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Abstract

Gastroparesis is a disorder characterized by delayedcgasitying of solid food in the absence
of amechanical obstruction of the stomach, resuliinthe cardinal symptoms of early satiety,
postprandial fullness, nausea, vomiting, belching and blodhagtroparesis is now recognized

as part of a broader spectrum of gastric neuromusculasreygfn, which includes impaired



gastric accommodation. The overlap between upper gasttoiatesymptoms makes the
distinction between gastroparesis and other disorders asuttinctional dyspepsia, challenging.
Thus, a confirmed diagnosis of gastroparesis requirasumement of delayed gastric emptying
via an appropriate test, such as gastric scintigraphy othliessting Gastroparesis can have
idiopathic, diabetic, iatrogenic, post-surgiaal post-viral aetiologiesThe management of
gastroparesis involves correcting fluid, electrolyte antlitional deficiencies, identifying and
treating the cause of delayed gastric emptying (for exardabetes mellitus); and suppressing
or eliminating symptoms with pharmacological agentsrasline therapies. Several novel
pharmacologic agents and interventions are currentheipipeline and show promise to help
tailor individualized therapy for patients with gastrogese

[H1] Introduction
A key function of the stomach is to produce acid and faislitiae peptic digestion of food. In
addition to this, the main motor functions of the stclmare accommodation, which allows the
delivery and storage of food, followed by trituration (gimdof food into fragments) and
emptying of solid food. Gastroparesis is a chronic digdids is characterized by delayed
emptying of the stomach after eating (gastric emptyingherabsence of any mechanical
obstruction, particularly pyloric stenosi€ardinal symptoms include early satiety after eating
postprandial fullness, nausea, vomiting, belcland bloating. The syndrome is caused by
neuromuscular dysfunction that leads to delayed gastptyemg. To elaborate, the basic
mechanisms that lead to gastroparesis involve derangementsimsic neural control
(particularly vagal function), dysfunction of the ingic nerves and interstitial cells involved in
local control of gastrointestinal muscle functiond @he loss of function of smooth muscles.
Gastroparesis can be idiopathic, associated with diabethitus, can occur after a
medical intervention (iatrogenic or post-surgical), rhayassociated with neurological disorders
or may occur after a viral or bacterial infection, Isas Salmonella gastroentefitis
Interestingly, Helicobacter pylori infection does not seem faemice gastric emptying or
accommodation, but may be associated with heightesesitivity in patients with functional
dyspepsida disorderassociated with accelerated or delayed gastric emptyingiredmgastric
accommodation and heightened sensitivity in the upperogaststinal tract®. Rarely, specific

viral infections caused by herpes virus or Epstearr virus may be associated with acute



dysautonomia that results in a generalized motilityrdisoincluding gastroparesidn addition,
many other conditions such as Parkinson’s disease, collagen vascular diseases (such as systemic
sclerosis) chronic intestinal pseudo-obstruction, and other condiganslead to gastroparesis or
delayed gastric emptyin@ox 1). All of these causasgtimately induce gastroparesis through
induction of neuromuscular dysfunction.

In recent years, suggestions have been made to charggithigon of gastroparesis to
“gastroparesis and related disorders”, therefore recognizing the disordespart of a broader
spectrum of gastric neuromuscular dysfuncidinere is symptom overlap between
gastroparesis and postprandial distress syndrome, wiocie isf the recognized types of
functional dyspepsiaFunctional dyspepsia may be associated with accettoatdelayed
gastric emptying, impaired gastric accommodation and heigtitsensitivity in the upper dit
With the availability of measurements of gastric volunigh scintigraphy, single photon
emission computed tomography (SPBQI MRI, disorders of gastric accommodation, which
result typically from functional dyspepsia or prioisg& surgery (such as fundoplication or
vagal injury or vagotomygan be differentiated from gastroparesis. Thus, tme ¢@stroparas
should be restricted to disorders in which upper gastroinéstymptoms are associated with
delayed gastric emptying.

In this Primerwe cover mechanisms of gastric innervation and emptyingrdéefo
describing how these pathways are perturbed in gastropakesisview epidemiological data
and diagnosis of gastroparesis and the effective mamagerhthis disorder. Finally, we discuss

future research directions.

[H1] Epidemiology

Describing the global epidemiology of gastroparesis is @hgilhg, as some symptoms of
gastroparesis, such as upper abdominal pain or discomfartjrgglbloating, and early satiety
overlap with those of functional dyspep8itt. One important aetiology of gastroparesis is
diabetes mellitus; in one tertiary referral seriegbetes mellitus accounted for almost 1/3 of all
cases of gastroparesfaNotably, symptoms attributable to gastroparesis are reportediBy%

of patients with diabetes mellittfsin clinical practice, there are approximately equal nusiber
of patients with type 1 and type 2 diabetes being evaluatagper gastrointestinal symptoms,

as documented in the NIH Gastroparesis Consortium databdsevever, community-based



studies among patients with diabgand age-stratified and sex-stratified controls showed a
similar prevalence of upper gastrointestir@l)(symptoms in both type 1 and 2 diabetes, in
studies from the United States and Austtéfia Thus, documentation of delayed gastric
emptying via gastric scintigraphy or breath testing is reguin order to distinguish between
gastroparesis and functional dyspepsia. As a result, mtsral history studies of gastroparesis
have been conducted in referral populations, with veryctemvmunity-based studies. In
addition, most epidemiological data describing the burdenstfazaresis are from the United

States

[H2] Incidence and prevalence

A population-based study in Minnesota estimated that thedjgsted incidence of
gastroparesis during a 10-year period was 2.4 cases per 100,000ymensofor men, and 9.8
cases per 100,000 person-years for women; prevalence waatedtimbe 9.6a®s per 100,000
individuals for men, and 37.8 cases per 100,000 individuals for wén&me individuals with
typical symptom®f gastroparesis may never undergo confirmatory testingstoy estimadd
that as many as 1.8% of the general population may havegassis, but only 0.2% are
diagnosed’ Presumably, this relates adack of awareness of the disorder, and existing
diagnostic confusion caused by an overlap between the egmptf gastroparesis and functional
dyspepsia. Tlsame studyeported that consultation rates were similar betweasethvith
symptoms typical for gastroparesis and those withtional dyspepsia, however, those with
gastroparesis-like symptoms were unlikely to undergo a gastptyam test’. Given that
current estimates of prevalence are based on cli@talobtained from patients who sought
medical attention, these estimates may be too lowhegscould be impacted by healthcare-

seeking behavior among patients with symptoms suggestive ohgassis.

[H2] Risk factors

The reason for the higher incidence and prevalence abgasesis in women is unclear.
However, stomach motility is dependent on neuronal niigeosynthesis, and this pathway
may be regulated by estrog€®Few studies existoncerning the effect of body mass on
gastroparesis. In one study of patients with type 2 digbebesity was associated with an

almost 10-fold increase in the odds of reporting gastroisasgsiptom&’ . Another study



demonstrated an association between higher body massand delayed gastric emptying on
scintigraphy in a cohort of 140 Indian patients with t@pdiabete$.Interestingly, it has been
reported that almost 50% of patients with idiopathic gastrsjzsaaee overweight or obese, and
that symptom patterns differ according to body mass; pateimb were obese or overweight had
statistically significantower scores for loss of appetite and inability to firasimeal, but
statistically significantly worse scores for gastroesgeal reflux-type symptoms compared to
patients of a healthy weight The role of other modifiable risk factors, such as smpkir
alcohol, in gastroparesis is unproven even though sizpaty@rtions of patients with diabetes
mellitusand control individuals used tobacco or alcohol in tieesapidemiological study.In
one longitudinal follow-up study conducted among 262 patieittsgastroparesis, treated
according to the current standard of care in the USA, arkist smoking was significantly

associated with no improvement in symptoms during 48 weekslafifup?..

[H3] Diabetic gastroparesis.

Among a historical cohort of patients with diabetes mlland control individuals (269 with
type 1 diabetes; 409 with type 2 diabetes; and 735 contiigldodls) the cumulative
proportions who develau gastroparesis (based on delayed gastric emptying by standard
scintigraphy or gastroparesis symptoms for >3 months grysician diagnosis of
gastroparesis or food retention on endoscopy or upper gésstanal radiology) over a 10-year
period were 5.2% of patients with type 1 diabetes, 1.0%t&ma with type 2 diabetes, and
0.2% of control individualé? By contrast, in referral populations of patients withetyl or type

2 diabetes mellitus, the prevalence of individual symptarggestive of gastroparesis is
between 2553%3, the cardinal symptoms occur in 13962 and a clinical diagnosis of
gastroparesis is made in almost 5% of pati€tithie presence of presumed gastroparesis in
patients with diabetes mellitus is associated with ahdrorgan damage, including retinopathy
and peripheral neuropathy, higher mean levels of glyces/lsemoglobin (HbAlc, which is a
measure of glycemic control over the prior three mejtand lower socioeconomic stattg?

The seminal studiesf the long-term complications of type 1 diabetes arddibbetes
Control and Comeplications Trial (DCCT) and its follow-gpidemiology of Diabetes
Interventions and Complications (EDIC). A recent repaiciates that delayed gastric emptying
was common (~47%) in the DCCT/EDIC coh8ttyhich is consistent with the outcomes of



cross-sectional studiéélmprovements in glycemic control in patients with diasemellitus are
associated with decreases in the incidence of micralarscomplications and it would not be
surprising if the incidence of diabetic gastroparesis as@to decreasén agreement with this,
individuals with longstanding type 2 diabetes without evideri@itonomic impairment are
usually reported to have normal gastric emptifing

Among patients with diabetes mellitus, once delayed gasiyityéng is established, it
may persisfor up to 25 years of follow-up, despite evidence of improvedeghic controf®3?
Interestingly, hospitalization rates and emergency dejest consultations for gastroparesis
appear to be on the ri¢&3* which is possibly owing to both an increase in awareness o
gastroparesis as a potential cause of upper Gl symptomseaimgdrigased prevalence of both
type 1 and type 2 diabet&sHospital admissions for exacerbation of symptoms fi@pts with
gastroparesiare influenced by glycemic control, infection rates (nfiesjuently urinary tract
infections), and poor adherence with or intoleranceedication®. There are regional
variations in inpatient management of patients withetialgastroparesis, which are likely to
reflect local differences in healthcare delivéfryortality during a hospital stay has been
estimated at 1.2%, mostly related to comorbiditfeBuring a 16-year period in the United
States, mean hospital charges per patient for manageifmgastroparesis increased by 160%,

and the national bill increased over 10-féfd.

[H2] Life expectancy

In terms of the effect of gastroparesis on life exgecy, data are conflicting. Studies conducted
in referral populations demonstrate no effect of delayssiric emptying on mortality among
patients with diabetes mellitus, after 12 years of ollp in one study and 25 years in a
second study* However, in a community-based survey in Minnesota, USAngndividuals
with gastroparesis of mixed etiology (typcially documertg symptoms and delayed gastric
emptying by scintigraphy or gastric food retention on imggeports), survival was lower than

expected for age- and sex-matched individuals without gastsips

[H1] M echanisms/pathophysiology



Although there have been advances in understanding ttfeamems and pathophysiology of
gastroparesis, there are still significant gaps in knowledgensistencies across studies,
potential differences between different aetiological grdégusexample, diabetic versus
idiopathic) and therefore individualization of therapgusrently best achieved by carefully
identifying functional impairment rather than cellular fmegisms. One example is the
recognition of concomitant reduction in gastric accomrtiodaamong patients presenting with
symptoms suggestive of gastroparesis.

Gastroparesis and impaired gastric accommodation resoitrfeuromuscular
dysfunction of the stomachriturationof food in the stomach grinds food into fragmentsgfoo
fragments are liquefied lycombinationof gastric acid digestion and antral contractions; these
contractions establish high liquid shearing forces andgdfood particles against the closed
pylorus before ~22mm sized particles are emptied into the duodetfiftvagal innervation of
the stomach by the vagus afferent nerve is essentilidayastric accommodation of consumed
food. The antral contractions that are essentiatirating solid food and gastric emptying are
mediated by extrinsic vagal innervation and intrinsic icl@ogic neurons. In addition, intrinsic
inhibitory mechanisms, such as nitrergic neurons, fatglipyloric relaxation and intragastric
peristalsisNitrergic neurons are pivotal for the relaxation ofr@lscle ahead of a contraction,
and they are responsible for descending inhibition ahede afgstream contraction, which is
induced by excitatory neurons, such as cholinergic and tachgkiic neurons? These
inhibitory and excitatoryeural effects are transmitted through interstitialsceflCajal (ICC)
and possibly other fibroblast-like cells that have pacemaketion, and to smooth muscle cells
in GI muscles, which causes the muscular layer of theastioto behave as a multicellular
electrical syncytium, so that coordinated contractiors¢hvinitiate in the proximal stomach and
involve the entire circumference of the stomach,prapagate towards the antropyloric region.
This electrical syncytium consist$ smooth muscle cells, IC&nd fibroblast-like cells, which
are positive for platelet-derived growth factor receplpha PDGFRa).*® The ICCs and
PDGFRu-positive cells are considered to be pacemaker celle Bltiract and possess the
ability to transmit electrical signalfigure 1). In gastroparesis, delayed gastric emptying is
associated with antral hypomotility and, in some patjemits pyloric sphincter dysfunction

caused by neuromuscular dysfunction.



[H2] Intrinsic neuropathy

Recent studies have explored the histopathological fesatunck expression of neurotransmitters
in the intrinsic mechanisms involved in gastric motor fiomc(Figure 2). Light microscopy
examination of full thickness gastric biopsies from 20 ptgiarnth idiopathic gastroparesis, 20
patients with diabetic gastroparesis, and 20 controlgithehls undergoing gastric bypass
surgery demonstrated no statistically significatitferences between diabetic and idiopathic
gastroparesis in nimaorphological endpoints; these were protein gene prd@&diexpressed in
the cytoplasm of neurons and serving as a marker of netigg, vasoactive intestinal peptide
(an inhibitory neurotransmitter), substancéaR excitatory neurotransmitter), tyrosine
hydroxylase (an enzyme expressed in adrenergic neupsainS100p (a marker of glia)
mast/stem cell growth factor receptor Kit (a cell suefatarker of ICC), CD45 (cell surface
marker of lymphocytic immune cells) and CD68 (a cell surfaaeker for monocytic immune
cellg, and smoothelin (a marker of smooth muscle relswever, there were reduced numbers
of inhibitory neurongxpressing neuronal nitric oxide synthase (nNNOS) in (atigih
gastroparesis, with decreased nNOS neurons in 40% of gatightidiopathic gastroparesis and
in 20% of patients with diabetic gastroparesis comparedntrol individuals The reduction in
NNOS-positive neurons may contribute to impaired gastric engpby reducing the
coordination of gastric peristalsis that is esserntigstablish trituration of solid food in the
gastric antrum¥* Some, but not all reports have shown reductions in nunolhé@Cs in the

body of the stomach of patients with both diabetic idiwpathic gastroparesis®s such a
reductionin ICCs would be expected to impair conduction of electac#lity through the
electrical syncytium and, therefore, interfere vatiordinated gastric electrical rhythms,
peristalsis, trituration and gastric emptying. Howeves dtill unclear whether damage to ICCs
or reductions in their number results in symptom geiwgratn contrast to patients with diabetic
gastroparesis, biopsies from patients with idiopathic gaatesis showed altered smooth muscle
cell contractile protein expression and loss of PDGFRa" cells without a significant change in the

numbersof ICCs46

[H3] Involvment of the immune system.



The reduction in or damage to ICCs in the stomach of gatients with gastroparesis was
associated with reduction in the numbers of anti-infle@tory M2 macrophages, which normally
express mannose receptor (CD206) and heme oxygenase-1 (HO1) diate well repaif® The
reduction in M2 macrophages reduces the protection of nessaé from the effects of

oxidative stress and inflammation, both of which are meishas involved in the
pathophysiology of diabetes mellittlsand may conceivably result in gastric intrinsic neural
dysfunction.

Studies have provided discordant information on immune iceli®psies; reduced
numbers of M2 macrophages in one stfidyut numbers comparable with healthy tissuein a
separate studif. These contradictory observations on M2 macrophagesoanplicated by the
fact that the function of the vagus nerve (which af@mmune cell function) was not tested in
relation to the histopathological findings, and vagal ngaittoy is associated with diabetic
gastroparesis. Indeed, efferent vagus signals activatthareby release noepinephrine from
splenic nerves, and the transmitter activates f2-adrenergic receptor (B2AR) expressed on T cells,
which activates T cells to release acetylcholine jAethich acts on the a7 nicotinic
acetylchline receptor (a7 nAChR) on macrophages and other immune cells. Ultimately, the
complete vagus stimulatgithway suppresses the release of pro-inflammatory cyto¥ines
Interestingly, another study found that counts of ICCswirersely correlated with 4-hour
gastric retention in patients with diabetic gastrogiaréhat is slower gastric emptying was
associated with higher numbers of ICC in the circoiascle per field), and myenteric immune
infiltrate was associated with overall clinical setyeeind nausea in patients with idiopathic
gastroparesi& The relationship between hyperglycemia, oxidative metabol8@s, and

gastric emptying is the subject of ongoing reseétch.

[H3] Heme oxygenase 1.

HO1 attenuates the overall production of reactive oxygen apdgigastric tissues obtained
from animal models (tested predominantly in non-obedsetimmice),loss ofHO1 leads to
increased oxidative stress, loss of Kit expression (implyieggminantly a loss of ICCs) and

decreased expressionmauronal nitric oxide synthase, and the development ayeelgastric



10

emptying. Expression of HO1 is low in the muscularis proprstahach under normal
conditions, whereas HOL1 is markgdpregulated in muscularis propria resident macrophages
after diabetes develops @monobese diabetic mouse motféThese observations led to the
hypothesis that when macrophages are not producing HO1 to i@ddagve stress (a frequent
consequence of diabetes, for example, in the causaftieeuropathy), the intrinsic mechanisms
that are responsible for normal motor function are dgeahalnterestingly, alterations in the
activity of HO1 that may result from variation in a gasontrolling its synthesis supports the
potential association of impaired HO1 function and developmiegastroparesis. For the
HMOX1 gene promoter, sequences containing longer polyGT repediswer transcriptional
activity than sequences with fewer repeat$ therefore, shorter polyGT repeat alleles result in
higher expression of HO1 protein. A recent study showedtigGT alleles in the HO1 gene
(HMOX1) are longesin patients with type 2 diabetes and gastroparesis, anddh®fars were
longer in patients with gastroparesis (idiopathic oretigp compared to control individuats.
However, in all the patient groups with gastroparesis studlide lengths were longer in
African Americanscompared to other ethnic groups, and the differences propertion of
African Americans in the groups may have accounted for sit $eeme of the differences
between patients with gastroparesis and control individliassstill unclear whether this genetic
variant is actually more prevalent in patients with iggestresis and how it might contribute to

dysfunction of the intrinsic mechanisms that impastga emptying.

[H3] PDGFRo" fibroblasts.

Recent insights suggest there may be abnormalitiPB@FRa" fibroblasts in patients with
gastroparesisThese fibroblasts were reduced in numhbegastric biopsy samples from patients
with idiopathic gastroparesis with increased numbef3#8" monocytes, but no change in the
numbers of ICCs in one stutfyBy contrast, a second study found tPBIGFRa fibroblast-like
cells were not altered in distribution or overall nunsbiaridiopathic or diabetic gastropare3is.
In summary, the underlying neuromuscular and neuroimmunbamins of gastroparesis are

currently unclear due to discordant study results, and furgisearch is required.
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[H2] Diabetic Gastropares's

Diabetic gastroparesis is multifactorial with contribas from hyperglycemia, extrinsic (vagal)
denervation, and intrinsic neural denervation (discuabede). In general, the mechanisms do
not appear to differ between type 1 and type 2 diabetes, prdieddyse gastroparesis tends to
occur years after diagnosis with diabetes mellitus &flyicn association with other features
such as neuropathy (Box &hd oxidative stress that occur in both type 1 and 2 @éisbet

[H3] Hyperglycemia.
The role of hyperglycemia in the pathophysiology of dimlgastroparesis is unclear. This has
been evaluated in epidemiological studies, in hunhashiess with experimental acute
hyperglycemiaand in natural history studies of diabetes control. &lieeepidemiological
evidence of associations of hyperglycemia with ugplesymptoms? and studies document
poor glycemic control in 36% of patients admittedtbospital in the U.S. for exacerbations of
diabetic gastroparesié Kidney and pancreas transplant probably have signifieameficial
impacts on gastric emptying and associated Gl symptoms, wiggests that control of
hyperglycemia may be beneficial for gastroparesis.

In human experiments that imposed acute hyperglyceypigatly 8mmol/L
(144mg/dL) (typically associated with glucose clamp stu@ireg/hich the blood glucose is
increased and maintained by infusion of glucose) thvere definite effects on gastric functions;
an inhibition of antral contractility and delaygdstric emptying during hyperglycemic clamp
compared to euglycemia, and a dose-dependent slowing of gasptiging with hyperglycemia
(even in the range observed postprandially) when compaabtgcemia. Similarly, clamping
blood glucose at 250mg/dL was associated with induction of gagtrbydhmias in healthy
human volunteer$®®®°This is in contrast to the effect of insulin-induced hypogiyia
(defined as blood glucose ~2.6 mmol/L) which markedly accekeigdastric emptying, possibly
through stimulation of vagal functiofhis acceleration of gastric emptying is likely to be
important in the counter-regulation of hypoglyceftia.

Natural history studies provide uncertain evidence ofdlaionship between glycemic
control and gastric emptying. In a study of 129 patients, Hiwlcnot a statistically significant
predictor of abnormal) gastric emptying of solids usingtgpgiaphy (discussed belowj.In

addition, long-term blood glucose levelshad no appareat@as®n with gastric emptying in

11
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type 2 diabete® By contrastin the DCCT/EDIC cohort comprising exclusively patients with
type 1 diabetes, gastroparesis was associated witlvedjatiorse glycemic control compared to
diabetic patients with better glycemic control asassd by HbAFE It is also uncertain whether
improving chronic hyperglycemia over a relatively short tegsults in a meaningful
improvement in gastric emptying. Improved glycemic contes, hitherto, been reported to not
be associated with any change in gastric emptying inmgatwth delayed gastric emptyimg

type 1 or type 2 diabeté&5® apart from one uncontrolled stutfyFurther studies are required to

appraise the relationship of long-term hyperglycemia andigashptying.

[H2] latrogenic and surgical gastroparesis

The most common surgical association with gastropaisesigh fundoplication and bariatric
procedures anthe most common iatrogenic associations are with pigpgonists and
hypoglycemic agents such as amylin analogs (for exampleJiptide) or glucagon-like
peptide-1 (GLP-L analogs or agonists (for example, liraglutide and ate®) but not
dipeptidyl peptidase IV inhibitors such as vildagliptin and sitaiglipthich increase GLP-1,
improves glycemia without delaying gastric emptyih@yledications used in the treatment of
Parkinsonism including levodopa and anticholinergic medinatmay also cause iatrogenic

gastroparesis.

[H3] Post-surgical gastroparesis.

Post-surgical gastroparesis is generally caused by to damagertbapment of the vagus nerve,
and this occurs most commonly with fundoplication ordiad surgical interventiongstruncal
vagotomy for peptic ulceration is now rarely performgithough laparoscopic sleeve
gastrectomy has been associated wairrant distal ectopic pacemaking in the human
stomackg, there was no evidence that this caused delay in gastpityig; in fact, the typical
effect of LSG is acceleration of gastric emptyffg.

Rarer forms of post-surgical gastroparesis result frdlroBh | and 1l gastrectomy (which are
rarely performed nowadays for treatment of peptic ulaamagometimes accompanied by
vagotomy, as well as partial esophagectomy for esophageedicor heart transplantation which

involve resection of the vagus nerve.

12
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[H3] Opioids.

Mu- Opioids such as codeine, oxycodone and morphine, havenataiogi@al effects
throughout thesl tract. They decrease gastric emptying and stimulateipytmre, inhibit
propulsion, increase the amplitude of non-propulsive segimEmiaactionsincrease fluid
absorption in the small and large intestiimerease anal sphincter tone, and impair reflex
relaxation of the anal sphincter in response to rec#ation’ At the cellular level, opioids
inhibit adenylate cylase and nerve terminat‘@hannels and activate’ Kkhannels, leading to an
inhibition of Ach release from enteric interneurons @urine/nitric oxide release from
inhibitory motor neuronét In the stomach, opioids stimulate pyloric sphincteetand phasic
pressure, and inhibit gastric motility such as antratreatility,”* "3 resulting in impaired gastric
emptying, postprandial nausea and early satfétany recent series of patients with
gastroparesis show relatively high prevalence of coneminiteatment with opioids and central
neuromodulator drugs, such as antidepressants (74-77).

The effects of opioids on gastroparesis are illustratedebyegbort from Temple University in
223 patients with gastroparesis: 70.9% not taking opioids, 9.9% tgkimigl®only as needed,
19.3% on chronic scheduled opioids for at least 1 monttieolatter group, 8.1% were on
opioids for gastroparesis and/or stomach pain. The patiargbronic scheduled
opioidscompared to non-opioid controls with gastroparesisiggér symptom severity, lower
employment rate, and higher rates of hospitalizatives 1 year, and worse outcomes with
treatment for gastroparesis with prokinetics agents andaalsctrical stimulatiori® " These
data have to be assessed in the context that highgtdiization rates and resource utilization

are common to chronic opioid users in general and are ropiaito those with gastroparesis.

[H2] Post-viral

Post-infectious dyspepsia has been described in thatliter but the evidence is rather weak as
it is based on presence of symptoms such as myalgia dueiggtite onset of symptoms rather
than serological or tissue demonstration of viralletyp. Gagroparesis has been rarely
associated with specific viral infections, for exampstein-Barr virus, norovirus, herpes virus
and cytomegalovirus usually in association with the devedspmof autonomic dysfunction such
as postural hypotension or abnormal sweating; this fdnost-viral gastroparesis in the setting

of dysautonomia has a poor prognostsviral illness preceding the onset of gastroparesis is

13
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generally associated with a good prognosis when patientslianged for ~1 yeaf8! The few
available literature reports do not provide dandhe typical time lag from virus infection to
development of gastroparesis, or whether there are antigenacquired factors that

predispose to the development of post-viral gastroparesis.

[H2] Other causes of gastroparesis

Gastric neuromuscular disorders may result from extrisnervation, intrinsic neuropathy,
disorders of pacemaker cells or of smooth mus&eooth muscle disorders (myopathic
disorders) may be infiltrative (for example, sclerodgyror degenerative (for example, hollow
visceral myopathy, amyloidosis, and rarely, mitochondriadggthy). Myopathic disorders are
invariably associated with a component of more generalizeiitsndisorder affecting other
regions of the gyfor example, small bowel, lower esophageal sphincter (laB8)sophagus.
Moreover, scleroderma is associated with systemicrfea such as CREST (calcinosis,
Raynauds, esophageal, sclerodactyly and telangiectasia) syedamd there may be external
ophthalmoplegia or skeletal muscle involvement in mitochial cytopathy. The degeneration
of smooth muscle cells and/or surrounding fibrosis is demned to be the mechanism underlying

the impairment of gastric emptying in these disorders.

[H1] Diagnosis, screening and prevention

In general, the severity of gastroparesis is assessi lolegree of nutritional impairment or
weight loss, or the degree of delay to gastric emptyingefample, the proportion of food
retained in the stomach at 4 hours), which will be immhbtethe method and meal used to
assess the overall function of the stomach. Sesgmptom severity scales also exist to assess

clinical signs and symptoms.

[H2] Clinical Signsand Symptoms

The clinical symptoms of gastroparesis include nauseaitimgirearly satiety, postprandial
fullness, bloating, belching and upper abdominal discomforttwiniay overlap with symptoms
observed in functional dyspepsia and accelerated gasnptying®?83Several symptom severity

scales exist, which are used as patient-reported symgsaasaments in gastroparesis, including
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the Gastroparesis Symptom Index (GCSI), which is baseldeotoimprehensive Patients
Assessment of Upper Gastrointestinal Disorders-Symptoms @SAGIP)*4, and the revised
GCSI-Daily Diary (GCSIPD).2° These scales have been used in clinical trials to agsess
effects of treatmerin clinical studies of gastroparesis. However, the scales hot been
utilized for assessment of symptoms in clinical prasticuch as deciding whether patients
should undergo diagnostic studies of diverse gastric furgtio

[H3] Clustered symptoms.

The cardinal symptonwf gastroparesis typically occur in combination, not asviddal
symptoms. In a cohort of 483 patients with type 1 and Zthsbmellitus, upper Gl symptoms
occurred in clusters, for example, pain with earlyesyatind heartburn; heartburn with bloating,
early satiety, nausea and vomiting; and regurgitation klitating, nausea and vomitiftyThe
symptomsof idiopathic and diabetic gastroparesis are simalinpugh vomiting and early
satiety are more frequent in diabetic gastroparesipaindis more frequent in idiopathic
gastroparesi&

[H3] Nausea and vomiting.

Nausea is a highly prevalent symptonpatients with gastroparesis, irrespective of aetiology,
and it is frequently associated with vomitiffg®> As mentioned above, vomiting occurs more
often in diabetic gastroparesis than in idiopathic gasiresis. However, in patients with
idiopathic gastroparesis from th#H Gastroparesis Cohort of 393 patieatevere delay in

gastric emptying was associated with more severe symptovosniting .1

[H3] Pain.

In the NIH Consortium Gastroparesis Cohort, the predorhsanptoms were pain and/or
discomfort in 21% of patients (in two-thirds of thesegats this pain was graded at moderate
or severe) and nausea and/or vomiting in 44% of patiehtspfiesence of pain was not
associated with the results of gastric emptying testjthrpresence of diabetic neuropathy or

control of diabete&’

[H3] Early satiety.
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Severe early satiety and postprandial fullness are conimiooth diabetic and idiopathic
gastroparesis, and severity is associated with theiseo€nther gastroparesis symptortizat
is, body weight, gastric emptying, and the volume of wdtat & patient is able to consume at a

constant rate in a water load tést.

[H3] Bloating.

Bloating is prevalent in patients with gastroparesis, ¥ of patients reporting mild
symptoms and 14% of patients reporting severe symptomsirigjcaverity relates to female
sex and heavier body masdddowever, gastric emptying did not correlate with bloating

severity!’

[H2] Diagnosis
Patients with postprandial upper abdominal symptoms suchusga, vomiting, postprandial
fullness, bloating and epigastric pain are candidategafstric motility tests. Patients must first
undergo an upper gastrointestinal endoscopy; if thigltestnot reveal a cause for the
symptoms, patients can begin motility and functional stigations The most relevant
functioral test isa measurement of gastric emptyirgastric emptying is best assessed with
scintigraph§®2° conducted over at least 3 hours; stable isotope breathisemsiso approved by
regulatory agencies; these tests are well validated, aadrdan healthy control individuals are
available (Figure 3). When results from tests of gastriptying are inconclusivearticularly in
patients with prominent postprandial fullness or esalyety, measurements of gastric
accommodation are also indicated. Impaired gastricracmmlation is diagnosed with validated
methods where available such as SPE@Rd MRIY? or with screening tests such as the
proximal stomach size on the gastric scintiscan (takemediately after radiolabeled meal
ingestion)®® or by a water load or nutrient drinkst&*

Table 1 shows some of the more widely used tests to measuré& gastility in

suspected gastroparesis.

[H3] Gastric emptying scintigraphy.
Gastric emptying scintigraphy @&functional test involving the ingestion of a solid meal

containing a radioisotope with short half-life, typica®Tc, and have been established from

16



17

multicenter studies in the United States, Canada, angEuusing Western style mealsually
scrambled eggd=(gure 3); it is important to assess the amount of food ingesteahwapplying
normal values, and therefore the meals need to bdfmiesnt calorie and fat content to serve as
a minor “stress test” for the stomach, but not so large as to be impossible to be consumed by
symptomatic patient€:°> Gastric emptying scintigraphy is relatively reproducible \gitod
concordance correlation coefficient (0.54~0.83) betweernréweated studie$.Although this
Western style meal has the advantage of good toleyaylithe majority of symptomatic
patients, it has some limitations. Fjréfestern style meals are not familiar to most Asian
patients. Therefore, some Asian centers have mddifie components of the test meal, instead
using rice-based meals composed of steamed rice, a mi@dwgg and water (267 kcal: 57%
carbohydrate; 23% fat and 19% protein), which coraaialorie and fat content that is
intermediate between the Eggbeaters meal (255kcal, 2%ntthe 2 scrambled egg meal
296kcal, 30% fat) typical of the Western style méf€to measure gastric emptying by
scintigraphy. Using this modified meal, the upper limits otrgasetention at 2 twrs and 4

hours post consumption ($5percentile) were 49.8% and 8.8%, respectffelyhich is similar

to values (60% at 2 hours; 10% at 4 hpotstained using theeggbeaters meal in consensus
guideline® Given the possible effects of glycemia on gastric emptying recommended that
blood glucose should be less than 10mmol/L or 180mg/dL iresten§ period before starting
the gastric emptying test.

Second, a few patients may not be able to tolerate didyfsod. Moreover, the low fat
and calorie content of the test meal may not adequestigastric motilityand may fail to
identify impaired gastric motor function in some patientseréfore, alternative test meals have
been proposed, suchasquid nutrient meal (Ensure Plus® meafhich hasavery similar
gastric emptying profile when comparedatsolid meal of comparable caloric content in healthy
participants, but these alternative test meals havi® Yt clinically validated in male or female
patients with gastropare¥isMoreover, the operational definition of gastroparesies on a
delay in emptying solid foods, and not liquids.

The timing of scintigraphy imaging after consumption ofdiaiabelled meal is also of
importance. For estimating solid phase gastric emptying, stedws that imaging up to 4 hours
after meal consumption detects more patients with ddlggstric emptying than imaging over

90 or 120 minute®® The time for 50% of the meal to emptyigfmay be calculated usiray

17



18

power exponential curve fitting, or more simply by linedeipolation, as solid foods empty
with a relatively linear pattern in the postlag phasat, hthe phase after trituration of solids has
been completed, and the solid phase of the meal &iaetspty linearly from the stomach. This
simplification with scans obtained hourly for up to 4 hoeduces costs and proesia relevant
parameter that appraises overall gastric emptying, suitte ggercentage of the meal emptied at
2, 3, and 4 hours after consumption; in addition, line@rpolation between the percentages
emptied at 1-4 hours allows estimation of gastric emptyaifjtime (Ti/2).1%°

[H3] Stable isotope breath test.

The gastric emptying breath test incorporates a ststlegde 1°C, in a substrate such as octanoic
acid or spiruluna platensis (blue-green algae) This nonirevasethod is easy to perform, with
similar cost to scintigraphy, and does not involve exposingmatto ionizing radiation;
therefore, these tests are possible to use in pregnargast-feeding women, and in children.
The principle underlying this test, which has been clinicadljdated asnalternative to gastric
emptying scintigraphy, is that the rate of gastric emptgirifpe :*C substrate incorporated in the
solid mealis reflected by breath excretiorti0,.°>1°* The test is conducted over a 4 hour
period after an 8h fast. Pre-meal breath samplesodlexted, patients eat a special test meal, and
after consuming the meal, additional breath sampypscélly every 30 minutes) are collected at
specified times. Thus, as the meal empties from theastionthe medium chain triglyceride
(octanoic acid) or the amino acids in spirulina (whichtains 50% 60% protein, 30% starch,
and 10% lipid rapidly undergo digestion, absorption, and metabolispraduce**CO, which is
exhaled in the breath. Since the rate limiting step offdliese processes is the rate of gastric
emptying, the cumulation 3fCO, in breath reflects the rate of gastric emptying. Conforsde
that may influence the test results are changes ingemdoaSCO;, excretion caused by physical
activity such as walking and malabsorption, pancreaticré® insufficiency, significant lung or

liver disease, or cardiac failurEigure 3).1%

[H3] Wireless motor capsule.
A wireless motor capsule (WMC) (SmartPl) has been approved by the U.S. FDA for the
evaluation of gastric emptying and colonic transit ingrdt with suspected slow transit

constipationOnce ingested, the WMC measures pH, temperature, and prissuighout the
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Gl tract!? The completion of gastric emptying is demonstrated gtanpt change in plto
alkaline range due to WMC passage into the duodenum. Gastriciegnpypy WWMC correlated
moderately with simultaneous gastric emptying of a lotwfaal measured by concurrent
scintigraphy:®* However, there was only 52.5% agreement with scintigr&rand further

validation in patients with gastroparesis is requi€d.

[H3] Gastroduodenal manometry.

Antroduodenal manometry is the intraluminal measurenmftiegoressure activity in the distal
stomach and duodenal loop during fasting and postprandially e€haeigue, which is conducted
at very few centers, can be used to assess gastric andthintestinal motility disturbances |
the postprandial period, a distal antral contractionspresof <40mmHg is suggestive af
myopathic disorder, and reduced frequency of normal amplitsti@l dintral contractions is
suggestive of myopathic or neuropathic dysfunétidointerestingly, manometry studies of 102
patients with gastroparesis showed abnormalities sugges$tezimgenic derangemeintthe
proximal small bowel, especially in patients with documentdalydd gastric emptyirt§’. These
data confirm earlier observations of small intestinablvement in the neuropathic process in
some patients who present with upper Gl symptoms suggestjasiwbparesit’®

At centers that perform antroduodenal manometry,itiaeniy of antral hypomotility and failure
to respond to prokinetics and anti-emetics would be an iolictor drainage of the stomach
with percutaneous endoscopic gastrostomy, support of nutniibrjejunal feeding and, if

unsuccessful in maintaining nutrition, institution ofdeterm total parenteral nutrition

[H2] Differential Diagnosis

The symptoms of gastroparesis are nonspecific and may fresualbther sensory or motor
disorders of the upper Gl tract, including impaired gastgomenodation. A study of 1287
patients with upper Gl symptoms enrolled at a tertiarg canter over ~10 years measured
gastric emptying by scintigraphy and gastric accommodatiorPiBCS, and found there were
approximately equal numbers of patients with either delggsttic emptying, or impaired
gastric accommodation, or a combination of both, oatisence of bothThus, getting the right

diagnosis for the patient’s upper Gl symptoms is an essential first step. Basedeooutinent
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definition, gastroparesis is undistinguishable from fioamal dyspepsia with delayed gastric
emptying Approximately 2535% of patients with dyspeptic symptoms are estimated to have
delayed gastric emptyingt’Functional dyspepsia is reviewed in another primer article.

Severe gastroparesis must be clinically differentiatech thronic intestinal pseudo-
obstruction (CIPO). The two pathological disorders &g acterized by similar clinical
manifestations, gastrointestinal motor abnormalities antesorm of underlying neuromuscular
disorder**1071%The main difference between patients with gastropaaesigpatients with CIPO
is that patients with CIPO have episodes resembling mezdianiestinal obstructiorCorrect
diagnosis is essential, as patients with CIPO arerinequently exposed to useless and
potentially dangerous surgical procedures.

Otherconditions to differentiate from gastroparesis are ruminaymdrome- 10111
cannabinoid hyperemesis syndrome (CH3xrd cyclic vomiting syndrome (CVS). Chronic
unexplained nausea and vomiting CUNV) or chronic nausea antingsyndrome (CNVS) are
identified as symptom subgroups of functional upper gaststing disorders with unknown

prevalence and overlap of symptoms with gastroparesis antidnal dyspepsfa

Patients with rumination syndrome may present withredfes, repetitive regurgitation,
chewing or sucking and re-swallowing or spitting of previously itegefood. The disorder is
not associated with nausea, but weight loss can occuuamndation can be mistaken for
vomiting. The diagnosis is primarily based on carefubinysaind clinical observation, and the
manifestations are similar in adults and adolescéhis®A recent review made a series of
recommendations regarding clinical management of ruroimatndrome: Clinicians strongly
should consider rumination syndrome in patients who repmsistent postprandial
regurgitation.: The presence of nocturnal regurgitatigaplkagia, nausea, or symptoms
occurring in the absence of meals does not exclude ruminatimrome, but makes it less
likely. Diaphragmatic breathing with or without biofeedbagk/én by speech therapists,
psychologists, gastroenterologists, and other health tiwaetis) is the fit-line therapy in all
cases of rumination syndrome. Obijective testing for runoinatyndrome with postprandial
high-resolution esophageal impedance manometry can deaisapport the diagnosis, but

expertise and lack of standardized protocols are curremations®.
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Both CHS and CVS are characterized by recurrent episodeseresnausea and
vomiting, often associated with abdominal pain, in theeace of any underlying recognizable
cause other than the use of cannabis in CHS. The maicatiieature that distinguissCHS
and CVS from gastroparesis is that both disorders arectberad by a substantial absence of
symptoms between episodes. Deldgastric emptying is strongly associated with vomitittg,
and has been reported in patients with E&By contrast, normal or even accelerated gastric
emptying is considered to represent a supportive critésiotie diagnosis of CVSL’ Notably,
compulsive hot bathing or showering behavior is a clinieaiure that has been traditionally
considered of diagnostic value for CHS put this behaviour may also be present in patients
with CVS!*® and helps to distinguish both conditions from gastrosi@BlS can be
distinguished from CVS if there is resolution of nauseavamaiting episodes following
cessation of cannabis uggommon and uncommon causes of nausea and voraindiscussed

in detail elsewher&!?

[H2]Prevention

There are few known preventive strategies specific to gasesipaThe enhanced, long term
control of hyperglycemia in patients with diabetes melitan prevent the occurrence of
diabetic neuropathy. In addition, the risk of post-saigiastroparesis can be improved by
pyloroplasty, which is an incision of the pyloric regithat increases the diameter of the
gastroduodenal junction and removes any impediment to ftoenhance gastric emptying in
patients undergoing gastric surgery. Finally, choice of na¢idic may help to prevent iatrogenic
gastroparesis (for example, opioid associated gastragdbgshe use of alternative drugs that

achieve the same effect.

[H1] Management

Management of gastroparesis involves correcting fluattedlyte, and nutritional deficiencies;
identifying and treating the cause of delayed gastric emptfangexample, diabetes mellitus);

and suppressing or eliminating symptoihherapeutic strategies rely on dietary modification,
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medications that stimulate gastric motor activity, anéiBcndrug therapy and non-
pharmacological measures such as endoscopic or surg@akintion or gastric electrical
stimulation Here we focus on a general treatment strategy thas&dlan the severity of the

objective gastric retention at 4 hours (managememwiswed in detail in ref. 119l able 2).

[H2] Dietary Modifications

Dietary modifications represent the first line oftireent for gastroparesis and are generally used
for all patients, regardless of disease sevedtgl intake is preferable for nutrition and
hydration in patients with gastropare#s.patients often have early satiety, they are
recommended to eat small meals and to avoid foods higlh anfl indigestible fibres, because
these delay gastric emptyifg’ When small meals are eaten as part of the gastropdietsis
more frequent meals, such as three meals per day plaeks, are often needed to maintain
caloric intake. Patients are advised to consume liquidsasisoupsasthe gastric emptying of
caloric liquids or homogenized solids is often presemgzhtients with gastroparesis, who can
tolerate smaller sizes of such meals ingested more frdguather than large meals three times
per day. Importantly, a high-fat digtith solid meals increases the severity and frequency of
symptoms among patients with gastropar&8iby contrast, a small particle size diet reduces
upperGl symptoms (nausea, vomiting, bloating, postprandial fullrregsirgitation and

heartburn) in patients with diabetic gastropar&sis.

[H2] Pharmacology
If a gastroparesis-suitable diet fails to manage symptpatgents may be treated medically with
pharmacological agents including prokinetic and antienmegidications. The clinical efficacy of
pharmacological agents for symptoms of nausea and vgniitiquestionable, based on analysis
of data of 425 patient$? Gastric prokinetic medications increase the rate qiiamde of
stomach contractions and, thus, increase the ratestfcgamptying. Medications currently
approved (though not in all countries) include metocloprantidemperidone, and
erythromycin??3

Metoclopramide (a $4T4 agonist,5HT3z and dopamine Pantagonist), has both
prokinetic and antiemetic actions; however, it can chose acute and chronic CNS side effects

in some patients, including depression, anxiety, trematdadive dyskinesia (which may be
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reversible or irreversible, and may be less prevalemt 1 in 100624 in contrast to the
estimated 110% risk previously suggested in a guidefifin the United States
metoclopramide is approved for diabetic gastroparesis ftw (g weeks duration. A nasal spray
formulation of metoclopramide in gastroparesis has astnated efficacy in females, not in
male patient$2®

Another dopamine receptor antagonist, domperidone, exh#utsic prokinetic as well
asantiemetic properties via action on the area postresma&h is the vomiting center present in
the brainstemDomperidone does not readily cross the bidwedin barrier; therefore, this drug is
much less likely to cause extrapyramidal side effectsnietoclopramide. However,
domperidone (like the macrolide erythromycin, which salsed as a prokinetis)associated
with prolongation of the cardiac QTc intervBlomperidone is not currently approved in the
United States, but is available in many other countri€unope and Asia. Oral erythromycin, a
pure prokinetic agent that acts on motilin receptors, prodalc@ghprovement in symptoms in
43% of patient$?” however, a third of patients experience loss of thg term efficacy of
erythromycin (mean 11 months’ follow up)*?® due to tachyphylaxi&°Erythromycin is not
approved for the treatment of gastroparesis in any coanttys used off-label, typically for a
short periodf less than a month.

Some patients with post-surgical gastroparesis or diagasiroparesis may have
impaired gastric accommodation in addition to impaired gastniotyingC. In such patients,
erythromycin is contra-indicated as it reduces gastgommodation, and the BT 14 agonist,
Buspirone, is prescribed to enhance gastric accommodatiaelane symptoms, though this

recommendation is based on relatively small clinical t#

[H3] New prokinetic drugs

Several promising new prokinetic agents are in the pip&dinthe treatment of gastroparesis.
Relamorelin is a ghrelin receptor agonist that stimulgéssric body and antral contractions,
accelerates gastric emptying, and has been shown in pAssed|l B clinical studies to

increase gastric emptying of solids and reduce the symptbgadroparesis, particularly nausea,
fullness, bloating and pafi?***Relamorelin is currently being tested in phisérials which
should also provide information on the optimal subcutasemse of this treatment. In addition,

prucalopridea 5HT4 receptor agonist without cardiac adverse effects, ioa&pdrin most
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countries, other than the United States, for the tredtoferironic constipation. The drug
accelerates gastric emptying and was shown in a prelimiapoyt to relieve symptoms in 28
patients with idiopathic gastroparesi$.

[H3] New drugs for impaired gastric accommodation

Acotiamide has fundus-relaxing and prokinetic properties owitige@bility of this drug to
antagonize the inhibitory muscarinic type 1 and type 2 awpters on cholinergic nerve
endings and to inhibit acetylcholinesterase. The drug enbi@astric accommodation and
emptyind?® and relieves dyspeptic symptohi8and it is approved in Japan for treatment of
functional dyspepsidiowever, there are currently no registered trials wititiamide in

gastroparesis.

[H3] Approved Drugs Used Off Lahel
Several drugs that are approved for other conditions adebys@inicians ‘off-label’ to treat the
symptoms of gastroparesis. Although not proven efficacivasrandomized, controlled trial in
patients with gastroparesi¥, nortriptyline @tricyclic antidepressant) is used for relief of pain.
In a study conducted in patients with functional dyspepsiatriptyline (a tricyclic
antidepressant as well as a muscarinic receptor antagomisvied symptoms in patients with
dyspeptic symptoms who did not have delayed gastric engp#yiand it modestly improved
sleep quality:3°

Mirtazapine, an antidepressant with central adrenargicserotonergic activity with
direct anti-emetic activity possibly related td43= antagonist activity° provides symptom
relief for patients with functional dyspepsia and weigks a condition with substantial overlap
with gastroparesis. However, mirtazapine is not actuallycaeplr for treatment of functional
dyspepsia. Encouragingly, an open-label gtofdmirtazapine in patients with gastroparesis was
associated with improvements in nausea, vomiting, regcind loss of appetifé! Another drug
that is used off-label to treat upper gastrointestinal sympiofosictional dyspepsia is
buspirone, an anxiolytic medication andi31a agonist, which is used to treat anxiety; it
enhances gastric accommodation and reduces postprandial syiptaatients with functional
dyspepsid3! Last, aprepitant, a neurokinin antagonist approved for usbddreatment of

chemotherapy-induced emesis, was efficacious in thertesdtof nausea in some patients with
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gastroparesis and related disordéfdt does not alter gastric emptying, but increases fastidg a

postprandial gastric volumé#

[H2] Pyloric Intervention

As mentioned above, delayed gastric emptying in gastropasesssociated with antral
hypomotility and, in some patients, with pyloric sphinagsfunction in the form of
pylorospasm; it is important to note that this interventsomot performed for pyloric stenosi¥.
Botulinum toxin blocks the exocytosis of acetylcholineholmergic nerve endings, thereby
blocking the increased tone or spasm of the pyloric sphirstenpen-label study using intra-
pyloric botulinum type A (Botox) injection in 179 patientglwgastroparesis was associated
with a decrease in gastroparesis symptoms-4nionths in 92 patients (51.4%). An improved
response was observed in those who received a highernmés®ales, in those aged <50 years,
and in patients without diabetes mellitus or post-surgiaatroparesi&*® Two double-blind
studies showed an improvement in gastric emptying, but &siraduction in severity of
symptoms compared to placelf§14’Botulinum toxin injections do not result in sustained
improvement in the symptoms of gastroparesis, but maygedemporary relief, lasting on
average 3 months. Further studies are necessary to wattheogpecific patients who may most
benefit from the use of this treatment; it is alslh whclear whether a positive clinical response
to botulinum toxin injection is valid for selecting patierds finore permanent interventions of
the pylorus, which are discussed next.

Pyloroplasty (to widen the pylorus and prevent spasm ) orgaylyotomy (an incision in
the wall of the pylorus by endoscopic interventionemefd to as peroral pyloroplasty or gastric
POEM [per-oral endoscopic myotomy]) performed surgicallgratoscopically (Table 3), are
procedures being offered to patients who are refractory to mda&ments, including
pharmacological approaches. The literature currently doeprovide insight on the proportion
of patients who are refractory to other treatments andrgodpyloric interventions. The basic
rationale for this approach is the observation of pypasm in an unknown proportion of
patientswith gastroparesis, particularly diabetic gasimesist** However, it is unclear whether
factors such as the presence of concomitant antrahmytildy, or differences in compliance or
“elasticity” of the pyloric area (for example as a result of scarring) impact thie&ély of pyloric

interventions. Reports from open-label, single-cesiiedies have been promising, as shown in
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Table 314¢1%¢ Clearly, controlled studies are required to assess tica®ffof pyloric
interventions. Meanwhile, the algorithmHingure 4, has been propostxdhelp guide the
selection of patients for pyloric interventions, usingasurement of pyloric sphincter
abnormalities (Endoflip®; Endoluminal Functional Lumen IinggProbe) or the symptomatic
response to pyloric botox injectioh$.However, it is important to note that Endoflip measures
stiffness or compliance at the pylorus rather thavactntractions or sphincter tone, and it is
as yet unproven whether the response to intra-pylorictiafeof botulinum toxin is sufficient to

predict efficacy of pyloromyotomy.

[H2] Gadtric Electrical Stimulation

Gastric contractility depends on the underlying basal etatitiythm, which is relayed through
the gastric pacemaker cells. Therefore, a novel metirogkltroparesis has been considered;
that as in the heart, an artificial pacemaker migptuwea the electrical rhythm of the stomach

and drive the contractile frequency. Unfortunately, @éhsras yet no clinical device that has been
able to entrain the basal electrical rhythm of the hustamach, although this has been achieved
in experimental animal models, and therefore it has ebgen possible to test a pacemaker
system in the stomach with the same objective asatifatved in the heart.

Gastric electrial stimulation was originally developed to enhance gastric engpty
however, the technique has evolved to become a high freqegmzpation that appears to
interfere with sensory transduction to the brain and firovides a treatment for refractory
symptoms in gastroparesis. Based on the initial studé&dhave shown an improvement in
symptons, particularly in patients with diabetic gastroparesis,ghstric electric neurostimulator
was granted approval from the FDA under the Humanitarian Bé&xemption, for the
treatment of chronic intractable (drug refractory) nauseilavamiting secondary to gastroparesis
of diabetic or idiopathic aetiology in patients aged7lByears. In 151 patients with refractory
gastroparesis treated at a single center, gastricielstitnulation at least moderately improved
symptoms in 43%°’ The response in patients with diatsateellitus was better than in patients
with gastroparesis from other aetiologiBatients with symptoms of nausea, loss of appetite, and
early satiety were the best resparsd@lthough there are a number of open-label studies
suggesting the efficacy of gastric electrical stimulaiiotreatment of gastroparesis, particularly

diabetic gastroparesis, two systematic reviews and nmatigszs exist, which recommend
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caution in recommending gastric electrical stimulaboiside of research studies. This
recommendation is made on the basis of insufficiffitiaey of gastric electrical stimulatian
the few controlled trials comparingtimulation switched off versus‘stimulation on” gastric
electrical stimulation treatment as well as symptom s=goa to the mean, that is the natural
tendency for symptoms to improve from the high level atitne of initiation of treatment to a

later time, while the patient was receiving stimulatoatirent?®-%

[H2] Diabetes and gastroparesis
The rate of gastric emptying has a major impact on lffeemic response to carbohydrate-
containing meals in healthy individuals and in patients digbetes mellitus, particularig the
initial postprandial incremerit.Notably, the delayed gastric emptying that characterizes
gastroparesis in patients with diabetes mellitus cawtatie postprandial blood glucose
response. Furthermorggstprandial glycemic excursions make a major contribution to ‘overall’
glycemic control as assessedHilyAlc. Therefore, impaired postprandial glycemic control
represents an important target for management in pathtsliabetic gastroparesis. In patients
treated with insulin, delayed gastric emptying may reswtrnmsmatch of the timing of
exogenous, preprandial insulin and the actual delivery ofemtsi including carbohydrates,
from the stomach to the small intestine. In a studgliriig 11 patients with type 1 diabetes
mellitus, less insulin was required to be administered téubgatients with gastroparesis
(compared to the 6 patients without gastroparesis) to achigygcemia during the first 120
minutes after a meal, and more insulin was needed by thetgsatigh gastroparesis between
180-240 minutes®® Furthermore, delayed gastric emptying in patients witke ty diabetes
mellitus has recently been reported to be associatecawittverall increase in blood glucose
during the day, which may reflect the discordance betweetirhing of the preprandial insulin
and the later absorption of food due to delayed gastric emgpgfy

Patients with diabetic gastroparesis frequently exhibitdalood glucose with periods
of marked hyperglycemia and frequent hypoglycemia, partigyter$tprandially. No long-term
studies exist that document the benefit of naamibg optimal glycemia in patients with dialwet
gastroparesidsT herefore, the recommendation to strive for near nohitoald glucose levels in
patients with diabét gastroparesis derives mainly from studies conducted ithiyeadluntees

and in patients with diabetes mellitus showing that gleadamping at high levels of glycemia
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results in delayed gastric emptyihfjlevertheless, optimizing glycemic control can also be
beneficial in gastroparesis, as shown in a recenticanter pilot study, in which continuous
subcutaneous insulin infusion with insulin pump therapy, wathitinuous glucose monitoring,
reduced hyperglycemia ahtbAlc levels in patients with diabetic gastroparé¥ifatients also
showed associated improvements in gastroparesis symptahs tolerance of nutrients, which
were maintained for the 24-week phase of intensive momg@md therapy.

[H1] Quality of Life

Quiality of life (QOL) in patients with gastroparesis is iiinpd compared with the general
populationt®! and to a level that is similar to patients with other oliranedical and
psychological disorder$? In one large study of 335 patients with gastroparesis ctedlircthe
United Stateshe average impairment of disease-spe€iigL, measured using the Patient
Assessment of Upper Gastrointestinal Disorders Quality ef(HAGI-QOL) questionnaire, was
moderate’.’

The degree of impairment QOL relates to the duration and severity of symptéihs.
The cardinal symptoms of gastroparesis are nausea amtingd In one study, nausea appeared
to be ofa similar severity in patients with either idiopathic oalsktic gastroparesis, and
increasing severity of nauseas associated with impaired quality of life on the PATEM_.164
These results have been replicated in another $eumly, in this patient cohort vomiting was
more severe among those with diabetic gastropares@nasared to idiopathic gastroparegia
increasing severity of vomiting, irrespective of gastreparetiology, correlated negatively with
both disease-specific quality of life, according to the PAGILQ&nd generic quality of life,
using the short-form 36 (SF-36).

Bloating and upper abdominal pain or discomfort also imQeat. Greater severity of
bloating was associated with progressive impairmentsaede-specific quality of life on the
PAGI-QOL, and physical and mental components of the SE-8@reover, greater severity of
upper abdominal pain and discomfort was also associatedtatiktically significantly higher
levels of impairment on the PAGI-QOL and the SF23B another study, there was a negative
correlation between abdominal pain severity and QOL,Haretwas no correlation between pain

severity and gastric emptyirté
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A greater degree of impairment @OL has been reported imnwhite patients in the
United States®® although diabetic gastroparesis was statistically sgriflymore common in
nonrwhite patients in this study. Many patients with gastregiarhave co-existent mood
disorders*®3or may take drugs for pain reliefthat have deleteriousiplygscal and
psychological effects, such as opiat&but the impact of these factors @QOL is unclear. The
presence of a chronic long-term health condition andsB perceptions in patients with
gastroparesis appear to negatively influence both psycbaldwalth and@QOL.%’

Evidence for any beneficial effeat$ the available treatments for gastroparesis on QOL
is limited. In a randomized, controlled triad a small particle size diet in patients with diabeti
gastroparesis, although symptoms improved, there was noviempemt inQOL.12! Moreover,
there is very little evidence for a positive impactrafst pharmacological therapies, including
nortriptyline 1*” aprepitant*? relamorelint®2133or revexepridé®® In one randomized controlled
trial, domperidone appeared to imprd@®L, but only among those who responded to the
drugl6! Gastric electrical stimulation and per-oral endoscpgioromyotomy have
demonstrated beneficial effects, but only in uncontraitediest®17°

[H1] Outlook
This section looks into the foreseeable future with ogimias there are important advances in

gastroparesis on the horizon.

[H2] Improved diagnosis

New techniques are becoming available that can be applinddastigate or diagnose motor
dysfunctions in gastroparesis, however these techniqgasedurther study and validation.
This includes clarifying the diagnostic roles of the Wikl of the measurement of pyloric
sphinter abnormalities using Endoflip in the identificatibgastric hypomotility and abnormal
pyloric compliance respectively. Moreover, the rolgathological diagnosis needs to be
defined. Several studies have demonstrated the feasdfilitytaining adequate biopsy samples
of the neuromuscular layers of the stomach to intetedfp@ cause of gastroparesis. For
example, recent studies suggested that a novel endosaagaiterbiopsy technique of

stomach’* and duodenut¥? appeared to be technically feasible, reproducible and safedim o
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enough proper muscle tissue to evaluate the pathologiocas stitthe enteric nervous system.
Technical details that are missing before these biopaieée recommended for clinical
diagnosis include clear definitions of normal valuesinoiging the site(s) of biopsy of gastric
muscle layer for optimal diagnostic information, aodrelation between histological findings
and treatment outcomes to inform clinicians on the optireatment to be prescribed based on

the histopathological findings.

[H2] Management of hyperglycemia

In patients with diabetic gastroparesis, hyperglycenatishassociated withmismatch

between the emptying of nutrients and preprandial insulinrasiration should be proactively
managed. Increasingly, it is recommended that managerhbath type 1 and type 2 diabetes
mellitusshould be ‘personalized’, that is, targeted towards individual patient characteristiose
of the phenotypic variants that impacts glycemic cdrgrgastric emptying. It is conceivable
that, in the future, gastric emptying will be measured more ‘routinely’ to optimize preprandial
insulin dosing. The availability of a validated gastric emptyireath test that is standardized
and allows measurement at the point of care suggests thainsasurements are feasible. An
additional benefit of such a management strategy isahg identification of gastroparesis, thus

providing an earlier opportunity for treatment.

[H2] Personalized therapy

In patients with gastroparesis, individualized treatment Ineaindicated for patients with
specific pathophysiological features, for example, thersty of gastric emptying delay, antral
hypomotility, pylorospasm, reduced accommodation and sxtrimgal denervation. For all of
these features (other than antropyloric motility), éhere noninvasive tests to assess gastric
emptying, gastric electrical rhythm and gastric accommouwlatial, therefore, such a strategy
could be implementedHowever, clinical trials conducted to date have not suffigrentl
characterized the pathophysiology to inform practitionershe individualization of treatment.

This should be a goal for research in the future.

[H2] New pharmacological agents and interventions
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A requirement exists for new pharmacological agentsatteavalidated for the treatment of
gastroparesis. New pharmacologic agents such as relam@reicalopride and aprepitant are
promising and require further validation in robust pHéselinical trials. Meanwhile, off-label
use of approved medications anchors current managemaahdition to dietary interventions.
These approved medications also require validation ircalitrials to establish that they are
indeed effective for the treatment of gastroparesis.

Similarly, pyloric interventions, including endoscopicqrgplasty, require further validation
hopefully with sham controlled trials.

We believe that the psychometric validation, reliabgityl responsiveness to treatment
demonstrated by the ANMS-daily diary as a patient resporiseroa should lead to greater
opportunities for novel pharmacological and device treatsito be developed for gastroparesis.
The significant unmet clinical need of patients with ggsresis should galvanize the efforts of
all to relieve their suffering.
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Display items

Box 1: Causes of gastroparesis?

Idiopathic

Diabetes mellitus- type 1 and type 2

Post-surgical (fundoplication, vagotomy)

Medications (opioids, antibiotics, antiarrhythmics, amieulsants

Neurologic disorders (Parkinsons disease, amyloidosssuignomia)

Post-Viral infection (norovirus, Epstein Barr virus, ayiegalovirus, herpes virus
Connective tissue disorders (scleroderma, systemic lugtieeatosus)

Renal insufficiency

®Data are from ref. 119, Lacy B, Parkman H, Camilleri®vh. J. Gastroenterol13, 647-659
(2018).
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Box 2: Diabetic autonomic neuropathy and Treatment-induced Neuropathy of Diabetes

Diabetic autonomic neuropathy (DAN) is a serious complication of diabetes mellitusetyp
and 2, which usually occuessymmetric peripheral polyneuropathy. The vast majority AN

is chronic and develops after >10 years of diabetestoglkspecially in patients with poorly
controlled disease. At the time of presentation witstrggaresis, patients may have symptoms
consistent with non-GI autonomic neuropathy, such as abheweating, orthostatic
hypotension, pupillary or bladder abnormaliti&sln DAN, there is a gradual attrition of
unmyelinated fibre function manifestiag a reduction in heart rate variation (e.g. in resgptms
deep breathing) and in sweat volume (due to peripheral nesfiendyion)!’# The major risk
factor is severity and duration of hyperglycemia in pasiavith type 1 and 2 diabet&<.Other
risk factors are hypertension, smoking, age and dyslipid&€/ii&. The pathogenesis of DAN
involves the complex interplay of metabolic, vasc(lath macrovascular and microvascular)
and hormonal factors.

Screening for DAN starts with clinical evaluation (sympsoand signs of postural
dizziness, abnormal sweating, and associated numbnessraedtpasiae in the hands and feet),
documentation of the lack of sinus arrhythmia on a 12-lesxtrecardiograii® or Holter
(prolonged ambulatory) monitoring, and ultimately conductimgoae comprehensive autonomic
reflex screen and computing a composite autonomic scodesasbed elsewherfé? DAN can
develop acutely or subacutely and have features of bothergit and adrenergic autonomic
failure, sometimes associated with autoimmune antiboghynsg'e°

Treatment-induced neuropathy of diabetes (TIND) occurs in the setting of initially
high HbA1c followed by a rapid reduction in HbAlc (glycosylated dglobin) by at least 2%
within 3 month$®! in either type 1 or 2 diabetes . It is characterized hyfplasensorimotor
neuropathy with disproportionate involvement of small fiberanifesting as pain and
dysautonomia, including gastropare$fs®it has been proposed that of TIND results from
hypoxic nerve damage, with unusual susceptibility to an abrdpttien in endoneurial glucose.
Unmyelinated fibers would be unduly susceptibling to a large surface area to size ratio

relative to myelinated fiber$?
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Figure 1: M echanisms of gastric accommodation and emptying

The stomach receives extrinsic excitatory innervatiomftiee vagus nerve, which induces antral
contractility predominantly through cholinergic mechanisgastric accommodation is induced
through inhibitory nitrergicnerves. The extrinsic nerv@sriact with intrinsic excitatory
pathways, and electrical connectivity to smooth muscle efacilitated by interstitial cells
which causes the tunica muscularis (smooth muscle) to éetsaa multicellular electrical
syncytium.. The interstitial cells of Cajal (ICC) aR®GFRu-positive cells in the smooth muscle
layer are regarded as the pacemakers that convey gionutam extrinsic vagal fibers and

intrinsic enteric nerves to stimulate the smooth nausells.

Figure 2: Histological changesin gastroparesis

(CM=circular muscle, LM = longitudinal muscle, MP= myenc plexus) Examples of

abnormal histological findings in patients with gastrepa:.areduced number of neuronal nitric
oxide synthase (nNNOS) neurons (examples indicated by afirogastric biopsy samples from
patients with idiopathic and diabetic gastroparesis coadpiar control individuals (upper panel).
The appearance ®DGFRa" cells and ICCs in human stomach (ICCs stained far (§teen)

and PDGFRo+-fibroblast-like cells (red) in gastric tissue from a pattiith idiopathic
gastroparesis (left lower pari@raph illustrates the loss BDGFRa" cells in idiopathic
gastroparesis (right lower panel) Reproduced from ref. 44 Gid\edral, Gastroenterology
2011;140: 1575-85;; and ref. 46 Herring etNdurogastroenterol Motil. 2018
Apr;30(4):€13230.)

Figure 3: Diagnosis of delayed gastric emptying in gastroparesis

A. SCINTIGRAPHY:: Gastric emptying in a patient with type 1 diahetesasured by
scintigraphy after consumption of a solid meal containaatjodlabelled food. A region of interest
drawn around the isotope residing in the human stomach psofeidaccurate measurement of
gastric emptying. Radiolabelled food is still visible in stemach by scintigraphy after 4 hours,
which demonstrates delayed gastric emptying

B. BREATH TEST Upper panel shows the method of collectingeqmiratory air in a glass vial
and submitting to a centralized laboratory for measuremed€ak by isotope ratio mass
spectrometry. Lower panel shows the level of accuraatyis achieved with gastric emptying
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breath test [GEBT] compared to simultaneous scintigraphgunements of gastric emptying of
the same meal under control conditions, or pharmgazlbstimulation or inhibition of gastric
emptying. Thus, there is good correlation between scintigrapd breath test methods of
assessing gastric emptying, and GEBT provides an accurasenmaeent of gastric emptying in
humans using validated mathematical analyses. Reproducedeftat83 Shin et al CGH
201311:1453-1459 and ref. 184 Viramontes et al Neurogastro & Motility 13:5672604,

Figure 4. Proposed algorithm for treatment refractory gastroparess (reproduced from ref.
119 Lacy BE, Parkman HP, Camilleri M. Chronic nausea and \mognievaluation and
treatment. Am J Gastroenterol 2018;113:647-6%9hen patients with gastroparesis have
responded poorly to pharmacological and dietary intervesitibvey are considered for pyloric
interventions. At centers that perform antroduoderaiametry, the finding of antral
hypomotility would be an indication for drainage of thensagh with percutaneous endoscopic
gastrostomy, jejunal feeding and if unsuccessful in raaiimg nutrition, total parenteral
nutrition. If antropyloric EndoFLIP demonstrates narmyloric diameter or poor compliance,
the patient may be a candidate for pyloric intervemtlésuch tests are not performed, a
successful therapeutic trial of pyloric botulinum toxijeation (as observed in a 179 patient
open label trial [see reference 145]) may provide rakofaa pyloric intervention though this

still requires validation.
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Table 1. Testsfor gastric emptying in suspected gastroparesis

53

Test Strengths Limitations References
Scintigraphy e Well-validated e Western style meal | 76,96-98
with solid meal e Reproducible type is not familiar to
Asian.
e Solid meal is not
tolerable in some
patients
Stable isotope e Easy to perform e Easily influenced by | 101,102
breath test e No risk of radiation physical activity
exposure
Wireless motorl e Provides informatior; e Test is not yet 104,105
capsules on transit through validated for use in
small bowel and patients with
colon suspected
gastroparesis
Table 2: Treatment strategiesfor patientswith gastroparesis
Management strategies | Mild gastroparesis (10—~ | Moderate gastroparesis | Severe gastroparesis
15% 4h gastric (15-35% 4h gastric (>35% 4h gastric
retention) retention) retention)

Genera measures

Review and eliminate medications inhibiting motility,

patients with diabetes.

opitie glycemic control in

Diet

e Small, frequent

meals

e Low fat, low
fibre diet

e Small particle
diet when

symptomatic

e Small, frequent

meals

e Low fat, low
fibre diet

e Small particle
diet when

symptomatic

e Blenderized diet

¢ Routine use of
liquid nutriend
supplements

Nutritional support

e Rarely needed

e Caloric liquids

e Orally (PO

e Rarely requires
nutrition by PEJ
[percutaneous

e Caloric liquids

e PO

e May require
nutrition by PEJ
tube
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endoscopic
jejunal feeding
tube

Phar macological:

Metoclopramide

Metoclopramide

Metoclopramide

prokinetic OR
Domperidone
Erythromycin
Prucalopride

Phar macological: Promethazine OR Promethazine OF Ondansetron

antiemetic Prochlorperazine Prochlorperazine Aprepitant OR

Ondansetron Mirtazapine

Phar macological: Not needed Not needed Nortriptyline

symptom modulators

Non-phar macol ogical Not needed Not needed Gastrostomy tube

decompression
Laparoscopic ang
endoscopic
interventions

Table 2 is based on data originally presented in ref. 119, B&, Parkman HP, Camilleri M.

Chronic nausea and vomiting: evaluation and treatment. Gasfroenterol 2018;113:647-659 .
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Table 3. Pyloric interventionsfor gastroparess

Reference, Institution ‘ I ntervention ‘ GadtroparesisPatients | Complications Symptoms Gastric emptying
Schlomovitz et at*® POP = 7 females = Intra-operative :none | = Mean follow-upof 6.5 months: = In 5 patients:
at The Oregon Clinic, » 6 = Mean Age: 51y, = Late: 1 bleeding o Improved or resolveih: 6 patients - mean GE t1/2: pre: 124 min,
Portland, OR, USA Iapa_lroscopy- range 33 65y ) L . . .
assisted « Gastroparesis Type: pyloric ulcer 2 weeks| o Significant improvement in Nausea | post: 58 min (p = 0.018)
* 1 endoscopiq o 5 Idiopathic post surgery (p=0.01) - residual activity at 4 hr:
o 2 Post-surgical o Significant improvement in Epigastric| pre:21%, post:4%, (p = 0.097)

burning (p=0.029)

o No significant improvement in
Vomiting, Early Satiety, Post-prandial
fullness, Epigastric pain

Khashab et &f*® G-POEM = 30 patients with * Immediate: 1 = Median follow-up of 6 months * Inn=17 at 98 days
Int(.a\rnational mul.ticen.ter refractory - capnoperitoneum (IOR, 7-11) (IOR, 81-105):
(2inthe U.S., 2 in Asia, gastroparesis hati co2 Reduced ith ab N lized-47%
1in South America) . Age: 4713y (that is some educed symptoms with absenc ormalized:47%
= Sex: 17 females retained in the of recurrent hospitalizations: = Improved: 35%
= Gastroparesis Type: | apdomen following 26/30 o Average
o 11 Diabetic ) . . ]
o 12 Post-surgical laparoscopy) and 1 Symptoms at 6 months: nausea,| retention of solid meal at 4h: 17 |
o 7 Idiopathic prepyloric ulcer 47% resolved, 50% improved, 3 16%

not improved; vomiting: 53%
resolved, 10 % improved, 33%
not improved; abdominal Pain:
53% resolved, 20% improved,
23% unchanged, 3% worse
weight: 57% gain, 37% stable,
7% continued weight loss

Rodriguez et al®° POP = 47 with gastroparesis = Noreported | = Follow-Up: =  Average retention of

at Cleveland Clinic, e (Prior = Age:43.7+ 14.8y complications| o 30-day (n=42) solid at 4 h:

Clevaland, OH, USA Procedures: = Sex: 37 Females , ]
o Enteral « BMI- o 90-day (n=31) = At baseline (n=47): 37.1
feeding tube: 27.2 +9.6 kg/rh = GCSI (p value<0.01) +25.1%

21 = Gastroparesis Type: o Total: Pre: 4.6+0.9; Post:3.3+1.4




o GES:16 o 12 Diabetic o Nausea/vomiting: = At 90-days (n=16): 20.4
o Pyloric o 9 Post-surgical Pre: 4.4+1.3; Post: 2.9+1.6 +26.1%
Botox: 28) o 27 Idiopathic .
o Post-prandial fullness:
Pre: 4.8+1.0; Post: 3.8+1.7
o Bloating: Pre: 4.7+1.3; Post: 3.1+1.7
Malik et al’* at Temple | G-POEM = 13 patients with Intraoperative: 3 | = Average follow up: 3 months (108 + 69 | = Average retention of solid at 4
and Winthrop University | Prior Procedures:|  refractory accidental days) h: (p= 0.10):
Hospitals, » Pyloric gastroparesis linical Pati _ i N
Philadelphia, PA, USA surgery: 1 « Age: 45.7+ 10.3y mucosotomy Clinical Patient Grading Assessment baseline (n=13):
GES:_ 3 = Sex: 7 Females (residual opening Score (CPGAS) (n=11): 49 + 24%
¢ Eg{g)r(':cll . E'\;lrlr;f?.z +9.6 of the stomach o Improved: 8 (73%) = follow-up (n=6):
9 . ) mucosa) ) closed o Worsened: 2 33+28%
= Gastroparesis Type:
o 4 Idiopathic with clips o Unchanged: 1
o 1 Diabetic = Symptoms: No significant difference in
© 8 Post-surgical GCSI scores pre- and post-procedure
- 3 Nissen
fundoplication
- 5 esophagectomy (4
cancer, 1 achalasia)
Gonzalez et a®? at G-POEM = 29 patients with = Intraoperative = Improvement of mean GCSIl and = Average retention of solid at 4
Aix Marseille Universite,| Prior Procedures:| refractory -5 symptoms severity: h (p=0.07)
Marseille, France o GES: 4 gastroparesis ) 3 h: 23/ o basel Con.
o Pyloric « Age:52.8+ 17.7y capnoperitone month: 23/38 (79%) aseline (n=28):
botox: 1 = Sex: 19 Females um - 6 month: 18/26 (69%) 40 = 34%
= BMI: 2 months (n=23): 28 + 45%
27.2 + 9.6 kg/rh
o Early

= Gastroparesis Type:

o 7 Diabetic

o 5 Post-surgical
o 15 Idiopathic
o 2 Scleroderma

complications
within 2 days of
procedure : 1 post-
op bleeding and
peritoneal abscess
1 self-resolved

post-operative

bleeding
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Dacha et at*® G-POEM = 16 patients with * Intraoperative | = Clinical efficacy (decrease in mean GC{ = In n=12 who underwent GE b
at Emory Univsersity, | Prior Procedures:|  refractory : None in at least 2 subsets of cardinal symptorl  scintigraphy post-G-POEM:
Atlanta, GA, USA o gastric gastroparesis o . . . .
electrical « Age: 44.8 +14.8 y and no hospitalization for gastroparesis| o Normalized retention at 4 h:
stmulation: 4 | . gex: 13 Females related symptoms): 13/16 (81%) 9/12 (75%)
" BMI:24.7+6.1 * Average GCSI o Improved retention at 4 h:
kg/m? .
g . _ o Baseline: 3.400.5 3/12 (25%)
= Gastroparesis Type:
o 9 Diabetic o 1 month (n=16): 1.49+0.96
o 1 Post-surgical o 6 months (n=13): 1.36+0.91
© 5 ldiopathic - o 12 monhts (n=6): 1.46+1.4
o 1 Post-infectious
Shada et al** at The Laparoscopic = 177 patients = None were » Median follow-up 6 months (IQR-11) | = In n=70 who underwent GE by

Oregon Clinic, Portland,
OR, USA

pyloroplasty

Age: 49 (range 16-

80) years

Sex: 146 Females

BMI: 28 + 7 kg/n?

Concurrent surgery:

o Fundoplication:103

o J-tube: 17

o G-tube: 10

o Heller myotomy 16

o Paraesophageal
hernia repair: 14

converted to
laparotomy
(open
abdominal

explorastion))

= Symptoms:
o At 1 month and 6 months post-op
every symptom improved with
p <0.001 except early satiety which
was unchanged

scintigraphy post-G-POEM:
= Normalized in 77%
= Delayed: 23%

Mancini et al** at Laparoscopic = 46 patients = Suture line = GCSlimproved in all symptoms | = In=20 who underwent GE by

Allegheny General pyloroplasty * Age (range): leak after and composite score on follow u|  scintigraphy, overall

Hospital, Pittsburgh, PA,| (n=42) 46 (21-75) years i .

USA Open » Sex: 36 Females open compared to baseline (p<0.001)| improvement (70% normal) an
pyloroplasty = BMI: 26.5 kg/n? pyloroplasty in 13 with data pre- and post-
(n=4) * Gastroparesis Type: n=1 pyloroplasty, median T1/2 was

Z ;i :(Djlizzzttlﬁic reduced by 76 minutes with
39.5% normalized GEik
Toro et al*>® at Emory Laparoscopic = 50 patients =  No major = Average follow up: 3 months (range 1-3 ND

University, Atlanta, GA,
USA

pyloroplasty

Age: 49.7 years
Sex: 43 Females
BMI: 25.9 kg/m2
Gastroparesis Type:

complications

months)
= Readmission rate: 14%
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o 45 nondiabetic
= Concurrent surgery:
o Fundoplication: 14
o Cholecystectomy:
26
o Gastrostomy
takedown: 24
o Extensive lysis of
adhesions (intra-
abdominal strands
of tissue that may
cause obstruction)
4
= Paraesophageal
hernia repair: 26

= Symptoms improvement: 82% of patien
(p<0.001)
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POP, mr-oral pyloromyotomy; G-POEM, gastric Per-Oral EndoscdphiloroMyotomy; GE, gastricemptyin@CSl, gastroparesis Symptom Index.; ND, No data available
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