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref61
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref62
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref62
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref62
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref62
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref62
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref63
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref63
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref63
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref63

January 2022

64.Reynolds JC, Ouyang A, Cohen S. Evidence for an
opiate-mediated pyloric sphincter reflex. Am J Physiol
1984;246:G130-G136.

65. Greydanus MP, Camilleri M, Colemont LJ, et al. lleoco-
lonic transfer of solid chyme in small intestinal neurop-
athies and myopathies. Gastroenterology 1990;
99:158-164.

66. Park S-Y, Acosta A, Camilleri M, et al. Gastric motor
dysfunction in patients with functional gastroduodenal
symptoms. Am J Gastroenterol 2017;112:1689-1699.

67.Wang XJ, Burton D, Breen-Lyles M, Camilleri M. Gastric
accommodation influences proximal gastric and total
gastric emptying in concurrent measurements conduct-
ed in healthy volunteers. Am J Physiol Gastrointest Liver
Physiol 2021;320(5):G759-G767.

68.Eagon JC, Miedema BW, Kelly KA. Postgastrectomy
syndromes. Surg Clin North Am 1992;72:445-465.

69. Mathias JR, Fernandez A, Sninsky CA, et al. Nausea,
vomiting, and abdominal pain after Roux-en-Y anasto-
mosis: motility of the jejunal limb. Gastroenterology
1985;88:101-107.

70. Miedema BW, Kelly KA, Camilleri M, et al. Human gastric
and jejunal transit and motility after Roux gastro-
jejunostomy. Gastroenterology 1992;103:1133-1143.

71.Hould FS, Cullen JJ, Kelly KA. Influence of proximal
gastric vagotomy on canine gastric motility and
emptying. Surgery 1994;116:83-89.

72.Kozarek RA, Low DE, Raltz SL. Complications associ-
ated with laparoscopic anti-reflux surgery: one multi-
specialty clinic’s experience. Gastrointest Endosc 1997;
46:527-531.

73. Stanghellini V, Malagelada JR. Gastric manometric ab-
normalities in patients with dyspeptic symptoms after
fundoplication. Gut 1983;24:790-797.

74.Masclee AA, Lamers CB. Effect of endoscopic sclero-
therapy of esophageal varices on vagus nerve integrity.
J Hepatol 1994;21:724-729.

75.Park S-Y, Camilleri M, Packer D, et al. Upper
gastrointestinal complications following ablation
therapy for atrial fibrillation. Neurogastroenterol Motil
2017;29(11). https://doi.org/10.1111/nmo.13109.

76.Fich A, Neri M, Camilleri M, et al. Stasis syndromes
following gastric surgery: clinical and motility features of
sixty symptomatic patients. J Clin Gastroenterol 1990;
12:505-512.

77.Maddern GJ, Jamieson GG. Fundoplication enhances
gastric emptying. Ann Surg 1985;201:296-299.

78.Vargas EJ, Bazerbachi F, Calderon G, et al. Changes in
time of gastric emptying after surgical and endoscopic
bariatrics and weight loss: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol 2020;
18:57-68.€5.

79.Johari 'Y, Wickremasinghe A, Kiswandono P, et al.
Mechanisms of esophageal and gastric transit following
sleeve gastrectomy. Obes Surg 2021;31:725-737.

80. Abu Dayyeh BK, Acosta A, Camilleri M, et al. Endoscopic
sleeve gastroplasty alters gastric physiology and in-
duces loss of body weight in obese individuals. Clin
Gastroenterol Hepatol 2017;15:37-43.e1.

Gastroparesis 83

81.Malik Z, Sankineni A, Parkman HP. Assessing pyloric
sphincter pathophysiology using EndoFLIP in patients
with gastroparesis. Neurogastroenterol Motil 2015;
27:524-531.

82. Wuestenberghs F, Gourcerol G. Pyloric distensibility in
health and disease. Am J Physiol Gastrointest Liver
Physiol 2021;321:G133-G138.

83.0rddg T, Takayama |, Cheung WK, et al. Remodeling of
networks of interstitial cells of Cajal in a murine model of
diabetic gastroparesis. Diabetes 2000;49:1731-1739.

84.Zarate N, Mearin F, Wang XY, et al. Severe idiopathic
gastroparesis due to neuronal and interstitial cells of
Cajal degeneration: pathological findings and manage-
ment. Gut 2003;52:966-970.

85. Horvath VJ, Vittal H, Lorincz A, et al. Reduced stem cell
factor links smooth myopathy and loss of interstitial cells
of Cajal in murine diabetic gastroparesis. Gastroenter-
ology 2006;130:759-770.

86.Choi KM, Gibbons SJ, Nguyen TV, et al. Heme
oxygenase-1 protects interstitial cells of Cajal from
oxidative stress and reverses diabetic gastroparesis.
Gastroenterology 2008;135:2055-2064.e1-e2.

87.Choi KM, Kashyap PC, Dutta N, et al. CD206-positive
M2 macrophages that express heme oxygenase-1 pro-
tect against diabetic gastroparesis in mice. Gastroen-
terology 2010;138:2399-2409.e1.

88.Herring BP, Hoggatt AM, Gupta A, et al. Idiopathic
gastroparesis is associated with specific transcriptional
changes in the gastric muscularis externa. Neuro-
gastroenterol Motil 2018;30:e13230.

89. Grover M, Gibbons SJ, Nair AA, et al. Transcriptomic
signatures reveal immune dysregulation in human dia-
betic and idiopathic gastroparesis. BMC Med Genomics
2018;11:62.

90. Grover M, Dasari S, Bernard CE, et al. Proteomics in
gastroparesis: unique and overlapping protein signa-
tures in diabetic and idiopathic gastroparesis. Am J
Physiol Gastrointest Liver Physiol 2019;317:G716-G726.

91. Mazzotta E, Villalobos-Hernandez EC, Fiorda-Diaz J,
et al. Postoperative ileus and postoperative gastroin-
testinal tract dysfunction: pathogenic mechanisms and
novel treatment strategies beyond colorectal enhanced
recovery after surgery protocols. Front Pharmacol 2020;
11:583422.

92.Bharucha AE, Daley SL, Low PA, et al. Effects of hemin
on heme oxygenase-1, gastric emptying, and symptoms
in diabetic gastroparesis. Neurogastroenterol Motil
2016;28:1731-1740.

93. Chedid V, Brandler J, Vijayvargiya P, et al. Characteriza-
tion of upper gastrointestinal symptoms, gastric motor
functions and associations in patients with diabetes at a
referral center. Am J Gastroenterol 2019;114:143-154.

94. Parkman HP, Hallinan EK, Hasler WL, et al. Nausea and
vomiting in gastroparesis: similarities and differences in
idiopathic and diabetic gastroparesis.  Neuro-
gastroenterol Motil 2016;28:1902-1914.

95. Parkman HP, Yates K, Hasler WL, et al. Clinical features
of idiopathic gastroparesis vary with sex, body mass,
symptom onset, delay in gastric emptying, and

S8
==
-
[T}
=m
i B
=&
o
= a



http://refhub.elsevier.com/S0016-5085(21)03700-8/sref64
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref64
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref64
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref64
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref65
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref65
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref65
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref65
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref65
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref66
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref66
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref66
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref66
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref66
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref0
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref68
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref68
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref68
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref69
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref69
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref69
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref69
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref69
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref70
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref70
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref70
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref70
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref71
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref71
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref71
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref71
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref72
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref72
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref72
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref72
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref72
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref73
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref73
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref73
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref73
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref74
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref74
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref74
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref74
https://doi.org/10.1111/nmo.13109
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref76
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref76
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref76
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref76
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref76
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref77
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref77
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref77
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref78
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref78
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref78
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref78
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref78
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref78
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref79
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref79
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref79
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref79
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref80
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref80
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref80
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref80
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref80
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref81
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref81
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref81
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref81
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref81
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref82
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref82
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref82
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref82
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref83
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref83
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref83
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref83
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref84
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref84
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref84
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref84
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref84
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref85
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref85
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref85
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref85
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref85
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref86
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref86
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref86
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref86
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref86
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref86
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref87
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref87
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref87
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref87
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref87
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref88
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref88
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref88
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref88
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref89
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref89
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref89
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref89
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref90
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref90
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref90
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref90
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref90
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref91
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref91
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref91
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref91
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref91
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref91
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref92
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref92
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref92
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref92
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref92
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref93
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref93
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref93
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref93
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref93
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref94
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref94
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref94
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref94
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref94
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref95
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref95
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref95

-}
m
El
]
<
m
1]
=
=
m
w»

ANV SM3INY

84  Camilleri and Sanders

gastroparesis 2011;

140:101-115.

96. Parkman HP, Hallinan EK, Hasler WL, et al. Early satiety
and postprandial fullness in gastroparesis correlate with
gastroparesis severity, gastric emptying, and water load
testing. Neurogastroenterol Motil 2017;29(4). https://doi.
org/10.1111/nmo.12981.

97.Hasler WL, May KP, Wilson LA, et al. Relating gastric
scintigraphy and symptoms to motility capsule transit
and pressure findings in suspected gastroparesis. Neu-
rogastroenterol Motil 2018;30(2). https://doi.org/10.
1111/nmo.13196.

98. Lee AA, Rao S, Nguyen LA, et al. Validation of diagnostic
and performance characteristics of the wireless motility
capsule in patients with suspected gastroparesis. Clin
Gastroenterol Hepatol 2019;17:1770-1779.

99. Cassilly D, Kantor S, Knight LC, et al. Gastric emptying
of a non-digestible solid: assessment with simultaneous
SmartPill pH and pressure capsule, antroduodenal
manometry, gastric emptying scintigraphy. Neuro-
gastroenterol Motil 2008;20:311-319.

100. Kassander P. Asymptomatic gastric retention in di-
abetics (gastroparesis diabeticorum). Ann Intern Med
1958;48:797-812.

101.Parkman HP, Wilson LA, Farrugia G, et al. Delayed
gastric emptying associates with diabetic complications
in diabetic patients with symptoms of gastroparesis. Am
J Gastroenterol 2019;114:1778-1794.

102.Bi D, Choi C, League J, et al. Food residue during
esophagogastroduodenoscopy is commonly encoun-
tered and is not pathognomonic of delayed gastric
emptying. Dig Dis Sci 2021;66:3951-3959.

103. Shin AS, Camilleri M. Diagnostic assessment of diabetic
gastroparesis. Diabetes 2013;62:2667-2673.

104.Camilleri M, Zinsmeister AR, Greydanus MP, et al.
Towards a less costly but accurate test of gastric
emptying and small bowel transit. Dig Dis Sci 1991;
36:609-615.

105. Choi M-G, Camilleri M, Burton DD, et al. Reproducibility
and simplification of 13C-octanoic acid breath test for
gastric emptying of solids. Am J Gastroenterol 1998;
93:92-98.

106.Lee J-S, Camilleri M, Zinsmeister AR, et al. Toward
office-based measurement of gastric emptying in
symptomatic diabetics using ['*Cloctanoic acid breath
test. Am J Gastroenterol 2000;95:2751-2761.

107.Szarka LA, Camilleri M, Vella A, et al. A stable isotope
breath test with a standard meal for abnormal gastric
emptying of solids in the clinic and in research. Clin
Gastroenterol Hepatol 2008;6:635-643.

108. Kuo B, McCallum RW, Koch KL, et al. Comparison of
gastric emptying of a nondigestible capsule to a radio-
labelled meal in healthy and gastroparetic subjects.
Aliment Pharmacol Ther 2008;27:186—-196.

109. Kloetzer L, Chey WD, McCallum RW, et al. Motility of the
antroduodenum in healthy and gastroparetics charac-
terized by wireless motility capsule. Neurogastroenterol
Motil 2010;22:527-533.

110. Weston S, Thumshirn M, Wiste J, et al. Clinical and
upper gastrointestinal motility features in systemic

severity.  Gastroenterology

Gastroenterology Vol. 162, No. 1

sclerosis and related disorders. Am J Gastroenterol
1998;93:1085-1089.

111. Camilleri M, Bharucha AE, di Lorenzo C, et al. American
Neurogastroenterology and Motility Society consensus
statement on intraluminal measurement of gastrointes-
tinal and colonic moatility in clinical practice. Neuro-
gastroenterol Motil 2008;20:1269-1282.

112. Watts LS, Baker JR, Lee AA, et al. Impact of gastric per-
oral endoscopic myotomy on static and dynamic pyloric
function in gastroparesis patients. Neurogastroenterol
Motil 2020;32:e13892.

118.Olausson EA, Stérsrud S, Grundin H, et al. A small
particle size diet reduces upper gastrointestinal symp-
toms in patients with diabetic gastroparesis: a random-
ized controlled trial. Am J Gastroenterol 2014;
109:375-385.

114.Camilleri M. Clinical practice. Diabetic gastroparesis.
N Engl J Med 2007;356:820-829; [Erratum appears in N
Engl J Med 2007;357:427 ].

115. Limketkai BN, LeBrett W, Lin L, et al. Nutritional ap-
proaches for gastroparesis. Lancet Gastroenterol Hep-
atol 2020;5:1017-1026.

116. Annese V, Janssens J, Vantrappen G, et al. Erythromycin
accelerates gastric emptying by inducing antral con-
tractions and improved gastroduodenal coordination.
Gastroenterology 1992;102:823-828.

117.Janssens J, Peeters TL, Vantrappen G, et al. Improve-
ment of gastric emptying in diabetic gastroparesis by
erythromycin. Preliminary studies. N Engl J Med 1990;
322:1028-1031.

118. Al-Saffar A, Lennernas H, Hellstrom PM. Gastroparesis,
metoclopramide, and tardive dyskinesia: risk revisited.
Neurogastroenterol Motil 2019;31:e13617.

119. Parkman HP, Carlson MR, Gonyer D. Metoclopramide
nasal spray reduces symptoms of gastroparesis in
women, but not men, with diabetes: results of a phase
2B randomized study. Clin Gastroenterol Hepatol 2015;
13:1256-1263.

120.Chedid V, Brandler J, Arndt K, et al. Randomised
study: effects of the 5-HT, receptor agonist felcise-
trag versus placebo on gut transit in patients with
gastroparesis. Aliment Pharmacol Ther 2021;
53:1010-1020.

121.Carlin JL, Lieberman VR, Dahal A, et al. Efficacy and
safety of tradipitant in patients with diabetic and idio-
pathic gastroparesis in a randomized, placebo-
controlled trial. Gastroenterology 2021;160:76-87.

122. Camilleri M, McCallum RW, Tack J, et al. Efficacy and
safety of relamorelin in diabetics with symptoms of
gastroparesis: a randomized, placebo-controlled study.
Gastroenterology 2017;153:1240-1250.e2.

123.Kuo B, Scimia C, Dukes G, et al. Randomized clinical
trial: safety, pharmacokinetics and pharmacodynamics
of trazpiroben (TAK-906), a dopamine D,/Ds receptor
antagonist, in patients with gastroparesis. Aliment
Pharmacol Ther 2021;54:267-280.

124. Carbone F, Van den Houte K, Clevers E, et al. Pruca-
lopride in gastroparesis: a randomized placebo-
controlled crossover study. Am J Gastroenterol 2019;
114:1265-1274.


http://refhub.elsevier.com/S0016-5085(21)03700-8/sref95
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref95
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref95
https://doi.org/10.1111/nmo.12981
https://doi.org/10.1111/nmo.12981
https://doi.org/10.1111/nmo.13196
https://doi.org/10.1111/nmo.13196
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref98
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref98
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref98
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref98
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref98
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref99
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref99
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref99
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref99
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref99
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref99
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref100
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref100
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref100
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref100
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref101
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref101
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref101
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref101
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref101
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref102
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref102
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref102
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref102
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref102
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref103
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref103
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref103
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref104
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref104
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref104
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref104
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref104
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref105
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref105
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref105
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref105
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref105
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref106
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref106
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref106
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref106
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref106
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref106
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref107
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref107
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref107
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref107
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref107
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref108
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref108
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref108
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref108
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref108
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref109
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref109
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref109
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref109
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref109
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref110
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref110
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref110
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref110
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref110
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref111
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref111
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref111
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref111
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref111
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref111
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref112
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref112
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref112
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref112
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref113
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref113
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref113
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref113
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref113
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref113
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref114
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref114
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref114
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref114
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref115
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref115
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref115
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref115
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref116
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref116
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref116
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref116
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref116
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref117
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref117
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref117
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref117
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref117
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref118
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref118
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref118
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref119
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref119
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref119
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref119
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref119
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref119
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref120
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref120
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref120
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref120
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref120
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref120
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref120
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref121
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref121
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref121
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref121
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref121
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref122
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref122
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref122
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref122
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref122
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref123
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref123
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref123
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref123
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref123
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref123
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref123
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref123
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref124
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref124
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref124
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref124
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref124

January 2022

125. Abell T, Kuo B, Esfandyari T, et al. Velusetrag improves
gastoparesis both in symptoms and gastric emptying in
patients with diabetic or idiopathic gastroparesis in a 12-
week global phase 2B study. Gastroenterology 2019;
156:S164.

126.Chapman MJ, Jones KL, Almansa C, et al. Blinded,
double-dummy, parallel-group, phase 2a randomized
clinical trial to evaluate the efficacy and safety of a highly
selective 5-hydroxytryptamine type 4 receptor agonist in
critically ill patients with enteral feeding intolerance.
J Parenteral Enteral Nutr 2021;45:115-124.

127. Nelson AD, Camilleri M, Acosta A, et al. Effects of ghrelin
receptor agonist, relamorelin, on gastric motor functions
and satiation in healthy volunteers. Neurogastroenterol
Motil 2016;28:1705-1713.

128.Shin A, Camilleri M, Busciglio |, et al. The ghrelin
agonist RM-131 accelerates gastric emptying of solids
and reduces symptoms in patients with type 1 dia-
betes mellitus. Clin Gastroenterol Hepatol 2013;
11:1453-1459.e4.

129.Shin A, Camilleri M, Busciglio I, et al. Randomized
controlled phase Ib study of ghrelin agonist, RM-131, in
type 2 diabetic women with delayed gastric emptying:
pharmacokinetics and pharmacodynamics. Diabetes
Care 2013;36:41-48.

130.Lembo A, Camilleri M, McCallum R, et al. Relamorelin
reduces vomiting frequency and severity and acceler-
ates gastric emptying in adults with diabetic gastro-
paresis. Gastroenterology 2016;151:87-96.€6.

131.Richards RD, Davenport K, McCallum RW. The treat-
ment of idiopathic and diabetic gastroparesis with acute
intravenous and chronic oral erythromycin. Am J Gas-
troenterol 1993;88:203-207.

132. Parkman HP, Pagano AP, Vozzelli MA, et al. Gastro-
kinetic effects of erythromycin: myogenic and neuro-
genic mechanisms of action in rabbit stomach. Am J
Physiol Gastrointest Liver Physiol 1995;269:G418-G426.

1383. Larson JM, Tavakkoli A, Drane WE, et al. Advantages of
azithromycin over erythromycin in improving the gastric
emptying half-time in adult patients with gastroparesis.
J Neurogastroenterol Motil 2010;16:407-413.

134. Pasricha PJ, Yates KP, Sarosiek |, et al. Aprepitant has
mixed effects on nausea and reduces other symptoms in
patients with gastroparesis and related disorders.
Gastroenterology 2018;154:65-76.e11.

135. Jacob D, Busciglio |, Burton D, et al. Effects of NK1 re-
ceptors on gastric motor functions and satiation in
healthy humans: results from a controlled trial with the
NK1 antagonist aprepitant. Am J Physiol Gastrointest
Liver Physiol 2017;313:G505-G510.

136. Dishy V, Cohenpour M, Feldman L, et al. The effect of
sildenafil on gastric emptying in patients with end-stage
renal failure and symptoms of gastroparesis. Clin Phar-
macol Ther 2004;76:281-286.

137.Tougas G, Chen Y, Luo D, et al. Tegaserod improves
gastric emptying in patients with gastroparesis and
dyspeptic symptoms. Gastroenterology 2003;124:A54.

138. Camilleri M, Atieh J. New developments in prokinetic
therapy for gastric motility disorders. Front Pharmacol
2021;12:711500.

Gastroparesis 85

139. Narducci F, Bassotti G, Granata MT, et al. Functional
dyspepsia and chronic idiopathic gastric stasis. Role of
endogenous opiates. Arch Intern Med 1986;
146:716-720.

140.Wong BS, Rao AS, Camilleri M, et al. The effects of
methylnaltrexone alone and in combination with acutely
administered codeine on gastrointestinal and colonic
transit in health. Aliment Pharmacol Ther 2010;
32:884-893.

141.Halawi H, Vijayvargiya P, Busciglio |, et al. Effects of
naloxegol on whole gut transit in opioid-naive healthy
subjects receiving codeine: a randomized, controlled
trial. Neurogastroenterol Motil 2018;30:e13298.

142. Gonenne J, Camilleri M, Ferber |, et al. Effect of alvi-
mopan and codeine on gastrointestinal transit: a ran-
domized controlled study. Clin Gastroenterol Hepatol
2005;3:784-791.

143. Janssen P, Vos R, Van Oudenhove L, et al. Influence of
the 5-HT3 receptor antagonist ondansetron on gastric
sensorimotor function and nutrient tolerance in healthy
volunteers. Neurogastroenterol Motil 2011;23:444-449.
el75.

144.Midani D, Parkman HP. Granisetron transdermal system
for treatment of symptoms of gastroparesis: a pre-
scription registry study. J Neurogastroenterol Motil
2016;22:650-655.

145. McCallum RW, Soykan |, Sridhar KR, et al. Delta-9-
tetrahydrocannabinol delays the gastric emptying of
solid food in humans: a double-blind, randomized study.
Aliment Pharmacol Ther 1999;13:77-80.

146. Parkman HP, Sharkey EP, Nguyen LA, et al. Marijuana
use in patients with symptoms of gastroparesis: preva-
lence, patient characteristics, and perceived benefit. Dig
Dis Sci 2020;65:2311-2320.

147.Esfandyari T, Camilleri M, Ferber |, et al. Effect of a
cannabinoid agonist on gastrointestinal transit and
postprandial satiation in healthy human subjects: a
randomized, placebo-controlled  study. Neuro-
gastroenterol Motil 2006;18:831-838.

148. Levinthal DJ, Bielefeldt K. Systematic review and meta-
analysis: gastric electrical stimulation for gastroparesis.
Auton Neurosci 2017;202:45-55.

149. Abell TL, Yamada G, McCallum RW, et al. Effectiveness
of gastric electrical stimulation in gastroparesis: results
from a large prospectively collected database of national
gastroparesis registries. Neurogastroenterol Motil 2019;
31:e13714.

150. Ducrotte P, Coffin B, Bonaz B, et al. Gastric electrical
stimulation reduces refractory vomiting in a randomized
crossover trial. Gastroenterology 2020;158:506-514.
e502.

151. Lewis K, Algahtani Z, Mcintyre L, et al. The efficacy and
safety of prokinetic agents in critically ill patients receiving
enteral nutrition: a systematic review and meta-analysis of
randomized trials. Crit Care 2016;20:259.

152. Sturm A, Holtmann G, Goebell H, et al. Prokinetics in
patients with gastroparesis: a systematic analysis.
Digestion 1999;60:422-427.

153. Vijayvargiya P, Camilleri M, Chedid V, et al. Effects of
promotility agents on gastric emptying and symptoms: a

S8
=
-
PN o
T
i B
—/]
o
= a



http://refhub.elsevier.com/S0016-5085(21)03700-8/sref125
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref125
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref125
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref125
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref125
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref126
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref126
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref126
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref126
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref126
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref126
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref126
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref127
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref127
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref127
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref127
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref127
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref128
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref128
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref128
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref128
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref128
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref128
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref129
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref129
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref129
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref129
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref129
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref129
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref130
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref130
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref130
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref130
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref130
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref131
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref131
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref131
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref131
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref131
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref132
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref132
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref132
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref132
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref132
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref133
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref133
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref133
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref133
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref133
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref134
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref134
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref134
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref134
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref134
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref135
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref135
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref135
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref135
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref135
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref135
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref136
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref136
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref136
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref136
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref136
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref137
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref137
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref137
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref138
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref138
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref138
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref139
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref139
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref139
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref139
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref139
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref140
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref140
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref140
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref140
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref140
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref140
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref141
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref141
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref141
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref141
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref142
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref142
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref142
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref142
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref142
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref143
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref143
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref143
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref143
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref143
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref143
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref144
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref144
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref144
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref144
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref144
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref145
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref145
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref145
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref145
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref145
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref146
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref146
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref146
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref146
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref146
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref147
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref147
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref147
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref147
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref147
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref147
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref148
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref148
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref148
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref148
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref149
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref149
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref149
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref149
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref149
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref150
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref150
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref150
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref150
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref150
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref151
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref151
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref151
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref151
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref152
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref152
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref152
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref152
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref153
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref153

-}
m
El
]
<
m
1]
=
=
m
w»

ANV SM3INY

86  Camilleri and Sanders

systematic review and meta-analysis. Gastroenterology
2019;156:1650-1660.

154. Janssen P, Harris MS, Jones M, et al. The relation be-
tween symptom improvement and gastric emptying in
the treatment of diabetic and idiopathic gastroparesis.
Am J Gastroenterol 2013;108:1382-1391.

155. Vijayvargiya P, Jameie-Oskooei S, Camilleri M, et al.
Association between delayed gastric emptying and up-
per gastrointestinal symptoms: a systematic review and
meta-analysis. Gut 2019;68:804-813.

156.Bai Y, Xu MJ, Yang X, et al. A systematic review on
intrapyloric botulinum toxin injection for gastroparesis.
Digestion 2010;81:27-34.

157. Pasricha TS, Pasricha PJ. Botulinum toxin injection for
treatment of gastroparesis. Gastrointest Endosc Clin N
Am 2019;29:97-106.

158. Thomas A, de Souza Ribeiro B, Malespin M, et al. Bot-
ulinum toxin as a treatment for refractory gastroparesis:
a literature review. Curr Treat Options Gastroenterol
2018;16:479-488.

159. Friedenberg FK, Palit A, Parkman HP, et al. Botulinum
toxin A for the treatment of delayed gastric emptying.
Am J Gastroenterol 2008;103:416-423.

160. Arts J, Holvoet L, Caenepeel P, et al. Clinical trial: a
randomized-controlled crossover study of intrapyloric
injection of botulinum toxin in gastroparesis. Aliment
Pharmacol Ther 2007;26:1251-1258.

161. Gourcerol G, Tissier F, Melchior C, et al. Impaired fasting
pyloric compliance in gastroparesis and the therapeutic
response to pyloric dilatation. Aliment Pharmacol Ther
2015;41:360-367.

162.Shada AL, Dunst CM, Pescarus R, et al. Laparoscopic
pyloroplasty is a safe and effective first-line surgical
therapy for refractory gastroparesis. Surg Endosc 2016;
30:1326-1332.

163. Hibbard ML, Dunst CM, Swanstrom LL. Laparoscopic
and endoscopic pyloroplasty for gastroparesis results in
sustained symptom improvement. J Gastrointest Surg
2011;15:1513-1519.

164. Mancini SA, Angelo JL, Peckler Z, et al. Pyloroplasty for
refractory gastroparesis. Am Surg 2015;81:738-746.
165. Khashab MA, Stein E, Clarke JO, et al. Gastric peroral
endoscopic myotomy for refractory gastroparesis: first
human endoscopic pyloromyotomy (with video). Gas-

trointest Endosc 2013;78:764-768.

166. Aghaie Meybodi M, Qumseya BJ, Shakoor D, et al. Ef-
ficacy and feasibility of G-POEM in management of
patients with refractory gastroparesis: a systematic re-
view and meta-analysis. Endosc Int Open 2019;
7:E322-E329.

167.Gonzalez JM, Benezech A, Vitton V, et al. G-POEM
with antro-pyloromyotomy for the treatment of re-
fractory gastroparesis: mid-term follow-up and factors
predicting outcome. Aliment Pharmacol Ther 2017;
46:364-370.

168. Dacha S, Mekaroonkamol P, Li L, et al. Outcomes and
quality-of-life assessment after gastric per-oral endo-
scopic pyloromyotomy (with video). Gastrointest Endosc
2017;86:282-289.

Gastroenterology Vol. 162, No. 1

169. Rodriguez JH, Haskins IN, Strong AT, et al. Per oral
endoscopic pyloromyotomy for refractory gastroparesis:
initial results from a single institution. Surg Endosc 2017;
31:5381-5388.

170. Khashab MA, Ngamruengphong S, Carr-Locke D, et al.
Gastric per-oral endoscopic myotomy for refractory
gastroparesis: results from the first multicenter study on
endoscopic pyloromyotomy (with video). Gastrointest
Endosc 2017;85:123-128.

171.Malik Z, Kataria R, Modayil R, et al. Gastric per oral
endoscopic myotomy (G-POEM) for the treatment of
refractory gastroparesis: early experience. Dig Dis Sci
2018;63:2405-2412.

172.Xu J, Chen T, Elkholy S, et al. Gastric peroral endoscopic
myotomy (G-POEM) as a treatment for refractory gas-
troparesis: long-term outcomes. Can J Gastroenterol
Hepatol 2018;2018:6409698.

173. Jacques J, Pagnon L, Hure F, et al. Peroral endoscopic
pyloromyotomy is efficacious and safe for refractory
gastroparesis: prospective trial with assessment of py-
loric function. Endoscopy 2019;51:40-49.

174. Mekaroonkamol P, Patel V, Shah R, et al. Association
between duration or etiology of gastroparesis and clin-
ical response after gastric per-oral endoscopic pylo-
romyotomy. Gastrointest Endosc 2019;89:969-976.

175.Strong AT, Rodriguez J, Kroh M, et al. Safety and
feasibility of per-oral pyloromyotomy as augmentative
therapy after prior gastric electrical stimulation for
gastroparesis. J Am Coll Surg 2019;229:589-595.

176. Strong AT, Landreneau JP, Cline M, et al. Per-oral pylo-
romyotomy (POP) for medically refractory post-surgical
gastroparesis. J Gastrointest Surg 2019;23:1095-1103.

177.Vosoughi K, Ichkhanian Y, Benias P, et al. Gastric per-
oral endoscopic myotomy (G-POEM) for refractory gas-
troparesis: results from an international prospective trial
[published online ahead of print March 19, 2021]. Gut
doi:10.1136/gutjnl-2020-322756.

178. Spadaccini M, Maselli R, Chandrasekar VT, et al. Gastric
peroral endoscopic pyloromyotomy for refractory
gastroparesis: a systematic review of early outcomes with
pooled analysis. Gastrointest Endosc 2020;91:746-752.

179. Mohan BP, Chandan S, Jha LK, et al. Clinical efficacy of
gastric per-oral endoscopic myotomy (G-POEM) in the
treatment of refractory gastroparesis and predictors of
outcomes: a systematic review and meta-analysis using
surgical pyloroplasty as a comparator group. Surg
Endosc 2020;34:3352-3367.

180.Vosoughi K, Ichkhanian Y, Jacques J, et al. Role of
endoscopic functional luminal imaging probe in predicting
the outcome of gastric peroral endoscopic pyloromyotomy
(with video). Gastrointest Endosc 2020;91:1289-1299.

181. Katzka DA, Camilleri M. Treating the pylorus in gastro-
paresis: the new riddle wrapped in the ultimate enigma?
Gastrointest Endosc 2020;91:1300-1302.

182.Tan J, Shrestha SM, Wei M, et al. Feasibility, safety,
and long-term efficacy of gastric peroral endoscopic
myotomy (G-POEM) for postsurgical gastroparesis: a
single-center and retrospective study of a prospective
database. Surg Endosc 2020;35:3459-3470.


http://refhub.elsevier.com/S0016-5085(21)03700-8/sref153
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref153
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref153
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref154
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref154
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref154
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref154
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref154
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref155
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref155
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref155
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref155
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref155
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref156
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref156
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref156
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref156
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref157
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref157
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref157
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref157
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref158
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref158
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref158
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref158
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref158
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref159
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref159
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref159
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref159
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref160
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref160
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref160
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref160
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref160
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref161
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref161
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref161
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref161
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref161
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref162
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref162
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref162
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref162
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref162
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref163
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref163
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref163
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref163
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref163
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref164
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref164
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref164
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref165
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref165
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref165
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref165
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref165
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref166
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref166
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref166
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref166
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref166
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref166
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref167
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref167
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref167
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref167
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref167
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref167
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref167
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref168
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref168
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref168
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref168
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref168
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref169
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref169
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref169
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref169
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref169
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref170
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref170
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref170
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref170
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref170
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref170
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref171
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref171
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref171
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref171
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref171
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref172
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref172
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref172
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref172
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref173
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref173
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref173
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref173
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref173
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref174
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref174
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref174
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref174
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref174
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref175
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref175
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref175
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref175
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref175
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref175
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref176
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref176
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref176
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref176
https://doi.org/10.1136/gutjnl-2020-322756
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref178
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref178
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref178
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref178
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref178
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref179
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref179
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref179
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref179
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref179
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref179
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref179
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref180
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref180
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref180
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref180
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref180
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref181
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref181
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref181
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref181
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref182
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref182
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref182
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref182
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref182
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref182
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref182

January 2022

183.Tack J, Ly HG, Carbone F, et al. Efficacy of mirtazapine
in patients with functional dyspepsia and weight loss.
Clin Gastroenterol Hepatol 2016;14:385-392.

184. Conchillo JM, Straathof JWA, Mujagic Z, et al. Gastric
peroral endoscopic pyloromyotomy for decompensated
gastroparesis: comprehensive motility analysis in rela-
tion to treatment outcomes. Endosc Int Open 2021;
9:E137-E144.

Received June 25, 2021. Accepted October 20, 2021.

Correspondence

Address correspondence to: Michael Camilleri, MD, Clinical Enteric
Neuroscience Translational and Epidemiological Research, Division of
Gastroenterology and Hepatology, Mayo Clinic, 200 First Street SW,

Gastroparesis 87

Charlton Building, Room 8-110, Rochester,
camilleri.michael@mayo.edu.

Minnesota 55905. e-mail:

Acknowledgments

The authors thank Mrs Cindy Stanislav for excellent secretarial support. Author
contributions: Michael Camilleri and Kenton Sanders conceived, developed,
and wrote the entire manuscript.

Conflicts of interest

The authors disclose the following: Michael Camilleri receives funding for
research in gastroparesis and stomach motility from Takeda and Vanda, and
serves as a consultant to Takeda with compensation to his employer, Mayo
Clinic. Kenton Sanders serves as a consultant to Takeda and RosVivo.

Funding

Michael Camilleri is supported by National Institutes of Health (NIH) grant RO1-
DK122280 and R01-DK125680 for studies on gastroparesis. Kenton Sanders
is supported by NIH grants R01-DK120759, R01-DK091336, and RO1-
DK057236 for work on smooth muscle and interstitial cells in the
gastrointestinal tract.

(=]
=
<<
g
[T}
B
(5

g
=
=)
w
B
«
-3
w
a.



http://refhub.elsevier.com/S0016-5085(21)03700-8/sref183
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref183
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref183
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref183
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref184
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref184
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref184
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref184
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref184
http://refhub.elsevier.com/S0016-5085(21)03700-8/sref184
mailto:camilleri.michael@mayo.edu

87.e1 Camilleri and Sanders

Supplementary Table 1.Noninvasive Measurements of Gastric Emptying

Gastroenterology Vol. 162, No. 1

Feature

Gastric emptying by
scintigraphy

Stable isotope breath
test

Wireless pressure and pH
capsule

Indication/function
measured

Device, assembly,
or special
requirements

Placement of device

Gastric emptying

External gamma camera
and isotope-labeled
meal

Gastric emptying

Breath collection vials and
stable isotope-labeled
meal

Emptying and pressure
amplitude

Intraluminal capsule with
miniaturized strain gauge
and pH measurement

Capsule swallowed

Performance/ Excellent, standardized Becoming standardized Standard acquisition, delayed
versatility/ meals, data acquisition Performance related to emptying fairly valid;
interpretation and interpretation mathematical analysis pressures of unclear

significance

Duration of study Typically 4 h, could be 3-4h 6 h, could be added to small

added to small bowel bowel and colon transit
and colon transit

Availability/potential 4F A aF
use?

Costs? ++ + ++

NOTE. From Shin and Camilleri,’®® adapted with permission.

#The plus signs signify the lowest (+) to the highest (+-++) availability or potential use.

Supplementary Table 2.Current and Investigational Prokinetic Drugs for Gastric Motility Disorders

Effect on gastric
Drug name Disease motor function GP symptoms Reference

5-HT, receptor agonist

Tegaserod GP 1t GE Not studied 137

Prucalopride IG and DG Tt GE Improved 124

Velusetrag IG and DG 1t GE Improved 125

Felcisetrag IG and DG t GE Not studied 120, 126
D,,3 receptor antagonist

Trazpiroben (TAK-506) IG and DG 1 volume to fullness, Improved 123

No A in GE

Ghrelin receptor agonist

Relamorelin DG 1 GE, 1 antral contractions Improved 122, 127-130
Motilin receptor agonist

Erythromycin IG and DG t GE, 1 fundic and Improved 117, 131, 132

antral contractions,
| pyloric contractions

Azithromycin GP T GE Not studied 133
NK; receptor agonist

Aprepitant IG and DG T GA, Improved 134, 135

No A in GE

Tradipitant IG and DG Not studied Improved 121
Phosphodiesterase-5 inhibitor

Sildenafil GP with uremia No A in GE Not studied 136

NOTE. From Camilleri and Atieh, '®® reproduced with permission.
DG, diabetic gastroparesis; FD, functional dyspepsia; GA, gastric accommodation; GE, gastric emptying; GP, gastroparesis;
IG, idiopathic gastroparesis.
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