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Abbreviations

5-HT  5-Hydroxytryptamine
EndoFLIP®  Endoscopic functional luminal imaging probe
GERD  Gastroesophageal reflux disease
GES  Gastric electrical stimulation
HbA1c  Glycated hemoglobin
PPI  Proton pump inhibitor

 Esophageal Dysmotility

It is likely that the most clinically relevant aspect of the disorders of esophageal 
motility that have been described in diabetes is their potential contribution to the 
development and/or progression of GERD. With the possible exception of esopha-
gogastric outflow obstruction whose association with diabetes needs to be con-
firmed [1], the esophageal motility abnormalities described in GERD are relatively 
nonspecific [2] and not amenable to specific pharmacotherapy. Effective manage-
ment of GERD may, in theory at least, ameliorate motor dysfunction.
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 GERD

There are no specific guidelines for identifying and managing GERD in diabetic 
patients given the absence of any real body of literature relating to the concurrence 
of these entities. Guidelines for the management of GERD, in general, should there-
fore be followed [3].

Proton pump inhibitors (PPIs) have become the mainstay in the management of 
symptomatic acid reflux and, especially, reflux esophagitis and its complications 
[3]. However, between 10 and 40% of GERD sufferers will fail to respond to a full 
course of a PPI in its standard, recommended dose [4]. These therapy-resistant 
patients pose a significant therapeutic challenge. PPI failure is more likely among 
type 2 diabetes patients than among nondiabetic GERD sufferers [5] and, in this 
population, was significantly associated with female gender, increased BMI, and 
general comorbidities. There does not appear to be a discernible relationship 
between PPI-refractory GERD and the duration of diabetes or the presence of any 
of its long-term complications [5].

One issue that will come up with regard to the use of PPIs, especially in the long 
term, among diabetics is risk. Of late, long-term PPI use has been linked with sev-
eral entities that diabetics are already at increased risk for—enteric infections, 
Clostridium difficile infection, myocardial infarction, ischemic stroke, kidney 
injury, osteoporosis, and dementia [6]. For many of these, a cause and effect rela-
tionship has not been established and studies reporting these associations have 
been criticized on several grounds, including a failure to account for confounding 
factors [6–8]. Furthermore, some of these associations have not survived more rig-
orous study [9] and may be limited to certain at-risk populations [10]. Finally, in 
many instances, the effect size is small, even in positive studies [6]. On the positive 
side, one, albeit retrospective, study reported a significant (0.6%) decrease in the 
level of glycated hemoglobin (HbA1c) in diabetic patients with GERD treated with 
a PPI [11].

If surgery becomes a consideration in the diabetic patient with GERD, it stands 
to reason that esophageal motility should be carefully assessed in view of the high 
prevalence of esophageal motor dysfunction in this patient population.

 Esophageal Candidiasis

Candidiasis limited to the oropharyngeal cavity can be treated with nystatin in a 
swish-and-swallow fashion [12]. In cases with persistent symptoms, oral flucon-
azole should be initiated. Endoscopically confirmed esophageal candidiasis should 
be treated with oral fluconazole [13]. Similarly, oral thrush with associated odyno-
phagia is highly suggestive of esophageal involvement and, in of itself, should be an 
indication for fluconazole therapy [14].
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 Gastroparesis

 General Aspects

As described in Chap. 5, relationships between blood sugar levels and gastric emp-
tying are complex. What is clear, however, is that, first, poor glycemic control is a 
predictor of gastrointestinal symptoms in diabetes [15, 16] and, second, that hyper-
glycemia disturbs gastric motor function [17]. Consequently, tight control of blood 
sugar levels under the supervision of a diabetologist should be a fundamental com-
ponent of the management of gastroparesis [18]. Interestingly and surprisingly, lon-
gitudinal studies showed no impact of glycemic control on gastric emptying rate 
[19–21]—yet another diabetic gastroparesis conundrum.

In the management of acute severe episodes of gastroparesis, which often occur 
almost cyclically in some diabetics, the correction of fluid and electrolyte deficits is 
critical and it is remarkable how many will improve quickly with this measure com-
bined with blood sugar control, antiemetics, and prokinetics, as needed.

In the longer term, the management of gastroparesis requires a comprehensive 
and targeted approach that combines glycemic control with dietary modification(s) 
and pharmacological therapy and aims at optimizing nutritional status and glycemic 
control and alleviating symptoms as much as possible [22]. Although there are no 
prospective randomized controlled trials, dietary modifications are recommended 
based on physiological principles [23]: small frequent meals, low-fat and fiber food, 
and increased calorie intake in liquid form are generally recommended [24, 25]. 
Regardless of the route of food intake, nutritional status should be carefully moni-
tored on a regular basis. In patients with refractory symptoms in whom oral intake 
is insufficient, poorly tolerated direct enteral feeding into the small intestine should 
be considered via the naso-enteric route before endoscopic or surgical placement of 
a jejunostomy is considered [22]. It has been the experience of these authors that 
both endoscopically- and surgically-placed jejunostomy catheters are prone to fail-
ure and require to be replaced on a regular basis—the decision to embark on this 
path should, therefore, not be taken lightly.

 Pharmacotherapy

In the absence of a curative therapy, available therapeutic approaches to gastropare-
sis focus on the alleviation of symptoms [26]. For decades and depending on local 
availability, the prokinetic agents metoclopramide, erythromycin, and domperidone 
have been the mainstays of the gastroparesis treatment algorithm.

Metoclopramide has a number of advantages. First, it is not only a foregut proki-
netic through 5-hydroxytryptamine (5-HT) type 4 effects on the stomach but also 
exerts central antiemetic effects via antagonism of dopamine type 2 and 5-HT3 
receptors on vagal and brainstem pathways [22, 25, 27]. Second, metoclopramide is 
available for administration by oral, subcutaneous, and intravenous routes; the latter 
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two being especially useful in the patient who has already commenced vomiting. 
One strategy adopted in some centers is to have the patient self-inject metoclo-
pramide subcutaneously once an episode of nausea and vomiting begins in an 
attempt to abort its progression. Unfortunately, the medium- to long-term use of 
metoclopramide is limited by neurological adverse events including drowsiness, 
agitation, tardive dyskinesia, and rarely acute dystonias; some of these extrapyrami-
dal adverse events may not be reversible [28]. Domperidone, also a dopamine D2 
antagonist, does not cross the blood–brain barrier, does not result in these neuro-
logical effects but does still exert antiemetic effects via its actions on the vomiting 
center which lies on the blood side of the blood–brain barrier [29]. Though widely 
available in Europe and elsewhere for decades, domperidone has never been 
approved by the Food and Drugs Administration for use in the United States. Lately, 
a cloud has also descended on domperidone in relation to its association with Q-T 
prolongation and related dysrhythmias [30].

Erythromycin is a macrolide antibiotic, which accelerates gastric emptying by 
acting as a motilin receptor agonist [31]. When administrated intravenously, it is a 
potent prokinetic and has been used extensively in the short-term, acute treatment of 
hospitalized patients with severe gastroparesis [32]. Longterm efficacy is limited by 
poor bioavailability and the development of tolerance due to the downregulation of 
motilin receptors [32]. More limited data suggests that azithromycin, a related mac-
rolide, may be more effective when given orally in the medium term [33].

Following the demise of cisapride, a drug that was widely regarded as an effec-
tive prokinetic, because of Q-T prolongation-related cardiac toxicity [34], the search 
has been on to find a safe and effective upper gastrointestinal prokinetic—many 
have been proposed but few have survived, mainly on the basis of a lack of convinc-
ing evidence of efficacy. Mosapride, for example, was shown to accelerate gastric 
emptying [35] and showed efficacy in a small study of interferon-induced gastropa-
resis [36] but failed to provide symptom relief, in dyspepsia, in general [37]. To 
date, cinitapride, a 5-HT4 agonist and dopamine 2 antagonist, has shown some 
promise in functional dyspepsia but has not been evaluated in gastroparesis [38]. 
Itopride is a novel prokinetic agent that acts as an acetylcholinesterase inhibitor and 
dopamine D2 receptor antagonist and has been shown to accelerate liquid and solid 
emptying in patients with long-standing diabetes [39]; yet again, this prokinetic 
effect has not translated into clinical efficacy in dyspepsia [40]. Acotiamide, a mus-
carinic antagonist and acetylcholinesterase inhibitor devoid of Q-T effects [41], has 
also been shown to accelerate gastric emptying [42] but, to date, has not been evalu-
ated in diabetic gastroparesis. One agent that does show promise is the ghrelin ago-
nist, relamorelin, which accelerates gastric emptying [43] but also produces 
symptomatic improvement in gastroparesis [44].

A variety of antiemetic agents are used in the symptomatic control of nausea and 
vomiting in gastroparesis including 5HT3 antagonists (ondansetron and granise-
tron), phenothiazine derivatives (e.g., promethazine), cannabinoids (dronabinol), 
anticholinergics (such as transdermal scopolamine), and antihistamines (such as 
diphenhydramine). There are few if any controlled or comparative trials to guide the 
physician—empirical trials are the order of the day [25, 27]. The neurokinin 1 
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antagonist aprepitant is a potent antiemetic agent developed for use in chemother-
apy-induced and postoperative nausea; regrettably, it did not diminish nausea related 
to gastroparesis [45].

Attempts to ameliorate symptoms by pharmacologically addressing other pro-
cesses that might be relevant to the pathogenesis of symptoms in gastroparesis, such 
as visceral hypersensitivity [46] or defects in the enteric nervous system [47], have, 
so far, proven disappointing.

In the management of symptoms thought to be related to gastroparesis, attention 
must be paid to the possible influence of more distal disease on gastric function. 
Constipation is common in diabetes and it has been recognized for some time that 
constipation delays gastric emptying [48, 49]—relief of constipation may also 
reduce upper GI symptoms.

A major challenge in the management of gastroparesis, in general, is pain which 
is now being reported as a common symptom in this disorder [50–52]. Moderate-to-
severe pain is less common in diabetic than idiopathic gastroparesis and often 
results in chronic opiate use, which will, in turn, delay gastric emptying [52]. 
Caution must be exercised in the interpretation of gastric emptying rates in the con-
text of opiate use, otherwise one runs the risk of labeling what is, in effect, a chronic 
pain syndrome as gastroparesis.

 Management of Accelerated Gastric Emptying

There are few studies available to guide the treatment of accelerated gastric empty-
ing. In postoperative dumping syndrome, dietary measures, such as the addition of 
acarbose, guar gum, and pectin, have been shown to delay gastric emptying [53, 
54]. In diabetes, agents such as amylin analogs [55] and glucagon-like peptide-1 
agonists [56] that can slow gastric emptying might, in theory, offer some relief, 
improve symptoms but have not been formally tested [57].

 Non-pharmacological Approaches: Endoscopy, External 
Stimulation, and Surgery

Given the relative paucity of effective drug therapies, it should come as little sur-
prise that a number of non-pharmacological approaches to the management of dia-
betic gastroparesis have been explored.

One of the least invasive of these is the intrapyloric injection of botulinum toxin 
under direct endoscopic control; a strategy based on the assumption that increased 
pyloric tone or contractility contributes to a functional impediment to gastric out-
flow in gastroparesis [58]. Initial case series and anecdotal reports suggested 
 efficacy; a randomized controlled trial failed to confirm this [59]. Multiple factors 
may contribute to these conflicting results including technique, dose, and patient 
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selection [60]. With regard to the latter, it must be conceded that botulinum toxin 
has been used regardless of any evidence of pyloric dysfunction. While the concept 
of “pylorospasm” based on conventional perfused catheter manometry may be an 
oversimplification [61], recent work using the EndoFLIP® system has renewed 
interest in the role of the pylorus in gastroparesis [62] and may help to refine patient 
selection for pyloric therapies. Impaired compliance, identified on EndoFLIP®, has 
been shown to predict response to pyloric dilation [63].

In parallel to this resurgence in interest in the pylorus, new literature has emerged 
suggesting efficacy for surgical [64, 65] and endoscopic pyloromyotomy [66, 67] in 
the management of refractory gastroparesis. An important caveat—impressive as 
these results may be in terms of symptom relief and acceleration of gastric empty-
ing, these are all case series and randomized controlled trials are awaited.

Gastric electrical stimulation (GES) delivers high-frequency, low-amplitude stim-
ulation via electrodes implanted in the smooth muscle layer of the gastric wall. The 
original goal was to “pace” the stomach and accelerate gastric emptying; this is not 
achieved, regardless of effects on symptoms and the mode of action of GES remains 
to be defined [68]. Its impact is unclear; though one large multicenter study showed 
a benefit for active stimulation over sham in a randomized, double-blind phase [69], 
a recent meta-analysis could not identify an effect on total symptom severity from 
data collated from five randomized studies [70]. In contrast, 16 open-label studies, 
when submitted to the same meta-analysis protocol, showed a significant benefit 
[70]. GES implantation is invasive and complications do occur; its place in the over-
all management of gastroparesis either on its own, or in combination with pyloro-
plasty [71], remains unclear, despite apparently positive outcomes in case series [72].

If all of the above approaches fail, more drastic surgeries may be indicated. Small 
case series report good outcomes following Roux-en-Y gastric bypass [73] and gas-
trectomy [74].

 Conclusions

Gastroparesis is a relatively uncommon and poorly understood complication of dia-
betes whose pathophysiology is incompletely understood. Poor correlations between 
symptoms and gastric dysfunction, together with confounding factors such as psy-
chopathology and opiate use, make management challenging. To make matters 
worse, available medical therapies are at best modestly effective and more invasive 
approaches are, for the most part, unproven in high-quality clinical trials.

 Peptic Ulcer Disease

Apart from the suggestion that there may be an increased prevalence of infection 
with Helicobacter pylori among those with type 2 diabetes [75] and the observation 
that mortality from two complications of peptic ulcer disease, namely, hemorrhage 
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[76, 77] and perforation [78], may be increased in diabetics, there are no other fea-
tures of peptic ulcer disease among diabetics that would warrant any different 
approach to its management.
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