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Opinion Statement

Longstanding diabetesmellitus (both type 1 and type 2) can impair gastric motor function and
cause significant upper gastrointestinal symptoms which significantly degrade quality of life,
cause nutritional deficits, and degrade healthcare resource use. The most commonly consid-
ered gut complication of diabetes, diabetic gastroparesis, is a syndrome of delayed gastric
emptying in the absence of mechanical obstruction which leads to symptoms of nausea,
vomiting, postprandial fullness, early satiation, bloating, and upper abdominal pain.
Gastroparesis also can lead to loss of glycemic control. A diagnosis of gastroparesis is made
by documenting delayed gastric emptying and excluding mechanical obstruction. Gastric
emptying scintigraphy is the most commonly utilized test for the diagnosis of gastroparesis
but novel tests of gastric function have recently been introduced including the gastric
emptying breath test and wireless motility capsule. Management most often is aimed at
controlling symptoms, which includes dietary modification, optimization of glycemic control,
and medication therapy with prokinetics, antiemetics, and neuromodulatory agents. Endo-
scopic and/or surgical therapies may be considered for refractory cases of gastroparesis.
Recent research has provided new insights into the pathophysiology of this disease and is
characterizing potential benefits of novel therapeutic agents which show promise in the
treatment of this condition. This article will review the pathophysiology, new insights into
disease mechanism, and treatment options for diabetic gastroparesis.

Introduction

Diabetesmellitus produces significantmorbidity andmor-
tality. The Centers for Disease Control and Prevention esti-
mated the prevalence of diabetes in the USA to be 9.3% in
2014whichisprojectedtoincreaseto33%by2050(https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4972249/
#pone.0159876.ref003).An association between diabetic

neuropathy and gut dysmotility was described in 1945
in a case series of 125 patients which observed constipa-
tion, diarrhea, anorexia, and/or nausea in 62% of
patients. The term gastroparesis diabeticorumwas intro-
duced by Kassander in 1958 in patients with diabetes
who exhibited gastric retention on barium studies [1].

http://crossmark.crossref.org/dialog/?doi=10.1007/s11938-017-0146-y&domain=pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4972249/%23pone.0159876.ref003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4972249/%23pone.0159876.ref003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4972249/%23pone.0159876.ref003


Epidemiology

Upper GI symptoms are prevalent in diabetes. A study of 423 patients with
diabetes [95% with type 2 diabetes (T2DM)] found that 8–11% reported early
satiety, fullness, bloating, and nausea or vomiting [2]. Adjusting for age and sex,
symptoms were more frequent in diabetes versus the general population (OR
1.75; 95% CI, 1.34–2.29) and related to poor glycemic control. Another 110
patient cohort with type 1 diabetes (T1DM) also exhibited an increased prev-
alence of upper GI symptoms versus controls which were prominent in women
and with high hemoglobin A1c (HbA1c) levels [3]. However, others have not
observed increased GI symptoms in diabetes versus control populations [4].
Nausea and vomiting are predominant symptoms of diabetic gastroparesis in
nearly half of patients [5]. In a recent study, nausea was reported by 96% of
patients, which was exacerbated by meals in three quarters but was constantly
experienced by roughly 40% [6]. Vomiting was reported by 80% with diabetic
gastroparesis; vomiting relieved nausea in one quarter of patients. In a large,
multicenter study from a National Institutes of Health (NIH) funded
Gastroparesis Clinical Research Consortium (GpCRC) Registry, moderate to
severe upper abdominal pain was present in two thirds of patients with
gastroparesis and was predominant in 20% [5]. Pain- and nausea/vomiting-
predominant patients reported similar negative effects on quality of life.
Gastroparesis also is associated with impaired nutrition. In a large study,
patients with gastroparesis consumed only 58% of recommended energy re-
quirements and many individuals showed significant vitamin and mineral
deficiencies [7].

The prevalence of delayed gastric emptying varies widely depending on
testing methods, but is noted in up to 65% of T1DM and 30% of T2DM
patients. Recently, analyses from the Epidemiology of Diabetes Interventions
and Complications study demonstrated that delayed gastric emptying is seen in
47% of patients with T1DM after 20 years of follow-up even with intensive
insulin therapy [8••]. In one population study, the incidence of developing
gastroparesis wasmore than five-fold higher for T1DMversus T2DM (5.2 versus
1.0%) over 12 years [9].

Natural History and Prognosis

A recent longitudinal GpCRC study provided insight into the natural history of
gastroparesis in T1DM and T2DM [10••]. Baseline symptom severity measured
by the gastroparesis cardinal symptom index (GCSI) was similar in T1DM and
T2DM (2.8 ± 1.1 vs. 3.0 ± 1.0, P = 0.28). However, on a 48-week follow-up,
T2DM patients showed significant reductions in GCSI scores while symptoms
did not improve in T1DM raising the question as to whether the gastric injury
associated with this diabetic subtype is more irreversible in nature.

Hospitalizations from gastroparesis increased 158% from 1995 to 2004
with longer lengths of inpatient stay [11]. Another longitudinal study in pa-
tients with diabetes observed that delayed emptying was associated with higher
morbidity and increased medical resource utilization compared with diabetic
patients who had similar symptoms but normal gastric emptying [12]. One
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study reported reduced a 5-year survival in gastroparesis patients (67%) versus
controls (81%), but others have not observed increased mortality [13, 14].

Normal Physiology of Gastric Emptying

Upon meal ingestion, the proximal stomach undergoes a vagally mediated
reflex called accommodation which increases gastric volumewithminimal rises
in intraluminal pressure. Next, ingested food is subjected to trituration with
grinding and mixing by high amplitude antral contractions which reduce
particle size to G 1–2 mm to begin the process of gastric emptying. Emptying
rates are influenced by meal volume, caloric content, and osmolarity; in partic-
ular, large, high-fat meals slow gastric emptying [15].

Gastric Physiologic Abnormalities in Diabetic Gastroparesis

Several physiologic abnormalities are observed in diabetes. Although delayed
emptying commonly is reported with longstanding disease, rapid gastric emp-
tying is observed in early stages of diabetes [16]. Delayed gastric emptying is the
cardinal finding of gastroparesis, but emptying rates show poor association
with gastroparesis symptoms. In a GpCRC study of 319 diabetic and non-

Fig. 1. Potential factors in the pathogenesis of symptoms in diabetic gastroparesis are shown. (1) Loss of gastric neurons containing
NOS is responsible for defective accommodation reflex, leading to early satiety and postprandial fullness. (2) Impaired electrome-
chanical activity in the myenteric plexus is responsible for delayed gastric emptying resulting in nausea and vomiting. (3) Sensory
neuropathy in the gastric wall may be responsible for epigastric pain. (4) Abnormal pacemaker activity (tachybradyarrhythmia) may
generate a noxious signal transmitted to the central nervous system to evoke nausea and vomiting. Reproduced with permission from
reference [20].
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diabetic gastroparesis patients, GCSI scores did not correlate with 2- or 4-h
gastric retention suggesting that other physiologic abnormalities are important
in symptom pathogenesis [17]. Other defects are observed in diabetic patients
with upper GI symptoms including blunting of fundic accommodation, hyper-
sensitivity to gastric distention, gastric slow wave dysrhythmias, and increased
tonic and phasic pyloric motor activity (Fig. 1) [18, 19].

Histopathologic Abnormalities

Traditionally, autonomic neuropathy has been considered the primary mecha-
nism underlying diabetic gastroparesis. However, evidence from animal models
and full-thickness gastric biopsies from gastroparesis patients indicates that other
abnormalities may be more important. The most consistent findings in animal
and human studies are reduced neuronal nitric oxide synthase (nNOS) expres-
sion, loss of interstitial cells of Cajal (ICC), and altered gastric macrophages.

Enteric Neuropathy
Animal models of diabetic gastroparesis show consistent nitrergic abnormali-
ties including decreased nNOS immunoreactive cells in the gastric myenteric
plexus, reduced nNOS expression, and impaired nitrergic-mediated gastric
relaxation [20, 21]. In addition to serving as an inhibitory neurotransmitter,
nitric oxide (NO) generated by nNOS promotes survival of ICCs [22].

Full-thickness gastric biopsies from patients with diabetic gastroparesis also
exhibit significantly decreased nerve cell bodies compared to controls [23]. In a
recent GpCRC study, gastric tissues from diabetic gastroparesis did not show
differences in PGP9.5 (a marker of neurons) or nNOS-containing neurons
versus control samples. However, ultrastructural changes were observed on
electron microscopy, including loss of secretory vesicles in nerve terminals,
possibly reflecting impaired neurotransmission.

Loss of Interstitial Cells of Cajal
ICCs are non-neuronal cells that generate rhythmic gastric slow waves and
participate in neuromuscular transmission from enteric neurons to gastric
smooth muscle. Mice with Kit gene mutations lack ICC and do not exhibit
normal pacemaker activity [24]. In animal models, decreased antral ICCs are
associated with impaired slowwaves and delayed emptying [25]. ICC loss is the
most common histologic abnormality in diabetic gastroparesis [26]. In a
GpCRC study, 50% of diabetic gastroparesis patients exhibited reduced ICC
numbers and nearly all showed structural changes to ICCs and the surrounding
stroma under electron microscopy [27]. ICC loss is associated with slow-wave
dysrhythmias in gastroparesis [28].

Altered Macrophage Populations
Mouse models suggest the importance of macrophages in developing
gastroparesis. Resident macrophages in the muscularis propria are in close
proximity to enteric nerves and ICCs [29]. Macrophages are polarized to clas-
sically activated pro-inflammatory M1 macrophages or anti-inflammatory M2
(CD206 positive) M2 macrophages [26]. In diabetic mice without gastric
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emptying delays, diabetes increased oxidative stress with subsequent upregula-
tion of heme oxygenase 1 (HO1) expression in CD206+M2macrophages [21].
Conversely, mice with gastroparesis showed loss of HO1 upregulation, dropout
of CD206+ M2 macrophages with increased M1 macrophages, ICC loss, and
reduced nNOS expression [30]. Treatment of these diabetic mice with hemin to
upregulate HO1 increased CD206+ M2 macrophages and normalized empty-
ing delays.

Similar findings are reported in gastroparesis patients. Full-thickness gastric
biopsies from diabetic gastroparesis show correlations between numbers of
CD206+ cells and ICCs suggesting cytoprotection by CD206+ macrophages
[31•]. However, an 8-week controlled trial of intravenous hemin did not im-
prove gastric emptying or symptoms in a small group of diabetic gastroparesis
patients [32].

Testing to Confirm Delayed Gastric Emptying

Measuring gastric emptying to make a diagnosis of gastroparesis is accom-
plished by gastric scintigraphy, gastric emptying breath testing (GEBT), or
wireless motility capsule (WMC) testing. If possible, medications that influence
gastric motility (e.g., opiates, anticholinergics, prokinetics) should be
discontinued 72 h before testing. Some centers proceed with testing only when
fasting glucose levels are G 275 mg/dL since hyperglycemia delays gastric
emptying [33].

Gastric Scintigraphy
Scintigraphy is most commonly employed to quantify gastric emptying in the
USA. A drawback of scintigraphy has been poor standardization of study
protocols across centers which could influence test interpretation [34]. In
2008, the AmericanNeurogastroenterology andMotility Society and the Society
of Nuclear Medicine published consensus guidelines advocating measuring
gastric retention at 1, 2, and 4 h after a 99mTc sulfur colloid-labeled egg-white
meal with jam, toast, and water to provide a uniform method [34, 35]. Meal
retention 9 60% at 2 h and/or 9 10% at 4 h is delayed and consistent with the
diagnosis of gastroparesis. Simultaneous measurement of liquid emptying is
sometimes performed which increases detection of emptying delays; the signif-
icance of isolated liquid emptying impairments is unknown [36].

Gastric Emptying Breath Testing
The GEBT involves ingesting a meal consisting of non-radioactive 13C bound to
a substrate, either proteinaceous algae (Spirulina platensis) or medium-chain
triglyceride (octanoate). The Spirulina platensis GEBT was FDA approved in the
USA in 2015. Once emptied from the stomach, the substrate ismetabolized and
absorbed in the intestine and exhaled from the lungs as 13CO2, which is
quantified on mass spectrometry. In a study comparing concurrent GEBT and
scintigraphy in 38 healthy volunteers and 129 patients with suspected
gastroparesis, delays in GEBT emptying were defined by t1/2 9 86 min [37].
Using three time points (45, 150, and 180 min), GEBT showed a sensitivity of
93% and specificity of 80% to identify abnormal emptying. The two methods
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showed excellent correlation with Spearman correlations of − 0.82 (P G 0.001).
GEBT advantages include lack of radiation exposure, standardized testing, and
convenient performance in an outpatient office setting. The reliability of GEBT
with intestinal, liver, pancreatic, or lung diseases requires validation.

Wireless Motility Capsule
TheWMCmeasures 26 × 13 mm and has sensors that measure pH to identify
the gut region, pressure to provide an estimate of contractility, and temper-
ature to detect body exit. The WMC was FDA approved in 2006 to measure
gastric emptying in suspected gastroparesis, but also can determine small
bowel and colon transit. WMC gastric emptying times 9 5 h measured by
detecting 9 2–3 pH unit increases as the capsule passes from the antrum into
the duodenum are delayed. In a study of simultaneous testing in 61 patients
with gastroparesis and 87 healthy subjects, the correlation of scintigraphic
4-h retention 9 10% and WMC emptying time 9 5 h was 0.73 and sensitivity
and specificity for detecting emptying delays were 0.65 and 0.87, respectively
[38]. In a GpCRC study of 209 patients, gastroparesis symptoms correlated
poorly with emptying rates as well as other transit parameters [39].
Extragastric delays were demonstrated in the small bowel in 16%, colon in
34%, and multiple gut regions in 23% of patients with suspected
gastroparesis. WMC advantages include lack of radiation exposure and the
ambulatory nature of the test. WMC test results are reported to influence
clinical management in retrospective series [40]. Because of its size, WMC
testing is contraindicated with dysphagia or suspected bowel obstruction.

Therapy

Treating diabetic gastroparesis includes dietary modifications, avoiding medi-
cations that worsen symptoms, stricter glycemic control, drug therapies in
several classes, and endoscopic and surgical options.

Table 1. Patient-reported food tolerance in gastroparesis

Symptoms worsened Symptoms improved Tolerated
Orange juice
Fried chicken
Cabbage
Sausage
Pizza
Peppers
Onions
Tomato juice
Lettuce
Coffee
Bacon
Roast beef

Saltine crackers
Graham crackers
Gelatin

Ginger ale
Gluten-free
Tea
Potatoes
Pretzels
Fish
Clear soup
White rice
Popsicles
Applesauce

Adapted with permission from reference [44]
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Dietary Management
Dietary modification is a cornerstone of therapy for diabetic gastroparesis.
Frequent, small meals, low in fat and fiber, with liquid predominance are
preferred. A recent challenge study indicated that high-fat meals elicit
worse symptoms than low-fat foods [41]. Preliminary research from the
GpCRC suggests that meals high in fermentable carbohydrates are associ-
ated with worse pain in gastroparesis [42]. When queried on a standard-
ized survey, gastroparesis patients identify fatty, acidic, spicy, and
roughage-based foods as exacerbating their symptoms while bland, sweet,
salty, and starchy foods are tolerable (Table 1) [43]. In the only controlled
diet trial in diabetic gastroparesis (N = 56), nausea, vomiting, fullness, and
bloating decreased more on a small particle diet versus a control diet over
20 weeks [44••].

Avoiding Offending Medications
Medications that elicit nausea and vomiting or delay emptying, including
opiates, should be avoided in diabetic gastroparesis if possible. Some agents
that treat diabetes may contribute to symptoms in gastroparesis. Amylin ana-
logs (e.g., pramlintide) and glucagon-like peptide 1 analogs (e.g., exenatide,
liraglutide) delay emptying and cause nausea in roughly one quarter of patients
[45, 46]. However, dipeptidyl peptidase IV inhibitors (e.g., sitagliptin,
vildagliptin) do not impair emptying and rarely cause nausea. Among immu-
nosuppressants potentially taken by patients with renal or pancreas transplants,
calcineurin inhibitors (e.g., cyclosporine A) but not other agents (e.g., tacroli-
mus, mycophenylate) slow emptying.

Glucose Control
Optimizing glycemic control is recommended in diabetic gastroparesis as acute
hyperglycemia delays gastric emptying and reduces fundic tone, increases gas-
tric sensitivity to distention, disrupts slow wave rhythm, and causes spastic
pyloric contractions [33, 47, 48, 49]. In 78 T1DM patients followed over
20 years, emptying delays were associated with higher HbA1c levels [8••].

Evidence suggests that improving glycemic control may improve manifesta-
tions of diabetic gastroparesis. In 30 T2DM patients, improving glucose control
with oral agents only (12 patients), insulin only (12 patients), lifestyle changes
(2 patients), or other regimens (4 patients) had no effect on gastric emptying
[50]. However, HbA1c levels decreased only from 10.6 to 9.0% suggesting this
approach may not have been aggressive enough. In 26 subjects with poorly
controlled diabetes, insulin pump therapy reduced median yearly hospitaliza-
tions from 8.5 to 0 days [51]. Most recently in preliminary GpCRC data in 45
patients with poorly controlled T1DM or T2DM and gastroparesis, combined
insulin pump therapy with continuous glucose monitoring for 24 weeks did
not increase hypoglycemia, lowered HbA1c levels 1.1%, and reduced
gastroparesis symptoms 22% [52].

Prokinetics
By virtue of their ability to accelerate gastric emptying, prokinetic drugs have
been considered first-line agents for diabetic gastroparesis.
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Metoclopramide
Metoclopramide is the only medication FDA approved for gastroparesis. It has
prokinetic action as a peripheral dopamine (D2) antagonist and 5-
hydroxytryptamine (5-HT4) agonist, and has antiemetic effects as an antagonist
on central D2 and 5-HT3 receptors. Metoclopramide is available as an oral
tablet, oral dissolution tablet, liquid solution, and parenteral formulation.
Metoclopramide improved symptoms and accelerated emptying in four ran-
domized controlled trials (RCTs) and two active, short-duration (≤ 4 week)
comparator-controlled trials [53]. Three small (≤ 12 subjects), open-label stud-
ies did not support long-term (9 3 weeks) metoclopramide use. Recently, an
intranasal metoclopramide formulation which can be taken even when the
patient is vomiting produced superior symptom reductions versus oral tablets
but improved gastroparesis symptom scores only in women in a phase 2b RCT
(Table 2) [54, 55].

Because it crosses the blood-brain barrier, metoclopramide elicits prominent
extrapyramidal manifestations. In one study, 95% of 479 metoclopramide extra-
pyramidal side effects were acute dystonia, 4% were parkinsonian movements,
and 1% represented tardive dyskinesia (TD) which may be irreversible [56]. TD
risks appear to be greatest in patients 9 70 years old, on doses 9 30 mg/day, and
on long-term therapy (9 20 months) [57]. Because of concerns, the FDA issued a
black-box warning on metoclopramide in 2009. In 2013, it was estimated this
recommendation reduced prescription rates formetoclopramide from 70 to 24%
of gastroparesis patients [58]. Current guidelines recommend metoclopramide
use for ≤ 12 weeks at the lowest dose, careful side effect surveillance, and
consideration of drug holidays.

Domperidone
Domperidone is a peripheral D2 antagonist with both prokinetic and antiemet-
ic effects. The drug is available as oral tablets and orally dissolving tablets.
Domperidone efficacy in diabetic gastroparesis was evaluated in 6 RCTs and
several open-label studies [53]. In four RCTs, domperidone showed benefit
over placebo or baseline symptoms and was equivalently effective as
metoclopramide. Small, uncontrolled series report symptom reductions up to
6 months. A systematic review of 11 articles and 17 abstracts found that
domperidone improved symptoms in diabetic gastroparesis in 64% and gastric
emptying in 60% [59]. However, methodologic concerns were raised and the
authors concluded there is only level 3 evidence supporting domperidone use
in diabetic gastroparesis.

Because of its limited penetrance of the blood-brain barrier, domperidone
has minimal central nervous system side effects. However, domperidone can
prolong the QT interval and promote ventricular arrhythmias. Two large case-
control studies suggest that doses 9 30 mg/day and age 9 60 years increase the
risk of sudden cardiac death [60, 61]. Domperidone is not FDA approved but is
available to clinicians who submit an Investigational New Drug application to
the FDA and obtain approval from their local Institutional Review Board.
Current guidelines recommend that a baseline electrocardiogram (EKG) be
obtained before starting domperidone and withholding the medication if the
corrected QT interval is 9 450msec inmen and 9 470msec in women. EKGs are
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repeated every 2 months for 1 year and every 6 months thereafter and more
frequently if domperidone doses are increased or if other drugs are started that
interact with domperidone.

Erythromycin
Erythromycin is a motilin agonist that elicits intense gastroduodenal con-
tractions that mimic fasting migrating motor complexes and potently
accelerate gastric emptying. It is available as oral tablets, liquid suspension,
or intravenous infusion. Similar prokinetic benefits are observed with
azithromycin [62]. A systematic review identified three studies that
assessed oral erythromycin in diabetic and/or idiopathic gastroparesis
and two postsurgical gastroparesis studies [63]. Overall, 43% reported
symptom reductions although emptying improvements were the primary
endpoint in all studies. The authors concluded that the evidence for
erythromycin benefit in gastroparesis was limited due to small samples,
short-study durations (≤ 4 weeks), inadequate symptom assessments, and
uncontrolled study designs. Chronic erythromycin use is limited by
tachyphylaxis likely from motilin receptor downregulation.

Erythromycin elicits significant GI side effects including abdominal pain,
nausea, and vomiting which may limit use in diabetic gastroparesis. The drug
also prolongs QT intervals and is associated with a twofold increased risk of
sudden cardiac death versus prior erythromycin or current amoxicillin users
[64]. This risk is increased in those also taking CYP3A inhibitors, such as
antifungal drugs (e.g., fluconazole) and calcium channel blockers (e.g., diltia-
zem, verapamil). Given this risk, it is reasonable to consider EKG surveillance
when prescribing erythromycin. Drug holidaysmay be recommended to permit
motilin receptor upregulation.

Other Prokinetics
Other prokinetics have not been studied in diabetic gastroparesis, but are
sometimes considered for patients unresponsive to other drugs. The acetylcho-
linesterase inhibitor pyridostigmine improved symptoms in a small series of
patients with autoimmune dysmotility [65]. In a preliminary RCT, the 5-HT4
agonist prucalopride reduced symptoms in 28 idiopathic gastroparesis patients
(Table 2) [66]. This medication is approved for chronic constipation in Europe
and Canada.

Antiemetics
Antiemetics without prokinetic capability are frequently prescribed for diabetic
gastroparesis, with limited evidence to support this practice.

Traditional Antiemetics
Antiemetics act on diverse receptor subtypes in several classes including anti-
histamines (e.g., promethazine, dimenhydrinate), antidopaminergics (e.g.,
prochlorperazine), anticholinergics (e.g., transdermal scopolamine), and 5-
HT3 antagonists (e.g., ondansetron). Other than case reports, none of these
agents have been studied in diabetic gastroparesis. However, two recent open-
label studies of transdermal granisetron, a 5-HT3 antagonist, reported
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improvements in 18 of 36 patients with gastroparesis (50%) in the first inves-
tigation and 39 of 51 patients (76%) in the second (Table 2) [67, 68•].

Cannabinoids (e.g., dronabinol) acting on cannabinoid receptor type 1
(CB1) and type 2 (CB2) have orexigenic and antiemetic effects with theoret-
ical benefits in gastroparesis. A systematic review of 9 30 RCTs found that
cannabinoids relieved nausea and vomiting from chemotherapy better than
placebo or other antiemetics (e.g., prochlorperazine, metoclopramide,
chlorpromazine, triethylperazine, haloperidol, domperidone, alizapride)
(NNT = 6 for complete control of nausea, NNT = 7 for complete control of
vomiting), but commonly elicited side effects including dizziness, dyspho-
ria, hallucinations, and paranoia [69]. As chronic marijuana use has been
associated with a cyclic vomiting syndrome variant (cannabinoid
hyperemesis syndrome), some urged caution when prescribing cannabinoid
pharmaceutical agents in gastroparesis [70].

Neurokinin-1 Receptor Antagonists
Neurokinin (NK1) antagonists (e.g., aprepitant) are potent antiemetic agents
approved for chemotherapy-induced and postoperative nausea and vomiting
that may be useful for refractory gastroparesis. A small number of case reports
have suggested that aprepitant reduces nausea and vomiting in gastroparesis
cases unresponsive to other antiemetic drugs [71]. A recent 4-week controlled
GpCRC trial in 126 patients with symptoms of gastroparesis found no differ-
ence between aprepitant (46%) and placebo (40%) in achieving the primary
endpoint of reducing nausea by ≥ 25 mm or achieving absolute nausea level of
G 25 mm on a 100-mm visual analog scale (Table 2) [72••]. However, second-
ary outcomes (GCSI nausea scores, percent of nausea free days, daily hours of
nausea, overall symptoms) all improved more on aprepitant than placebo
suggesting potential benefits of this drug class. This represents the first RCT of
an antiemetic medication in gastroparesis.

Neuromodulators
Neuromodulators are medications proposed to reduce gastroparesis symptoms
by blunting gastric sensory nerve function. Although no RCTs have been con-
ducted in diabetic gastroparesis, the drugs show promise in related conditions.

Tricyclic antidepressants
Tricyclic antidepressants (TCAs) have been proposed as neuromodulators in
several GI disorders. In a retrospective study of 24 diabetic patients with nausea
and vomiting unresponsive to prokinetics, 77% reported at least moderate
improvement with TCAs and 68% stated that TCAs were the most effective
treatment they received [73]. However, enthusiasm for TCAs for treating
gastroparesis waned after the 15-week controlled nortriptyline for idiopathic
gastroparesis (NORIG) trial in 130 idiopathic gastroparesis patients which
reported no difference in GCSI improvements on nortriptyline up to 75 mg
daily versus placebo [74]. Furthermore, another controlled trial in functional
dyspepsia reported superior responses to amitriptyline versus placebo and the
selective serotonin reuptake inhibitor escitalopram, but subgroup analysis re-
vealed a lack of efficacy in patients with delayed gastric emptying [75].
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Mirtazapine
Mirtazapine is a tetracyclic antidepressant acting as an antagonist on histamine
H1, α2 adrenergic, and serotonin 5-HT2C and 5-HT3 receptors. In an 8-week
controlled trial in 34 functional dyspepsia patients, mirtazapine 15 mg daily
improved symptoms, including early satiation, weight gain, GI-specific anxiety,
and overall quality of life versus placebo and improved tolerance of a liquid
nutrient challenge [76].

Olanzapine
Olanzapine is an antipsychotic with antagonism on dopamine D1, D2, D3, D4,
serotonin 5-HT2a, 5-HT2c, 5-HT3, 5-HT6, and histamine H1 receptors. In a
controlled phase 3 trial of 380 patients, olanzapine improved nausea preven-
tion after cancer chemotherapy when given in combination with dexametha-
sone, a neurokinin-1 receptor antagonist, and a 5-HT3 receptor antagonist [77].
Sedation was the most common side effect (severe in 5%).

Endoscopic and Surgical Treatments
Several non-pharmacologic options are available for diabetic gastroparesis
patients unresponsive to or intolerant of medication therapy.

Pyloric Botulinum Toxin Injection
Intrapyloric botulinum toxin injection is performed as therapy for presumed
increases in pyloric tonic and phasic contractility in diabetic gastroparesis.
Several open-label studies reported symptom and emptying improvements in
gastroparesis with botulinum toxin injection, including one large 179 patient
series that identified 200 unit dosing, female sex, age G 50 years, and idiopathic
etiology as predictors of response [53, 78]. However, two small, underpowered,
controlled trials did not show symptom or emptying benefits of botulinum
toxin [79, 80]. Consequently, clinical guidelines have not supported this treat-
ment for gastroparesis. Investigators are evaluating utility of functional lumen
imaging probes (EndoFLIP) which measure distensibility using impedance
planimetry to determine if patients with stiffer pyloric walls respond better to
therapies such as botulinum toxin [81•].

Gastric Per Oral Endoscopic Myotomy (G-POEM)
G-POEM is a new technique involving endoscopic performance of
pyloromyotomy via a submucosal tunnel that has gained attention as an
alternative therapy of pylorospasm. Case series of 14 to 30 patients report 70–
86% responses up to 6 months after G-POEM including symptom reductions
and emptying acceleration (Table 2) [82, 83, 84•]. Additional long-term study
is warranted as its presumed mechanism is similar to botulinum toxin, which
also was enthusiastically promoted in early reports.

Gastric Electrical Stimulation
Gastric electrical stimulation with high frequency, low energy pulses may
modulate vagal afferent transmission leading to decreased symptoms in
gastroparesis. A misconception is that the device is a pacemaker as gastric
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stimulators do not affect gastric emptying or slow waves. Several uncontrolled
series have reported benefits of stimulation, including reduced symptoms,
improved glycemic control, enhanced quality of life, and reduced resource
utilization. These series also have defined predictors of poor response including
idiopathic gastroparesis etiology, predominant pain instead of vomiting, and
chronic opiate use [85]. The FDA-approved gastric stimulation as a humanitar-
ian use device (HUD) in 2000.

Three-blinded, sham-controlled trials of gastric stimulation have been pub-
lished. In the first study in 33 patients (17 diabetic), gastric stimulation reduced
weekly vomiting frequencies mainly in diabetics during active but not sham
stimulation although total symptoms did not benefit from therapy [86]. Sub-
sequent blinded controlled studies in diabetic (n = 55) and idiopathic (n = 32)
patients did not observe greater reductions in weekly vomiting frequencies or
other symptoms during active versus sham stimulation, calling into question
the efficacy of the method [87, 88]. However, recent large preliminary studies
offer more convincing evidence for its benefits in gastroparesis. In a 48-week
follow-up report of 634 gastroparesis patients from the GpCRC, the 92 patients
(38% diabetic) who underwent stimulator implantation exhibited superior
reductions in GCSI scores versus 542 patients managed medically [89].
Although patients who underwent stimulator surgery had higher symptoms
and slower emptying at baseline, propensity score matching after adjusting for
these baseline differences confirmed the benefits of gastric stimulation with an
odds ratio of 2.35. Most recently in a blinded, multicenter French study of 172
patients with diabetic or idiopathic gastroparesis, vomiting scores during
4 months of active stimulation were lower than during sham stimulation [90].

Other Surgical Therapies
Other operations have shown efficacy in uncontrolled series of refractory
gastroparesis. Retrospective studies in 26 and 42 patients undergoing laparo-
scopic pyloroplasty reported improved symptoms and emptying with lesser
prokinetic medication needs when followed for 1–12 months [91, 92]. Simi-
larly, case series of 31 and 35 patients (34% diabetics) reported 69–87%
symptom reductions after subtotal or completion gastrectomy when followed
for up to 1 year [93, 94]. These optimistic observations warrant confirmation in
prospective studies using validated outcomes.

Investigational Therapies
Prokinetic medications in several classes are in testing for treating gastroparesis.

Ghrelin Receptor Agonists
Ghrelin is an orexigenic signal, inhibits glucose-induced insulin release and has
prokinetic effects via action on the growth hormone secretagogue-1a receptor.
Several long-acting synthetic ghrelin agonists have been proposed for diabetic
gastroparesis. Relamorelin is a novel pentapeptide agonist with 100-fold higher
potency than human ghrelin in accelerating gastric emptying in animal models
of ileus. In a recent 4-week phase 2a trial of 204 diabetic gastroparesis patients,
twice daily subcutaneous relamorelin 10 μg improved emptying and reduced
vomiting frequency versus placebo (Table 2) [95•]. Patients with baseline
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vomiting exhibited additional reductions in nausea, abdominal pain, bloating,
and early satiety. A preliminary 12-week phase 2b trial in 393 diabetic
gastroparesis patients reported reductions in key symptoms of nausea, fullness,
abdominal pain, and bloating with associated emptying acceleration [96].
Phase 3 trials are ongoing to confirm benefits of this agent.

5-HT
4 Receptor Agonists

5-HT4 agonists like cisapride were used in diabetic gastroparesis, but were
withdraw because of the potential for dangerous cardiac dysrhythmias due to
antagonism of the human ether-a-go-go related gene [97]. Newer agents with-
out adverse cardiac events, like velusetrag, show greater 5-HT4 receptor selec-
tively and specificity. In a preliminary phase 2a trial, 34 subjects with diabetic or
idiopathic gastroparesis showed improved emptying on daily velusetrag 30 mg
versus placebo (Table 2) [98]. A phase 2b trial is underway.

Motilin Receptor Agonists
Camicinal is a long-acting, non-peptide motilin agonist with gastric prokinetic
effects which may exhibit less tachyphylaxis versus erythromycin. In a 28-day
controlled phase 2 study, 79 diabetic gastroparesis patients showed minimal
emptying acceleration but improved fullness and early satiety at the 10 and
50 mg daily doses of camicinal versus placebo but acceleration of gastric
emptying only at the 125 mg dose emphasizing the inconsistent relationship
between prokinetic and symptom responses to therapy (Table 2) [99].

Conclusions

Our understanding of diabetic gastroparesis pathophysiology has increased
with work by the GpCRC and others. It remains uncertain whether treatments
should focus on symptoms or focus on accelerating emptying or correcting
other physiologic abnormalities. Some important symptoms (e.g., pain), are
unaddressed despite their prevalence and severity. A preliminary draft FDA
guidance document advocates using patient-reported outcome measures com-
prised of the five cardinal symptoms of gastroparesis (nausea, vomiting, full-
ness, bloating, and pain) with quantification of prokinetic effects on gastric
emptying reserved as secondary endpoints (www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/UCM455645.pdf).
This offers promise of standardized trial guidelines that will accelerate new drug
development in diabetic gastroparesis.
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