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ABSTRACT

This article is a comprehensive review of dia-

betic gastroparesis, defined as delayed or disor-

dered gastric emptying, including basic

principles and current trends in management.

This review includes sections on anatomy and

physiology, diagnosis and differential diagnosis

as well as management and current guidelines

for treatment of diabetic gastroparesis. Diabetic

gastroparesis (DGp) is a component of auto-

nomic neuropathy resulting from long-standing

poorly controlled type 1 and type 2 diabetes.

The diagnostic workup of DGp first excludes

obstruction and other causes including medi-

cations that may mimic delayed/disordered

gastric emptying. Targeting nutrition, hydra-

tion, symptomatic relief and glycemic control

are mainstays of treatment for DGp. Addition-

ally, optimal treatment of DGp includes good

glycemic management, often involving cus-

tomizing insulin delivery using basal-bolus

insulin and technology, including sensor-aug-

mented pumps and continuous glucose moni-

toring systems. Prokinetic medications may be

helpful in DGp symptoms, although only lim-

ited number of medications is currently avail-

able in the USA. Selected medication-refractory

patients with DGp may benefit from gastric

neuromodulation, and some from surgical

interventions including pyloric therapies that

can also be done endoscopically. As is true of

any of the diabetic complications, prevention of

DGp by early and optimal glycemic control is

more cost-effective.
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INTRODUCTION

The association between delayed gastric emp-

tying and diabetes has been known for almost a

century. Delayed gastric emptying was first

noted in patients with diabetes and subse-

quently reported by Boas in 1925. In 1958, the

term ‘Gastroparesis diabeticorum’ was coined

by Kassender to describe asymptomatic gastric

retention in diabetic patients [1]. Much has
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been learned about the symptom complex since

then, including the functional, contractile,

electrical and sensory dysfunction of the stom-

ach associated with diabetes. More recently, the

term diabetic gastroparesis (DGp) has been used

to describe a serious complication of diabetes

resulting in delayed gastric emptying with

associated upper gastrointestinal (GI) symptoms

in the absence of any mechanical obstruction

[2]. Symptoms commonly associated with gas-

troparesis include postprandial fullness, nausea,

vomiting, anorexia and weight loss, with or

without abdominal pain. Delayed gastric emp-

tying may result in poor glycemic control, poor

nutrition and dehydration, resulting in fre-

quent hospitalizations and poor quality of life.

The diagnosis and management of DGp can be

challenging, as it commonly remains unde-

tected prior to the development of complica-

tions, and it is often refractory to therapy. Novel

approaches to diagnosis and therapy represent a

growing area of interest in the management of

DGp [3–5]. This article is based on previously

conducted studies and is not a new study with

human participants or animals.

Overview of Diabetes and Its

Complications

The prevalence of diabetes has been increasing

exponentially, both in developing and devel-

oped nations. In 2013, the prevalence of dia-

betes among adults (age 20–79 years) was 382

million worldwide [6]. The most recent Inter-

national Diabetes Federation (IDF) report esti-

mates that 425 million adults worldwide (8.8%

of the global population) have diabetes—a

number that is projected to increase to 629

million by 2045 [6]. Diabetes is the leading

cause of cardiovascular and kidney disease, and

the most common preventable cause of blind-

ness worldwide among working age adults

(20–65 years). About 12% of global health care

expenditure (727 billion USD) is spent on dia-

betes. When expanded to the age group

between 18 and 99 years, the cost would total to

850 billion USD. In conjunction with the rising

prevalence, the cost is expected to rise to a

staggering 958 billion USD by 2045 [6–9].

Diabetes is also the leading cause of non-trau-

matic amputations in the USA [7].

It is imperative to be familiar with current

standards for screening for diabetes-related

complications. Landmark studies show that

early tight glycemic control slows the progres-

sion and development of diabetic autonomic

neuropathy (DAN) and microvascular compli-

cations (Fig. 1) [10–14].

An intensive multifactorial cardiovascular

risk intervention targeting glycemic, lipid and

hypertension management, smoking and other

lifestyle factors was shown to reduce the pro-

gression and development of cardiac autonomic

neuropathy among patients with type 2 diabetes

[15]. Thus, early diagnosis of diabetes and early

intervention to prevent or delay complications

are standards of best practice, and also economic

and ethical priorities for health care providers of

all specialties, including primary care.

The discussion of practice guidelines and

standards of medical care for diabetes is beyond

the scope of this module [16, 17].

Diabetic Autonomic Neuropathy

Neuropathy is responsible for a substantial por-

tion of the mortality and morbidity in diabetes

and can be divided into many abnormalities,

including peripheral neuropathy and autonomic

neuropathy (DAN). As they are thinly or un-

myelinated, autonomic nerves may be especially

susceptible to vascular andmetabolic insult. DAN

affects several organs systems, including the car-

diovascular, genito-urinary, neuroendocrine and

gastrointestinal systems (Table 1) [18, 19].

Diabetic Autonomic Neuropathy

of the Gastrointestinal Tract

(Gastrointestinal Neuropathies)

Diabetic autonomic neuropathy, which can

have many manifestations, can be divided into

groups of conditions as follows:

1. Esophageal dysmotility

2. Gastroparesis

3. Diabetic enteropathies including small

bowel dysmotility syndromes, diabetic diar-

rhea and fecal incontinence [20]
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Gut complications of diabetes, including dia-

betic diarrhea and incontinence, small intesti-

nal bacterial overgrowth, non-alcoholic fatty

liver disease and exocrine pancreatitis, have a

major impact on health outcomes in individu-

als with long- standing poorly controlled

diabetes.

Introduction to Diabetic Gastroparesis

Definition

A clear consensus regarding the definition of

DGp does not exist. In the past, the terms dia-

betic gastropathy and gastroparesis were used

interchangeably. Diabetic gastropathy was

described as a neuropathy occurring in the GI

system of diabetic patients. Koch et al. used the

term to describe a clinical condition presenting

with upper GI tract symptoms suggestive of an

upper motility disturbance in patients with

diabetes whether or not delayed gastric empty-

ing was present, as some patients with this

syndrome may have rapid gastric emptying

[21]. A general consensus has now emerged that

delayed gastric emptying occurs in the absence

of mechanical obstruction in DGp [5, 22].

Fig. 1 Relative risks for the development of diabetic
complications at different mean levels of glycosylated
hemoglobin (HbA1c). Reproduced with permission from
Elsevier. Skyler JS (1996) Diabetic complications: the
importance of glucose control. Endocrinol Metab Clin
North Am 25(2):243–254. https://www.sciencedirect.
com/journal/endocrinology-and-metabolism-clinics-of-
north-america

Table 1 Clinical manifestations of diabetic autonomic
neuropathy

System Clinical features

Cardiovascular Sinus tachycardia

Postural tachycardia

Bradycardia, fixed heart rate (more

advanced disease)

Systolic and diastolic dysfunction

Decreased exercise tolerance

Orthostatic hypotension with supine

(nocturnal) hypertension

Cardiac denervation syndrome

Intraoperative and perioperative

cardiovascular instability

Gastrointestinal Esophageal dysmotility

Gastroparesis

Diarrhea

Constipation

Fecal incontinence

Genitourinary Erectile dysfunction

Retrograde ejaculation

Neurogenic bladder and cystopathy

Female sexual dysfunction (e.g., loss of

vaginal lubrication)

Sudomotor and

vasomotor

Anhidrosis

Hyperhidrosis

Heat intolerance

Gustatory sweating

Dry skin

Decreased thermoregulation

Altered blood flow

Impaired vasomotion

Edema
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The American College of Gastroenterology

(ACG) guidelines for the diagnosis and man-

agement of DGp state that a combination of

appropriate symptoms and signs, along with

delayed gastric emptying in the absence of

gastric outlet obstruction or ulceration, is

required to establish the diagnosis of DGp [4].

Epidemiology and Natural History of Diabetic

Gastroparesis

Gastroparesis is a relatively common complica-

tion of diabetes, but often goes unrecognized.

About one-third of patients with gastropare-

sis have diabetes [21]. In the USA, an estimated

5 million patients suffer from some form of

gastroparesis [23], and the female:male ratio is

4:1 [24, 25]. While gastroparesis has multiple

etiologies, in a large single-center study of 146

gastroparesis patients, 29% were found to have

diabetes, 13% developed symptoms after gastric

surgery and 36% were idiopathic [25]. Never-

theless, little is known about the epidemiology

of DGp, in part because the weak association

between symptoms and objective studies of

gastric emptying confounds diagnosis.

Diabetes affects gastric motor function more

than small bowel transit, indicating an

increased sensitivity of the stomach to diabetic

injury. Approximately 75% of patients with

diabetes have some form of GI symptoms [26]

and about 18% experience upper GI symptoms

[27]. In an Australian epidemiological study

[27], diabetes mellitus was associated with an

increased prevalence of upper and lower GI

symptoms, which were linked to poor glycemic

control but not to duration of diabetes or type

of treatment.

DGp affects 20–50% of the diabetic popula-

tion, especially those with type 1 diabetes mel-

litus or those with long-standing (C 10 years)

type 2 diabetes mellitus. It is usually associated

with retinopathy, neuropathy and nephropathy

as well as poor early glycemic control, as noted

in the DCCT-EDIC study [28]. The mean age of

onset is approximately 34 years, and prevalence

increases with increasing age [24]. Gastroparesis

appears to be more common in patients with

type 1 diabetes than in those with type 2 dia-

betes. Delayed gastric emptying is found in

27–65% of patients with type 1 diabetes and in

up to 30% of patients with type 2 diabetes [29].

Prevalence of DGp among patients in a type 1

diabetes case registry was 5% versus 40% in

tertiary care centers [30].

The increasing prevalence of type 2 diabetes

has resulted in larger numbers of patients with

DGp. Inone case series of 146patientswith type2

diabetes from India, the prevalence of delayed

gastric emptying was 29%, and higher glycosy-

lated hemoglobin (HbA1c) and body mass index

were independent predictors of delayed gastric

emptying [31]. While DGp can present as a

complication of autonomic neuropathy in both

type 1 and type 2 diabetes, some clinical differ-

ences do exit between these groups. In a 48-week

observational study, glycemic control (HbA1c),

delayed gastric emptying, hospitalization rates

and stimulator placements were higher in

patients with type 1 diabetes with DGp than in

those with type 2 diabetics with DGp. It was also

noted that patients with type 1 diabetes with

DGp reported profound neuropathy, more anx-

iety and less reduction in symptom scores with

intervention compared to those with type 2 dia-

betics with DGp [32]. Interestingly autoantibody

(GAD 65) prevalence in both type 1(40%) and

type 2 (25%) diabetes did not predict the severity

of gastroparesis [33].

Table 1 continued

System Clinical features

Pupillary Pupillomotor function impairment

(e.g. decreased diameter of dark

adapted pupil)

Pseudo Argyll-Robertson pupil

Metabolic Hypoglycemia unawareness

Hypoglycemia unresponsiveness

(delayed epinephrine secretion,

reduced glucagon secretion)

Other Sleep apnea

Anxiety/depression

Reproduced with permission from Gibbons CH. Clinical
features of diabetic autonomic neuropathy. In: Post TW
(ed) Diabetic autonomic neuropathy. UpToDate� 2018.
UpToDate, Inc., Waltham, MA. Accessed 16 Feb 2018.
For more information visit www.uptodate.com
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It is not clear whether there is an ethnic

predisposition for diabetes-related gastro-en-

teropathies. A survey of Chinese diabetics found

that 70.5% experienced GI symptoms compared

to 30.8% of age- and sex-matched controls [34].

To the contrary, when diabetics in Finland were

surveyed there was no difference in prevalence

of GI symptoms between diabetics and non-di-

abetics [35].

Gender Differences in Diabetic Gastroparesis

Most studies have shown a higher prevalence of

gastroparesis in women than inmen [27, 34, 36],

but others have noted no gender differences [31].

In a population based study from Olmstead

county in Minnesota, the prevalence of gastro-

paresis was 24.2 per 100,000 persons for both

genders, 9.6 per 100,000 for men and 37.8 per

100,000 for women [30]. The reasons for the

female preponderance remainunknown. Even in

diabetics without clinical gastroparesis, gastric

emptying is slower in women than in men

[25, 37]. Differences in neuronal nitric oxide

synthase (nNOS) dimerization between females

andmales have been proposed as a reason for the

female preponderance [38, 39].

Another factor may be a progesterone effect

on gastric emptying, much like its effect on

uterine contractility [40]. In fact, women of

reproductive age may experience worsening of

their symptoms during the luteal phase of their

menstrual cycle, possibly due to higher proges-

terone levels [41]. On the other hand, in

another study, gastric emptying was found to be

slower in healthy women during the follicular

phase, at which time hyperglycemia, plasma

glucagon-like peptide-1 (GLP-1) and insulin

levels, hunger and energy intake are less [42].

In addition, autoimmune disease, which is

associated with gastroparesis, is more common

in females [43]. [44].

Association of Diabetic Gastroparesis

with Diabetic Complications

While some studies show a strong association

among various attributes of DAN and DGp [45],

others do not [46]. In the DCCT–EDIC follow-

up study, delayed gastric emptying was associ-

ated with other complications of diabetes,

particularly severe retinopathy, and to a lesser

extent with cardiovascular vagal dysfunction

and severe nephropathy [28].

Children and Adolescents

Diabetic gastroparesis is less common in chil-

dren given that a longer duration of diabetes

and hyperglycemia and DAN predicts DGp.

However, glycemic fluctuations that may occur

in adolescents may be impacted by altered gas-

tric emptying [47].

Prognosis

Diabetic gastroparesis is associated with higher

morbidity, including increased hospitalizations

and emergency department and hospital visits.

Hospitalizations attributed to gastroparesis rose

by 138% from 1995 to 2004 [48]. Patients with

type 1 or 2 diabetes mellitus with classic

symptoms of gastroparesis, such as early satiety,

postprandial fullness, bloating, abdominal

swelling, nausea, vomiting and retching and

documented delay in gastric emptying, are

more likely to have cardiovascular disease,

hypertension and retinopathy. Therefore, gas-

troparesis may be a marker of increased mor-

bidity [49]. On the contrary, in a cohort of

mostly type 1 diabetics followed in Australia

over a period of approximately 25 years, DGp

was not associated with a poor prognosis or

with increased mortality when corrected for

autonomic neuropathy and HbA1c [50].

ANATOMY AND PHYSIOLOGY

OF THE STOMACH IN HEALTH

To understand the pathophysiology of DGp, it

is important to review the anatomical structure,

nerve and blood supply as well as physiology of

the stomach.

Anatomy of the Stomach

The stomach is a distensible, muscular, highly

vascular bag-shaped organ located in the left

upper abdominal quadrant. The anatomy of the

stomach and the nerve supply to this organ are

shown in Figs. 2 and 3, respectively [9].
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Physiology of Gastric Function

The three main motile functions associated

with digestion in which the stomach plays a

central role include:

• Acts as a reservoir for ingested food

• Mixes food with gastric secretions

• Empties gastric contents into the duodenum

These motile functions are accomplished by

the coordinated movements of three layers of

smooth muscle of the stomach—an outermost

longitudinal layer, a middle circular layer and

an innermost oblique layer. The longitudinal

layer is present only in the distal two-thirds of

the stomach, while the oblique layer is distin-

guishable only in the proximal half of the

stomach. The circular layer is present through-

out with maximum thickness in the antrum

where the force of contraction is the greatest.

Coordination of smooth muscle activity is

dependent upon the enteric neural plexus,

especially the myenteric plexus, and the inten-

sity of contraction depends upon the sympa-

thetic and parasympathetic efferent neural

activity. The proximal stomach acts as a reser-

voir that accommodates to meal volume by

modulating tonic contractile activity. The distal

stomach generates phasic peristaltic waves of

contraction for mixing, grinding and propelling

contents. Neural and hormonal activity can

alter the amplitude of slow waves, generation of

spike potential and, therefore, the force of

peristaltic contraction [51, 52].

Process of Gastric Emptying

Normal gastric emptying results from the inte-

gration of tonic contractions of the fundus,

phasic contractions of the antrum and the

inhibitory forces of pyloric and duodenal con-

tractions, which requires complex interactions

between smooth muscle, enteric and autonomic

nerves, and specialized pacemaker cells known

as the interstitial cells of Cajal (ICC) (Fig. 4).

The emptying of the reservoir is caused by

two mechanisms: a tonic contraction of the

fundus and peristaltic waves (phasic contrac-

tions) moving over the distal part of the gastric

body and antrum. These two forces represent

the pump of the gastric reservoir. Both the

peristaltic waves and the tonic contractions of

the reservoir are stimulated by cholinergic

enteric neurons that are under modulatory

vagal tone. In the region of the body of the

stomach, peristaltic waves only produce a small

circular constriction [51].

Fig. 2 This figure was originally published in Shack-
elford’s surgery of the alimentary tract, ed. 6, Philadelphia,
Charles J. Yeo (2007)

Fig. 3 Parasympathetic nerve supply of the stomach
Reprinted with permission from Elsevier (copyright
2003). Mercer DW, Liu TH (2003) Open truncal
vagatomy. Oper Tech Gen Surg 5(2):80–85
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The peristaltic wave originates at the proxi-

mal stomach and propagates to the pylorus.

Peristaltic waves are based on electrical waves

originating in the gastric wall. A network of

interstitial cells—called the ICC—exists in the

wall of both the stomach and small intestine.

These cells produce electrical pacesetter poten-

tials due to oscillations in their membrane

potential. The pacesetter potential of the ICC

drives electrical events in smooth muscle cells

where they are reflected as slow waves. Both the

pacesetter potentials and slow waves start in the

proximal stomach and move along the syn-

cytium of the smooth muscle cells. The pace-

setter potentials are always present but do not

cause contractions by themselves. Contractions

only occur when excitatory neurotransmitters,

such as acetylcholine (ACH), are released. The

release of ACH, and thus the stimulation of

gastric motility by cephalic and gastric reflexes,

is elicited by mechanoreceptors of the mouth

during the ingestion of food and by

mechanoreceptors and/or chemoreceptors in

the stomach. In the region of the body of the

stomach, the peristaltic waves are shallow, but

when the peristaltic wave reaches the antrum,

the circular constriction becomes deeper

[51, 52].

The emptying mechanism of the antral

pump can be divided into three phases: (1) a

phase of propulsion, (2) a phase of emptying

and mixing and (3) a phase of retropulsion and

grinding, as shown in Fig. 5. Due to the rhyth-

mic pacesetter potentials, there is cyclic, coor-

dinated pattern to the phases. When the

peristaltic wave moves over the proximal

antrum, the previously contracting terminal

antrum relaxes, thereby allowing chyme to be

propelled into the terminal antrum (phase of

propulsion) [51, 52].

Once the peristaltic wave reaches the middle

of the antrum, the pylorus opens and duodenal

contractions are inhibited, allowing small

amounts of gastric chyme to be delivered across

the pylorus into the duodenum. During this

phase of emptying and mixing, the peristaltic

waves are far away from the pylorus. Chyme is

swept into the small intestine by the peristaltic

wave [51, 52].

The antral pump acts like a sieve. As liquids

flow more rapidly than viscous and solid mate-

rials, liquids with small suspended particles are

swept across the pylorus into the duodenum,

whereas the viscous and solid mass of the

chyme is retained in the stomach. The lumen of

the antrum is not occluded by the peristaltic

wave, and some amount of chyme flows in a

retrograde manner into the relaxing proximal

antrum. The phase of emptying overlaps with

mixing of the gastric chyme. Simultaneously,

the subsequent peristaltic wave proceeds along

the gastric body, propelling chyme into the

proximal antrum. Chyme of the gastric body

and chyme of the middle antrum accumulate in

the relaxed proximal antrum. Contraction of

the terminal antrum closes the pylorus, thus

stopping the transpyloric flow. The chyme pre-

sent in the terminal antrum is forced retrograde

across the central opening of the peristaltic

wave into the relaxing middle antrum. Forceful

mixing of the chyme associated with the

grinding of particles occurs as a result of this jet-

like retropulsion. Thus, contraction of the ter-

minal antrum denotes the phase of retropulsion

and grinding. During the emptying phase of the

stomach, the duodenal contractions are inhib-

ited and the duodenal bulb relaxes. This is

known as antroduodenal coordination [51, 52].

As a result of the different frequencies

between the antral and duodenal contractions,

the duodenum can contract three to four times

Fig. 4 Motor events in normal gastric emptying Reprinted
with permission from M Schemann, ‘‘Gastrointestinal
Motility’’ web tutorial. http://humanbiology.wzw.tum.de/
motvid01/tutorial.pdf. Accessed 26 May 2014
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during an antral wave (red lines in Fig. 6). The

contractions of the proximal duodenum cease

during the phases of gastric emptying. The first

duodenal contraction occurs during the gastric

phase of retropulsion; the second contraction

occurs during the phase of propulsion [51, 52].

The complex muscular contractions of the

stomach are under neuro-hormonal control,

and damage to the enteric nerves, especially the

ICC, can result in disruptions of the intricate

mechanisms needed for normal gastric empty-

ing to occur.

Factors Affecting Gastric Emptying

Gastric emptying depends on several factors

(Table 2). The relaxation of the reservoir, the

depth of the constriction of the antral waves,

the degree of pyloric opening, the receptive

relaxation of the duodenal bulb and the con-

tractile pattern of the duodenum each play an

important role. The motility of the stomach can

also be affected by neurotransmitters, hormones

or drugs (Table 4) [51, 52].

For the stomach to empty, the pressure

generated by the antral pump must exceed the

resistance of the pyloric sphincter. In general,

emptying occurs at an exponential rate pro-

portional to the volume of the stomach—that

is, the fuller the stomach, the more rapidly it

empties. This is mediated by vagal excitatory

reflexes provoked by gastric distension. Stimu-

lation of the vagus nerve with ACH as neuro-

transmitter increases the force and frequency of

gastric contraction, whereas stimulation of

sympathetic nerves inhibits gastric motility

through the release of norepinephrine. Gastrin

is also released in response to antral distension,

and both these stimuli produce an increase in

antral pump activity. The speed of emptying for

liquids, or contents consisting of smaller parti-

cles, is faster than for solids (Fig. 7) [51, 52].

The emptying of liquids is exponential. In

contrast, the emptying of large solid particles

only begins after sufficient grinding, resulting

Fig. 5 Function of antral pump in gastric emptying Reprinted with permission from M Schemann, ‘‘Gastrointestinal
Motility’’ web tutorial. http://humanbiology.wzw.tum.de/motvid01/tutorial.pdf. Accessed 26 May 2014
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in a lag phase followed by the emptying of the

viscous chyme mainly in a linear fashion

[51, 52].

The chemical composition of the chyme

entering the duodenum also affects the rate of

gastric emptying, and influences hormone

secretion. If the chyme is too acidic, secretin is

released, which slows gastric emptying, reduces

the production of gastric acid and increases the

secretion of alkaline pancreatic juice into the

duodenum (Table 2). If the fat content of the

chyme is too high, cholecystokinin (CCK) is

released, which stimulates contraction of the

gall bladder so that bile salts (which emulsify

the fats) are secreted into the duodenum, and

also reduces gastric emptying. If the content of

amino acids in the chyme is too high, gastrin is

released, which increases contraction of the

pyloric sphincter and gastric motility and

overall delays gastric emptying. Hypertonic

chyme is detected by duodenal osmoreceptors

and gastric emptying is slowed [51, 52].

As the duodenum fills, stretch receptors are

activated that inhibit the vagus nerve, which

results in reduced gut tone and motility, tem-

porarily reducing gastric emptying. As the

duodenum empties, this inhibition diminishes,

the tone and motility of the gut increases and

gastric emptying is restored. The neural and

hormonal mechanisms that originate from the

duodenum and the feedback to slow gastric

emptying together constitute the entero-gastric

reflex. The activity of the pyloric sphincter is

modulated by reflexes originating from the

antrum and duodenum. A contraction of the

middle antrum elicits a descending inhibitory

reflex causing pyloric relaxation via the release

of nitric oxide (NO) and vasoactive intestinal

peptide (VIP) (Fig. 8). On the other hand, duo-

denal stimuli such as hydrochloric or oleic acid,

induce an ascending excitatory reflex which

causes frequent contractions of the pyloric

Fig. 6 Antroduodenal coordination. A, B, C Phases of
gastric emptying. Duod. Duodenum, Pyl. pylorus Rep-
rinted with permission from M Schemann, ‘‘Gastrointesti-
nal Motility’’ web tutorial. http://humanbiology.wzw.tum.
de/motvid01/tutorial.pdf. Accessed 26 May 2014

Table 2 Physiologic factors affecting gastric emptying

Factors that increase gastric
emptying

Factors that delay gastric
emptying

Stomach distension Duodenal distension

Liquid content Chyme high in H?, fat or

protein

Smaller particles Secretin, cholecystokinin

Parasympathetic stimulation Pain, anxiety, stress

Sympathetic stimulation

Fig. 7 Velocities of emptying of solid and liquid chyme
Reprinted with permission from M Schemann, ‘‘Gastroin-
testinal Motility’’ web tutorial. http://humanbiology.wzw.
tum.de/motvid01/tutorial.pdf. Accessed 26 May 2014
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sphincter associated with an increase in tone.

By regulating the rate of delivery of chyme into

the duodenum, the absorption of nutrients in

the small intestine is maximized [51, 52].

Given the complex, precise and coordinated

steps involved in the physiology of gastric

emptying, factors that may affect this sequen-

tial process can impact gastric motility in dia-

betics. The pathophysiology of gastroparesis is

heterogeneous (Fig. 8). Impaired phasic antral

contractions are traditionally believed to be

responsible for delayed emptying of solids in

DGp, but other factors are also said to con-

tribute. Regional defects, such as blunted antral

contractions, spastic pyloric and small intesti-

nal motility, hypersensitivity to fundic disten-

tion and impaired gastric accommodation to

meals are demonstrable in diabetic patients.

Type 1 diabetic patients may have impairment

of smooth muscle contractility. Acute hyper-

glycemia is known to delay gastric emptying,

disrupt antro-pyloric motility and blunt the

response to prokinetic medications. Autonomic

neuropathies, including vagal and sympathetic

neuropathies, are likely contributors to the

pathogenesis of delayed emptying in patients

with long-standing diabetes.

The pathogenesis of gastroparesis as a dis-

ease involves neuronal changes resulting in an

altered secretion of neuronal NO synthase

(nNOS), VIP, substance P and expression of

tyrosine hydroxylase. Abnormalities in the

structure and function of the autonomic ner-

vous system and smooth muscles play an

active part in the pathogenesis. Abnormalities

in small bowel motility might result in

delayed gastric emptying of solids; gastric

motor dysfunction might be associated with

small bowel dysmotility caused by a common

mechanism. The ICC generate an electrical

signal, and gastric electric dysrhythmias or

reduced power of the electrical signal in

postprandial state are found in gastroparesis

[53]. We will discuss proposed mechanisms in

the following section.

PATHOGENESIS OF DIABETIC

GASTROPARESIS

There are multiple mechanisms linking diabetes

to gastric motor dysfunction, such as auto-

nomic neuropathy, enteric neuropathy involv-

ing excitatory and inhibitory nerves,

abnormalities of ICC [54] (Table 3), acute fluc-

tuations in blood glucose, incretin-based medi-

cations used to normalize postprandial blood

glucose (Table 5) and perhaps psychosomatic

factors via autonomic mechanisms.

Mechanisms of Diabetic Gastroparesis

Glucose-Gut–Incretins-Islet Cross-Talk

One of the more powerful factors affecting

gastric emptying is glucose (from a meal and

from the liver). Glucose can delay or accelerate

gastric emptying and vice versa. Gut hormones

and islet hormones also play an important role

in maintaining gastric emptying by impacting

the intragastric and intraduodenal glucose

levels (Fig. 9) [55].

A complex interplay of gut hormones called

incretins (glucagon-like peptide 1 [GLP-1] and

gastric inhibitory polypeptide [GIP]) secreted

from K and L cells of the small intestine in

response to gastric nutrients, hepatic glucose

and insulin, and gastric intrinsic and extrinsic

factors as described in following sections bring

about the fascinating gluco-gastric equilibrium

[56, 57]. The incretins lower glucose levels by

Fig. 8 Feedback mechanism of gastric emptying. CCK
Cholecystokinin, ACH acetylcholine, VIP vasoactive
intestinal peptide, NO nitric oxide Reprinted with
permission from M Schemann, ‘‘Gastrointestinal Motility’’
web tutorial. http://humanbiology.wzw.tum.de/motvid01/
tutorial.pdf. Accessed 26 May 2014
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stimulating insulin secretion. GLP1 has other

actions, including the inhibition of glucagon

secretion, appetite and gastric motility.

Enteric Neuropathy

Patients with gastroparesis often show evidence

of autonomic neuropathy. Studies suggest that

both the sympathetic and parasympathetic

components of the autonomic nervous system

are affected in DGp since abnormalities have

been described in the axons and dendrites

within the prevertebral sympathetic ganglia.

The pancreatic polypeptide response is blunted

and gastric secretion is reduced in patients with

DGp when vagus nerve function is stimulated

by sham feeding. Hyperglycemia may cause

vagus nerve dysfunction due to demyelination

[38]. After restoration of normal glycemic con-

trol and renal function with pancreas–kidney

transplantation, diabetic autonomic and

peripheral neuropathy can be partially rever-

sible with improved gastric function [38].

Intrinsic Mechanisms

An increased level of oxidative stress caused by

low levels of heme oxygenase-1 (HO-1) is asso-

ciated with DGp in experimental models.

Increasing the expression of HO-1 or improving

the function of nitrergic mechanisms through

experimental approaches protects against the

development of gastroparesis or restores gastric

emptying in diabetic mice and rats, respectively

[58].

Both animal and human studies suggest that

the most common gastric cellular defects in

gastroparesis are the loss of expression of nNOS

and the loss of ICC [4]. However, post-transla-

tional modification of nNOS may be more

important than absolute nNOS levels [53].

Electric pacemaker activity drives peristaltic

and segmental contractions in the gastroin-

testinal tract, and the ICC are responsible for

spontaneous pacemaker activity. Loss of ICC is

the most common enteric abnormality in DGp

and idiopathic gastroparesis. The stomach

shows distinct regional variations in the distri-

bution of subtypes of ICC from the cardia to

pylorus, whereas the small intestine and colon

both seem to retain nearly the same distribution

pattern of subtypes of ICC throughout each

organ. All subtypes of ICC share common

ultrastructural features, such as the presence of

numerous mitochondria, abundant intermedi-

ate filaments and the formation of gap

Table 3 Pathophysiologic mechanisms of diabetic gastroparesis

Etiology Mechanism

Extrinsic denervation of stomach Delayed gastric emptying

Loss of nitric oxide synthase in enteric nerves Impaired inhibitory input

(1) Decreased gastric accommodation, and possible accelerated gastric

emptying of liquids

(2) Uncoordinated antral contractility resulting in delay in gastric

emptying of solids

(3) Pylorospasm, which in the presence of antral hypomotility, may

impair gastric emptying

Altered function of immune cells such as type 2

macrophages

Loss of cytoprotective factors resulting in damage to ICC (cajalopathy)

and smooth muscle

Loss of ICC (cajalopathy) Decreased smooth muscle contractility and arrhythmias

Smooth muscle atrophy ; IGF-1 with resultant loss of ICC

ICC Interstitial cells of Cajal, IGF-1 insulin-like growth factor 1
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junctions with the same type of cells and with

smooth muscle cells. ICC are responsible for

multiple functions in the GI tract. ICC generate

slow waves that control smooth muscle con-

tractility, are involved in aspects of neuro-

transmission, set the smooth muscle membrane

potential gradient and are involved in

mechanotransduction as shown in Fig. 10 [53].

There is continuous remodeling of the ICC,

and a balance is maintained between processes

that injure and repair these cells. In DGp,

pathways that damage ICC by various mecha-

nisms, such as insulinopenia, IGF-1 deficiency

Fig. 9 Glucose and gastric emptying: bidirectional rela-
tionship. The rate of gastric emptying is a critical
determinant of postprandial glycemia. Glucose entry into
the small intestine induces a feedback loop via CCK,
peptide YY (PYY) and glucagon-like peptide 1 (GLP-1),
which are secreted from the intestine in response to
nutrient exposure. GLP-1 and gastric inhibitory polypep-
tide (GIP) induce the release of insulin, and GLP-1
inhibits glucagon secretion, which attenuates postprandial
glycemic excursions. Amylin, which is co-secreted with

insulin, also slows gastric emptying. At the same time, the
blood glucose concentration modulates gastric emptying,
such that acute elevations of blood glucose levels slow
gastric emptying (effects are evident even within the
physiological range) and emptying is accelerated during
hypoglycemia Reprinted with permission from Springer
Nature. Phillips LK, Deane AM, Jones KL, et al. (2015)
Gastric emptying and glycaemia in health and diabetes
mellitus. Nat Rev Endocrinol 11(2):112–28
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[59] and oxidative stress, dominate. Deficiency

of ICC survival factors (insulin and IGF-1 pro-

mote the production of smooth muscle cell-

produced stem cell factor, an important ICC

survival factor) is detrimental to ICC [60].

Moreover, in diabetes, mechanisms that nor-

mally counteract increased oxidative stress,

such as upregulation of HO-1, are impaired,

leading to loss of ICC and subsequent delay in

gastric emptying. Upregulation of HO-1 by

hemin increases ICC and nNOS and normalizes

delayed gastric emptying. The protective effects

of HO-1 are said to be mediated by one of its

products—carbon monoxide (CO). Therefore,

the insulin/IGF-1 and the HO-1/CO pathways

provide opportunities to develop therapies that

are pathogenesis based. As the gut contains ICC

and enteric stem cells, targeting residual stem

cells or transplantation of stem cells is a new

area that needs further exploration [53].

Gastric and Enteric Neuromuscular Pathology

in Diabetic Gastroparesis

Histologic abnormalities are heterogeneous,

and include absent or dysmorphic ICC,

decreased nerve fibers, increased smooth muscle

fibrosis, and abnormal macrophage-containing

immune infiltrates [61]. Abnormal gastric slow

waves, severe symptoms of gastroparesis and

less improvement with gastric electrical stimu-

lation is seen in the absence of ICC. Electron

microscopy studies reveal abnormal connective

tissue stroma, thick basal lamina around ICC

and myocytes, and large empty nerve endings

suggest more profound conduction defects

[44, 62] (Fig. 11).

Drug-Induced and Iatrogenic Diabetic

Gastroparesis

Known causes of iatrogenic gastroparesis

include vagal inhibition due to vagal injury

after fundoplication for gastroesophageal reflux

disease and prescription medications that affect

gastric emptying (Table 4). Treatment of

patients with type 2 diabetes mellitus with GLP-

1 receptor agonists (GLP1-RA) for type 2 dia-

betes mellitus and the amylin analog (pramlin-

itide) have been shown to delay gastric

emptying (Table 5) [57]. Gastroparesis may

occur in patients with diabetics following kid-

ney and other solid organ transplantation due

to treatment with calcineurin inhibitors [53].

Miscellaneous Etiologies

Native autoimmunity in gastric parietal cells

has been speculated to occur in patients with

type 1 diabetics with DGp [65]. Clock genes

have been implicated in certain GI motility

disorders, including gastroparesis, due to varia-

tions in circadian rhythm [66].

Fig. 10 Functions of the ICC. Republished with permis-
sion of Annual Reviews, Inc.; permission conveyed
through Copyright Clearance Center, Inc. Horowitz B,
Ward SM, Sanders KM (1999) Cellular and molecular
basis for electrical rhythmicity in gastrointestinal muscles.

Annu Rev Physiol 61:19–43 Revisions to figure repub-
lished with permission from The American Physiological
Society. Sanders KM, Ordog, T, Koh SD, Ward SM
(2000) A novel pacemaker mechanism drives gastrointesti-
nal rhythmicity. New Physiol Sci 15(6):291–298
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CLINICAL EVALUATION OF PATIENT

WITH SUSPECTED DIABETIC

GASTROPARESIS

Common Clinical Manifestations

of Diabetic Gastroparesis

Common signs and symptoms of DGp are listed

in Table 6, and some patients present with non-

specific symptoms [67]. Soykan et al. reported

that among 146 patients with gastroparesis,

nausea was present in 92%, vomiting in 84%,

abdominal bloating in 75% and early satiety in

60% [25]. While similar GI symptoms may

occur with oral anti-diabetic agents, such as

metformin and alpha glucosidase inhibitors

(flatulence, diarrhea and pain), symptoms

improve when the medication is discontinued

[68]. In one study, patients with type 1 diabetes

presented with worse symptoms and were more

frequently hospitalized with less resolution of

symptoms than those with type 2 diabetics [32].

Depending on their medical history, diabetic

patients may also have other factors impacting

their gastric emptying (Table 7).

A careful medical history is essential. One

must specifically include questions that explore

the timingof symptomswith regard tomeals, the

typical symptom progression and the diet his-

tory. For example, early satiety or vomiting may

suggest problems with gastric accommodation,

while late satiation and/or vomitingmay suggest

abnormal gastric emptying. Also important are

questions that explore diabetes control, symp-

toms that suggest hypothyroidism, history of

previous surgery and medications (Tables 4, 5).

Interestingly, in a retrospective study of 186

patients (56% type 1 diabetes mellitus) from the

Netherlands, dyspeptic symptoms, with the

exception of early satiety and abdominal pain,

were unrelated to delayed gastric emptying [69].

In a study of patients with dyspepsia by Talley

et al. [70], symptom prevalence and severity did

not discriminate between those with delayed or

normal gastric emptying.

On physical examination, neuropathy,

abdominal distention, succussion splash, foul

breath and orthostatic and postprandial

hypotension may be present, but these findings

are nonspecific for gastroparesis [71]. The eval-

uation of patients with gastroparesis is based on

symptom severity. The two most commonly

used scoring systems are the Gastroparesis Car-

dinal Symptom Index (GCSI) [72], which is a

widely used quantitative scoring system, and

another multidisciplinary scoring system which

is qualitative.

Clinical Scoring Systems

The U.S. Food and Drug Administration (FDA)

recently released guidance on symptom scoring

Fig. 11 Altered interstitial ICC and smooth muscle in
diabetic gastroparesis. a A presumed ICC with apoptotic
features: clumps of compacted chromatin filling the entire
nucleus, a cytoplasm containing swollen mitochondria and
lysosomes. SMC smooth muscle cell. Bar 0.8 lm. b A
smooth muscle cell with a large lipofuscin body (Ly) near

the nucleus. Basal lamina is patchily thickened and the
stroma rich in collagen fibrils. Bar 0.8 lm Reprinted with
permission from John Wiley and Sons. Faussone-Pellegrini
MS, Grover M, Pasricha PJ, et al. (2012) Ultrastructural
differences between diabetic and idiopathic gastroparesis.
J Cell Mol Med 16(7):1573–1581
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systems for gastroparesis [73]. Although

designed for pharmaceutical trials, it is useful

for the documentation of symptoms and

patient-reported outcomes in gastroparesis in

general. There are a number of scoring systems

that have and are being advocated. A popular

scoring system, the GCSI, is described in detail

in the following section. However, it was not

derived from patient focus groups nor was it

initially designed to quantify pain, which has

limited its application in some settings.

GCSI Scoring System for Patient-Reported

Outcomes

The GCSI is a patient-based symptom instru-

ment in which the score is a sum of three sub-

scale scores (each ranging from 1 to 3) for the

three main symptom complexes:
1. Postprandial fullness/early satiety

2. Nausea/vomiting

3. Bloating

Patients are asked to rank symptoms (nausea,

retching, vomiting, stomach fullness, inability

to finish a normal-sized meal, feeling exces-

sively full after meals, loss of appetite, bloating

and the abdomen appearing visibly larger) using

a scale of 0–5, with 0 being none and 5 being

very severe. One drawback to the GCSI is that is

does not measure abdominal pain.

Gastroparesis Severity Based on Severity

of Illness

Another scoring system grades the severity of

gastroparesis as follows [74]:
• Grade 1 usually includes patients with mild

intermittent symptoms that are controlled

with diet modification and the avoidance of

exacerbating agents.

• Grade 2 patients have moderately severe

symptoms but no weight loss, and require

prokinetic drugs plus antiemetic agents for

control.

• Grade 3 patients are refractory to medica-

tion, unable to maintain oral nutrition and

require frequent emergency room visits.

These patients require intravenous fluids,

medications, enteral or parenteral nutrition

and endoscopic or surgical therapy.

Complications of Diabetic Gastroparesis

Complications of diabetes gastroparesis include

[71]:

Table 4 Drugs affecting gastric emptying

Drugs that delay gastric
emptyinga

Drugs that accelerate
gastric emptying

Opioid analgesics Metoclopramide

Anticholinergic agents Erythromycin/

clarithromycin

Tricyclic antidepressants Cisapride

Calcium channel blockers Domperidone

Progesterone Tegaserod

Octreotide b-Adrenergic receptor

antagonists

Proton pump inhibitors

H2-Receptor antagonists

Interferon-alpha

L-dopa

Fiber

Sucralfate

Aluminum hydroxide

antacids

b-Adrenergic receptor

agonists

Glucagon

Calcitonin

Dexfenfluramine

Diphenhydramine

Alcohol

Tobacco/nicotine

Anti-muscarinics, e.g.

atropine, glycopyrrolate

a Drugs used for treatment of diabetes that may affect
gastric emptying discussed in a different section
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• Esophagitis

• Mallory–Weiss tear from chronic nausea/

vomiting

• Malnutrition

• Volume depletion with acute renal failure

• Electrolyte disturbances

• Bezoar formation

• Hyperglycemia emergencies including dia-

betic ketoacidosis and hyperosmolar hyper-

glycemia syndrome

In one study, patients with type 1 diabetes

mellitus patients with DGp were hospitalized

for diabetic ketoacidosis fourfold more often

than their counterparts without DGp [75, 76].

DIAGNOSIS OF DIABETIC

GASTROPARESIS

Diabetic gastroparesis is diagnosed by the pres-

ence of upper GI symptoms suggestive of

Table 5 Summary of incretin drugs

Incretin drugs Dose and frequency

GLP-1 receptor agonist (incretin mimetics)a

Daily

Exenatide 5–10 lg SC BID within 60 min before meals and at least 6 h apart

Liraglutide 0.6 mg/day SC for 1 week and then increase to 1.2 mg/day, maximum 1.8 mg/day

Lixisenatide up titration to 20 mcg SC/day

Combination insulin analog basal/GLP1-RA

Insulin glargine/lixisenatide 15–60 units SC/day.

Insulin degludec/liraglutide 100/3.6:10–50 units daily.

Once-Weekly

Exenatide extended-release 2 mg once-weekly

Albiglutide 30 to 50 mg SC/week in a single dose pen (discontinued in 2017)

Dulaglutide 0.75–1.5 mg once-weekly

Semaglutide 0.5–1 mg once-weekly

Dipeptidyl peptidase-4 inhibitors (incretin enhancers)b

Sitagliptin 50 mg, 100 mg/day

Saxagliptin 2.5 mg, 5 mg/day

Linagliptin 5 mg/day

Alogliptin 25 mg/day

Vildagliptin 50 mg, 100 mg/day (Europe and Asia)

Amylinomimeticc

Pramlintide 60–120 lg SC before every major meal

GLP-1 Glucagon-like peptide-1, SC subcutaneous, BID twice daily,
a Injections, GLP receptor agonists and amylin delay gastric emptying (GE)
b Oral agents; unclear effect on GE [63, 64]
c Amylin is a peptide hormone co-secreted with insulin from pancreatic b cells

S16 Diabetes Ther (2018) 9 (Suppl 1):S1–S42



delayed gastric emptying in a diabetic patient,

exclusion of mechanical obstruction that could

cause upper GI symptoms and the demonstra-

tion of delayed gastric emptying. In addition to

the medical history and physical examination,

various diagnostic techniques can be used.

Obstruction caused by an intra-abdominal mass

may be excluded by diagnostic imaging. An

upper endoscopy is necessary to exclude the

presence of stricture, mass or ulcer. Tests that

may be necessary to exclude infectious, meta-

bolic and immunologic causes of upper GI

symptoms include a complete blood count;

comprehensive metabolic panel consisting of

electrolytes and liver function test; urinalysis;

erythrocyte sedimentation rate; and assays for

thyroid-stimulating hormone, rheumatoid fac-

tor and antinuclear antibody (Table 8) [71].

Radiographic Tests

Gastric Scintigraphy

Gastric emptying scintigraphy of a radiolabeled

solid meal is the gold standard for the diagnosis

of gastroparesis because it quantifies the emp-

tying of a physiologic caloric meal and as such

can assess the motor function of the stomach.

Therefore, it provides a physiological, non-in-

vasive and quantitative measure of gastric

emptying. The technique involves incorporat-

ing a radioisotope tracer into a standard meal

and subsequently tracking its passage through

the stomach using a gamma camera. Scintigra-

phy is more sensitive to the measurement of the

emptying of solids due to the fact that liquid

emptying may remain normal despite advanced

disease, but liquids can be radiolabeled as well

with an additional isotope. A variety of foods,

including chicken, liver, eggs, egg whites, oat-

meal or pancakes are commonly used as meals.

The content of the meal is important as factors

as solids versus liquids, indigestible residue, fat

content, calories and volume of the test meal

can all influence gastric emptying time. Dual-

isotope labeling of solid and liquid phases may

also be performed. Emptying of solids exhibits a

lag phase followed by a prolonged linear emp-

tying phase [71].

A consensus statement from the Society of

Nuclear Medicine and Molecular Imaging and

the American Neurogastroenterology and

Motility Society recommends the use of uni-

versally acceptable 99-m technetium sulfur-

colloid-labeled low-fat, egg-white meal [77].

Indications of Scintigraphy Measurement of

gastric emptying with scintigraphy may be

indicated in diabetic patients with upper GI

symptoms (other than isolated heartburn or

dysphagia), patients with poor glycemic control

and those being considered for, or treated with

hypoglycemic medications that may slow gas-

tric emptying, including alpha glucosidase

inhibitors, amylin analogs and GLP1-RAs

(Table 5), and those with severe reflux symp-

toms unresponsive to standard therapy. 78].

Procedure Gastric emptying scintigraphy

should be performed after the exclusion of

mechanical or structural causes of abnormal

gastric emptying. Patients should discontinue

all motility-altering medications, including

prokinetics, opiates and anticholinergics for at

least 2–3 days before testing, and longer if pos-

sible. GLP-1 RAs also delay gastric emptying,

and it is reasonable to consider alternative

therapies that do not delay gastric emptying.

Long-acting GLP1 agonists should be discon-

tinued for at least 1 week before the procedure

(listed in Table 5). Patients should refrain from

smoking and consuming alcohol on the test

day, as both may slow gastric emptying.

Table 6 Common symptoms of diabetic gastroparesis

Common symptoms of diabetic gastroparesis

Nausea

Vomiting

Early satiety

Bloating

Postprandial fullness

Abdominal pain

Weight loss/weight gain

Constipation and/or diarrhea

Wide glycemic fluctuations
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Table 7 Causes of gastroparesis

General causes of gastroparesis Etiology

Surgical causes Vagotomy and gastric resection/drainage

Fundoplication, oesophagectomy

Gastric bypass surgery

Whipple procedure

Heart/lung transplant

Infections Viruses: Epstein–Barr virus, varicella, parvovirus-like

Chagas disease

Clostridium botulinum

Central nervous system disorders Cerebrovascular accidents/trauma

Tumors

Labyrinthine disorders

Seizures

Peripheral nervous system disorders Parkinson’s disease

Guillain–Barre

Multiple sclerosis

Dysautonomias

Neuropsychiatric disorders Anorexia nervosa/bulimia

Rumination syndrome

Rheumatologic disease Scleroderma

Systemic lupus erythematosus

Polymyositis/dermatomyositis

Endocrine and metabolism diseases Diabetes

Hypothyroidism

Electrolyte disorders

Renal failure

Pregnancy

Neoplastic(para)-breast, small cell lung, pancreas

Miscellaneous neuromuscular diseases Amyloidosis

Chronic intestinal pseudo-obstruction

Myotonic dystrophy
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Significant hyperglycemia delays gastric emp-

tying, and fasting blood glucose should

be\ 275 mg/dL on the day of testing [79].

After an overnight fast, the patient consumes

a standardized test meal within 10 min. The

most commonly used meal is a 255 kcal low-fat

test meal consisting of egg beaters (120 g)

labeled with 0.5 mCi technetium-99 m sulfur

colloid radioisotope, two slices of bread, straw-

berry jam (30 g) and water (120 mL). Standard

imaging of the gastric area with the patient

standing is performed at baseline (after meal

ingestion) and at 1, 2 and 4 h after meal inges-

tion. Although an alteration in body position

may have marked effects on gastric emptying of

radiolabeled liquids, they have only a minor

effect on the intragastric meal distribution and

lag-time or post-lag emptying rate for solid and

liquid meals. Anterior and posterior images are

obtained sequentially with a single-headed

camera or a dual-headed camera tracking the

passage of the meal through the stomach.

Imaging should be completed over 4 h to pro-

duce a reliable estimate of half-life time. Shorter

imaging protocols may complicate interpreta-

tion. The study meal should also be consumed

within 10 min, and the time used for con-

sumption should be noted as prolonged time

for meal ingestion can effect the measurement

of gastric emptying [78].

Interpretation of scintigraphy A region of

interest is drawn around the stomach on both

anterior and posterior images at each time point

using computerized software. Geometric means

of the anterior and posterior counts are calcu-

lated and corrected for tissue attenuation and

isotope decay. The results are expressed as the

percentage of radioactivity retained in the

stomach at each time point, normalized to the

baseline value. Gastruc emptyingis considered

delayed if there is greater than 60% retention at

2 h or 10% retention at 4 h, as shown in Fig. 12

[78].

Radiopaque Markers

Indigestible markers, i.e. ten small pieces of

nasogastric tubing, are ingested with a meal.

None of the markers should remain in the

stomach on an X-ray taken 6 h after their

ingestion. This simple test correlates with clin-

ical gastroparesis and is readily available and

inexpensive. The drawbacks of the test include

lack of standardization of the meal and size of

markers and difficulty in determining if the

markers are located in the stomach or in other

regions that overlap with the stomach, such as

the proximal small bowel and transverse colon

[78].

Ultrasonography

Transabdominal ultrasound has been used to

measure emptying of a liquid meal by serially

Table 8 Summary of diagnostic tools for diabetic
gastroparesis

Diagnostic tools for DGp

Presence of symptoms Abdominal imaging

Abdominal bloating Plain radiograph

Abdominal pain Computed tomography

Anorexia Magnetic resonance

imaging

Early satiety Endoscopy

Nausea Esophagoduodenostomy

Postprandial fullness Gastric emptying studies

Vomiting Scintigraphy

Weight loss Breath tests

Laboratory studies Ultrasound

Antinuclear antibody Manometry

Complete blood count Electrogastrography

(EGG)

Complete metabolic panel

(including renal function and

anion gap to rule out

ketoacidosis)

Erythrocyte sedimentation

rate

Rheumatoid factor

Thyroid-stimulating hormone

Urinalysis
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evaluating cross-sectional changes in the vol-

ume remaining in the gastric antrum over time.

Emptying is considered to be complete when

the antral area/volume returns to the fasting

baseline. Three-dimensional ultrasound is a

newly developed technique that has recently

been reported to be useful in determining

stomach function, and duplex sonography can

quantify the transpyloric flow of liquid gastric

contents. These techniques are preferred over

scintigraphy in certain patients, such as preg-

nant women and children, to minimize radia-

tion exposure. Drawbacks of the test include

operator dependence, proven reliability only for

measurement of liquid emptying rates and

lower reliability in obese patients or in the

presence of excessive gastric air. Moreover, liq-

uid emptying is rarely impaired in patients with

severe gastroparesis [78].

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) using

gadolinium can accurately measure semi-solid

gastric emptying and accommodation using

sequential transaxial abdominal scans. MRI

provides excellent resolution with high sensi-

tivity. It is also non-invasive and radiation free.

Antral propagation waves can be observed and

their velocity calculated. In gastroparesis, a

significant reduction is seen in the velocity of

these waves. MRI can also differentiate gastric

meal volume and total gastric volume, thereby

allowing gastric secretory rates to be calculated.

New rapid techniques allow careful measure-

ments of wall motion to be made in both the

proximal and distal stomach during emptying,

and solid markers now permit the measure-

ment of solid meal emptying. The drawback of

this test is its expense and lack of availability

[78].

Single-Photon Emission computed tomography

This technique uses intravenously adminis-

tered 99-Tc pertechnetate that accumulates

within the gastric wall rather than the lumen

and provides a three-dimensional outline of

the stomach. Measurement of regional gastric

volumes in real time to assess fundic accom-

modation and intragastric distribution can be

made. The drawback of this test is the need for

large radiation doses and its wide unavailabil-

ity [78].

Stable-Isotope Gastric Emptying Breath

Testing

The gastric emptying breath test (GEBT) using a

stable isotope, i.e. 13C-labeled substrates, typi-

cally 13C-octanoic acid or 13C-Spirulina platensis

(blue-green algae), is a promising alternative

diagnostic modality to scintigraphy. It is a

noninvasive, easy-to-perform method and does

not involve radiation exposure. In the GEBT,

the rate of gastric emptying of the 13C substrate

incorporated in a solid meal is reflected by

breath excretion of 13CO2 [78].

Fig. 12 Gastric emptying (GE) scintigraphy showing
normal and delayed GE in a patient with type 1 diabetes.
The percentage shown is the percentage emptied; the
current standard is to list the percentage of radioactivity
retention, which would be 100% minus the percentage
emptied. Reprinted with permission of the American
Diabetes Association, Inc. Copyright 2013
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Indications The indications for the GEBT is

similar to those for scintigraphy; however, the

former may specifically be indicated in patients

in whom scintigraphy is not feasible. GEBT has

an advantage over scintigraphy in that it does

not require radiation exposure and may be used

in pregnant women, women who are breast-

feeding and children. It is also less expensive

and easier to perform than gastric emptying

scintigraphy. Samples can be transferred to a

central laboratory, so the test can be performed

anywhere [78].

Wireless Motility Capsule

The wireless motility capsule using the SmartPil

has been approved by the U.S. FDA for the

evaluation of gastric emptying, colonic transit

time in patients with suspected slow transit

constipation and for measurement of pH, tem-

perature and pressure throughout the GI tract.

It is a safe and practical alternative to scintig-

raphy. It consists of a 2-cm-long wireless trans-

mitting capsule that has the ability to record

and transmit data on pH, pressure and temper-

ature to a portable receiver that may be worn

around the patient’s neck. Data can be acquired

continuously for up to 5 days, and significant

events (e.g. meal ingestion, sleep or GI symp-

toms) can be recorded with a button. Gastric

emptying is reflected by an abrupt change in pH

as the capsule moves from the acidic environ-

ment of the stomach to the alkaline environ-

ment of the duodenum. This transit typically

occurs with return of the fasting state and phase

III migrating motor complex (MMC) after the

emptying of liquids and triturable solids [78].

Indication Wireless motility capsule testing is

used in the evaluation of gastric emptying and

whole-gut transit in patients with suspected

gastroparesis.

Procedure The procedure should begin in the

morning after an overnight fast. Before testing,

medications that suppress gastric acid produc-

tion should be stopped, such as proton-pump

inhibitors for 1 week and histamine H2 receptor

antagonists for 3 days, as they may interfere

with the pH-dependent measurement of gastric

emptying. Similarly, medications that may

affect GI motility are stopped 2–3 days before

the test. The patient consumes a standardized

nutrient meal on the morning of the test, fol-

lowed by ingestion of the WMC with 50 mL

water. The patient fasts for the next 6 h [78].

Interpretation Sensed data are transmitted by

the single-use capsule to the receiver worn by

the patient, and pH values from 0.5 to 9.0 pH

units, pressure activity and temperature are

recorded. Gastric emptying time is defined as

the time from capsule ingestion to a rise in pH

from gastric baseline to 4.0 pH units, marking

the passage of the capsule from the antrum to

the duodenum. Normal emptying of the cap-

sule should occur within 5 h of ingestion. If it

does not occur within 6 h, a maximum gastric

emptying time value of 6 h is assigned (Fig. 13).

Limitations Healthy subjects and patients

with gastroparesis may not have a phase III

MMC contraction within 6 h when the next

meal is given, and capsule emptying may

therefore be inhibited. Diabetic patients under-

going evaluation for gastroparesis receive a

second meal at 6 h as part of the standard

method and to avoid hypoglycemia in those

receiving medium-duration insulin prepara-

tions. Other limitations are the possible diffi-

culty with capsule ingestion and the potential

for capsule retention or obstruction. Use of the

capsule is contraindicated in children and in

adult patients with a known history of esopha-

geal stricture [78].

Electrogastrography

Electrogastrography (EGG) can be a useful

adjunctive diagnostic test. EGGmeasures gastric

slow-wave myoelectrical activity typically via

cutaneous electrodes positioned along the long

axis of the stomach. A pre-prandial recording is

captured for approximately 45–60 min, then

the patient is given a meal, followed by a 45- to

60-min postprandial recording, although

shorter recording periods can be used as well.

Healthy controls produce EGG recordings that

exhibit uniform waveforms of three cycles per

minute, which increase in amplitude after

ingestion of a meal, and both the frequency and

amplitude of the EGG can be important
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measures, as well as the propagation between

channels of EGG signal. Cutaneous electrogas-

trography can be amplified by the use of more

direct measures, such as mucosal or serosal

electrograms. Electrograms are not conducted

routinely, but they may offer additional sensi-

tivity and indications of disordered gastric

function in a given patient [80]. New work with

high-resolution EGG systems offer the potential

for more sensitive electrical measurements and

possible wider utilization and acceptance.

DIFFERENTIAL DIAGNOSIS

OF DIABETIC GASTROPARESIS

The nonspecific nature of the clinical features of

gastroparesis makes for a broad differential

diagnosis, which includes endocrine and meta-

bolic disorders, autoimmune and connective

tissue diseases, central nervous system lesions

and GI syndromes, as shown in Table 9. Careful

review of clinical presentation and diagnostics

is warranted since other reversible causes of

nausea and emesis, may masquerade as gastro-

paresis [70, 81].

Gastroparesis-Like Syndrome

Patients with the symptoms of gastroparesis but

with non-delayed solid emptying, have been

described [29]. It is unclear if this entity of

gastroparesis-like syndrome is distinct from

gastroparesis.

Non-Delayed Gastric Emptying

(Accelerated/Rapid Gastric Emptying)

Rapid gastric emptying of solids and/or liquids

with features of dumping syndrome and diar-

rhea is increasingly recognized in patients with

diabetes mellitus. Other conditions with rapid

gastric emptying include post fundoplication

and other gastric surgeries for peptic ulcer or

post bariatric surgery, functional diarrhea,

functional dyspepsia and autonomic

dysfunction.

In contrast to delayed gastric emptying,

which has been associated with long-standing

complicated type 1 diabetes, rapid gastric emp-

tying of liquids occurs with type 2 diabetes,

often with early disease (Fig. 9).

Impairment of nitrergic-mediated gastric

accommodation due to vagal dysfunction in

diabetes mellitus predisposes to higher gastric

pressures and rapid gastric emptying of liquids.

Patients with rapid gastric emptying may pre-

sent with poor postprandial glycemic control

and postprandial upper abdominal symptoms,

such as abdominal discomfort and nausea with

or without vomiting, which are often indistin-

guishable from those of delayed gastric empty-

ing. However, weight loss is more common

among patients with delayed gastric emptying

[49].

Diabetics with rapid or accelerated emptying

may have similar symptoms as those with DGp.

The former present with predominantly post-

prandial symptoms which are exacerbated by

prokinetic agents. Avoiding liquids with meals

and for 30 min post meals and the addition of

dietary fiber (e.g. pectin, guar gum) can alleviate

symptoms. GLP-1 analogs may help by slowing

gastric emptying and postprandial hypo-

glycemia; however, randomized controlled

studies are lacking in this area [84].

Fig. 13 Normal gastrointestinal motility tracing using the
wireless motility capsule (WMC). GET Gastric emptying
time, SBTT small bowel transit time, CTT colon transit
time Reprinted with permission from Elsevier (copyright).
Rao SS, Kuo B, McCallum RW, et al. (2009) Investigation
of colonic and whole-gut transit with wireless motility
capsule and radiopaque markers in constipation. Clin
Gastroenterol Hepatol 7(5):537–544
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MANAGEMENT OF DIABETIC

GASTROPARESIS

The development of gastroparesis is associated

with poor glucose control [31], and the goal of

optimal glycemic control needs to be

emphasized. The usual treatments for DGp

include nutritional assessment and dietary

modifications, glycemic control, prokinetic

agents and antiemetic agents, as discussed in

the following sections. Although the majority

of patients have mild-to-moderate disease that

Table 9 Differential diagnosis of gastroparesis

Differential Evaluation

Rumination syndrome History of passive regurgitation of unpleasant tasting substances without preceding

nausea

Cyclical vomiting syndrome Episodic bouts of emesis with intervening asymptomatic periods

Pregnancy Pregnancy testing

Celiac disease Serology and endoscopy

Gastric outlet obstruction Upper endoscopy or barium series

Complete bowel obstruction Bowel films and other imaging

Partial small-bowel obstruction

Crohn’s disease with small bowel

stricture

Small bowel follow through or computed tomography enterography or enteroclysis

Hypothyroidism THS testing to screen for hypothyroidism

Diabetes HbA1C, or 2 h glucose tolerance test

Diabetic ketosis/ketoacidosis Acute onset, laboratory tests, including anion gap and ketone derivatives are helpful

Normoglycemia does not rule out diabetic ketoacidosis

Functional dyspepsia Milder symptoms: may have mild delay in gastric emptying

CNS disorders Examination: cranial nerve palsies, cerebellar signs, CNS imaging

Addison’s (primary) or secondary

adrenal insufficiency

Nausea but seldom with emesis. Clinical signs buccal pigmentation, low cortisol

with elevated ACTH levels (primary). May coexist with autoimmune diseases

such as type 1 diabetes mellitus, Hashimoto’s thyroiditis or Graves’ disease.

Secondary (ACTH) deficiency is often from a pituitary tumor with headache and

visual complaints, as well as hypogonadism

Medication effects Refer to list of medications that delay gastric emptying

Cannabinoid hyperemesis syndrome History of marijuana use, relief of GI symptoms with hot showers

Pseudo bowel obstruction Radiograph suggestive of dilated loops with no obstruction: ANA, anti-Scl 70, fat

biopsy, ANNA-1, CPK.(infiltrative diseases)

Eating disorders: anorexia and

bulimia

Clinical presentation helpful. Re-alimentation and maintenance of body weight

improves symptoms [82, 83]

DKA Diabetic ketosis/ketoacidosisCNS central nervous system, TSH thyroid stimulating hormone, ACTH adrenocorti-
cotropic hormone, GI gastrointestinal, ANA antinuclear antibodies, CPK creatine phosphokinase, ANNA-1 type 1
antineuronal nuclear antibodies
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can be managed effectively using these mea-

sures, a small percentage of patients have severe

DGp that is characterized by inadequate oral

intake, malnutrition, weight loss and frequent

hospitalizations. Optimal management of these

patients presents a difficult challenge for the

clinician, although emerging treatment

options, such as gastric neurostimulation, offer

a glimmer of hope. Patients with DGp often

present with gastric comorbidities, including

gastroesophageal reflux disease, intestinal dys-

motility and fungal and bacterial infections of

the GI tract [5], as well as with macro- and

microvascular complications of diabetes.

Therefore, effective management of patients

with DGP often requires an interdisciplinary

approach with the involvement of a team of

specialists, including the primary care physi-

cian, gastroenterologist, endocrinologist, dieti-

cian, psychologist, interventional radiologist

and surgeon.

Non-glycemic endocrine issues related to

DGp include mineral and vitamin deficiency,

low bone mass, hypogonadism and amenorrhea

related to undernourishment in severe

gastroparesis.

Vitamin and micronutrient deficiencies,

such as vitamin D deficiency, may impact gas-

tric emptying and, interestingly, some studies

show a paradoxical worsening of gastric emp-

tying with higher B12 levels. [85].

Nutritional Management

Most patients with DGp have lower-than-rec-

ommended caloric intake and extensive macro-

and micronutrient deficiencies [86]. The caloric

requirement can be calculated by multiplying

25 kcal by the current body weight in kilo-

grams. The American Diabetes Association

(ADA)-recommended standard low-carbohy-

drate and high-fiber dietary composition may

not be appropriate for many of these patients.

Dietary recommendations rely on measures

that promote gastric emptying or, at least the-

oretically, do not retard gastric emptying. At the

outset, the patient should be counseled by an

experienced dietician who can assess nutri-

tional status and explore the patient’s tolerance

of solids, semi-solids and liquids, as well as

dietary balance, meal size and timing (Table 10).

Fats and fiber tend to retard emptying, thus

their intake should be minimized [87]. A step-

wise approach starting with clear liquids with

nutritional values, followed by soups and

smoothies, and later the introduction of gas-

troparesis-friendly solids is another option [67].

Multiple small low-fat meals four or five times

each day should be recommended. Carbonated

liquids should be avoided to limit gastric dis-

tention. Patients are instructed to take fluids

throughout the course of the meal and to sit or

walk for 1–2 h after meals. A small particle diet

may also be beneficial for symptoms and toler-

ance compared to a conventional diabetic diet

[88]. If the above measures are ineffective, the

patient may be advised to consume the bulk of

their calories as liquids since liquid emptying is

often preserved in patients with gastroparesis.

Poor tolerance of a liquid diet is predictive of

poor success with regular treatment. [5].

The role of a nutritionist familiar with gas-

troparesis nutrition needs to be underscored

since hydration and nutrition are important in

preventing many complications of DGp and

autonomic neuropathy including diabetic

ketosis/ketoacidosis, delayed wound healing

and diabetic cachexia.

Lifestyle Intervention, Behavior

Modification and Alternative Therapies

Patient and family education and improved

awareness of the condition form an integral part

of the treatment plan. The disabling chronic

symptoms of gastroparesis have a profound

impact on the patient’s sense of well-being and

personal and social life [91]. Empathy to

patient’s needs, a humanistic approach from

the clinical team, and behavioral psychology

counseling will help the patient cope with the

disability. Patients should be informed that a

number of drugs might be tried in an attempt to

discover the optimal therapeutic regimen and

that the aim of treatment is to control rather

than cure the disorder. Addressing physical

conditioning, weight and nutrition-related

issues is imperative to DGp treatment [71].
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Table 10 Summary of nutritional interventions for diabetic gastroparesis Republished and modified with permission of
Dove Medical Press [89]. Permission conveyed through Copyright ClearanceCenter, Inc.

Hydration: if all else fails, go for liquids On days when symptoms are worse, try taking just liquids to maintain

hydration and to rest the stomach

Meal volume/portion size: multiply

frequency and divide the portions

Eat smaller, more frequent meals

Meal consistency: If you can not chew,

blenderize

Chew the food thoroughly and take 20–30 min to finish the meal

Try solid meals in the morning, switch to semi-liquid and liquid meals over

the course of the day

Any food can be blended with water, vegetable juice or broth to make a puree

When symptoms worse, prefer liquid vs solid meals

Glycemic control: match meals with

medicines

Modify meal timing, form of carbohydrate (simple, complex) according to

the diabetes treatment regimen and vice versa

Fat: less is more Fat in liquid is well-tolerated; maintain an intake of 20–30% of calories from

fat

Fiber: watch for fur balls Identify the high-fiber foods that worsen upper GI symptoms, and

individualize the sources of fiber

Delaying GI transit may modulate the biome and alleviate the symptoms

If bezoar formation is a concern, avoid foods causing bezoar, such as fruits

with peelings, berries, coconut, legumes and fiber supplements

Treat bacterial overgrowth if suspected/symptomatic

Address micronutrient deficiency: bones and

blood

Eat nutritious foods first before filling up on ‘‘empty calories’’

Replace iron, B12, vitamin D and calcium deficiency

Weight/body mass index: keep moving Check body weight twice a week, if the weight is decreasing, increase the

amount of liquid supplements.

Lose weight if you are overweight

Physical activity may improve gastric emptying [90] (Consult your medical

team)

Miscellaneous: do not miss the bottom line Avoid foods that lower esophageal sphincter pressure: pepper-mint,

chocolate, fat, and caffeine

Avoid caffeine, alcohol, tobacco and stress

Avoid chewing gum, which increases air swallowing

High-fiber foods should be avoided as they may be more difficult on the

stomach and may cause bezoar formation

Chew well and eat slowly (30 min meals)

Do not lie down immediately after eating.

Consult dental/oral health team to improve oral hygiene
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Glycemic Management

It is imperative to optimize glycemic control to

minimize acute symptoms of DGp and improve

gastric emptying to impact overall diabetes-re-

lated outcomes. Rapid gastric emptying may

cause postural hypotension, thereby precipitat-

ing falls, especially in elderly patients with DAN

[92, 93]. Hyperglycemia delays gastric empty-

ing, even in the absence of neuropathy or

myopathy, which is likely to be mediated by

reduced phasic antral contractility and the

induction of pyloric pressure waves [94].

Hyperglycemia can inhibit the accelerating

effects of prokinetic agents. Glucose levels

should be maintained below 180 mg/dL to

avoid inhibiting gastric myoelectric control and

motility. Patient-centered interventional

strategies to minimize postprandial hyper-

glycemia need to be devised [95].

A multidisciplinary approach with a team

consisting of a certified diabetes educator,

registered dietician who is familiar with

nutritional assessment of gastroparesis and a

behavioral psychologist is integral to imple-

menting a strategy of individualized patient

care. Also, compassionate family mem-

bers/care takers who understand the dynamics

and complexity of blood glucose management

in patients with gut autonomic dysfunction

will be effective partners in the patient care

team.

Pharmacotherapy for Glucose

Management in Patients with Diabetic

Gastroparesis

Over the last decade, the therapeutic arma-

mentarium for diabetes has expanded at a

remarkable pace to include drugs with novel

pathways and also device technology [63]. For

those with type 2 diabetes, incretin mimetics

and sodium glucose transporter inhibitors

(SGLT-2i) have been game changers with major

trials proving significant cardiovascular benefits

[96]. In patients with DGp, glycemic goals and

choice of pharmacotherapy should be individ-

ualized along with nutrition and lifestyle mod-

ifications [97].

Oral Agents

Oral agents are not recommended for patients

with type 2 diabetics with clinically significant

DGp. The pharmacodynamics/kinetics of oral

agents are impacted by delayed gastric empty-

ing and, therefore, these agents are not ideal for

effective glycemic control. While biguanides

(metformin) improve insulin resistance, GI

intolerance often limits their use. Sulfonylureas

must be used with caution given the risk of

hypoglycemia. While data on the impact of

dipeptidyl peptidase 4 (DPP-4) inhibitors on

gastric emptying are inconsistent, absorption

may be impaired depending on the rate of gas-

tric emptying. Dehydration and euglycemic

ketoacidosis are a potential risk, but the direct

impact of SGLT-2i on DGp is not clear at this

time [98]. Alpha-glucosidase inhibitors may be

beneficial for accelerated gastric emptying, but

they may also cause diarrhea and abdominal

distension.

Incretins

Glucagon-like peptide-1 analogs and GLP1-RAs

are well-established antidiabetic agents for

patients with type 2 diabetes, with multimodal

impact both on glycemic control and metabolic

benefit [99] (Table 5). However, this group of

agents may exacerbate symptoms in patients

with delayed gastric emptying, [67]. On the

other hand, there may be a role for GLP-1 ana-

logs in those diabetics with accelerated gastric

emptying [84].

Insulin Therapy

In patients with type 1 diabetes, the standard of

care is insulin, either basal-bolus therapy

(Table 11) or continuous subcutaneous insulin

infusion (CSII).

Basal insulin is long- or intermediate-acting

insulin administered subcutaneously once or

twice a day. Ideal basal insulin has no peak

effect and maintains euglycemia independent

of the prandial state. The analog basal insulins

(Table 11) are closer to endogenous insulin

secretion with a lack of peak effect and longer

duration of action.

Basal insulin is initiated at a dose of 0.2–0.3

units/kg/day for patients with type 2 diabetics
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and 0.15 units/kg/day for those with type 1

diabetics. Dose titration is based on glycemic

response, keeping in mind that the post-ab-

sorptive state in DGp varies widely.

Prandial insulin is generally used pre-meal to

prevent postprandial glycemic excursions, but

its use poses challenges given the wide post-

prandial glycemic variability with DGp.

Prandial insulin may be administered after

meals as a strategy to prevent postprandial

hypoglycemia if the full meal is not consumed

as planned, or there is intra-prandial emesis.

Regular insulin causes less hypoglycemia post

meal than does rapid-acting insulin analogs in

select patients [67]. With multiple small meals,

aggressive glucose monitoring and frequent

Table 11 Summary of available human and analog insulins and their pharmacokinetics

Type of insulina Onset of
action

Peak Duration of
action

Frequency of dosing

Human insulin

Regular 0.5–1 h 2–4 h 6–8 h Meal time (preferred in DGp, poorly controlled diabetes

mellitus, enteral nutrition)

NPH (isophane) 2–4 h 4–8 h 12–16 h Basal insulin, given twice a day

U 500 regular

(concentrated)

2–4 h 4–8 h 12–16 h Basal/bolus 2–3 9 day or pump

Analog insulin

Prandial/meal time/rapid acting

Lispro 5–15 min 1 h 2–4 h Meal time

Aspart 5–15 min 1–3 h 3.5–5 h

Glulisine 5–15 min 1 h 4–5 h Meal time(may be administered within 20 min after a

meal)Aspart (fast

acting)

\ 15 min 1.5–2.22 h 5–7 h

Basal/long acting analog

Glargine (U100) 3–4 h Flat/12 h 10.8–24 h Once or twice a day

Duration dose dependent (generic available)

Detemir U100 1–4 h Flat 10–18 h Twice a day

Duration dose dependent

Degludec (u-100) 90 min Flat peak 24–42 h Once a day

Concentrated insulinsb

U-200 degludec 90 min Flat 24–42 h Basal

U-300 glargine 6 h Flat 24 h

U-500 regular * 15 min 4–8 h B 21 h Basal/bolus

Inject 30 min before meal

U-200 lispro * 15 min 30–90 min 4–5 h Prandial

a Premix insulins and inhaled insulins are not discussed here since their role in patients with DGp is unclear
b Concentrated insulins may be helpful in insulin-resistant patients with DGp (type 2 diabetes mellitus)
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small doses of rapid-acting insulins may be

needed to prevent postprandial hyperglycemia.

Diabetes Technology

In patients with DGp, the variable gastric emp-

tying poses challenges for glycemic control.

Prevention of wide glucose fluctuations may be

more important than maintenance of a given

steady-state blood glucose level. Continuous

glucose monitoring (CGM) may be helpful with

predictive low glucose alerts and to ascertain

the effect of certain meals on glucose levels

[100] (Fig. 14). Optimal glucose control may

improve antral contractility, correct gastric

dysrhythmias and accelerate emptying. DGp

may be an indication for insulin-pump therapy

(CSII) in patients with type 1 diabetes mellitus

[101]. A recent National Institute of Diabetes

and Digestive and Kidney Diseases (NIDDK)

Gastroparesis Consortium (GpCRC)-funded

open labeled pilot study of 42 diabetics with

DGp (both types 1 and 2) showed improved

glycemic control, less hypoglycemia and an

improved DGP symptom score with the use of

sensor-augmented pump or CSII and CGM)

[102].

With insulin pump therapy, the patient is

able to use various delivery patterns of prandial

insulin. Combination and extended boluses

(square wave and dual wave patterns) may

eliminate the postprandial hypoglycemia that

may occur with instant boluses. Combo bolus

or dual wave using 10–20% with the first wave

and the remainder with the second wave over

5–6 h depending on meal may be helpful [67]. A

hybrid closed loop pump (CSII with CGM)

which delivers interprandial insulin based on

glucose trends (model 670G; Medtronic plc,

Dublin, Ireland) was approved in 2016 by the

FDA for those patients who need steady gly-

cemic control [103] (Fig. 15). Further clinical

trials of patients with DGp will enhance use of

available technology to improve glycemic -gas-

tric outcomes.

In a study of hospitalized type 1 diabetics

with DGp, CSII was superior to multiple insulin

injections for glycemic control, hypoglycemia

prevention and length of inpatient days [104].

Fig. 14 Continuous glucose monitoring system (Dexcom
G4 CGM) downloaded from a patient with Type 1
diabetes with diabetic gastroparesis treated with a basal and
bolus insulin regimen. The figure shows data for seven 24
hour periods (different color for each of the 7 days). Daily

trends show wide glycemic fluctuations (interstitial glucose
mg/dl on y-axis), mostly in postprandial state that vary
from day to day. Also of note there are significant
hypoglycemic events. Courtesy Dr. K. Komorovskiy
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In the past 2 years, the U.S FDA has approved

expanded indications for Dexcom G5� Mobile

CGM System and Libre flash glucose monitor-

ing systems (Abbott Laboratories, Lake Bluff, IL)

to replace finger stick glucose checking in dia-

betic patients [105, 106]. More recently an

integrated CGM (iCGM) has been approved to

use with other compatible medical device plat-

forms and electronic interfaces, including

automated insulin pumps [107]. Given the

available ground-breaking technology more

studies are needed to evaluate the feasibility and

safety of real-time glucose monitoring and pre-

dictive insulin infusion systems in patients with

DGp.

Pharmacologic Treatments for Diabetic

Gastroparesis

The pharmacotherapy of gastroparesis involves

a stepwise, incremental and long-term treat-

ment approach. The most commonly used drug

classes include prokinetics, antiemetics and

(occasionally) analgesics [108]. Several novel

targeted therapies are also being studied [109].

Prokinetics

Several prokinetic drugs have been used suc-

cessfully to manage the symptoms of gastro-

paresis. These agents include metoclopramide,

domperidone, erythromycin and cisapride.

Fig. 15 Data downloaded from a continuous glucose
monitoring system with automated basal insulin delivery
(Medtronic 670G hybrid closed loop) 4 weeks after the
initiation of sensor augmented pump therapy in a patient
with poorly controlled type 1 diabetes and diabetic
autonomic neuropathy, including hypoglycemia unaware-
ness, gastroparesis and status post (s/p) gastric stimulator.

The report shows very few hypoglycemic events. Time in
range (green) shows a significant stability in glycemic
variability with the HbA1c level below 7% while on auto
mode (latter controls interprandial insulin delivery based
on a built-in algorithm). BG Blood glucose, SG sensor
glucose
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Newer prokinetic agents include tegaserod,

sildenafil and novel experimental motilides

(e.g., ABT-229 and GM-611 [mitemcinal], syn-

thetic ghrelin, bethanechol, levosulpiride and

clonidine) [12].

Metoclopramide Metoclopramide is one of the

most commonly used agents in the manage-

ment of DGP. It is both a central and a periph-

eral dopamine-2 (D2)-receptor antagonist with

antiemetic and prokinetic actions that increases

antral contractions and coordinates antral

duodenal motility [110]. Restricting the total

daily metoclopramide dose to 40 mg/day and

using the liquid formulation to improve its

pharmacokinetics provide a balance between

efficacy and side effects to the central nervous

system. Female gender, younger age, presence

of diabetes and use of high doses are risk factors

for acute dystonia.

Metoclopramide can be administered par-

enterally when symptoms are severe. The FDA

issued a black box warning in 2009 cautioning

about its use beyond 3 months [111].

An intranasal spray was found to improve

symptoms compared to placebo in female but

not male diabetic patients [112].

Metoclopramide increases serum prolactin

levels. Gynecomastia and galactorrhea may

occur in adults as well as adolescents and young

children [113], and adult women may develop

oligomenorrhea [114] Metoclopramide also

stimulates aldosterone synthesis and may pro-

voke uncontrolled hypertension in a subset of

patients with primary hyper-aldosteronism

[115]. Metoclopramide can prolong the QTc in

susceptible patients. In the USA, it is recom-

mended that metoclopramide be reserved for

the most severe cases that are unresponsive to

other treatment modalities [4]. A few years ago,

the European Medicines Agency cautioned that

the risks of extrapyramidal symptoms outweigh

the benefits of metoclopramide.

Domperidone Domperidone is a type II dopa-

mine antagonist similar to metoclopramide,

and it is equally efficacious to the latter but with

less side effects to the central nervous system as

it does not cross the blood–brain barrier. Dom-

peridone has been shown to reduce GI

symptoms and hospitalizations from gastro-

paresis and to accelerate gastric emptying at

doses between 10 mg and 30 mg taken orally 30

min before meals and at bedtime. Domperidone

can cause gynecomastia in men and amenor-

rhea and galactorrhea in women. A baseline

electrocardiogram is recommended to assess

corrected QT intervals, and this should be

repeated as indicated. The drug is often with-

held from patients with a QTc of[470 ms in

males and of [ 450 ms in females, and a car-

diology consultation may be indicated

[116, 117]. Because of a reported association

with serious cardiac arrhythmias, domperidone

is restricted for use in some countries. Dom-

peridone is available in the US through an FDA-

sponsored Investigational New Drug program.

Erythromycin Erythromycin is a macrolide

antibiotic with an agonist effect on motilin

receptors in the GI tract that increases gastric

emptying in a dose–response fashion, with

3 mg/kg of erythromycin administered intra-

venously seeming to be the most effective dose.

Erythromycin has been shown to stimulate

gastric emptying in diabetic, idiopathic and

post-vagotomy gastroparesis. Oral ery-

thromycin administered in the dose range of

50–100 mg taken 3 times daily in combination

with a low-bulk diet was found to be effective in

controlling symptoms of gastroparesis in 83%

patients. QTc may be prolonged by this drug,

and cardiac monitoring is recommended by

electrocardiogram before and with therapy

[118]. In a recent interventional study using

intravenous erythromycin followed by oral

erythromycin in patients with type 1 diabetics

with delayed gastric emptying, CGMS and [13]

the GEBT with 13C-Spirulina platensis showed

improved gastric emptying with a high- (3 mg/

kg) but not low-dose (2 mg/kg) infusion and no

change with oral administration (250 mg three

times a day) [119].

Cisapride Cisapride is a potent prokinetic

drug that accelerates gastric emptying of solids

and improves dyspeptic symptoms. It acts on

the stomach via 5-hydroxytryptamine (5-HT4)

receptors. This drug has been withdrawn from

the market in many countries, including the
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USA, due to the risk for ventricular arrhythmias

[120].

Bethanecol Bethanecol is a muscarinic recep-

tor agonist, usually given at a dose of 25 mg four

times a day. Its reported side effects include

headache, tachycardia, flushing, hypotension

and urinary urgency.

Tegaserod Tegaserod has been shown to

increase gastric emptying; however, it too has

been withdrawn from the market due to an

association with bowel ischemia and for possi-

ble cardiovascular side effects.

Antiemetics

Nausea and vomiting are the most disabling

symptoms of gastroparesis, and antiemetic

agents without stimulatory activity are often

used alone or in combination with prokinetic

drugs to treat gastroparesis. Antiemetic medi-

cations act on a broad range of distinct recep-

tors subtypes in the peripheral and central

nervous system. Like prokinetics, the choice of

antiemetic is empirical [71]. Some anti-emetics

have the potential for KEG Q-Tc prolongation,

as do some other drugs used for the treatment of

gastroparetic symptoms.

Phenothiazines Phenothiazines are the most

commonly prescribed traditional antiemetics

and include prochlorperazine and tiethyper-

azine. These drugs are both dopamine and

cholinergic receptor antagonists that act on the

area postrema in the brainstem. Side effects

include sedation and extra-pyramidal effects

such as drowsiness, dry mouth, constipation,

skin rashes and Parkinsonian-like tardive

dyskinesia.

Serotonin 5-HT3 Receptor Antagonists These

medications include ondansetron, granisetron

and dolasetron, and they act on the chemore-

ceptor trigger zone as well as on peripheral

afferent nerve fibers within the vagus nerve.

They may be used in DGP when all other drugs

have failed to provide symptom relief.

Antihistamines Antihistamines act on H1

receptors to produce central antiemetic effects.

Commonly prescribed antiemetics include

diphenhydramine, dimenhydrinate and mecli-

zine. These agents are most often used to treat

symptoms related to motion sickness. Side

effects include drowsiness, dry mouth, blurred

vision, difficulty urinating, constipation, palpi-

tations, dizziness, insomnia and tremors.

Low-Dose Tricyclic Antidepressants

Tricyclic antidepressants (TCAs) impair gas-

trointestinal motility through their anticholin-

ergic activity but they have also been shown to

relieve nausea, vomiting and pain in functional

dyspepsia. In one study, 88% of diabetic

patients with nausea and vomiting reported

benefits with TCAs. Side effects associated with

low-dose TCAs are uncommon, although

excessive sedation and dry mouth occasionally

limits use. However, a recent randomized con-

trolled trial of nortriptyline found no benefit in

idiopathic gastroparesis [121].

Pharmacotherapy in Children with Diabetic

Gastroparesis

Treatment approaches differ for children and

adults. Metoclopramide, domperidone and ery-

thromycin have all been used in children with

DGp [44]. However, few medications and

interventions used to manage the symptoms of

gastroparesis have been thoroughly studied in

children.

Drugs in Development

Future Prokinetics

1. Motilin agonists. Motilin agonists have been

explored as a treatment for gastroparesis,

but no current compounds are available for

investigational use [53].

2. Ghrelin agonists. Ghrelin is a peptide pro-

duced predominantly by the enteroen-

docrine cells in the gastric mucosa. Its

plasma concentration increases with fast-

ing, and it is viewed as a ‘hunger hormone’

because it is an appetite-stimulating pep-

tide. Ghrelin stimulates the secretion of

adrenocorticotropic hormone, growth hor-

mone and prolactin and inhibits insulin

secretion. In a cross-over study, the ghrelin

analog TZP-101 (80, 160, 320, or 600 lg/kg),
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administered intravenously, was tested in

seven type 1 and three type 2 diabetics with

moderate to severe gastroparesis symptoms

and[ 29% retention of a solid egg radiola-

beled meal at 4 h after ingestion. TZP-101

reduced the half-time for gastric emptying

of solids (i.e. mean acceleration of 20%) and

shortened the lag time (mean reduction of

34%) relative to placebo. TZP-101 also

reduced overall post-meal symptom inten-

sity (24%) and postprandial fullness (37%)

[33]. However, because of limited efficacy

this drug is no longer in clinical trials. [122].

(a) Relamorelin. The novel pentapeptide-

selective ghrelin agonist relamorelin

(RM-131) has similar characteristics to

native ghrelin, but with a 100-fold

greater potency to reverse gastric ileus

in animal models and a longer plasma

half-life. RM-131 (100 lg/day, subcuta-

neous) accelerated gastric emptying in

patients with type 1 or 2 diabetes who

had upper gastrointestinal symptoms.

In a phase 2, randomized, double-

blind, placebo-controlled trial of 10 lg

RM-131 involving 204 patients with

diabetic gastroparesis (12% type 1 dia-

betes mellitus, 88% type 2 diabetes

mellitus), with a 28-day treatment

period after a 1-week, single-blinded,

placebo run-in, RM-131 enhanced gas-

tric emptying and reduced vomiting

episodes and vomiting severity. In the

58.3% of patients with vomiting at

baseline, all three endpoints also

improved and, in addition, there was

reduction in the composite score of

nausea, abdominal pain, bloating and

early satiety [123–126]. However, in a

study of over 390 patients, 10% of

whom had type 1 diabetes, although

symptoms improved over a 12-week

period, there was dose-dependent

worsening of glycemic control in 14%

of subjects [127]. The drug is in phase 3

trials.

3. Newer 5-HT4 agonists. New-generation 5-HT4

agonists have high selectivity for 5-HT4

receptors, with little affinity for other sero-

toninergic andother classes of receptors [53].

Other Therapies

Intrapyloric Botulinum Injection Py-

lorospasm is thought to contribute to the devel-

opment of DGP. Botulinum toxin, a potent

inhibitor of neuromuscular transmission, has

been reported to improve emptying and symp-

toms for several months in DGp and idiopathic

gastroparesis in several open label studies [128].

However, several double-blind randomized

placebo-controlled trials, while showing some

improvement in gastric emptying demonstrated

no alleviation or improvement of symptoms.

Positive trials are needed before botulin toxin can

be recommended for the management of pylor-

ospasm in gastroparesis [5, 12], and the 2013ACG

recommendations on gastroparesis strongly

advises against using botox for the treatment this

condition [4].

Pyloroplasty Pyloroplasty can be done either

surgically or endoscopically; the latter is known

as G-POEM (gastric peroral endoscopic myot-

omy) [129]. Renewed interest in the role of the

pylorus in delayed gastric emptying has resulted

in a number of ways to open the pyloric

sphincter, including surgical and endoscopic

approaches. While the analogy of the pyloric

sphincter for the stomach to the lower esopha-

geal sphincter for the esophagus is attractive,

there have been very few controlled studies in

this area, and there are currently no published

guidelines for pyloric therapy [130–132].

Gastric Electrical Stimulation

For a subset of patients with severe, refractory

gastroparesis that is unresponsive to medical

therapy, gastric electric stimulation (GES) may

be an option. GES improves nausea, vomiting,

quality of life and nutritional status in patients

with refractory DGp [133–136].

Three principal methods of GES have been

described: gastric electrical pacing, high-fre-

quency GES and sequential neural electrical

stimulation. Based on the number of stimula-

tion electrodes, GES can be classified into sin-

gle-channel GES and multichannel GES. Gastric

pacing by high-energy, low-frequency GES

(long pulses) attempts to restore the regular
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slow wave rhythm of 3 cycles/min of normal

gastric myoelectric activity and has been found

to improve symptoms and gastric emptying [5].

Only high-frequency GES is approved by the

U.S. FDA, and this therapy was recommended

for certain drug-refractory patients, particularly

those with DGp, in the 2013 ACG review [3]. A

randomized trial of temporary endoscopic GES

has shown the effectiveness of this strategy; it

may be useful as a screening method [136].

Surgical Options in the Management

of Diabetic Gastroparesis

A significant number of patients have gastro-

paresis that is refractory to medical manage-

ment. Surgery is the last resort due to the risk for

complications associated with these procedures.

The main role of surgery is to palliate symp-

toms, decompressing the stomach, thereby

providing access for enteral nutrition and

enhancing gastric emptying.

Venting Gastrostomy or Jejunostomy

In patients with significant upper GI motility

disorders, surgically placed venting gastros-

tomy, with or without a venting enterostomy,

has been found to reduce hospitalizations.

Therefore, these procedures may be an option,

but they need further evaluation [53].

Gastrectomy

Completion or subtotal gastrectomy is per-

formed most often for gastroparesis that fol-

lowed gastric surgery for peptic ulcer disease. It

has been suggested that major gastric surgery,

such as Roux-en-Y reconstructions, could be

helpful in palliating symptoms such as vomit-

ing in patients with intractable gastroparesis

and consequently improve the quality of life

[53]. However, no controlled trials of comple-

tion gastrectomy for gastroparesis have been

performed and concerns about long-term

nutritional effects of gastrectomy remain.

Complimentary Alternative Therapy

Acupuncture was shown to have some benefit

in a small study of 35 patients with DGp [137].

Ginger has been shown in some studies to

improve symptoms in gastroparesis of varied

etiology; [138] however, larger well-designed

studies are needed to explore the benefits of

complimentary alternative therapies.

Novel Therapeutics in Diabetic

Gastroparesis

An effective, safe prokinetic is the goal for

patients with gastroparesis, and medications in

development, including ghrelin agonists and

new generation 5-HT4 agonists, hold promise.

High-frequency GES currently used in patients

with severe symptoms should be considered for

wider usage. In addition, the optimal condi-

tions for entraining the electrical pacesetters

that control gastric motor function are still

being developed, and it is possible that advan-

ces in electrical stimulation may ultimately

achieve the clinical promise that has been a goal

for at least three decades. Better methods to

detect the underlying electrical signal, includ-

ing mucosal electrograms, may clarify the role

of the electrogastrogram as well as predict

response to GES. It is also pragmatic to deter-

mine if the same treatment approach can be

used in idiopathic and in diabetic gastroparesis,

or whether these conditions need to be treated

differently. Stem cell treatment of ICC and the

use of interleukin-10 are still in preliminary

phase studies [57, 139]. It is important to re-

emphasize that the management of patients

with diabetic gastroparesis requires multidisci-

plinary care and co-operation. Therefore, well-

designed randomized controlled trials with

multidisciplinary investigators are needed to

determine the optimal management of this

condition.

CURRENT GUIDELINES

FOR TREATMENT OF DIABETIC

GASTROPARESIS

Consensus guidelines for the clinical manage-

ment of diabetic gastroparesis formulated by

the ACG and consensus recommendations for

gastric emptying scintigraphy of the American
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Neurogastroenterology and Motility Society

and the Society of Nuclear Medicine are sum-

marized below [4, 77].
1. Identify the Cause. Patients with gastropare-

sis should be screened for the presence of

diabetes mellitus, thyroid dysfunction, neu-

rological disease, prior gastric or bariatric

surgery and autoimmune disorders. Patients

should undergo biochemical screening for

diabetes and hypothyroidism; other tests

are as indicated clinically. A prodrome

suggesting a viral illness may lead to gas-

troparesis. Clinicians should enquire about

the presence of a prior acute illness sugges-

tive of a viral infection. Markedly uncon-

trolled ([ 200 mg/dL, 11.1 mmol/L) glucose

levels may aggravate symptoms of gastro-

paresis and delay gastric emptying. Opti-

mization of glycemic control should be a

target for therapy; this may improve symp-

toms and the delayed gastric emptying.

2. Diagnosis. A documented delay in gastric

emptying is required for the diagnosis of

gastroparesis. Scintigraphic gastric empty-

ing of solids is the standard for the evalu-

ation of gastric emptying and the diagnosis

of gastroparesis. The most reliable method

and parameter for the diagnosis of gastro-

paresis is gastric retention of solids at 4 h as

measured by scintigraphy. Studies of shorter

duration or based on a liquid challenge

alone may result in decreased diagnostic

sensitivity. Alternative approaches for the

assessment of gastric emptying include

wireless capsule motility testing and the

GEBT with13C-labeled compounds such as

octanoate or Spirulina incorporated into a

solid meal; further validation is needed

before these tests can be considered as

alternates to scintigraphy for the diagnosis

of gastroparesis. Medications that affect

gastric emptying should be stopped at least

48 h before diagnostic testing. Patients with

diabetes should have the blood glucose

measured before starting the gastric empty-

ing test; if hyperglycemia is detected, it

should be treated and the test postponed

until after the blood glucose is\ 275 mg/dL

(15.2 mmol/L).

3. Exclusion criteria and differential diagnosis.

The presence of rumination syndrome and/

or an eating disorders (including anorexia

nervosa and bulimia) should be considered

when evaluating a patient for gastroparesis.

These disorders may be associated with

delayed gastric emptying, and identification

of these disorders may alter management.

Cyclic vomiting syndrome (CVS), defined as

recurrent episodic episodes of nausea and

vomiting, should also be considered during

the patient history-taking. These patients

may require alternative therapy. Chronic

usage of cannabinoid agents may cause a

syndrome similar to CVS (Table 9).

4. Nutrition and enteral feeding. The first line of

management for gastroparesis patients

should include restoration of fluids and

electrolytes and nutritional support; in

patients with diabetics with gastroparesis,

optimization of glycemic control must also

be achieved. Oral intake is preferable for

nutrition and hydration. Patients should

receive counseling from a dietician regard-

ing the consumption of frequent small-

volume nutrient meals that are low in fat

and soluble fiber. A high-calorie liquid

nutrient component may be helpful since

emptying of liquids is spared; however, a

poor tolerance of liquid nutrition predicts

possible oral nutrition failure. If the patient

is unable to tolerate solid food, homoge-

nized or liquid nutrient meals are recom-

mended. Optimal glycemic control should

be the goal. Since acute hyperglycemia

inhibits gastric emptying, it is assumed that

improved glycemic control may improve

gastric emptying and reduce symptoms.

Pramlintide and GLP-1 analogs may delay

gastric emptying in diabetics. Cessation of

these treatments and the use of alternative

approaches should be considered before any

therapy for gastroparesis is initiated.

5. Pharmacologic management. In addition to

dietary therapy, prokinetic therapy should

be considered to improve gastric emptying

and gastroparesis symptoms, taking into

account the benefits and risks of the chosen

treatment. Metoclopramide has tradition-

ally been a first-line prokinetic therapy, but
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this agent should be administered at the

lowest effective dose and for limited periods

of time due to the real risk of adverse effects.

The risk of tardive dyskinesia from meto-

clopramide has been estimated to be\1%.

Patients should be instructed to discontinue

therapy if they develop side effects, includ-

ing involuntary movements. For patients

unable to use metoclopramide, domperi-

done can be prescribed; this drug has

Investigational New Drug clearance from

the U.S. FDA and has been shown to be as

effective as metoclopramide in reducing

symptoms without the latter’s propensity

for causing side effects to the central ner-

vous system. Intravenous (IV) erythromycin

should be considered when IV prokinetic

therapy is needed in hospitalized patients.

Oral treatment with erythromycin also

improves gastric emptying. TCAs can be

considered for refractory nausea and vom-

iting in gastroparesis but will not result in

improved gastric emptying, and may poten-

tially retard gastric emptying. Intrapyloric

injection of botulinum toxin is not recom-

mended for patients with gastroparesis

based on randomized controlled trials. GES

may be considered for compassionate treat-

ment in patients with refractory symptoms,

particularly nausea and vomiting. Symptom

severity and gastric emptying have been

shown to improve in patients with DGp,

but not in patients with idiopathic gastro-

paresis or postsurgical gastroparesis.

Abdominal pain in gastroparesis may

respond less well to treatment [49, 71].

6. Surgical management. Gastrostomy for vent-

ing and/or jejunostomy for feeding may be

required for symptom relief. Completion

gastrectomy could be considered in patients

with postsurgical gastroparesis who remain

markedly symptomatic and fail medical

therapy. Surgical pyloroplasty or gastroje-

junosotomy have been performed for refrac-

tory gastroparesis. However, further studies

are needed before this treatment is advo-

cated, and close nutritional monitoring is

recommended before and after gastrectomy.

Partial gastrectomy and pyloroplasty should

be used rarely, only in carefully selected

patients.

SUMMARY

The prevalence of diabetes is increasing world-

wide, with major economic and personal

impact and increased morbidity and mortality.

The majority of patients with diabetes develop

GI symptoms during the course of their disease,

and gastroparesis often goes undiagnosed.

When evaluating a patient for DGp, it is

important to tease out various upper, and lower

GI symptoms with a detailed medical history

and to exclude other common diseases with

similar manifestations. A gastric emptying

study should be performed after exclusion of

mechanical or structural causes of abnormal

gastric emptying. Effective DGp management

requires consultants with expertise in the dis-

order. The standard of care involves a multi-

disciplinary team consisting of a diabetologist, a

gastroenterologist with motility expertise, a

certified diabetes educator, a registered dietician

and a behavioral psychologist and/or a psychi-

atrist. The primary assessment includes risk

stratification and intervention (Fig. 16). Careful

nutritional assessment, hydration and elec-

trolyte replenishment are a priority. Eliminat-

ing medications that exacerbate DGp, and life

style changes, such as ceasing tobacco and

alcohol use and encouraging exercise, are ben-

eficial [140].

When choosing pharmacotherapy, the ben-

efits need to be cautiously weighed against the

adverse effect profile and cost. For drug-refrac-

tory patients who are eligible for a device, a trial

of GES may be considered. Open lines of com-

munication are essential while setting goals and

expectations regarding symptom management,

medications and device outcomes.

Finally, it is well known that diabetes (type

2) may be preventable [141, 142] and that its

complications can be delayed or prevented by

early screening and effective intervention

[18, 143]. The seminal studies of glycemic con-

trol have shown that metabolic memory or

legacy effect of early control can prevent or

delay the development of diabetic autonomic
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neuropathy and other complications

[10, 11, 13, 144]. Diabetic gastroparesis is a

complex disease requiring a multifaceted

approach, and we hope that our comprehensive

review offers insight into the understanding

and management of this challenging disorder.
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