


CLINICAL GASTROENTEROLOGY

Series Editor
George Y. Wu
University of Connecticut Health Center, Farmington, CT, USA

For further volumes:
http://www.springer.com/series/7672



wwwwwwwwwwwwww



Editors

Gastroparesis

Pathophysiology, Presentation and Treatment



Editors 
 

Gastroenterology Section

Philadelphia, Pennsylvania, USA
henry.parkman@temple.edu

 

Texas Tech University Health 
Sciences Center

El Paso, Texas, USA  

ISBN 978-1-60761-551-4 e-ISBN 978-1-60761-552-1

Use in connection with any form of information storage and retrieval, electronic adaptation, computer 

to proprietary rights.

to the material contained herein.

Printed on acid-free paper



v

Preface

-
nosed with this condition, either due to increased recognition of this disorder, or 

care providers may need to care for these patients, including gastroenterologists, 
nutritionists, endocrinologists, internists, pain management specialists, psychiatrists, 

decade from a variety of areas with a marked increase in information on gastric 

aspects of gastroparesis.

and areas for future research to help improve our understanding of gastroparesis.

of this heterogeneous disorder remain incompletely understood. Why does this dis-

-

wants to avoid medications that can affect gastric emptying or cause new symptoms 
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-

However, many centers are reluctant to perform a 4 h scintigraphy study due to the 
investment in manpower and use of dedicated imaging facilities. How a shorter test 
impacts on diagnosis and treatment of patients is not clear. Gastric emptying occurs 

and information on whole gut transit. In some patients with gastroparesis, there are 
-

-

Treatment of gastroparesis is generally with dietary modification, prokinetic 
agents to gastric emptying, and antiemetic agents to reduce nausea and vomiting. 
Unfortunately, at the present time, there is a paucity of agents to treat gastroparesis. 

the central nervous system, can occur in patients, necessitating to stop this treatment. 
-

prokinetic effects of erythromycin reduce over time due to receptor tolerance. The 
serotonin 5-HT

4

treat gastroparesis until they were pulled from the market. It is apparent that new 

-

the challenges of managing gastroparesis every day in their practices as well as 
performing cutting edge clinical research.

-
sis, for which the authors appreciate their role in increasing our understanding of 
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of conferences and consensus manuscripts on gastroparesis. A clinical review was 
-

specialists who are involved in the care of patients with gastroparesis. A consensus 

scintigraphy using a low-fat, egg white meal with imaging at 0, 1, 2, 4 h after meal 

improve the clinical utility of the gastric emptying test. The proceedings from a 

physiology, diagnosis, and treatment of gastroparesis and functional dyspepsia. The 
 

-

patients with gastroparesis. The studies emanating from the consortium involve a 

-
-

clinical course of patients with gastroparesis.

-
cal distilling of our knowledge, covering important areas for physicians, nutrition-

-
ers. This exhaustive test will place the reader at the cutting edge of the field and 

applied to their patients suffering with gastroparesis.

Philadelphia, PA Henry P. Parkman
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Measurement of Flow Through the Gastrointestinal Tract
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Gastric Sieving of Solids and Receptive Relaxation

-

-

7, 8].

-

9

40 41 -

42

Reverse Peristalsis in the Small Intestine

4 ], 

44



9

Conclusion

motility and gastric dysmotility, particularly gastroparesis.
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The spectrum of Functional Dyspepsia and Gastroparesis

(Adapted and modified with kind permission from Locke GR III.
Gastroenterology clinics of North America. 1996; 25(1): Page 3, Figure 1)
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Causes of Gastroparesis

9]. 

10 2.1 11]. 
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9

9].

Table 2.1

 
n

gastroparesis 
(n gastroparesis (n = 127) gastroparesis (n = 222)

41 (49.1)

9 (10.8) 12 (9.4) 15 (6.8)
1 (1.2) 2 (1.6)

Malignancy 2 (2.4) 11 (5.0)
Gastrectomy/ 6 (7.2) 10 (7.9) 12 (5.4)

Drugs 19 (22.9) 29 (22.8)
4 (4.8) 7 (5.5) 19 (8.6)

Note
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Keywords

Introduction

The clinical presentation of gastroparesis is very heterogeneous. Some patients present 
with predominant symptoms of nausea and vomiting resulting in weight loss, dehy-
dration, and frequent hospitalizations. Some may present with early satiety, postpran-

distress syndrome of functional dyspepsia while others may report effortless regur-

Gastroparesis is a clinical syndrome with chronic and recurrent symptoms. 

gastrointestinal symptoms is multifactorial. These symptoms involve gastric motor 

emptying impairment, a measurement of motor dysfunction only, correlates poorly 

characteristics which can predict prognosis and improve the management strategy 
of this heterogeneous syndrome. In this chapter, the many facets of the clinical 
presentation of gastroparesis are presented.

J.M. Wo (*)
Division of Gastroenterology/Hepatology, University of Indiana,  

e-mail: johnwogi@gmail.com

Chapter 3
Clinical Presentations of Gastroparesis

Shilpa C. Reddy and John M. Wo 
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Symptoms Associated with Gastroparesis

epigastric pain. These symptoms are very common in the general population. They 

report at least one of these upper gastrointestinal symptoms over a 3-month period [1]. 

persisting symptoms for many hours after meal ingestion are common.
The symptoms and pathophysiology of gastroparesis and functional dyspepsia 

overlap. Patients with postprandial distress and/or epigastric pain with mild gastric 

-
2].

Nausea, Retching, and Vomiting

patient. Different aspects of nausea, such as frequency, intensity, and duration, have 
3]. 

out of proportion to the other upper gastrointestinal symptoms.

content in a retrograde fashion from the stomach up to and out of the mouth. Some 

after starting a meal should suggest other causes other than gastroparesis. The term 

nerve to the central nervous system [4
not activated, such as in patients with postvagotomy gastroparesis, who may present 
with effortless regurgitation of undigested foods without retching. However, the 

-
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Postprandial Fullness, Satiation, and Early Satiety

Postprandial fullness is an unpleasant sensation of stomach fullness after meals. 

in the stomach. Satiation is the disappearance of the hunger sensation after consum-
-

to eat, out of proportion to the size of the meal.

satiation, and early satiety in patients with gastroparesis. These three complaints are 
-

5]. Patients with gastroparesis often report a 

meal, and a loss of appetite. However, these are the same symptoms associated with 

emptying of solids [6, 7
to predict a greater prevalence of delayed gastric emptying in patients with functional 

30 min after food ingestion are less likely due to gastroparesis. However, in a study 
of symptom measurement during 4-h gastric scintigraphy, the sensation of stomach 
fullness occurs and peaks immediately after ingestion of the standardized meal in 
patients with documented delayed gastric emptying [8].

Bloating and Abdominal Distension

1]. In patients with functional 

9, 10].

-
11].
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Abdominal Pain

gastroparesis [12 15
to functional dyspepsia [7, 14]. Patients with idiopathic gastroparesis may have more 

14]. Postprandial 
-

16
pain is an important complaint for the patient, and it correlates with impairment of 
quality-of-life [14].

14]. Pain is usually 

pain is poorly understood. The impairment of gastric emptying does not correlate 
14, 17]. Persistent epigastric pain not related 

to meal ingestion should suggest epigastric pain syndrome of functional dyspepsia, 
rather than gastroparesis [18
pain predicts poor response to gastric electrical stimulator placement [19].

Heartburn and Regurgitation

precise mechanism on how delayed gastric emptying cause acid and nonacidic 
20

21 23

chief complaints [24

undigested foods, nausea, postprandial distress, or early satiety should suggest the 

Psychological Issues Associated with Gastroparesis

It is important to consider the psychological state in patients with gastroparesis. 

25]. These psychological illnesses are often unrec-
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and patient assessments [15, 25]. However, psychological dysfunction is not associated 
with the etiology or severity of gastric retention [25].

in some patients with gastroparesis [12

in patients with refractory gastroparesis.

Predominant Symptom Presentation

the whole spectrum of this heterogeneous clinical syndrome. The severity of gastric 
emptying impairment does not correlate with the severity of symptoms. Physicians 

functional symptoms with varying intensity. It is essential to identify the most 
important chief complaints of each patient to focus the clinical history and to 

-
3.1) [24]. However, there is no data at this time to support the 

management.

of nausea, retching, and vomiting, often resulting in dehydration, weight loss, and 
3.1). Regurgitation-predominant gastroparesis consists of 

postprandial fullness, and early satiety. These patients report regurgitation of undi-
gested foods without retching, occurring many hours after meal ingestion or at 
night while they are asleep. Rumination, which is the immediate regurgitation of 

Table 3.1

gastroparesis symptoms
Dyspepsia-predominant 

gastroparesis

Regurgitation-predominant 
gastroparesis
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with gastroparesis. Dyspepsia-predominant gastroparesis consists of patients 

dyspepsia [18].

24, 26]. However, the patients in the 

Symptom Patterns

-

27, 28]. In these patients, symptoms 

is limited. However, most patients with gastroparesis report gradual onset of symptoms 
without any particular triggering event.

symptoms. In a retrospective review of patients with gastroparesis, poor glycemic 

29]. 

30]. These patients 
tend to have a higher incidence of migraine headache, greater impairment of gastric 

Assessment of Disease Severity

Measurement of Symptom Severity

of gastroparesis symptoms [31 34
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3.2) [34]. The GCSI is a multinational 
instrument with a 6-point Likert response scale ranging from 0 (none) to 5 (very severe). 

3.2). Daily evaluation of the GCSI appears 
35]. Bloating is differentiated from post-

prandial fullness/early satiety and nausea/vomiting in the GCSI, in a similar manner 

analysis [1].

gastroparesis [26

in assessing the clinical spectrum of gastroparesis and its predominant-symptom 
presentation.

Measurement of Quality-of-Life

administered 36-item questionnaire designed to measure generic health status of 
-

health. The physical component summary (PCS) and the mental component sum-

Table 3.2 a

Symptoms

or throw up)

Postprandial fullness/ 
early satiety

Bloating

a Graded from 0 to 5 (0 = none; 1 = very mild, 2 = mild, 3 = moderate, 4 = severe, 5 = very severe) 
with a 2-week recall period
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15, 24, 36, 37]. 

gastroparesis with the normal population and other disease states.
-

gastroparesis [38

Physician Assessment of Disease Severity

patients may have severe nausea and emesis resulting in dehydration, documented 

3.3) [2

Table 3.3

Grade 1: Mild gastroparesis

Grade 2: Compensated 
gastroparesis

-
cal agents

adjustments

Grade 3: Gastroparesis  
with gastric failure

2]
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-
3.4) [39, 40]. However, this scintigraphy grad-

25
needed to determine if these grading scales can predict prognosis and improve 
management strategy in patients with gastroparesis.

Conclusion

The clinical presentation of gastroparesis is very heterogeneous. The presence of 
gastric emptying impairment does not always imply a diagnosis of gastroparesis. 

In addition to the upper gastrointestinal symptoms, the psychological state of the 

-
mine if they can predict prognosis and improve management strategy in patients 
with gastroparesis.

References
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Introduction

Gastric motor functions represent a complex series of events that are regulated by 
circulating blood glucose and hormones, such as the incretins, extrinsic neural 
control from the brain and spinal cord, the enteric nervous system, the interstitial 
cells of Cajal (ICC), smooth muscle cells, and locally released neurotransmitters. 
The normal function of the two major regions of the stomach, the fundus and antrum, 
depend on these neural and muscular mechanisms. The major motor function of the 
gastric fundus is to receive and store food, and the antrum triturates ingested food 
into chyme. To maximize nutrient absorption and digestion, the antrum and pylorus 
empty chyme into the duodenum through carefully regulated functions. Alterations 
in these functions lead to delayed gastric emptying and clinical symptoms, such as 
nausea, vomiting, early satiety, anorexia, bloating, or pain. To better understand the 
underlying mechanisms that characterize gastric dysmotility at the organ level, it is 
important to understand the normal gastric motor physiology.

Control of Gastric Motor Function

Gastric motor functions depend on neuromuscular control mediated by enteric 
(intrinsic), parasympathetic, and sympathetic nervous system (extrinsic), ICC, and 
by smooth muscle cells [1] (Fig. 4.1).

M. Camilleri (*)
College of Medicine, Mayo Clinic, Rochester, MN, USA
e-mail: camilleri.michael@mayo.edu

Chapter 4
Gastric Dysmotility at the Organ Level  
in Gastroparesis

Michael Camilleri and Maria I. Vazquez-Roque 
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The enteric nervous system (ENS), sometimes called the “gut brain,” is a collection 
of more than 100 million neurons organized in ganglia that function independently 
but they also integrate signals from the autonomic and central nervous system. The 
ENS is a network of ganglia arranged in the myenteric, deep mucosal, and submu-
cosal plexi. The myenteric or Auerbach plexus is involved in control of gastrointes-
tinal motility. The submucosal or Meissner plexus is involved the control of 
absorption, secretion, and mucosal blood flow. The ICC, located between the circular 
and longitudinal muscle layers in the stomach wall in the deep mucosal plexi, serve 
as a nonneuronal pacemaker system that creates the basic electrical rhythm for 
gastric propulsion, the migrating motor complex, and sensation [2, 3]. The ICC’s 
communicate signals between the ENS plexus and smooth muscle cells. Electrical 
control activity spreads through the contiguous segments of the gut through neuro-
chemical activation by excitatory (e.g., acetylcholine [Ach], substance P) and 
inhibitory (e.g., nitric oxide [NO], somatostatin, vasoactive intestinal peptide [VIP]) 
transmitters.

The autonomic regulation of gastric motor functions consists of extrinsic control by 
the parasympathetic and sympathetic nervous systems. Parasympathetic pathways 
reach the stomach through the vagus nerve. Vagal efferents arise in the dorsal motor 
nucleus of the vagus nerve and, to a lesser extent, from the nucleus ambiguus and trac-
tus solitarius, the latter being predominantly involved in afferent (sensory) functions. 

Parasympathetic
excitatory to non-

sphincteric muscle

Sympathetic
T5-10

excitatory to sphincters,
inhibitory to non-

sphincteric muscle

Enteric brain
108 neurons smooth muscle cell

with receptors for transmitters
modulates peristaltic reflex

EXTRINSIC INTRINSIC

ICCs

ACh VIP/
NOSSubP/SubK

distention by bolus

Ascending contraction Descending relaxation

motormotor

ICC: interstitial
cells of Cajal
non-neural
pacemaker

systems in the 
wall of the gut

interinter

IPAN: sensory

Myogenic factors regulate
electrical activity generated
by GI smooth muscle cells.

Fig. 4.1 Schematic representation of the extrinsic and intrinsic control of gastric motor function. 
The extrinsic pathway is composed of vagal efferents and splanchnic efferents. The intrinsic pathway 
is composed of interstitial cells of Cajal and the motor function unit
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The sympathetic nervous system connects to the stomach from the intermediolateral 
columns of the spinal cord at the T5 to T10 levels, synapsing in the celiac ganglia. 
Splanchnic efferents, in the celiac ganglia, supply the myenteric ganglia mostly inner-
vating the pyloric sphincter [4, 5].

Myogenic factors regulate the electrical activity generated by gastrointestinal 
smooth muscle cells [6]. The smooth muscle cells that control gastric motility have 
specific receptors for amines, peptides, and other transmitters that reach the smooth 
muscle membrane by neurocrine, endocrine, or paracrine routes. The ICCs are in 
close proximity to the smooth muscle cells and are responsible for integration and 
coordination of the electrical slow wave spreading through the smooth muscle 
syncytium to produce circumferential contractions.

The motor function unit in the gastrointestinal tract responsible for the transfer 
of food from the stomach into small intestine is the peristaltic reflex (Fig. 4.1). This 
reflex is initiated either by luminal distention (mechanical stimulus) or by a chemical 
stimulus. Mucosal sensation is transmitted by intrinsic primary afferent neurons and 
leads to a contraction in the orad (more proximal) segment that is mediated by 
excitatory transmitters, chiefly Ach, substance P and serotonin. Relaxation in the 
aborad segment allows transport of the incoming bolus, and this is mediated by 
inhibitory neurotransmitters, such as NO and VIP. Interneurons, such as opiates or 
somatostatin, coordinate these functions.

Physiology of Gastric Motor Functions

The fasting and postprandial periods have unique motility patterns in healthy indi-
viduals. The fasting period is characterized by a highly regulated cyclic motor pattern 
in the body and antrum called the migrating motor complex (MMC) [7, 8]. There 
are three phases in an MMC cycle, with approximate total duration of 60–90 min in 
healthy individuals. Phase I is a period of quiescence, with no contractile activity 
recorded, and phase II is characterized by intermittent irregular contractions. Phase 
III, the activity front, is contractile activity that occurs at frequency of up to 3 per 
minute in the stomach and up to 12 per minute in the upper small intestine. Phase 
III migrates for a variable distance through the small intestine. There is a gradient in 
the frequency of Phase III contractions from ~12 per minute in the duodenum to ~8 
per minute in the ileum. During fasting, the stomach participates in the cyclical 
activity front that propagates through the antrum, thereby emptying nondigestible 
solid residue into the duodenum. Approximately 50% of phase III activity fronts 
originate in the stomach during fasting [7, 9]. Since nondigestible solid is not found 
in the stomach after 8 h fasting, antral contractions during phase III of the MMC are 
efficient in clearing nondigestible solids from the stomach despite the fact that only 
50% of MMCs have an antral component.

The two functional regions of the stomach, that is the fundus and antrum, are 
responsible for the reservoir and pump activity in the postprandial period 
(Fig. 4.2). The stomach muscle is organized in three layers with fibers organized 
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on different axes: circular, oblique, and longitudinal. These are innervated by 
excitatory and inhibitory motor neurons of the ENS. The mid-portion of the 
greater curvature of the stomach is considered the functional site of the gastric 
electrical pacemaker, although ICCs which have spontaneous firing and reflect 
the cellular pacemaker activity that coordinates rings of contractions that sweep 
through the stomach.

During fasting, the fundus is tonically contracted; after food is ingested, a neurally 
mediated reflex relaxes the proximal stomach to receive the meal. Food is then 
transferred from the esophagus into the fundus, which acts as a reservoir to accom-
modate the ingested meal, also called gastric accommodation. The decreased tone 
in the fundus allows large amounts of solid or liquid food with little or no increase 
in intragastric pressure, thus avoiding postprandial symptoms, such as fullness and 
pain [10]. The initial phase of fundic relaxation is a reflex called receptive relaxation 
which occurs during swallowing. During receptive relaxation and stimulation of 
mechanoreceptors by the arrival of food in the stomach, vagal afferents, and vagovagal 
reflexes are activated, stimulating the intrinsic inhibitory neurotransmitters NO and 
VIP. Adaptive relaxation is triggered by distention of the gastric reservoir [11]. This 
process facilitates the initial chemical digestion of food by acid and proteases before 
contents are transferred to the antrum. Fundic relaxation is impaired in patients with 
fundoplication due the mechanical effects of the operation, as well as a result of 

Duodenal
resistance Antroduodenal

coordination
Antral peristalsis emptying

(3/min)

Corpus antral
filling/mixing

Fundic emptying
(3-1/min)

Receptive relaxation

Pyloric resistance

Fig. 4.2 The different regions of the stomach and specific functions in the digestion of a meal. 
Modified from Koch KL. Electrogastrography: Physiological Basis and Clinical Application in 
Diabetic Gastropathy. Diabetes Technology and Therapeutics Vol. 3. Issue 1, July 5, 2004. Mary 
Ann Liebert, Inc., Publishers
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vagal injury [12]. Such patients are likely to have a lower threshold for postprandial 
fullness and pain.

Another important function of the fundus is to contract and transfer the contents 
of the gastric reservoir into the antral pump [11]. Thus, the fundus produces con-
tractile events that are most easily demonstrable as phasic volume changes by using 
a barostatically-controlled balloon [10, 13].

The antrum produces high amplitude contractions that grind solids by physical 
and liquid shearing forces. Chyme, which is composed of solid particles that have 
been reduced to 1–2 mm in size suspended in gastric juice, is then able to empty 
through the pylorus [14]. Particles that have not been reduced to this size are con-
tinually forced toward, and retropulsed from the distal stomach by an occluded 
pylorus until liquid shearing and chemical digestion achieve adequate trituration. In 
contrast, interdigestive antral motor function clears the stomach of nondigestible 
solid particles whose size has not been reduced by trituration.

The pylorus is mostly composed of thickened circular muscle and presents a 
zone of high resting pressure controlled by Ach and NO. Through antropyloroduo-
denal coordination, 2–4 mL of chyme is emptied into the duodenum through phasic 
contractions that occur at a maximum rate of 3 per minute. Antropyloroduodenal 
coordination coordinates antral peristalsis with decreased duodenal pressure and 
pyloric resistance to ensure optimal emptying of gastric contents [6].

Physical characteristics, volume, and macronutrient content of ingested food 
determine the gastric emptying rate of a meal. Gastric emptying of liquids is faster 
than the emptying of solids, and it follows a simple exponential model for nonnutri-
ent liquids [14]. The emptying of high-nutrient liquids or fully homogenized solids 
approximates a linear model. The gastric emptying half-time for noncaloric liquids 
is approximately 20 min for healthy individuals. Nonnutrient liquids empty from 
the stomach exponentially [15], but with increasing caloric content of liquids, the 
gastric emptying rate is approximately of 200 kcal/h [16, 17].

Gastric emptying of solids is characterized by two stages; an initial lag phase 
during which no food is emptied from the stomach, followed by a postlag emptying 
phase which tends to be linear [6, 18] (Fig. 4.3). The lag phase is associated with the 
time when there is accommodation of solids in the fundus and the transfer of food 
into the corpus and antrum for trituration and grinding. The duration of the lag 
phase depends on several meal factors, such as macronutrient content (e.g., it is 
longer with higher fat or calorie content of the meal) [19, 20], the chewing process 
or the degree to which the food is homogenized before ingestion, or is easily digest-
ible or triturated. The lag phase duration typically may last up to 60 min. In healthy 
volunteers, a positive correlation between antral motility and overall emptying of 
solids has been demonstrated [15]; the lag time duration is inversely related to the 
antral motility index, consistent with the concept that more effective antral contrac-
tions facilitate trituration and the commencement of emptying. The emptying of 
liquids is significantly associated with antral contractility only after the lag time for 
trituration of solids has been completed and pyloric closure coincident with antral 
contractions is no longer required [15].
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Gastric Dysmotility

Gastric motor dysfunction or dysmotility is typically characterized by an abnormality 
in one or more of the different gastric functional regions. Alterations in the ENS, 
pacemaker cells (ICCs), or smooth muscle cells [1] have been described in gastric 
dysmotility. Neuropathic or myopathic disorders can affect the mechanisms that 
control gastric motor functions leading to gastric dysmotility, such as diabetes 
mellitus, sarcoidosis, and amyloidosis, among others. Similarly, there are data sug-
gesting the ICC pathology may cause the impaired motor function. Different 
pathophysiological processes may cause impaired intragastric distribution of food, 
and delayed emptying of the stomach, and they include impaired fundic relaxation 
(or accommodation), antral hypomotility, and pylorospasm.

Fundus

Impaired postprandial fundic accommodation occurs in patients after vagotomy 
and partial gastric resection [21]. Patients with vagotomy have gastric emptying 
studies that show delayed emptying of solids (resulting from impaired vagal input 
to the antrum) and accelerated emptying of liquids (resulting from impaired vagal 

Fig. 4.3 Gastric emptying of solids and liquids in health and in gastroparesis. Note the exponential 
emptying of liquids, in contrast to the initial retention of solids (lag phase) which is followed by a 
generally linear postlag emptying rate
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supply to the inhibitory innervation that normally relaxes the fundus). Patients with 
fundoplication may have impaired fundic accommodation, in part as a result of 
vagal injury [22]. Patients with diabetes mellitus and refractory gastroparesis may 
experience impaired gastric accommodation and visceral hypersensitivity [23], 
whereas others have increased compliance [24], thus leading to a longer lag phase 
in emptying of solids, with prolonged retention of a meal in the proximal stomach. 
Increased compliance in patients with diabetes mellitus and autonomic neuropathy 
compared to normal volunteers was reported to be associated with increased visceral 
sensation; these data suggest that hypersensitivity is related to increased symptoms, 
such as nausea, bloating and abdominal pain [25]. Conversely, patients with diabetes 
with no evidence of autonomic neuropathy may have increased fundic phasic contrac-
tions that explain the observed accelerated emptying of liquids observed in recently 
diagnosed diabetes mellitus [13].

The underlying pathophysiology in impaired accommodation is not well under-
stood, but in theory abnormalities in the sensory apparatus, the vagovagal reflex 
pathway, the intrinsic inhibitory innervation or the smooth muscle in the proximal 
stomach may all be affected and result in reduced gastric accommodation [26].

Antrum

Abnormalities of antral motor function lead to delayed gastric emptying. Antral 
hypomotility has been associated with a prolonged lag phase and half-time of gastric 
emptying of solids and delayed emptying of liquids in patients [27]. In most patients, 
this is due to a reduced frequency of antral contractions in the postprandial period. 
Although some patients demonstrate irregular, low-amplitude antral contractions 
[28, 29], the more common situation is a reduced frequency of distal antral con-
tractions. In secondary or idiopathic hypomotility of neuropathic origin, less than 
1 antral contraction per minute during the first hour after a solid meal correlates 
with significant antral hypomotility [30]. Antral hypomotility is associated with 
postsurgical gastroparesis, diabetic gastroparesis, and idiopathic gastroparesis [28]; 
it has also been described in functional dyspepsia [31, 32]. These findings contrast 
with observations in patients with systemic sclerosis, in which the average amplitude 
of antral contractions was ~35 mmHg, significantly less than controls [33].

Pylorus

During the postprandial period, the pylorus typically opens during an antral peristaltic 
wave to ensure emptying of nutrients into the duodenal bulb in a coordinated fashion. 
However, dysfunction of the pylorus in the form of pylorospasm can cause delayed 
gastric emptying in diabetic gastroparesis likely secondary to a deficiency in inhibitory 
nitrergic neurons to relax the tonically contracted pylorus. In manometric studies, 
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diabetic patients had prolonged and intense pyloric contractions compared to 
controls [34]. Pylorospasm was diagnosed with peak amplitude of tonic activity of 
13 mmHg and duration of 7 min.

Small Bowel Dysmotility

Small bowel dysfunction may also impair gastric emptying. A study of 14 patients 
with clinical and manometric confirmation of neuropathic chronic intestinal pseu-
doobstruction and normal antral motility demonstrated that gastric emptying of solids 
was significantly slower compared to healthy controls [35]. Similar findings have 
been described in paraneoplastic dysmotility, were histologic findings confirmed 
a disorganized ICC network in a patient with newly diagnosed small cell lung 
cancer [36]. The underlying mechanism of how small bowel dysmotility affects 
gastric motility is not well defined, but may be secondary to a diffuse process, such 
as a myopathy, neuropathy, or autoimmune-mediated disturbance of the ICCs rather 
than an isolated phenomenon.

Gastric Electrical Dysfunction

Gastric electrical dysfunction is another mechanism of gastric (antral) dysmotility. 
The normal pacemaker rate is approximately 3 per minute. Gastric dysrhythmias 
range from reduced (bradygastria, 1–2 per minute), increased (tachygastria, 4–9 per 
minute) frequency, or a mixed bradytachygastria. Gastric dysrhythmias have been 
described in diabetic gastroparesis, functional dyspepsia, anorexia nervosa, and 
vomiting of pregnancy [28]. Although the precise mechanisms on how these dysrhyth-
mias cause symptoms is unclear, normalization of the gastric electrical rhythm has 
been described in patients with diabetic gastroparesis after long-term treatment with 
domperidone [37].

Conclusion

Stomach functions are regulated by a complex series of events that are controlled by 
extrinsic nerves, the enteric nervous system, excitatory and inhibitory neurotrans-
mitters, and hormones. The stomach has distinct functional regions that result in the 
initial storage and subsequent trituration of food. Abnormalities of these regions are 
seen in specific disease states, such as diabetes mellitus, in which several factors 
lead to gastric dysfunction (including autonomic neuropathy and significant hyper-
glycemia), systemic sclerosis or amyloidosis. Thorough understanding of the 
pathophysiology in these disease states is important for selection of therapy.
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Fig. 5.2
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Capsule technology has opened up a new era in the evaluation of the gastrointestinal 
tract, being an alternative to more invasive conventional methods. The intricate 
activity of gastrointestinal transit is coordinated by the motor function of the stomach, 
small intestine, and colon. The concept of a swallowable electronic radiotelemetry 
capsule dates back to the 1950s [1, 2]. The Heidelberg capsule had been used to 
measure pH inside the gastrointestinal tract and the GI transit times in the late 
1980s [3, 4]. However, the Heidelberg capsule was not widely clinically available. 
Recently, there has been a reemergence of capsule technology, devices able to 
provide internal physiologic parameters as video, pressure, pH, and temperature. 
Assessment of GI transit times by wireless motility capsule (WMC) is one of the first 
important clinical applications of this new technology.
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Wireless Motility Capsule Procedure Description

Wireless Motility Capsule

The WMC (SmartPill, The SmartPill Corporation, Buffalo, NY, USA) is a wireless 
device able to evaluate whole gut and regional gut transit and motility. The capsule 
houses sensors for pH, temperature, and pressure and transmits the data to a receiver 
worn by the subject during ambulatory monitoring. The WMC is 13 mm across and 
·26 mm long. The capsule and receiver have battery lives rated for 5 days. pH is 
accurate to within 0.5 pH units and pressure is accurate to ±5 mmHg. After completion 
of the test, data is downloaded to a computer from the data receiver through a docking 
station and analyzed using pressure analysis software (GIMS 1.8; The Smart Pill 
Corporation) Fig. 10.1.

Wireless Motility Capsule Test

After overnight fasting, the patient ingests a standard eggbeaters sandwich meal 
with a total caloric value of (255 kcal, 72% carbohydrate, 24% protein, 2% fat, and 
2% fiber) or granola bar [SmartBar] (260 kcal, 62% carbohydrate, 18% protein, 
2.2% fat, 3 g fiber), followed by the patient swallowing the WMC with 50 cc of 
water. Patients do not eat or drink for the next 6 h. Six hours after capsule ingestion, 

patients may resume their diet routine. At 120 h postingestion, patient returns with 
the data receiver and diary.

Fig. 10.1 SmartPill System (a) and SmartPill Capsule (b)
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Indications for Use

The SmartPill system is FDA approved for the following indications:

-
resis or delayed gastric emptying and those with idiopathic and diabetic gastro-
paresis and functional nonulcer dyspepsia.

time in chronic constipation and differentiate slow versus normal transit.

Interpretation of the Results

Gastric Emptying Time.
and an abrupt rise of pH to >4 or at least a rise in 3 pH units above baseline. 
Patients are advised to stop proton pump inhibitors (PPIs) for 7 days prior to the 
test and histamine type 2 antagonists for 3 days prior to the test. For patients treated 

may be considered based on the study of subjects treated with 40 mg of esomepra-
zole twice daily. Using the sudden sustained pH increase of >0.6 pH-units, the 

16]. 
However, if possible, it is better to be off acid suppression medications during the 
test to prevent confusion because the pH transition is much less pronounced 
between the stomach and small bowel.

Small Bowel Transit Time (SBTT). SBTT is defined as the time interval between the 
pH rise in the proximal duodenum to a more than 1 unit pH drop in the cecum that 

bowel and large bowel transit time of 25 ± 14 h and mean WGTT of 29.4 ± 14.3 h [5].

Colonic Transit Time (CTT) and Whole Gut Transit Time (WGTT). The CTT is 
defined as the time interval between capsule entry into the cecum and the tempera-
ture drop from 98°C as well as signal loss representing exit of capsule from the 
body, and the WGTT as the time interval between capsule ingestion and capsule exit 
from the body.

Physiologic Basis of Definition of GET by WMC

After overnight fast and ingestion of the standard meal, the patients swallow the 
capsule. This order of actions resets the gastric motility pattern by starting the post-
prandial pattern and thus ensuring the functional recalibration of the GI tract. 
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Ingesting the WMC after the meal allows standardization of the emptying times 
measured by device. The gastric emptying occurs in the following order: first the 
fluid empties, then the solid meal empties, and finally emptying of indigestible 
objects, such as WMC mediated by high amplitude contractions or MMC [6, 7]. 
As a result of this phenomena, 5 h cut off for normal gastric emptying measured 
by WMC as an indigestible particle is used, compared with 4 h cut off for radioac-
tive meals [8]. Meal ingestion before capsule ingestion ensures that capsule stays 
in the stomach during the initial part of the study to measure the gastric emptying 
of a meal and helps to prevent its premature emptying from an MMC during the 
fasting state.

Attempts to measure the GI transit times using the capsule video endoscopy 
are reported [9]. The test is performed in fasting state; otherwise, the food will 
obscure the landmarks. During fasting, MMC cycle is activated in GI tract every 
approximately 90 min [10]. If the capsule is ingested during the fasting state 
which is the typical protocol for wireless video capsules, capsule emptying from 
the stomach into the small intestine occurs randomly depending on the timing of 
the ingestion relative to the MMC cycle. This unpredictability disrupts any stan-
dardization of gastric emptying time. Severe cases of gastroparesis probably will 
be captured by capsule endoscopy. However, this method does not allow having 
quantitative information.

Diagnosis of Gastroparesis with WMC

The use of WMC for diagnosis of gastroparesis was evaluated in the study on 87 
healthy and 61 gastroparetic subjects (based on clinical symptoms and previous 

WMC monitoring and gastric emptying scintigraphy. In fasted state, they ingested 
capsule and [99mTc]-SC radio-labeled meal. Scintigraphic images were obtained 

determined for each subject. As can be seen by Fig. 10.2a, b, the scintigraphic meal 
empties almost completely before the emptying of the capsule. Correlation between 

-

were 0.34⁄0.93 and 0.44⁄0.93, respectively. This study demonstrated that WMC is able 
to discriminate between normal gastric transit time and gastroparesis, and it is a 
reliable test with good specificity/sensitivity ratio with the 5 h cut off time, increasing 
specificity of diagnosis [8] Table 10.1, Fig. 10.2a, b.
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Fig. 10.2 (a, b) Relationship between scintigraphic emptying of a meal (gastric emptying 
 scintigraphy) and gastric emptying time of the capsule. The magenta tracing and axis on the left 
show the percent meal remaining over time. The green tracing and axis on the right show pH as 
measured by the capsule. The pH tracing shows the pH changes induced by the meal in the first 
hour followed by reacidification of gastric pH. (a) Healthy subject. The emptying of the meal 

when the pH rapidly changes more than 3 pH units from the acidic gastric pH to the alkaline 
duodenum pH. (b) Gastroparetic subject shows more than 10% of the meal remaining at 4 h with the 
emptying of the capsule at 5.5 h. [8]. (c d) WMC 

Table 10.1 Correlation  

by WMC along with 
sensitivity and specificity 
values [8]

Gastric emptying 
parameter correlation Sensitivity Specificity

0.63 0.34 0.93
0.73 0.44 0.93
n/aa 0.65 0.87

GES gastric emptying scintigraphy, GET gastric emptying time, 
WMC wireless motility capsule
a Not applicable

WMC Data About Other Physiologic Parameters  
in Gastroparesis

In addition to the assessment of gastric emptying time, WMC data provides other 
interesting insights into gastroparesis pathophysiology, by measuring various physi-
ologic parameters as whole GI transit times, contractile activity during fasting and 
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fed state, and pH profiles. Further characterization of dysmotility in gastroparetic 
patients could help in understanding of underlining pathophysiology and developing 
appropriate treatments.

Contractions Patterns and Intraluminal Pressure  
in Health and Gastroparesis

The phasic pressure profiles of the stomach and small intestine were compared in 71 
healthy and 42 gastroparetic subjects. Significant differences were observed between 
healthy and gastroparetic subjects for frequency of contractions (Ct) and motility 
index (MI) (P
were Ct = 72, MI = 11.83 for healthy and Ct = 47, MI = 11.12 for gastroparetics. 
In the small bowel, median values were Ct = 144.5, MI = 12.78 for healthy and 
Ct = 93, MI = 12.12 for gastroparetics. The 5th percentile of normals was 29/h for Ct 
and 9.82 for MI.

that contractile and transit abnormalities can occur independently. On the other 

frequencies below the 5% of normal.
Diabetic subjects with gastroparesis showed significantly lower Ct and MI 

compared with healthy subjects in both gastric and small bowel windows while 
idiopathic gastroparetic subjects did not show significant differences.

The WMC was able to differentiate between healthy and gastroparetic subjects 
based on gastric and small bowel motility profiles [11]. Interestingly, studies of 
antral motility using imaging modalities as the US and MRI have also showed 
decreased antral motility in gastroparesis [12, 13]. These findings suggest that the 
emptying time is important in the understanding of pathophysiology of gastroparesis, 
however other factors, as altered pressure characteristics contribute further to the 
diverse clinical picture of gastroparesis. Table 10.2, Fig. 10.2c, d.

Regional GI Tract Transit Times

The regional gut transit times in healthy controls and patients with gastroparesis 
were investigated using wireless motility technology. A total of 66 healthy controls 

Table 10.2 Median values  
of motility parameters for 
healthy vs. gastroparetic 
subjects [11]

Stomach Small bowel

Ct/h MI Ct/h MI

Normal 72 11.83 145 12.78
Gastroparesis 47 11.12  93 12.12

p = 0.01 p = 0.02 p = 0.02 p = 0.04

Ct frequency of contractions, MI motility index
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and 34 patients with GP (15 diabetic and 19 idiopathic) swallowed WMC together 
with standardized meal [13
SBTT were significantly longer in GP than in controls. Median WGTT in healthy was 
27.7 (25th percentile = 22.9 h, 75th percentile = 34.3 h). Median WGTT in gastropa-
retics was 45.9 h (25th percentile = 30.0 h, 75th percentile = 59.0 h), p = 0.0001.

Median SBTT in healthy was 4.6 h (25th percentile = 4.0 h, 75th percentile = 5.9 h). 
Median SBTT in gastroparetics was 4.5 h (25th percentile = 3.6 h, 75th percen-
tile = 5.5 h), p
Both diabetic and idiopathic etiologies of gastroparetics had significantly slower 
WGTT (P

Diabetic gastroparetics additionally had significantly slower CTT than healthy 
controls (P = 0.0054). The prolongation of CTT and WGTT indicates that dysmotility 
beyond the stomach in is present in gastroparesis, and it could contribute to symptoms 
presentation [14].

pH Profiles

Gastric pH profiles were found to be different in gastroparesis of different etiologies 
and varying degrees of gastric stasis compare to healthy stomach in the study by 
Hasler et al. Sixty-four healthy control subjects and 44 gastroparesis patients 
(20 diabetic, 24 idiopathic) underwent simultaneous WMC and gastric scintigraphy 
off any acid suppression treatment. Basal pH was higher in diabetic (3.64 ± 0.41) vs. 
control subjects (1.90 ± 0.18) and idiopathic subjects (2.41 ± 0.42; P = 0.05). Meals 
evoked initial pH increases that were greater in diabetic (4.98 ± 0.32) than idiopathic 
patients (3.89 ± 0.39; P = 0.03) but not control subjects (4.48 ± 0.14). pH nadirs prior 
to gastric capsule evacuation were higher in diabetic patients (1.50 ± 0.23) than con-
trol subjects (0.58 ± 0.11; P = 0.003). Compared with control subjects, those with 
moderate–severe stasis (>20% retention at 4 h) had higher basal (3.91 ± 0.55) and 
nadir pH (2.2 ± 0.42) values (P = 0.05). Both diabetic and idiopathic patients with 
moderate–severe gastroparesis exhibited increased pH parameters vs. those with 
mild gastroparesis.

Diabetic patients with gastroparesis exhibit reduced gastric acid, an effect more 
pronounced in those with severely delayed gastric emptying. Idiopathic gastroparetic 
subjects exhibit nearly normal acid profiles, although those with severely delayed 
emptying show reduced acid vs. those with mild delays. Thus, both etiology and 
degree of gastric stasis determine gastric acidity in gastroparesis [15].

Another study compared small bowel pH in gastroparetic and healthy subjects. 
p -

cantly more alkaline pH (p 16]. The 
increased small bowel pH of gastroparetic patients may imply that the rate at which 
acid is delivered from the stomach into the duodenum is slower than in healthy 
population. Although the SBTT is not affected, the change in SB pH may impact the 
absorption of nutrients, drug metabolism and might be predisposing to bacterial 
overgrowth; those factors may further impair GI motility in gastroparetic patients.
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Clinical Use and Implications of WMC Testing

The information obtained by WMC contributes to our understanding of gastroparesis 
and can pave the way for more rational therapeutic choices to optimize clinical 
management.

Documentation of extremely prolonged capsule retention in the stomach 
(e.g., more than 24 h) helps to recognize the most severe cases which fall far beyond 
traditional 4 h assessment available by scintigraphy. At the same manner, lack or 
very low contractile activity of the stomach may help to evaluate the degree of gastric 
motor function impairment.

Measurement of gastric and small bowel pressures are not easily available with 
conventional techniques, such as gastroduodenal manometry, and this new modality 
can noninvasively collect such measurements in the stomach and small bowel.

The new data obtained by WMC as very prolonged stomach capsule retention 
and very low contractility may help to identify the most severe cases which imply 
early aggressive management of those selected patients with J tube feeding or gastric 
pacing.

-
ment of gastric motility is another interesting issue. Some patients might have normal 

the emptying of the meal, and WMC measures the emptying of indigestible particles. 
The WMC test also indirectly measures the meal emptying because capsule empties 
only after the meal was emptied. Scintigraphy alone cannot assess the emptying of 
indigestible particles and recognize this phenomenon. Various upper GI physiologic 
parameters can be measured noninvasively in gastroparetic patients and not all the 
patients may have the same defects contributing to their symptoms. Different 
pathophysiologies may explain why correlation of symptoms with a single parameter 
may be poor [17].

Another advantage is that the information about whole GI and regional transit 
times can be defined with the single test, which could be especially relevant in gastro-
paretic patients. Coexistent constipation is not uncommon in this patients’ group and 
quantitative data about small bowel and colonic motility is helpful while choosing 
appropriate treatment and nutritional access [14].

Summary

WMC has good sensitivity and specificity diagnosing gastroparesis and could serve 

noninvasive, nonradiation, and convenient way to assess gastric and small bowel 
motility. Additional data that provided by this multisensor device gives us important 
new insights into the pathophysiology of gastroparesis and potentially can make 
clinical management of these patients more efficient.
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Advantages and Limitations of MRI for Assessing  
Gastric Motor Functions

depends on their physicochemical environment, mobility, and concentration. 

desired. With some rapid imaging sequences, high-resolution scans can be obtained 
cine” MRI 

assessments over time, are possible. Moreover, providing appropriate imaging 
sequences are used, MRI can simultaneously measure gastric volumes, emptying, 

only. Studies evaluating gastric motility by MRI have included a relatively small 

Overview of MR Imaging Sequences Used  
to Evaluate Gastric Motor Functions

imaging techniques. Typically, 2D imaging provides higher in-plane than through-

have been used to evaluate gastric motility (Table 13.1). These sequences have been 
4, 5]. GRE sequences employ RF and gradient spoiling to 

playout to increase signal. While this approach accentuates signal in homogeneous 
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T
2

-

pulse sequence design and calibration. The HASTE sequence acquires all image 

6

-

-
ously mentioned 2D sequences or higher through-plane resolution can be obtained 

-

imaging.

Assessment of Gastric Volumes

7 9].
Most studies evaluating gastric volumes and emptying by MRI labeled the nutrient 

T
2

10 20]. These imaging sequences 
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T
2

13.1 21]. 

21], comprising 20 subjects, 

17]. Together, these observations 

22].

Fig. 13.1 Fasting (upper panel) and postprandial (lower panel) images acquired by MRI. In the 

is subtle (arrow

Imaging to Measure Fasting and Postprandial Volumes in Humans. Neurogastroenterol Motil 
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21

23].

than by noninvasive techniques (e.g., ultrasound or MRI), perhaps because an intra-
22, 24]. 

21].

17, 22, 25], 
-

17, 21

26]. 

21

27]. Together, these observations suggest that 

-

15].

and larger meals, measuring gastric pressures during MRI and T
1
 mapping), the 

17, 20, 27]. T
1

T
1
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18

17

other studies suggesting that among isocaloric meals, lipids delay gastric emptying. 

28].

Assessment of Gastric Emptying

10

13]. This is the only 

-
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solids (MRI 129 ± 9 min, Mean ± SEM; scintigraphy 123 ± 11 min) than liquids 
-

29]. Lauenstein measured gastric volumes and emptying by a time-resolved 

30].

caloric liquids has been demonstrated in diabetic autonomic neuropathy (15 patients), 
31 32 30].

Assessment of Gastric Motility

used to measure gastric volumes or emptying. These studies have employed a variety 

to the antrum every second over a variable duration (Table 13.1). Images can be 
33] or by an semiautomated process by measuring gastric 

dimensions along equidistant points along the gastric contour, typically along planes 
34]. The contrac-

analysis (Figs. 13.2 and 13.3

R2  0.93) in phase versus location 

-

33].

35
36, 37

38
39].

MRI has been used to document altered gastric motility due to pharmacological 
modulation and disease (Table 13.1
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32
32]. 

By contrast, another study observed increased antral motility in pylorospasm and 
33

Fig. 13.2

a). Panels (b) and (c) depict a propagating contraction (arrowhead), 
arrow). Panel (d

contraction (arrowhead arrow
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34]. 

Other Applications of Gastric MRI

35] Integrated 

27]. 

Summary and a Look at the Future

Among non invasive techniques, MRI has the unique ability to measure gastric 

these advantages, most scanners permit imaging in the supine position only. Other 

evaluating gastric emptying, its ability to simultaneously assess gastric contractility, 

Fig. 13.3
-

contraction (see panel c). The spectral analysis (Panel b
c

d

and completely occlude the lumen, but also relatively prolonged, lasting 10 s or longer. Panels 
(e-h
2D FISP sequence) in a healthy subject. In contrast to Panels (a-d
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gastroparesis.
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Physiological Basis of the Electrogastrogram

8]. From this pacemaker region, spontaneous 

sequence has begun to form and migrate distally from the pacemaker region. 

8, 9].

10
produced by circular muscle contractions triturate the ingested food and then empty 

9
normal rate of emptying also requires normal fundic motility, antral-duodenal coor-

11

emptying. When one or more of these elements of gastric electrophysiology and/or 

11, 12].

normal gastric peristalsis in the postprandial period. ICCs are decreased in murine 
13, 14]. Furthermore, 

15, 16
symptom of nausea and also represent a key pathophysiological mechanism for the 

disrupts the normal 3 cpm EGG rhythm and the associated peristaltic contractions 

Recording EGGs in Patients with Symptoms Suspicious  
for Gastroparesis

signal must be carefully inspected to identify quality EGG signals for analysis 
Electrodes. High-quality, fresh, 

disposable electrodes such as those used for EKG recording are recommended. 
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Recording Equipment
recording system is needed to amplify and process the 100–500 V EGG signals. 

analysis. Electrode Placement. Electrodes are placed on the skin surface of the epi-

1].

EGG Recording Procedure

EGG recording. By controlling the pretest meal, a consistent baseline EGG is 
3]. Before placement 

quiet room separated by some distance from the person doing the testing. Loud 
noises, crying children, and other stimuli that might startle the patient should be 

Analysis of EGG Recordings

17]. 
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17].

Evaluation of Patients with Suspected Gastroparesis

3, 12

mechanism
-

3 18]. 

(by echocardiography) and the electrical rhythm (by EKG) during the exercise stress 

recording results are important in interpreting the cause of the gastric emptying results 
14.1 outlines the four pathophysiolog-

14.1, the EGG results indicate the presence of gastric dys-

Table 14.1
gastroparesis

Patients with symptoms suggesting gastroparesis

Electrogastrogram (EGG)

Abnormal  Normal
(gastric dysrhythmia) (3 cpm)

Gastric Emptying Test  Gastric Emptying Test

Abnormal
(gastroparesis)

Normal Normal Abnormal
(gastroparesis)

Severe gastric myoelectro-
contractile disorder

Gastric myoelectrical 
disorder

 Visceral   Mechanical obstruction
hypersensitivity   Electro-contractile

 Nongastric causes dissociation
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Fig. 14.1

dysrhythmias, electrical and contractile abnormalities are both present (Category 1). 

7]. Electromechanical dissociation 
is another physiological explanation for this finding. Some symptomatic patients 

test meal, the EGG rhythms of greatest interest occur in the time after the test meal 

the diagnosis of normal 3 cpm rhythm, tachygastria, bradygastria, or mixed gastric 
dysrhythmia is made (Fig. 14.1).
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EGG Test Results in Patients with Suspected Gastroparesis

3

(Fig. 14.2

7
finding of normal 3 cpm EGG and gastroparesis is clinically important because a 

Fig. 14.2
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19]. 

and there is no mechanical obstruction and no pylorospasm to explain the gastropa-
resis, electromechanical dissociation may explain the gastroparesis.

Gastric dysrhythmias, on the other hand, are seen more frequently than the 3 cpm 
7

14.3

15, 16
dysrhythmias also represent a peripheral pathophysiological mechanism for nausea 
symptoms. Correction of the dysrhythmias may not affect the rate of gastric emptying, 

Fig. 14.3
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20

21, 22

21, 22

Other electrocontractile abnormalities may result in abnormal EGG tests and 

the smooth muscle, abnormal enteric neuron function, and/or abnormal gastric 
smooth muscle. Recent histological studies of full thickness gastric tissues from 

20]. Furthermore, almost 40% of the 

-
20

-
pinnings of gastric dysrhythmias and poor smooth muscle function, abnormalities 

gastroparesis and associated nausea, much like EKG, and cardiac output recordings 
-

to gastric dysrhythmia (e.g., tachygastria) and related smooth muscle dysfunction.

Conclusion

-
peutic implications about the pathophysiology of the gastroparesis in each patient. 

-
-

gastrias represent the electrical abnormalities underlying delayed gastric emptying 

about gastric emptying test results. Future studies to determine the mechanisms of 
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the predominant symptom in 34.5% of 319 patients and occurs in 84.3% of patients. 

pyloric, and small intestinal contractions and the response to a meal or drugs.

Physiology of Gastric Emptying

ingested food, propelling the digested and triturated food distally out of the stomach 

W.J. Snape, Jr. (*)
California Pacific Medical Center, 2340 Clay Street, Room 210,  
San Francisco, CA 94115, USA

Chapter 15
Antroduodenal Manometry for the Evaluation 
of Patients with Suspected Gastroparesis

William J. Snape, Jr. 
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of luminal contents through the stomach and intestines leading to different clinical 
-

it is unclear if these different clinical syndromes are associated as part of a spectrum 
of disease.

The stomach has multiple functions including accommodation to ingested food, 
trituration or grinding of the food, and controlled emptying into the small intestine. 

propel the food into the small intestine. The coordinated propulsion of the food into 

pylorus. High-pressure or uncoordinated contractions in the duodenum can decrease 
the rate of gastric emptying [1]. These motor functions of the distal stomach and 

cells of Cajal (ICC) are present throughout the human stomach and small intestine 

pacemaker and conduction system relaying the rhythm throughout the gastrointestinal 
2

contractions [3
10 cm distal to the pylorus in the feline small intestine [4]. The decreasing frequency 

electrical refractory period of the smooth muscle. The ICC also paces intestinal 

frequency gradient distally in the small intestine [5].

and the duodenum at 11 cycles/min. It is surprising that muscles that are spatially 

6
7]. In healthy controls, pyloric contractions 
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particles [8].
Different patterns of gastric and intestinal contractions occur depending on 

9
15.1) ranging from quiescence 

(phase 1) through intermittent contractions (phase 2) and continuous contractions at 
the inherent frequency of the stomach or small intestine (phase 3). This pattern 

distally.

in the stomach and small intestine. The length of time that the patient’s gastrointestinal 

Fig. 15.1 Fasting antroduodenal manometric tracing from the stomach (top 2 ports) and duodenum 
(bottom
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-

Locally released neurotransmitters or circulating gut hormones are also important 
10]. The gut hormone, motilin, stimulates 

11, 12]. In humans, 

does not stimulate phasic increases in pyloric or small intestinal contractions [11]. 

physiologic control of gastric motility [13

14, 15
16] and somatostatin agonists.

Pathophysiology of Gastroparesis

17

18, 19]. Antral hypomotility may 

stomach to empty a solid meal [20
grind the meal into small particles that empty in a linear emptying pattern. In addition 

gastroparesis [8].
Pathophysiologic alterations of the smooth muscle (myopathic) or neurons 

[21–23

muscle contraction in mice [24

-
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of the small intestine [25

26, 27].

Techniques for Recording Antroduodenal Manometry

Water-perfused or solid-state catheters are typically used to record antroduodenal 

pressure from the stomach and small intestine [28, 29]. Magnetic resonance and 
ultrasonography are used in some centers to measure antroduodenal motility.

30].

higher fidelity response. The solid-state catheter may record a higher percentage of 

for recording gastric and small intestinal motility [31].

catheters for antroduodenal manometry restricts the recording of antroduodenal 
manometry to short periods of time [27

for at least 1 h after eating. The response is irregular and frequent contractions 



168 W.J. Snape, Jr.

19, 21, 27, 32, 33]. Using this technique, clinicians 

Since opiates and prokinetic drugs can alter the antroduodenal motility pattern, 

emptying and also decreases the antral contractions. Therefore, the patient should 

Parenteral administration of pharmaceutical agents also can demonstrate normal 
34, 35]. Drugs that stimulate 

in the stomach [36
of the pylorus or the small intestine [37]. Octreotide stimulates a similar prolonged 

-
tility [26, 34, 38

39, 40].

High-resolution manometric recordings from the upper gastrointestinal tract 

intestine [31].
-

the stomach and small intestine [28

41].

Interpretation of Antroduodenal Manometry

Antroduodenal manometric recordings are recorded during fasting and after stimu-

and pattern of the phase III MMC during fasting, and the types of contractions after 
meals or stimulating drugs such as erythromycin, octreotide, or neostigmine. 
Additionally, the amplitude of contractions is measured in the stomach, pylorus, and 
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neural control of small intestinal contractions and the integrity of the smooth muscle 
response.

(2–3 cycles/min) and 2 min in the duodenum (10–12 cycles/min). A phase 3 is 

This is a neural response that is dependent on the caloric and fat content of the meal. 

A normal response to erythromycin is 3 cycle/min gastric contractions that last for 
greater than 1 min and to octreotide 11 cycle/min small intestinal contractions that 
last for greater than 1 min.

to either altered neural control or smooth muscle function. Findings in functional 

(>15 mmHg) in the small intestine [42, 43

(<30 mmHg) and duodenal (<15 mmHg) contractions. A stationary cluster contraction 

32].

Indications for Antroduodenal Manometry

15.1

may help define conditions such as antral hypomotility, nonulcer dyspepsia, 

duodenal contraction and normal control of contractions, focuses therapy on the 

-

studies [42].
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-

targeted therapy. Antroduodenal manometry can identify normal contractions or a 

-

32]. The presence 
-

atory laparoscopy [32

Use of Antroduodenal Manometry Findings in Treatment Plans

10–15% of these patients [44]. Fasting and fed patterns of small intestinal motility 

in 20% [45
46]. The functional 

47]. 

Table 15.1 Indications for antroduodenal manometry

44]

(a) Differentiate antral hypomotility from duodenal dysmotility
32, 49, 57]

57, 58]

59]
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42, 44]. Antroduodenal manometry may make an 

symptoms after surgery [42].

short duration antroduodenal motility in 69% and a change in therapy in 35% of 
patients. The impact of a change in therapy most affected the postsurgical group, 
since antroduodenal manometry helped guide the need for further operations. 

unnecessary and potentially deleterious surgery.

upper intestinal motility [32, 48, 49

patients [49
-

tion. The definition of the altered motility patterns can suggest specific pharmaco-
36] 

34, 50]. The 
response of the stomach and the small intestine to the diagnostic administration 

51, 52
51]. 

53].
Octreotide can stimulate phase-3-like continuous small intestinal contractions 

-
54]. Octreotide 

-
54

[26, 55
response [38, 54 -
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48, 49

56

56
-

scopic surgery.

-

patients [35
seem necessary to fully define the patient’s condition.

colectomy.

Conclusion

References

contractions. Am J Physiol. 1993;264:G261–71.

2004;19:1153–64.

Gastroenterology. 2007;132:1852–65.



173

cells of Cajal in the normal pylorus and in infantile hypertrophic pyloric stenosis. Arch Pathol 

-
 

133–41.

states. Dig Dis Sci. 1999;44:44S–52S.

human upper gut. Dig Dis Sci. 1996;41:2006–15.

 14. Depoortere I, De Winter B, Thijs T, De Man J, Pelckmans P, Peeters T. Comparison of 

-

2007;11:648–54.
 17. Sha W, Pasricha PJ, Chen JD. Correlations among electrogastrogram, gastric dysmotility, and 

 
716–22.

-

 
1496–500.

neuropathy or myopathy in systemic sclerosis. Gastroenterology. 1989;96:110–5.

1995;109:1078–89.

is essential for functional intestinal smooth muscle contractility in mice. Gastroenterology. 
2005;129:1592–601.

small intestine. Gastroenterology. 1982;82:701–6.



174 W.J. Snape, Jr.

 
1158–66.

 
311–9.

Aliment Pharmacol Ther. 2008;27:186–96.

intraluminal esophageal manometry. Gastroenterology. 1977;73:23–7.

antroduodenal motor function. Gastroenterology. 2010;138(5):S-462.

prolonged simultaneous contractions. Gut. 1989;30:468–75.

 
43:80–9.

effects of erythromycin on the gastric antrum in humans. Gut. 1998;43:395–400.

Motil. 1998;10:131–8.

Sci. 1997;42:1634–9.

Am J Physiol. 1986;250:G149–54.

Scand J Gastroenterol. 1988;23:47–52.

2009;54:2167–74.

1994;29:799–806.
-

-
 

859–63.

motility disorders. Gut. 1993;34:397–401.



175

 49. Frank JW, Sarr MG, Camilleri M. Use of gastroduodenal manometry to differentiate mechanical 

1994;89:339–44.

Br J Surg. 1997;84:1017–21.

coordination. Gastroenterology. 1992;102:823–8.

 
1399–404.

1998;27:508–12.

systemic sclerosis. Intern Med. 1993;32:607–9.

 
108:65–72.

 57. Summers RW, Anuras S, Green J. Jejunal manometry patterns in health, partial intestinal 

clinical and intestinal manometric findings. Gut. 1987;28:5–12.

Scand J Gastroenterol. 1998;33:55–62.



sdfsdf



177H.P. Parkman and R.W. McCallum (eds.), Gastroparesis: Pathophysiology,  
Presentation and Treatment, Clinical Gastroenterology,  
DOI 10.1007/978-1-60761-552-1_16, © Springer Science+Business Media, LLC 2012

Keywords

concentration

Introduction

Diabetes mellitus has been recognized to be associated with disordered gastric 
emptying at least since Kassander coined the term “gastroparesis diabeticorum” 
over 50 years ago [1]. Interestingly, studies employing novel methodologies have, 

2]. The global 

presentation and management that are specific to diabetes, and in particular, the 
interrelationships between disordered gastric emptying and glycemic control; it is 

patients with this condition.
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Prevalence of Disordered Gastric Emptying in Diabetes

Diabetic gastroparesis was once considered to be rare, with an invariably poor 
prognosis. However, when patients with long-standing type 1 and type 2 diabetes 

have slow gastric emptying than men [4

type 2 patients has been reported to have abnormally rapid gastric emptying [5], 
6

7], and it has been suggested that 
this can result in “dumping” symptoms [8 -

9].

with diabetes in large surveys [10]. However, it should be noted that the relationship 
between symptoms and delayed gastric emptying is relatively weak, with only 

[2, 4, 11 1 ].
Limited data suggest that the long-term outcomes in diabetic patients with slow 

gastric emptying appear relatively good; delayed emptying is not associated with 
increased mortality [14

numbers over time [15]. However, it is yet to be established whether patients with 

Pathogenesis

16]. The process is regulated by neural and hormonal 
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with the gut peptides glucagon-like peptide-1 (GLP-1), cholecystokinin, and peptide 

more linear as the caloric content increases, while solids empty in a linear manner 

Documented motor abnormalities in patients with diabetic gastroparesis include 
17], 

contractions, and increased phasic and tonic pressures localized to the pylorus. While 

18

neuropathy) correlate poorly with delayed gastric emptying [4

[18 20]. Recent studies indicate that the underlying pathological processes are 

-

muscle [21

22].

2

rodent model [24
prominent in rodent models [25

-
paresis among women than men [26

in diabetic gastroparesis [27]. In regard to the abnormalities demonstrated in animal 

secondary to hyperglycemia, insulin deficiency, or other metabolic disturbances [21].
It is now clear that acute variations in the blood glucose concentration are associ-

28] and is accelerated during insulin-induced hypoglycemia, even 
29

blood glucose, within the physiological postprandial range (8 mmol/L versus 
0]. Hyperglycemia is associated with 

1], impaired antral contractions [ 2], and 
increased pyloric pressures [
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4
gastrointestinal symptoms; sensitivity to gastric distension is increased during hyper-
glycemia in healthy volunteers [ 5], while in type 1 diabetic patients, postprandial 

6].

induced by hyperglycemia in healthy humans [ 7

glucose-responsive neurons in both the enteric and central nervous systems [ 8], 
while nutrient detection mechanisms in the small intestine are modulated by acute 
changes in glycemia [ 9 -

patients with diabetes when the blood glucose has been maintained in the strict 
euglycemic range, when compared with their “usual” blood glucose concentration. 

Gastrointestinal Regulation of Postprandial Blood Glucose

received inappropriately little attention because the “chicken and egg” relationship 
21].

-

40

determining overall glycemic control [41, 42].

and glucagon secretion, and hepatic and peripheral glucose metabolism. The relative 

4 ] 
and type 1 and 2 diabetes [6].
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-

well as a more linear increase in GIP [44] (Fig. 16.1). These phenomena appear to 
be relatively preserved in well controlled type 2 diabetic patients [45], although in 

Fig. 16.1 Blood glucose (a), plasma insulin (b), GLP-1 (c) and GIP (d) in response to intraduodenal 

a) * vs. control: 
P < 0.05, # vs. G1: P < 0.05, § vs. G2: P < 0.05. (b) * vs. control: P < 0.05, # vs. G1: P < 0.05, § vs. 
G2: P < 0.05. (c) * vs. control: P < 0.05, # vs. G1: P < 0.05, § vs. G2: P < 0.05. (d) * vs. control: 
P < 0.01, # vs. G1: P < 0.05. (e) * vs. control: P < 0.05, # vs. G1: P < 0.01, § vs. G2: P < 0.01. Data 
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46] (Fig. 16.2). Indeed, 
it has been suggested that individuals with relatively slower gastric emptying are 
less prone to developing type 2 diabetes [47

Fig. 16.2 t = 0 
and 15 min and 0.71 kcal/min between t = 15 and 120 min) (closed symbols) compared to constant 

t = 0 and 120 min) (open symbols squares) and 
patients with type 2 diabetes (circles) on blood glucose, plasma insulin, plasma GLP-1, and plasma 

(P
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emptying, such as with the prokinetic drug erythromycin, results in a greater 
48

concepts are discussed below.

Clinical Significance of Disordered Gastric  
Emptying in Diabetes

49
50, 51]. 

52

with diabetes than in the general population [5 ], and these impact adversely on 

-
10

in patients with diabetes [54].

relationship with delayed emptying [4
-

mented in patients with type 1 diabetes and gastroparesis [55]. The implication is 

14]. While these patients 

their disordered stomach emptying can still result in important clinical problems, 
-

istered drugs.

more predictable [56
-

57
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58], in lowering postprandial blood glucose. 

patients who already have abnormally slow gastric emptying. The evidence suggests 
that this is a reasonable strategy, as long as symptoms are not induced, because the 

baseline [59
potentially make a greater contribution to glucose lowering.

It has recently been recognized that delayed gastric emptying can present as 
60], especially those that occur 

early in the postprandial period, so-called “gastric” hypoglycemia [61]. This is 
predictable given that type 1 patients with delayed gastric emptying have lower 

62].

with diabetic gastroparesis are overweight [6

agents can be impaired when gastric emptying is slowed [64

control [65

-
nomic neuropathy, as well as the elderly [66, 67

while gastric distension is protective, so that interventions that slow gastric emptying 

68], is inappropriate in diabetes. The 
authors have proposed an alternative classification, which has not been validated, 
but is provided to stimulate discussion [69] (Table 16.1).

Investigation of Diabetic Gastroparesis

but in diabetic patients, gastric emptying should ideally be measured during eugly-
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are only weakly related [17

diabetes [70

Therapy for Diabetic Gastroparesis

(e.g., low-dose tricyclic antidepressants) may have an important place in management, 

discussed above, and may need to be monitored with capillary blood glucose measure-

Table 16.1
Mild to moderate

hyperglycemia (blood glucose >10 mmol/L)

one

hypoglycemia) attributable to inability to co-ordinate insulin delivery with nutrient absorption

Severe

significant hyperglycemia (blood glucose >10 mmol/L)

one

 

hypoglycemia) attributable to inability to co-ordinate insulin delivery with nutrient absorption

69] with permission 
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71], while insulin 

small intestinal carbohydrate delivery to about 1 kcal/min is advantageous. This can 
be achieved by low-carbohydrate diets, dietary fiber, or guar gum ingestion, or with 

72] or protein [7

Protein also stimulates endogenous insulin secretion, both via incretin release and 

should be noted that these recommendations have not been evaluated in randomized 

the postprandial glycemic “dip” in patients with type 1 diabetes [74]. Patients with 

therapy optimized [9].

75

metoclopramide is severely restricted. It should be noted that subcutaneous meto-

to diabetic gastroparesis, however, is that hyperglycemia has the capacity to impair 
76, 77] and cisapride [78]; whether 

evaluated in sham controlled trials, but open label evidence suggests that patients 

idiopathic gastroparesis [79].
Limited evidence suggests that combined kidney/pancreas transplantation can 

improve gastroparesis in patients with long-standing diabetes complicated by renal 
80]. Pancreatic islet cell transplantation can normalize glycemic control 

that gastrointestinal symptoms or gastric emptying are improved [81]. However, 
-

emptying [60].
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Summary and Conclusions

-
dered gastric emptying in diabetes and in determining appropriate management. 

to the small intestine are generally beneficial in diabetes, unless they result in a 

priority in patients presenting with diabetic gastroparesis. Future studies are needed 

more specific therapies can be developed.
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Gastric Motility and Vagal Function

Normal Gastric Motility

1

2

-

2].

1]. This cycle, 
the migratory motor complex (MMC), occurs approximately every 90 min. The 

rare contractions, lasting 45–60 min. Phase 2 has intermittent peristaltic contrac-

chyme.

Effects of Vagotomy

2, 
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produces little alteration in gastric emptying.
Selective vagotomy procedures (parietal cell vagotomy, proximal gastric vago-

2

4]. 

-
mises this situation and leads severe delay in gastric emptying.

-

2

components.

Incidence, Etiology, and Mechanisms of Postsurgical 
Gastroparesis

2].
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5]. 

6].
-

7, 8]. 

2 -
7

patients had prior peptic ulcer operations: 12 patients had undergone truncal vagotomy 
-

enterostomy: Billroth I (n = 8), Billroth II (n = 11), Roux-en-Y (n = 29). Interestingly, 

6]. Fundoplication/hiatal hernia repair accounted 

Common Operations Lead to Postsurgical Gastroparesis

colonic interpositions or gastric pull-up, pylorus-preserving Whipple procedure, 
8

9

Postvagotomy Gastroparesis

resection and gastrodoudenal anastomosis) or Billroth II (a 50% or greater gastric 
2, 8]. Although these procedures 



19517 Postsurgical Gastroparesis

2, 10–12].

Abdominal and Thoracic Surgery

2

Antireflux Surgery

1

1  14].

2

15

2

2, 15, 16
17, 18]. In a regional survey 

14]. The second explanation suggests that, in some patients, 
14]. In a 

-
19].
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2

20
21]. 

22
22, 2 ].

Heart/Lung Transplantation

6
lung transplantation, delayed gastric emptying may predispose to gastroesophageal 

24]. Symptomatic delayed gastric 

25]. Another study 

26

24–26].

Bariatric Surgery

27

-
27]. 

28
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27
29]. Another study 

0
1

2, 2].

Evaluation of PSG

2

7

6

1

]. 
Gastric emptying is used to document delayed gastric emptying. Generally, gastric 

4, 5]. In the 

6

7
7

12]. The normal gastric emptying 
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7
99mtechnetium 

111

5].

surgeries may not give a clear picture on the pathophysiologic process. In patients 

6
-

gastrectomy (9% each), and stomach stapling and vagotomy (4% each). Overall, the 

-

-

Management of PSG

1

2]. Thus, 

7].
-

caloric diet.
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8, 9 -

-

40]. 
41]. In addition, 

1, 2
-

42
-

4 ]. 

2

-

gastroenterologists, nutritionists, surgeons, pain specialists, and psychologists special-

-
44 -

45
2, 44]. The largest series have yielded conflicting conclusions. In one 
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46]. By contrast, another 

47]. 

48

-

8]. 

49]. Some technical surgical 

-

50]. In another 

45 -

6 months and sustained at 12 months. All patients had delayed gastric emptying 

45]. 
-

45
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49].

Summary
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7
-

8 -
tional dyspepsia, a condition that, at least by questionnaire data, is present in about 

general population. The Mayo Clinic group, using the Rochester Epidemiology 

2].

1, 2, 9
in idiopathic, diabetic, and postsurgical gastroparesis. Despite chronic gastrointesti-

2 9].

1, 10]. The associated or causal rela-

-
10

1].

Evaluation of Patients with Suspected Idiopathic Gastroparesis

-

-
logic, autoimmune, or connective tissue disorder. A thorough drug history should 

11 12 1 ], calcium channel 
1 15 16]. Opiate narcotic analge-

Laboratory testing has limited value in diagnosing gastroparesis. Testing is recom-
-

prealbumin level.
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Symptoms

17, 18
19 21

22
1, 22 2

22]. 
22].

25]. 

response.

Pathophysiology

2 26, 27], 
28, 29 -

28
-

2
-

27
0 -

28].
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Treatment of Idiopathic Gastroparesis

This involves supportive measures through dietary modifications, promotility agents, 

Intrapyloric Botulinum Toxin Injection

1
5, 6]. A retro-

7

p = 0.02).

Gastric Electrical Stimulation

gastric stimulation, several open label studies have demonstrated variable response 
8 0]. 

-

1
vomiting predominant gastroparesis and diabetic gastroparesis responded better 

-
8, 2].

Impact

1]. Several studies report decrease in the 



20918 Idiopathic Gastroparesis

5 year survival, p 2]. 
-

Summary

gastroparesis hospitalizations has been increasing over the past decade. This is asso-

patient’s symptoms, must take these into account. Much more needs to be learned 
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Gastroesophageal Reflux Disease

1 -
2

Table 19.1

Postsurgery

Bariatric
Heart-lung transplant

Functional dyspepsia

Scleroderma
Dermatomyositis

Malignancy
Paraneoplastic syndrome

Stem cell transplantation

Medication-induced
Opioids

Dopaminergic agents
Neurologic disorders

Multiple sclerosis
Parkinson’s disease
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2

Hypertrophic Pyloric Stenosis

3, 

5].

Constipation-Associated Gastroparesis

6

Medication-Induced Gastroparesis

19.2). Narcotics are 
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-opioid receptors. 

7

segmental motor tone 
and contractility were increased, longitudinal propulsive peristaltic contractions 
were 8].

9
-
 

10].

-

Table 19.2 Medications 

gastric emptying

Narcotics

Clonidine
Dopamine agonists

Nicotine
Progesterone
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D
2

11].

Connective Tissue Disorders

12].

Scleroderma
13

1

-

15

16].

Malignancy

17, 18

19

20]. In pancreatic cancer patients, as many 
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21

High-Dose Chemotherapy and Stem Cell Transplantation

22, 23

16

23

22].

Radiation Therapy

2  25

Dysmotility and Paraneoplastic Syndrome

Autoimmune and Paraneoplastic Gastrointestinal Dysmotility

-

-

26, 27

28 31



219

32

33

19.3 3 ].

35

36].

Celiac Plexus Injury

37

Diffuse Gut Dismotility

Table 19.3
Cancer

Breast cancer

Small cell lung cancer

-

-
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-

-

Trypanosoma cruzi

Viral Infections

10, 15, 38

-
39, 0

1]. 

2

12].

3

-

Neurologic Disorders

19.1). 
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Psychiatric Disease

-

Fig. 19.1
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Chronic Pancreatitis

5].

Renal Failure

6

Total Parenteral Nutrition

7

8].

Conclusion
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4

-

Postinfectious Gastroparesis
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5

5

5, 6].
20.1. 

Table 20.1
 

Infants
Immaturity/prematurity

Pyloric stenosis
Duodenal atresia

Meconium ileus

Children

Surgery
Drugs

Celiac disease

Caustic ingestion
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-

-

7]. 

8
9

10

-

11
pyloric stenosis, intestinal atresia, necrotizing enterocolitis, and meconium ileus 

-
12

1

-

14

15
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16
-

17

18

-

19

20

21 -

-
22

2 ].

24

25

26, 27].

Diagnosis
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-

28

28

29

-

0

1

2

-

®

-
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Treatment

-

5

gastric emptying.

-

-
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Table 21.1
1. Smaller, more meals/snacks

2.

 

3. Fat folly Limit fried/greasy solids

5. Be sure of your sugar

6. Super supplements

Iron supplement if anemia

risk of osteoporosis

12
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Table 21.2
Breakfast

2 BR

1 FR

AM Snack

1 BR

Lunch

1 BR

1 FR

Afternoon Snack

20 g CHO
1 FR

Dinner

20 g CHO
1 BR

7 g CHO

After Dinner Snack

2 BR

Table 21.3

Breakfast

2 BR

1 FR

AM Snack

1 BR

Lunch

1 BR

1 FR

(continued)
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Afternoon Snack

20 g CHO
1 FR

Dinner

20 g CHO
1 BR

12 g CHO

After Dinner Snack

2 BR

Table 21.3 (continued)
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 receptor agonists, cisapride and tegaserod, increase gastric 
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Table 22.1 Prokinetic agents

Special circumstances Under study

Dopamine receptor  
antagonists

Metoclopramide Domperidone Itopride

Motilin receptor agonists Mitemcinal

TZP-101
TZP-102

5-HT  receptor agonists Cisapride Prucalapride
Tegaserod Mosapride

Velusetrag

Muscarinic agonists

Opiate receptor antagonists
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12–1
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17

Dopamine Receptor Antagonists

dopamine receptor antagonists, metoclopramide and domperidone, are commonly 
1, 2, 18

19
19].
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Serotonin 5-HT4 Receptor Agonists

5-HT
67]. 5-HT

intended to stimulate GI motility. Older 5-HT
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Cisapride
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Sympathetic Agents
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-

system suggests that agents that act centrally to reduce nausea and vomiting might 

Brain stem nuclei (including the nucleus tractus solitarius, dorsal vagal, and 
phrenic nuclei, medullary nuclei that regulate respiration, and nuclei that control 

NK
1
, serotonin 5-HT

3

may participate [1].

-

muscarinic M
1
 and histaminergic H

1

serotonin 5-HT
3

zone. Emetic stimuli acting on the area postrema include many emetogenic drugs, 

3
, M

1
, H

1
, and dopamine D

2

CB
1

Antiemetic Medications

-
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Table 23.1

Receptor  Documented  
clinical utility

Literature 

in gastroparesis

Histamine H
1
 

antagonists
Dimenhydrinate,  

meclizine,  
promethazine

Motion sickness,  
postoperative nausea  
and vomiting

No

Muscarinic M
1
 

antagonists
Scopolamine,  

methscopolamine,  
hyoscyamine

Motion sickness,  
postoperative nausea,  
and vomiting

No

Dopamine D
2
 

antagonists
Prochlorperazine,  

thiethylperazine,  chemotherapy- 
induced emesis,  
postoperative nausea  
and vomiting,  
radiotherapy-induced 
emesis

Case report

Serotonin 5-HT
3
 

antagonists
Ondansetron,  

granisetron,  
dolasetron

Chemotherapy-induced 
emesis, postoperative 
nausea and vomiting, 
radiotherapy-induced 
emesis

Case report

Neurokinin NK
1
 

antagonists
 Chemotherapy-induced 

emesis, postoperative 
nausea and vomiting, 
motion sickness

Case report

 
CB1 agonists

Chemotherapy-induced  
emesis

No

Selective Receptor Antagonists and Agonists

Histamine H
1
 Receptor Antagonists. Histamine H

1
 receptor antagonists are most 

-
23.1). H

1

include over-the-counter drug dimenhydrinate and the prescription medication 
meclizine. Promethazine is a potent H

1
-

1

2]. Intramuscular 
3

1
 receptor antagonists in gastroparesis.

Muscarinic M
1
 Receptor Antagonists.

1
 receptor antagonists, musca-

rinic M
1

23.1
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]. 

1
 receptor antagonists in postoperative 

1
 receptor 

5
as atropine and the antispasmodics methscopolamine, clidinium, and hyoscyamine. 
M

1

clidinium [6
6, 7]. 

1
 receptor 

Dopamine D
2
 Receptor Antagonists. Dopamine D

2
 receptor antagonists are the 

23.1). D
2
 receptor antagonists also 

-
-

haloperidol). D
2

gastric emptying [8]. D
2

-

dyskinesia. In a single case report, the D
2
 receptor antagonist thiethylperazine 

9]. Dopamine D
2
 receptor antago-

Serotonin 5-HT
3
 Receptor Antagonists. Serotonin 5-HT

3
 receptor antagonists are 

23.1). These agents 

2
 receptor antagonists in conditions other than these. 

3
 receptor antagonists include ondansetron, granisetron, and dola-

[10
3

chemotherapy-induced emesis than first generation 5-HT
3
 receptor antagonists [11]. 

-
tions [12

to treat nausea and vomiting in a gastroparesis patient on peritoneal dialysis [13].
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Neurokinin NK
1
 Receptor Antagonists. Neurokinin NK

1
 receptor antagonists are 

23.1). NK
1

nicotine, and ipecacuanha [1]. In indicated clinical settings, investigations suggest 
that NK

1
 receptor antagonists are more potent than 5-HT

3
 receptor antagonists. 

1 ]. Older studies report reductions in nausea 

recent investigations [15 -

1
1

1
 receptor antagonists on 

-
-

16

Cannabinoid CB
1
 Receptor Agonists.

1

23.1). In meta-

17
1
 receptor agonists include dron-

18
1
 receptor agonists include somno-

1
 receptor agonists in 

Agents with Complex Mechanisms of Action

Tricyclic Antidepressant Agents. Medications in the tricyclic antidepressant class 

23.2
-
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19
20

-

one third [21

-
paresis is ongoing.

Other Antidepressants and Neuroleptic Drugs. -

23.2). The tetracyclic agent mirtazapine 

-

3
, 5-HT

7
, alpha adrenergic, H

1
, and muscarinic 

2

22

Table 23.2
Medication class

Tricyclic  
antidepressants

Nortriptyline, desipramine,  
amitriptyline histamine, muscarinic, serotonin 

antagonist
Tetracyclic 

antidepressants
Mirtazapine Histamine, muscarinic, adrenergic, 

norepinephrine transporter
Neuroleptics Olanzapine Histamine, muscarinic, dopamine, 

acid antagonist
Levetiracetam, zonisamide

Neuropathic pain 
modulators

 
N-type calcium channels

Benzodiazepines Lorazepam, alprazolam,  
diazepam

Sedative

Corticosteroids  
methylprednisolone

Ginger Serotonin antagonist
Serotonin antagonist and agonist
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acid classes [1
23]. 

patients [2 ].

Miscellaneous Antiemetics. -

23.2

phase or the acute attack in cyclic vomiting syndrome [20]. Benzodiazepines also 
are included in some multidrug regimens to prevent chemotherapy or postoperative 

25

chemotherapy-induced emesis, particularly during the delayed phase. Corticosteroids 

1 -

-
-

reported improved vomiting on corticosteroids [26]. The anticonvulsants levetirac-

27]. 

28
29

-
23.2

3
 receptor antagonist prop-

30 -

the prokinetic drug cisapride in reducing symptoms [31

5-HT  receptor agonism, 5-HT
3
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Prokinetic Agents with Antiemetic Effects

32]. 
-

improvements in gastric emptying [33
2
 

3 ].

Summary of Clinical Implications

35]. Given 
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Gastroparesis and Functional Dyspepsia

Gastroparesis is a chronic disorder characterized by delayed gastric emptying in the 
absence of mechanical obstruction [1]. Symptoms of gastroparesis typically include 
early satiety, postprandial fullness, nausea, and vomiting. Gastroparesis can occur 
in several clinical settings; it is most commonly associated with diabetes, postsurgical 
and idiopathic (that is, without a known cause) [2]. The diagnosis of gastroparesis 
is generally made with a gastric emptying test – with scintigraphy, wireless motility 
capsule, or breath test [1].

In contrast to gastroparesis characterized by symptoms with delayed gastric 
emptying, functional dyspepsia is characterized by symptoms – postprandial fullness, 
early satiation, or epigastric pain or burning with no evidence of structural disease 
on upper endoscopy [3
postprandial distress syndrome (early satiation or postprandial fullness) and epigastric 
pain syndrome (pain or burning in the epigastrium) [3
heterogeneous. Pathophysiology of functional dyspepsia includes impaired gastric 
emptying (either delayed or rapid), impaired fundic accommodation, visceral hyper-
sensitivity, and rarely, helicobacter pylori infection. There is overlap between gastro-
paresis and functional dyspepsia as both symptoms and gastric emptying results 
may meet definitions for both in some patients [4]. Some patients with abdominal 

H.P. Parkman (*)
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pain, nausea, vomiting, and evidence of delayed emptying are considered to have 
functional dyspepsia by some clinicians and gastroparesis by others. Since the 
symptoms of functional dyspepsia are nonspecific and cover gastric symptomatology 
and patients with idiopathic gastroparesis have gastric symptoms, it is not surprising 
that many gastroparetic patients meet criteria for functional dyspepsia. In a recent 
article on idiopathic gastroparesis, 86% of patients with idiopathic gastroparesis 
met criteria for functional dyspepsia [5]. Over 90% had postprandial distress syndrome 
and the presence of postprandial distress syndrome increased with the severity of 
the delay in gastric emptying.

Abdominal Pain in Gastroparesis

While gastroparesis usually presents with nausea or vomiting, abdominal pain may 

regarded as a symptom of gastroparesis. It is often taught that if a patient has signifi-
cant abdominal pain, one should think about other disorders besides gastroparesis. 
Conditions to be considered in the differential diagnosis of abdominal pain in this 
scenario may include peptic ulcer disease, chronic pancreatitis, biliary tract disease 
(gallstones or biliary dyskinesia), fibromyalgia, functional disorders, such as irritable 
bowel syndrome and functional dyspepsia, and rarer disorders, including cyclic 
vomiting syndrome, median arcuate ligament syndrome, and reflex sympathetic 
dystrophy [4, 6].

The relationship of abdominal pain to delayed gastric emptying can be difficult 

pain, can cause symptoms of nausea and vomiting, by their central effects on the 
chemoreceptor vomiting center. In addition, these agents can delay gastric emptying 
and, in turn, cause symptoms of nausea and vomiting. Thus, in some patients with 
abdominal pain from nongastroparesis etiologies who take narcotic analgesics for 
pain, a gastric emptying test can be delayed, not because they have gastroparesis, 

suggested that patients do not take narcotic analgesics for 48 h prior to the gastric 
emptying test [7].

The gastroparesis cardinal symptom index (GCSI) was designed to quantitate the 
severity of symptoms of gastroparesis [8]. Interestingly, abdominal pain is not one 
of the symptoms in the GCSI. In patient interviews for the development of the daily 
diary form of the GCSI (GCSI-DD), less than half the patients with gastroparesis 
felt abdominal pain was an important symptom of gastroparesis [9]. The Patient 

of gastroparesis, functional dyspepsia, and gastroesophageal reflux disease [10]. 

on a scale from 0 to 5 [10]. This value was similar to conditions more classically 
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abdominal discomfort, a term that can be difficult to interpret as it may be interpreted 
by patients as mild abdominal pain or other symptoms, such as stomach fullness.

In some patients with gastroparesis, pain represents a prominent symptom and 
can produce significant morbidity and utilization of health care resources [2, 11]. 
Case series of gastroparesis report prevalence rates of pain ranging from 46 to 71% 
[2, 12] and many individuals state that their pain is of moderate to severe intensity [12]. 

gastroparesis. The importance, cause, and treatment of pain in gastroparesis are 
largely unexplored. There have been three studies/articles that specifically address 
the presence of abdominal pain in patients with gastroparesis [13–15].

In one of the first studies focusing on pain in gastroparesis, Hoogerwerf et al. 
reported the prevalence of abdominal pain in GP to be 89% [13]. This prevalence of 
pain [89%] was similar to that of nausea [93%] and early satiety [86%] and was 
greater than that of vomiting [68%]. Pain was characterized as crampy, burning, or 

cases. Meals exacerbated symptoms in 80% but provided relief in 15% of patients. 
Up to 80% of gastroparetic patients experienced some pain at night.

In the recent article by Cherian et al., abdominal pain was present in 89.7% of 
patients with gastroparesis, a prevalence rate compared to nausea which was present 
in 95.6% [14
in 13.1%, and hypogastric in 11.5%. Intermittent abdominal pain was experienced 
by 62% of patients and 43% had daily abdominal pain. Many patients also complained 
of nocturnal pain (73.8%) with interferance of sleep (65.6%). Using the 5-point 

pain was also present in 98.1% of patients with functional dyspepsia and normal gastric 
emptying compared to 90% in patients with gastroparesis. The abdominal pain 
severity was greater in functional dyspepsia as compared to gastroparesis (3.63 vs. 
3.04). The upper abdominal pain subscale was significantly higher in idiopathic 
than diabetic gastroparesis (3.36 vs. 2.68), whereas the nausea/vomiting subscale 
showed no significant difference between the two groups. There were also significant 
moderate correlations between abdominal pain and impaired quality of life in multiple 
aspects of life and daily living.

Recently, the importance of abdominal pain as a symptom in gastroparesis was 
15]. Of 339 patients with gastro-

-
nant symptom in 65 (19%) compared to nausea or vomiting in 194 (57%). Higher 
percentages of those with pain were present in idiopathic gastroparesis (70%) 
compared to diabetic gastroparesis (54%). Quality of life assessed by Patient 

with pain. Gastric retention was similar in patients with pain vs. no pain. Opiate use 
was higher with pain while antidepressant, neuropathic pain modulator, prokinetic, 
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and antiemetic use did not significantly differ. Importantly, this study showed that 
abdominal pain is present in 72% of patients with gastroparesis and was predominant 
symptom in 1 in 5 patients.

These three studies suggest that upper abdominal pain is a symptom in many 
patients with gastroparesis with comparable severity to nausea and vomiting. 

quality of life. Interestingly, abdominal pain does not correlate with delay in gastric 

with gastroparesis to help determine how best to treat this symptom in patients.

Pathogenesis of Abdominal Pain in Gastroparesis

The pathogenesis of pain in gastroparesis is poorly understood, leaving treatments 

investigations have addressed the underlying causes of pain in gastroparesis. 
However, it is plausible that it can be the manifestation of autonomic neuropathy 
and/or visceral hyperalgesia [6].

Several studies have shown that there is no correlation between delay in gastric 
emptying and severity of abdominal pain in patients with gastroparesis [14–16]. The 

and gastric sensorimotor dysfunction was also studied in functional dyspepsia [17]. 
Gastric emptying was correlated with symptom subscores for nausea/vomiting, 
fullness/satiety, bloating, heartburn/regurgitation, but not upper abdominal pain.

The lack of correlation between abdominal pain and gastric emptying suggests 
that other mechanisms may be responsible for the abdominal pain in patients with 
gastroparesis, such as changes in gastric accommodation, gastric distension, and/or 
visceral hypersensitivity [18]. In patients with idiopathic gastroparesis, the symptom 
pattern has been suggested to be determined by proximal stomach dysfunction 
rather than by the severity of delayed emptying [12]. The prevalence of pain has 
been found to be similar in symptomatic individuals with normal versus impaired 
gastric fundic accommodation [12, 18]. Hypersensitivity to gastric distension was 
associated with higher prevalences of epigastric pain, early satiety, and weight loss. 
Impaired accommodation was associated with higher prevalence of early satiety and 
weight loss. Thus, visceral hypersensitivity may be one of the causes for abdominal 
pain in patients with gastroparesis.

In diabetics with gastroparesis, pain has been considered to be a consequence of 
autonomic neuropathy. However, one small study found that more severe forms of 
visceral afferent neuropathy were associated with fewer rather than more severe 
symptoms in diabetic gastroparesis [19].

Unexplored as a factor in abdominal pain in patients with gastroparesis are 
central mechanisms. Using positron emission tomography, altered central nervous 
system processing to gastric distension has been found in patients with functional 
dyspepsia [20].



29324 Pain Management for Gastroparesis

Management of Pain in Gastroparesis

Pain has been neglected in the management gastroparesis. Unfortunately, abdominal 
pain can be prominent and may be the most difficult symptom to control. There have 
been few, if any, studies to address the effectiveness of any therapy of abdominal pain 

(prokinetic and antiemetic agents) may not satisfactorily treat abdominal pain [21]. 
Specific pharmacotherapy for the management of pain in patients with gastroparesis 
is complicated by potential drug side effects as well as drug properties which can 
delay emptying and/or worsen symptoms, thereby counteracting the benefits of pro-
kinetic and antiemetic medications often used in these patients [6]. Before prescribing 
analgesics, consideration should be given to the potential effects of the medication 
on gastric emptying and potential for side effects and drug interactions [6].

Multiple mechanisms may be involved in the pathogenesis of visceral pain [4]. 

alone. Severe visceral pain in gastroparesis may need to be managed in a multidis-
ciplinary approach. Various approaches are available [22, 23
(1) targeting coexistent dysmotility problems; (2) targeting peripheral receptors and 
neuromodulators; (3) targeting central circuits; (4) targeting somatic hypervigilance 
and related conditions; (5) targeting inflammatory response; and (6) targeting of all 
of the above.

Prokinetic Agents

Prokinetic agents aim to improve gastric emptying. Symptoms associated with delayed 
gastric emptying, such as nausea, vomiting, and fullness, are generally targeted with 
prokinetic agents and may improve with treatment. In some patients, the abdominal 
pain may be relieved through the prokinetic effect of drugs [24]. Some uncontrolled 
series with prokinetic treatments, including cisapride and domperidone have observed 
decreases in pain that track reductions in traditional symptoms of gastroparesis, such 
as nausea, vomiting, and fullness [24, 25].

Nonsteroidal Anti-inflammatory Drugs

Several medication classes offer theoretical benefits for reducing pain in the gastro-

wave dysrhythmias in several healthy human studies [26]. Oral indomethacin and 
intravenous ketorolac have been reported to resolve slow wave abnormalities in 
diabetics and patients with dyspeptic symptoms [27, 28]. In general, nonsteroidal 
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drugs, their routine use on a daily basis cannot be advocated due to their potential for 
side effects, particularly the development of ulcers or worsening renal function [21].

Psychotropic Agents

Tricyclic and tetracyclic antidepressants and pain modulators, such as gabapentin 
and pregabalin exhibit beneficial effects in reducing chronic abdominal pain of varied 
etiologies, but their effects on gastroparesis pain are largely unknown [4, 21]. These 
agents can also help improve nausea and vomiting. Investigations focusing on the 
specific effects of these and other treatment modalities on pain in gastroparesis 
are warranted.

Tricyclic Antidepressants (TCAs).
associated with gastroparesis much as they do in other forms of neuropathic pain 
[29
in patients with functional GI disorders [30–33] and in patients with diabetes, 
including patients with diabetic gastroparesis [34
reduce gastrointestinal symptoms are unknown, but believed to be mediated 
centrally [33
(Elavil) reduce sensory transmission and reduce visceral hypersensitivity. On the 

activity.

 dyspepsia; studies suggest that they may decrease nausea and vomiting and abdominal 
pain [30
symptoms in patients with functional vomiting [31]. The effective dose averaged 
50 mg/day – lower than used for depression. In two studies in functional dyspepsia, 

32, 33]. In a 
retrospective evaluation of diabetic patients with nausea and vomiting, low-dose 

-
netic drugs [34
suggesting that the presence of impaired motor function is not a contraindication 

Desipramine was helpful on a per protocol basis, but not on an intention to treat 
basis, in female patients with functional bowel disorders, primarily irritable bowel 
syndrome [35]. In this desipramine study, dose escalation occurred every week – 
initial dose was 50 mg po qhs, then 100 mg, and then 150 mg/day. On the per proto-
col basis, the response rate to desipramine (69%) was greater than to placebo (49%) 
when patients who did not take their medication due to side effects or other reasons 

amitriptyline, imipramine, doxepin, have more anticholinergic activity and more 
side effects. Secondary amines, including nortriptyline and desipramine, have less 
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and ones are used with lower anticholinergic activity, such as desipramine or 

If benefit is not observed in several weeks, doses are increased by 10- to 25-mg 
increments up to 50–75 mg. Side effects may require a change in medication in 
some patients [30].

SSRIs, SNRIs, SSNRIs. Other antidepressant classes, including selective serotonin 

and combined serotonin/norepinephrine reuptake inhibitors may have benefits as 
well; however, there are no data on their actions on visceral nerve function. 
Duloxetine, a combined serotonin/norepinephrine reuptake inhibitor, was recently 
approved for diabetic neuropathy [36
accelerate small intestinal transit [37, 38]. The effects of serotonergic psychoactive 
agents on gastrointestinal functions in healthy human subjects were evaluated using 

(20 mg daily); venlafaxine-XR, a selective serotonin and norepinephrine reuptake 
inhibitor (75 mg daily); or placebo for 11 days [37
or colonic transit were observed with any agent. Small bowel transit of a solid meal 
was accelerated by paroxetine. Buspirone decreased postprandial aggregate symptom 
and nausea scores. Venlafaxine-XR increased the postprandial change in gastric 
volume. Thus, buspirone, paroxetine, and venlafaxine-XR affect upper gastroin-
testinal functions in healthy humans.

symptoms in young adult patients with functional chest pain [39]. In another study, 
however, venlafaxine was not effective in patients with functional dyspepsia and 
was associated with side effects [40].

Antiepileptic Agents. Other agents with efficacy in peripheral neuropathic pain 

actions in patients with pain associated with gastroparesis, they are occasionally 
used to treat pain in diabetic patients with peripheral neuropathy [41, 42]. 

-
pentinoids [4

These agents have much less effect on gastrointestinal motility and could be very 
valuable therapeutic options.

Gabapentin binds to the  (alpha)-2  (delta) subunit of voltage-gated calcium 
channels preventing the release of nociceptive neurotransmitters, including substance P, 
norepinephrine, and glutamate. It is used as an effective analgesic for patient with 
neuropathic pain and chronic pain syndromes. Gabapentin is approved for diabetic 
peripheral neuropathy [41, 43]. Diabetic peripheral neuropathy is a common 
complication of diabetes that can cause significant morbidity and mortality [41]. 

pain of peripheral origin, although they rarely provide complete pain relief [43]. 
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Sensorimotor neuropathy is marked by pain, paresthesia, and sensory loss. Gastroparesis 
is the most debilitating complication of gastrointestinal autonomic neuropathy. The 
pathology of diabetic neuropathy involves oxidative stress, advanced glycation end 
products, polyol pathway flux, and protein kinase C activation; all contribute to 
microvascular disease and nerve dysfunction. Glycemic control remains the founda-
tion of prevention and the prerequisite of adequate treatment. Diabetic neuropathy 
is a many-faceted complication of diabetes that can be managed symptomatically 

trials supports the use of desipramine, amitriptyline, capsaicin, tramadol, gabapentin, 
bupropion, and venlafaxine. Trials have also shown efficacy of gabapentin and 
pregabalin for postherpetic neuralgia and painful diabetic neuropathy [43]. These 
drugs can be rapidly titrated and are well tolerated.

Topiramate, lamotrigine, carbamazepine, and oxcarbazepine are alternatives for 
the treatment of painful diabetic neuropathy [43]. These agents should be titrated 
slowly. Carbamazepine is the drug of choice for trigeminal neuralgia; however, 
oxcarbazepine and lamotrigine are potential alternatives. There is need for large-scale 
randomized controlled trials on the efficacy of antiepileptic drugs in neuropathic 
pain. Long-term follow-up is needed to establish the long-term efficacy of antiepi-
leptic drugs in neuropathic pain.

Opiate Analgesics

Careful use of opiates may need to be considered for the treatment of refractory pain 
in selected patients. Unfortunately, many patients with pain do not respond to more 
conservative therapies and are given intermittent or chronic therapy with opiate 
agents for pain control [4, 21]. In general, opiates are good for acute, short duration 

potent inhibitory effects on gastrointestinal transit inhibiting gastric emptying and 
colonic transit [44–46]. Chronic narcotic use may result in tolerance to its analgesic 
effects, physical dependence, and addiction. Thus, the routine use of opiate agents 
for the management of pain with gastroparesis is not advocated.

The weak opiate agonist tramadol, which can also affect serotonin and norepi-
nephrine reuptake, appears to be a reasonable first choice. Tramadol is a centrally 
acting opioid analgesic, used in treating moderate to severe pain. Tramadol possesses 
weak agonist actions at the mu-opioid receptor, releases serotonin, and inhibits the 
reuptake of norepinephrine and serotonin [47]. In contrast to morphine which slows 
gastric emptying, tramadol seems to have little effect on gastric or small bowel 
transit [44–46]. However, many patients do not have optimal control of pain with 
this agent if the pain is moderately severe [6].

Some patients unfortunately require narcotic opiate analgesics for the manage-
ment of pain. These agents not only cause a delay in gastrointestinal transit, but also 
have the potential for tolerance, dependence, and addition [6]. In addition, side 
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effects, particularly constipation can occur. Longer acting compounds, such as 
methadone or continuous release preparations such as transdermal fentanyl, may 
elicit less constipation than other narcotics [48, 49 -
ment is the generation of peripheral opioid receptor antagonists which block 
peripheral effects of narcotic drugs but preserve the central analgesic effects [50, 51]. 

reversal of the inhibitory effects of codeine on the small intestine and colon but not 
the stomach [52]. Methylnaltrexone, a mu-opioid receptor antagonist, has less 

narcotic analgesics [51].

chronic opiate analgesics is narcotic bowel syndrome, a condition of opioid bowel 
dysfunction that is characterized by chronic or frequently recurring abdominal pain 
that paradoxically worsens with continued or escalating dosages of narcotics [53]. 

who receive high dosages of narcotics after surgery or acute painful problems, and 
among patients with functional gastrointestinal disorders or other chronic gastroin-
testinal diseases. This disorder is a manifestation of enhanced pain perception 
through hyperalgesic effects of chronic opioid administration. The key to the diag-
nosis of narcotic bowel syndrome is the recognition that chronic or escalating doses 
of narcotics lead to continued or worsening symptoms rather than benefit. Continued 
treatment with narcotics leads to a vicious cycle of pain, use of more narcotics, and 
continued or worsening pain. Treatment involves early recognition of the syndrome 
and graded withdrawal of the narcotic according to a specified withdrawal program 

-
epines, and clonidine).

Kappa opioid agonists have been studied for the treatment of GI symptoms, 
primarily in patients with functional disorders. The kappa agonist asimadoline reduced 
satiation and enhanced the postprandial gastric volume in female volunteers [54]. 
However, there were no significant effects on gastrointestinal transit. In a clinical trial 
in 40 patients with functional dyspepsia, asimadoline did not significantly alter 
satiation or symptoms over 8 weeks. However, asimadoline, 0.5 mg, significantly 
decreased satiation in patients with higher postprandial fullness scores, and daily 
postprandial fullness severity over 8 weeks.

Targeting Sympathetic Pathways

Clinical observations suggest that clonidine, an alpha-2 adrenergic agonist, may 
improve diabetic gastropathy symptoms [55]. Clonidine exhibits visceral antinoci-
ceptive effects, but its effects on pain with gastroparesis are uncertain [56]. Clonidine, 
given as a single dose of 0.3 mg orally, has no gastric prokinetic effects [55]. Thus, 
it may act on gastric afferent innervation or, more likely, at a central site to reduce 
nausea and vomiting.
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patient with chronic idiopathic gastroparesis [57]. The mechanism of phentolamine 
is believed to be receptor blockade at alpha-1 adrenergic receptors and therefore 
inhibition of the peripheral sensitizing effects of circulating norepinephrine. 
Intravenous phentolamine has been used as a marker for and the treatment of 
 syndromes involving sympathetically maintained pain.

The celiac and superior mesenteric ganglia provide postganglionic sympathetic 
innervation to the stomach and small intestine [58
are being performed for the treatment of chronic abdominal pain from intra-abdominal 
malignancy and from benign processes, such as chronic pancreatitis [59]. Celiac 
plexus block probably interrupts visceral afferent input [60]. The procedure entails 
the installation of ethanol and bupivacaine into the plexus via fluoroscopic, computed 
tomography, or endoscopic ultrasound guidance. This procedure has been used 
antidotally in patients with abdominal pain and gastroparesis. Interestingly, gastro-
paresis has been reported after celiac plexus block in a patient with pancreatic 
carcinoma [60].

Gastric Electric Stimulation

Gastric electrical stimulation is being used for the treatment of patients with refractory 
symptoms of diabetic and idiopathic gastroparesis [61, 62]. The stimulation performed 
is not gastric pacing, but high frequency, low energy gastric electric stimulation. 
Long-term open label studies have shown reduction of symptoms of vomiting [62]. 
Double-blind studies on the efficacy of gastric electric stimulation have been disap-
pointing. The pivotal double-blind study revealed reduction in vomiting episodes in 
patients with gastroparesis, primarily patients with diabetic gastroparesis [61]. More 
recent double-blind studies showed only nonsignificant trends toward a decrease in 
symptoms of vomiting in patients with diabetic and idiopathic gastroparesis, but a 
significant reduction in symptoms in long term (1 year) on an open label, unblinded 
basis [63, 64]. The single-center clinical practice experience with Enterra gastric 
electric stimulation for the treatment of patients with refractory gastroparesis 
reported clinical symptomatic improvement in 50% of patients [65]. Three clinical 

that were reduced and not abdominal pain, postprandial fullness or bloating. Diabetic 
gastroparetics had a more favorable outcome than idiopathic patients. Patients 
whose main symptoms were nausea and/or vomiting experienced a more favorable 
response than those with abdominal pain as their main symptom. Lastly, patients not 
taking narcotic analgesic medications had better outcome than those patients using 
narcotics at the study outset. The subgroup that did best was diabetic patients with 
nausea and vomiting.
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Other Treatments

few side effects [66, 67]. Possible future directions include the increased use of 
dorsal cord stimulators, and repetitive transcranial magnetic stimulation [68]. 

being investigated as an alternative for narcotic analgesics for acute and chronic 
postoperative pain and neuropathic pain [69].

Summary

Patients with gastroparesis can have abdominal pain. In some patients with gastro-
paresis, abdominal pain can be the prominent symptom. The treatment of abdominal 
pain in gastroparesis is difficult, as is any type of pain. Some of the treatments may 
adversely impact on gastric emptying and other symptoms of gastroparesis.
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Table 25.1
Name: D.O.B.:

HPI:

Current medications/allergies

I. Onset

c. Prior dietary restrictions, allergies, or reactions

a. Current (BMI)

ii. Current
 

or solids)

c. Triggers

j. Treatments
a. Dietary

d. Results

(continued)
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Gastroparesis

Definition and Causes of Gastroparesis

1]. It is clas-

tissue diseases (e.g., scleroderma), autoimmune diseases (e.g., SLE), and multiple 
sclerosis.

2
3

Epidemiology of Gastroparesis in the USA

-

Table 25.1 (continued)

 ii. Stress
1. Recent trauma

a. Leading to somatization

iii. Stopped narcotics cold turkey

a. Delaying gastric emptying

sxs symptoms, hx dx diagnosis, D&A MJ marijuana, LMP last menstrual 
period, Tx treatment, MDD HPI
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Symptoms, Diagnosis, and Treatment

-

4].
-

Psychiatric Comorbidities

5
6]. 

Psychiatric Differential Diagnosis of Gastroparesis

Eating Disorders
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7]. Women 

Psychiatric Treatment of Anorexia Nervosa.

8

9

10].

Psychiatric Treatment of Bulimia Nervosa.
-

-

11
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Somatization Disorders

12].

Major Depressive Disorder
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Schizophrenia

Panic Attacks

-

and panic disorder.
-

Opioid Withdrawal
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and yawning.

Psychiatric Complications of Gastroparesis  
and Their Proposed Treatment

General

13]. 

Phobia to Eat

Panic Attacks

-

-
14

serotonin 3 (5-HT3), and central 2-adrenergic receptor antagonist.
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Adjustment Disorders

Opioid Dependence

15].

Benzodiazepine Dependence

-

Personality Changes



312 N. Ortiz-Torrent

Psychiatric Side Effects of the Treatment for Gastroparesis

Antiemetics

-

Clinical Evaluation of Patients on Psychiatric Aspects  
of Gastroparesis

25.1).

Potential Topics for Research in Psychiatric Aspects  
of Gastroparesis

Conclusion

1
-
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Keywords 

Introduction

Nausea, vomiting, bloating, and abdominal pain are symptoms that are shared 
between true gastroparesis from gastric neuromuscular dysfunction, mechanical 
gastric outlet obstruction, and functional foregut disorders associated with a delay 
in gastric emptying. Excluding mechanical gastric outlet obstruction, abnormal 
delay in gastric emptying with compatible postprandial symptoms is reported in up 
to 4% of the general population [1, 2

improving gastric emptying. However, it is well-known that there is a considerable 
overlap in clinical presentation among true gastroparesis, functional dyspepsia, and 
functional foregut disorders associated with nausea and vomiting, all of which can 
be associated with a delay in gastric emptying. The prevalence of each of these 
disorders within the broader realm of delayed gastric emptying is difficult to estimate. 
Since sensory modulators (antidepressants, antiepileptic agents) are beneficial in 
suppressing symptoms in functional disorders, there is potential for benefit in 
symptomatic foregut disorders, especially where delayed gastric emptying is inherent 
to the functional syndrome rather than a direct cause for symptoms.
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Sensory Neuromodulators: Rationale for Use

Reports in the literature suggest discordance between foregut symptoms and the 
rate of gastric emptying as assessed by a nuclear medicine gastric emptying study. 
For instance, symptoms compatible with delayed gastric emptying, including nausea 
and vomiting, are reported by 11–18% of diabetics [3, 4], but the prevalence of 
documented delayed gastric emptying is much higher, seen in as many as 48–65% 
of diabetics at a tertiary care center [5]. Further, foregut symptoms, especially 
nausea and vomiting, correlate poorly with the degree of gastric emptying delay in 
both short- and long-term follow-up of these patients [5–7
of patients with functional dyspepsia exhibit gastric emptying delays, particularly in 
the presence of reported postprandial fullness and vomiting. Heightened visceral 
sensitivity from gastric distension may trigger symptoms in both diabetics and 
patients with functional dyspepsia [8, 9]. Therefore, foregut symptoms that overlap 
with those from gastroparesis can be produced by both motor dysfunction (neuro-
muscular dysfunction leading to delayed gastric emptying, mechanical gastric outlet 
obstruction) and sensory dysfunction (heightened visceral perception) (Fig. 26.1). 
When delay in gastric emptying is the predominant abnormality, nutrition may be 
affected and patients may manifest weight loss in addition to vomiting and reflux 
symptoms. In contrast, patients with predominantly perceptive symptoms may overlap 
with functional dyspepsia and typically report absence of significant weight loss, or 

Fig. 26.1 Pathophysiologic basis for symptoms in the setting of delayed gastric emptying. The 
symptoms associated with gastric emptying delay may derive from both motor and perceptive 
(sensory) abnormalities. Considerable overlap in these two components of symptom presentation 
often is seen. Irrespective of the underlying pathophysiology, perceptive symptoms (discomfort, 
nausea, etc.) typically respond well to neuromodulator use. However, in the presence of weight 
loss and more profound objective delays in gastric empting, these approaches alone are insufficient, 
and attention to the nutritional aspects of care is warranted
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in some cases even weight gain. Therefore, a proportion of patients may have an 
alternate functional etiology for foregut symptoms despite the presence of delayed 
gastric emptying, and this appears to be the case even in diabetic patients. Since 
foregut symptoms may not serve as reliable indicators of true neuromuscular 
abnormalities causing a delay in gastric emptying and since functional foregut 
disorders may inherently demonstrate delayed gastric emptying, a trial of sensory 
neuromodulators has clinical merit in managing symptomatic states associated with 
delayed gastric emptying. This approach typically is implemented in situations, 
where an impact on nutritional status is not present.

Sensory neuromodulators have been postulated to exert their benefit in patients 
with gastric emptying delay in several different ways, from both central and peripheral 
actions. The peripheral receptor- and neurotransmitter-specific influences on symptom 
improvement may more closely relate to changes in gastrointestinal transit, fundic 

on gastrointestinal physiology; these receptor- and neurotransmitter-specific influ-
ences also allow anticipation of side effects of these pharmacotherapies (Table 26.1). 
Central effect may result from improvement in depression and anxiety states, sleep 
restoration, and decreased tendencies toward symptom reporting (“antisomatization 
effect”) [10]. The central benefits suggest that sensory neuromodulators may address 
mechanisms that are either downstream effects of the functional syndrome (symp-
tomatic delayed gastric emptying in this instance), such as mood and sleep changes, 
or possibly more generally address a resultant global distress than the correction of 
a physiological abnormality within the stomach per se. To date, the degree to which 
each sensory neuromodulator alters each of these symptom pathways remains 
poorly understood. However, given the substantial differences in pharmacodynamics 
and mechanism of action among these various agents, it is likely that certain antide-
pressants may be better suited to address particular aspects of clinical symptomatology 
in patients with delayed gastric emptying as discussed later in this chapter.

Table 26.1 Relative receptor and monoamine binding affinities of common antidepressants used 
as neuromodulators in the management of gastroparesis [10, 11, 52]

Pharmacotherapeutic 
agent Cholinergic (M) Histaminergic (H1) Norepinephrine (NE)

Serotonin 
(5-HT)

+++++ +++++ +++ +++
Nortriptyline ++++ ++++ +++++ ++
Desipramine ++ +++ ++++ ++
Sertraline ++ 0 + ++++
Paroxetine +++ + ++ +++++
Fluoxetine ++ ++ 0 ++++
Bupropion 0 0 0 0
Venlafaxinea 0 0 ++ ++++
Duloxetine ++ + +++ ++++

M muscarinic receptors; relative scale ranges from 0 (no binding affinity) to +++++ (strong binding 
affinity)
a

greater NE effects are observed
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Sensory Neuromodulators: Mechanism of Action

The exact mechanisms of effect of sensory neuromodulators in functional disorders 
in general, and in symptomatic delayed gastric emptying in particular, are not fully 

11]. Importantly, they are believed 
to have influences on the serotonergic system through interference with presynaptic 
neuronal uptake of serotonin (5-HT), as well as through effects on 5-HT receptor 

 (alpha)2-adrenoreceptors, in 
turn invoking descending bulbospinal inhibition of spinal afferent nociception. 

and indeed may augment endogenous opioid levels in certain brain regions, including 
the hypothalamus [12
their antinociceptive effects include binding of the N-methyl-d
receptor complex [13 14]. Further, inhibition 
of histaminergic receptors, and both muscarinic and nicotinic cholinergic receptors, 
may be responsible for some of the antiemetic and analgesic effects seen with these 
agents. The degree to which the chemical structure of each individual drug influences 
the neurotransmitter systems may vary, and this likely accounts for some of the 
observed differences in the efficacy and side effects between agents.

The advent of the selective serotonin reuptake inhibitor (SSRI) class of antide-
pressants represented an advance for the practicing clinician treating affective 

but with better tolerability and a lesser propensity toward unwanted side effects. 
Considerable variability does exist among SSRIs in terms of their effects on nonse-
rotonergic neurotransmitter systems (Table 26.1). Unfortunately, some of the non-

in animal models and clinical studies of visceral and somatic pain, SSRI effects 
overall have not been consistently favorable [15–19].

The serotonin–noradrenaline reuptake inhibitors (SNRIs), as their name implies, 
block the presynaptic reuptake of both 5-HT and norepinephrine (NE). The mono-
aminergic reuptake potential of these agents varies: up to a 30-fold greater selectivity 
for 5-HT reuptake inhibition is seen with the SNRIs venlafaxine and duloxetine, 
whereas milnacipran is somewhat more selective toward NE over 5-HT reuptake 
inhibition. Similar limitations as with SSRIs may apply in terms of the analgesic 
and antiemetic properties of these agents. Nevertheless, the SNRIs all have demon-
strated modest acute and chronic antinociceptive effects on animal models and 
clinical trials [17, 20].

Other antidepressants, such as the tetracyclic antidepressant mirtazapine and the 
dopamine reuptake inhibitor, bupropion, have been found to have analgesic effects 
on limited animal studies. Through its 5-HT

3
 receptor antagonism, similar to other 

established antiemetics such as ondansetron, mitrazepine may exert additional 
benefits in the relief of nausea and emesis [21].
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The limited experimental data currently available indirectly suggest that the 
utility of antidepressants in gastroparesis likely does not derive from meaningful 

failed to demonstrate any significant differences in objective measures of gastric 
emptying or maximal tolerated volume on a nutrient drink challenge with either 
low-dose nortriptyline or mirtazapine therapy [22]. Similarly, 30-min symptom 
scores after instillation of maximum tolerated gastric volume were not affected by 

amitriptyline modestly slowed gastric emptying, it improved nausea following a 

of satiation [23]. Further, a study of desipramine and escitalopram in healthy volun-
teers also did not demonstrate changes in maximum tolerated volumes, but did result 
in significant improvement in symptom scores in the treatment group compared to 
placebo [24
of these findings to a clinical gastroparetic population must be done with caution. 
Nonetheless, the existing evidence suggests that antidepressants (SSRIs, tricyclics, 
and tetracyclics) have modest effects on normal gastric physiology, increasing the 
likelihood that these agents exert their benefit either from their modulation of visceral 
sensory function or from their central neuromodulatory effects.

Sensory Neuromodulators: Evidence for Clinical Use

Data supporting the use of sensory neuromodulators in symptomatic disorders 
associated with delayed gastric emptying exists mainly in the form of retrospective 
reports and open-label trials. The basis for use of antidepressants and sensory 
neuromodulators in this patient population has largely been derived from the experi-
ence in other functional disorders, particularly irritable bowel syndrome (IBS). 

ratios of 2.6 (95% confidence interval 1.9–3.5) for global improvement of IBS 
symptoms have been reported in meta-analysis [25]. Cumulative benefit of at least 
a moderate degree has been rated as 80% in functional gastrointestinal disorders by 
treating physicians in open-label studies, with numbers needed to treat (NNT) of 
3.2–4.3 for efficacy [26–29].

nondiabetic patients with either documented gastric emptying delay or symptoms 
compatible with gastroparesis [30]. While most patients presented with nausea 
and/or vomiting, this cohort did include patients with cyclic vomiting syndrome, 
generally considered a disorder with “migraine-like” tendencies rather than a true 
foregut functional disorder [31–34]. While the exact proportions of responders 
with each step in the treatment scheme are not reported, as many as 71% responded 
with an approach that started with nortriptyline, and included use of mirtazapine 
(along with domperidone, dronabinol, and aprepitant) when symptoms persisted. 
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symptomatically to a moderate degree in another open-label, retrospective study, 
where multiple antidepressants were used (mainly tricyclic antidepressants, SSRIs, 
SNRIs) [35]. This group compared responses to similarly symptomatic patients 
with normal gastric emptying and those who did not undergo gastric emptying 

symptom improvement (Fig. 26.2
been described in a case report [36].

While several sensory neuromodulators were used in the above studies, Sawhney 
37

of patients (42%) had cyclical symptoms consistent with cyclic vomiting syndrome, 
and delayed gastric emptying was only documented in 37.5%. Overall, moderate 
symptom improvement was seen in 88% of the cohort, and in 86% of the patients 
with gastric emptying delay; a cyclical symptom pattern predicted poor response 
(p = 0.025 on regression analysis), and the presence of peripheral neuropathy trended 

Fig. 26.2 Symptomatic outcome of patients with functional foregut symptoms with and without 
delayed gastric emptying from open-label sensory neuromodulator therapy [35]. Patients were 
categorized into three groups: those with documented delayed emptying on a gastric emptying 
study (GES); those with normal GES; and those with similar symptoms, where GES was not per-

assessed from Likert scales, which was not influenced by gastric emptying status. Multiple neuro-
modulators were used
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toward a poor response (p
(84%) was noted in 37 patients with chronic functional nausea and vomiting treated 

38]. The likelihood of 
remission was lowest when pain was a dominant symptom (p = 0.03 in multivariate 

gastric emptying for study entry, the available data does suggest that foregut symp-
toms similar to that experienced by patients with gastric emptying delay may 
respond to significant degrees with sensory neuromodulator use.

Limited data exists on the use of newer antiepileptic agents (zonisamide, leveti-
racetam) in disorders associated with nausea and vomiting. These medications have 
been used as second-line agents in patients with cyclic vomiting syndrome intoler-

39]. Moderate clinical response in this patient popu-

experiences (75%). Zonisamide is prescribed at 100–600 mg/d in a twice a day dosing 
schedule, and levetiracetam is used at 1,000–4,000 mg/d in divided doses. Despite 
the fact that the pathophysiology of cyclic vomiting syndrome is thought to be 
different from that of symptomatic delayed gastric emptying, there may be some 
overlap with centrally triggered vomiting syndromes such that these antiepileptic 
agents may have value in situations, where nausea and vomiting are out of proportion 
to the objective abnormality in gastric emptying.

Sensory neuromodulation has also been suggested as one of the mechanisms 
of benefit from the gastric stimulator (Enterra, Medtronics Inc, St. Paul, MN), an 
implantable device that improves nausea and vomiting associated with gastropa-
resis in 50–75% but does not necessarily accelerate gastric emptying [40–42]. 
Metoclopramide, a dopamine and serotonin receptor antagonist, has antiemetic 
properties from central receptor blockade in addition to its peripheral promotility 
actions on cholinergic neurons and dopamine and muscarinic receptors in the proximal 
gut [43]. Tachyphylaxis ensues at the peripheral level, but the central antiemetic 
properties may contribute to continuing symptom control with long-term use [44, 45]. 
However, use is limited by central nervous system side effects, including tremor, 
jitteriness, and extrapyramidal symptoms, seen in as many as 40% of patients [45].

Sensory Neuromodulators: Guidelines for Use

In general, sensory neuromodulators can be considered in patients with mainly 
perceptive upper gut symptoms (top end of symptomatic scale, Fig. 26.1), indepen-
dent of gastric emptying delay. Obviously, appropriate exclusion of mechanical 
gastric outlet obstruction needs to be performed at the outset. The presence of weight 
loss may suggest advanced gastroparesis, and alternate feeding routes need to be 
addressed first to maintain nutrition; these patients are not good candidates for sensory 
neuromodulation. The presence or absence of comorbid-affective mood disorders 
(anxiety, depression) does not influence the decision for sensory neuromodulation. 
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However, the likelihood of adherence to the prescribed sensory neuromodulator 
regimen in functional gastrointestinal disorders is influenced by the presence of 
psychiatric comorbidity [46]. The likelihood of adherence is highest in the absence 
of psychiatric comorbidity, and lowest with higher degrees of psychiatric comorbidity 
(Fig. 26.3). Patients with suspected somatization disorder may not tolerate antide-
pressant side effects, leading to premature discontinuation; a low starting dose is 
recommended in these patients [10, 46].

25, 
26
taken at bedtime because of sedation as a side effect [37, 38]. The choice of the indi-
vidual tricyclic agent depends on the degree of receptor blockade (i.e., “potency” and 

Fig. 26.3 The influence of somatization and psychiatric comorbidity on antidepressant discon-
tinuation. In functional GI disorder populations, patients with higher degrees of non-GI somatic 
comorbidity (Group 3) are less likely to report satisfactory responses to neuromodulator use and 
are more likely to report side effects using these agents compared to those without additional 
somatic complaints (Group 1). The presence of overlapping psychiatric comorbidity (Groups 2 and 4) 
portends an even greater likelihood of antidepressant discontinuation. Low starting doses and 

Sayuk GS, et al. Psychosom Med. 2007; 69: 173–81. Used with permission
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among the more commonly used tricyclic agents. Nortriptyline has intermediate 
potency, which in our experience makes it useful as the agent of first choice. 
Imipramine and doxepin are alternate agents of intermediate potency. If side effects 
are limiting, an agent of lower potency can be substituted; on the other hand, if no 
side effects result and therapeutic benefit is suboptimal, an agent with higher potency 
can be used. Doses are escalated by 10–25 mg every 2–3 weeks if response is inad-

of 75 mg/d; higher doses are occasionally needed [38]. Once a patient is found to 

this medication for 6–12 months. If symptoms recur upon weaning from treatment, 
it is our practice to recommend continuation of this medication indefinitely.

-
tyline, desipramine) have fewer anticholinergic, antihistaminic, and alpha-adrenergic 
adverse effects, and therefore have a better side-effect profile compared to that of 
the parent tertiary amines (amitriptyline, imipramine, doxepin) [10]. Side effects 
generally fall into three main categories: sedation, anticholinergic (dryness of 
mouth, constipation), and other neuropsychiatric side effects (personality change, 
agitation). Weight gain and sexual side effects are also not uncommon. NNT of 

placebo, and NNT of 22 has been reported for major side effects [47]. Side effects 
are often the primary reason for a change in dose or a switch to an alternate agent 

-
sary (e.g., SSRI, SNRI, etc.).

Evidence for efficacy of alternate antidepressants, such as SSRIs, in functional 
gastrointestinal symptoms is limited; [19, 48, 49] no systematic reports exist for 
their use in symptomatic delayed gastric emptying. These agents are generally 

primary agent in patients with coexistent affective disorders, such as anxiety and 
depression. Given its effects on both NE and 5-HT neurotransmission, duloxetine 

disorders in our practice [50]. Other antidepressants, such as bupropion, mirtazapine, 
venlafaxine, and trazodone, also have been used anecdotally in functional gastroin-
testinal disorders, and can be considered when other antidepressants fail [10, 36, 51]. 
Finally, antiepileptic agents (zonisamide, levetiracetam) can be considered when 
nausea and vomiting are out of proportion to the degree of gastric emptying delay, 
especially if a cyclical pattern of symptoms is encountered. There appears to be 

not tolerated despite the paucity of good evidence suggesting their benefit in func-
tional disorders. In a retrospective review, Patel et al report that approximately 72% 
of patients report benefit of at least moderate symptom relief, irrespective of class 
of antidepressant agent [35]. The medications and doses used in this retrospective 
series are presented in Table 26.2, along with potential side effects, advantages, and 
disadvantages of each class of agent used.
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Summary

Sensory neuromodulators have a definite role in the management of symptomatic 
-

dominantly perceptive foregut symptoms (nausea, vomiting, abdominal pain, bloating) 
in the absence of significant weight loss may demonstrate moderate symptom 
improvement, as assessed by limited retrospective reports. However, there is overlap 
among functional dyspepsia with inherent delay in gastric emptying, vomiting 
syndromes, and true gastroparesis from neuromuscular dysfunction which manifests 
in patient selection for clinical trials as well. Further prospective study is needed to 
better define the role of sensory neuromodulators in the setting of delayed gastric 
emptying. In the meantime, since alternate options are less desirable or more invasive, 

control in symptomatic patients with delayed gastric emptying.
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Introduction

The first report on electrical stimulation of the gut can be traced back to 1963; 
Bilgutay and colleagues applied gastric electrical stimulation (GES) via an intralu-
minal catheter placed in the stomach nasally and reported GES-induced peristalsis 
by fluoroscopy and a shortened recovery time from ileus after laparotomy in both 
humans and dogs [1]. These exciting findings were, however, not reproduced 
in a few subsequent controlled studies [2, 3]. In the late 1960s and early 1970s, 
a number of investigators began to study gastric myoelectrical activity and its 
correlation with gastric contractile activity, leading to a better understanding of 
gastric electrophysiology and further development of GES [4–6]. In early 1990s, 
Kelly and colleagues systematically investigated the effects of GES on intrinsic 
gastric myoelectrical activity or slow waves, gastric contractions, and gastric 
emptying mostly in dogs [7–10].

During the past decade, various methods of GES have been developed for the 
treatment of gastric motility disorders and applied in both patients with gastroparesis 
and canine models of gastroparesis. According to the stimulus, GES can be classified 
as short and long pulses [11]. The most commonly used method of short-pulse GES 
is the Enterra® therapy, attributed to the availability of an implantable pulse generator 
and FDA humanitarian approval of the therapy [12]. Clinical application of long-
pulse GES has been very limited since none of commercially available implantable 
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pulse generators is capable of delivering long pulses that are needed to alter gastric 
myoelectrical activity or motility. However, limited clinical studies [13] and extensive 
canine experiments have suggested therapeutic potential of long-pulse GES in treating 
gastric dysrhythmia and delayed gastric emptying [11, 14].

A number of novel methods have recently been developed for GES, including 
sequential multichannel GES, dual-pulse GES, and synchronized GES. While there 
is lack of clinical data due to the unavailability of implantable device, canine studies 
have demonstrated the viability of these new emerging GES methods in treating 
gastroparesis [11].

Short-Pulse GES and the Enterra® Therapy

Methods

Traditionally, electrical stimulation has been performed using short pulses – the 
pulse width is in the order of a few hundred microseconds ( s). This is because most 
commonly, electrical stimulation is performed on nerves or heart, and nerves and 
cardiac muscles respond to electrical stimulation quickly (a short time constant). 
For the same reason, all commercially available implantable pulse generators have 
been designed and developed for delivering short pulses. Short-pulse GES, also 
called low-energy, high-frequency stimulation, can be classified into two categories 
as follows.

Short-pulse stimulation. In this method, electrical stimuli are composed of continuous 
repetitive short pulses with a pulse width of <1 ms (ms), as shown in Fig. 29.1b. 
Besides the Enterra® therapy, few studies have been reported using continuous 
repetitive short pulses for GES. In one canine study, short-pulse GES (pulse width 
of 330 s) was reported to improve gastric motility index when the stimulation 
frequency was about four times the intrinsic gastric slow waves [15].

Trains of short pulses. Different from the continuous delivery of repetitive short 
pulses, in this method, pulses are delivered intermittently with pulse train on for a 
certain time and off for a certain time as shown in Fig. 29.1c. It can also be consid-
ered to be derived from the combination of two signals: (a) continuous short pulses 
with a high frequency (in the order of 5–100 Hz); (b) a control signal to turn the 
pulse on and off, such as x seconds “on” and y seconds “off.” The addition of x and 
y then determines the frequency of the pulse train. The pulse width in this method 
ranges from 0.1 to 10 ms. GES with pulse trains has been applied in sequential 
GES to improve gastric motility [16, 17]. It has also been used to treat patients with 
obesity [18].

The Enterra® therapy. The stimuli used in the Enterra® Therapy can be considered 
as continuous short pulses with each stimulus composed of two pulses or pulse 
trains in a more general sense: the train on time includes two pulses. The typical 
stimulation parameters used in the Enterra® therapy are as follows: pulse width 
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of 330 s, frequency of 14 Hz, the interval between two consecutive stimuli 
(or train off time) of 5 s, and amplitude of 5 mA [12]. While most of clinical studies 
have used these parameters, it is unclear how these specific parameters were initially 
determined.

The Enterra® Therapy for Gastroparesis

Clinical studies have shown that the Enterra® therapy decreases upper gastrointestinal 
symptoms, reduces hospitalizations, the use of prokinetic agents, and medical costs, 
and improves nutritional status and quality of life in patients with drug-refractory 
diabetic, idiopathic, or postsurgical gastroparesis [12, 19–23]. The most interesting 
finding in these studies was the dramatic improvement in nausea and vomiting. 

Fig. 29.1 Configurations of stimuli (a) Long pulse stimulation. (b) short pulse stimulation. (c) trains 
of short pulses
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Depending on study centers, this improvement was noted in 50–70% of patients. 
There are differences in the response rate depending on the etiology of symptoms; 
patients with diabetic origins have a better response (60% or higher) than patients 
with idiopathic origin (about 50%). In a multicenter study with a controlled phase 
(1 month) followed with an open-label phase (12 months), a 50% reduction in nausea 
and vomiting was noted but the reduction in the total symptom score was not 
significant during the controlled period, whereas a substantial reduction in nausea 
and vomiting and a significant improvement in overall dyspeptic symptoms were 
observed in the open-label follow-up period [12].

Since the pulse width (about 300 s) in the Enterra® therapy is shorter than the 
time constant of gastric smooth muscle ( 100 ms), the Enterra® therapy has been 
repetitively shown ineffective in altering or pacing gastric slow waves and therefore 
is not capable of normalizing gastric dysrhythmia [14]. No clinical data is available 
in the literature on the effects of the therapy on gastric contractions. Conflicting 
results have been reported on the effect of the therapy on gastric emptying [12, 21, 24]. 
The improvement in gastric emptying reported in some studies could be attributed 
to the improvement in overall clinical profiles of the patients and/or improvement in 
vagal activity [25].

Interestingly, improvement in diabetes reflected as a significant decrease in 
HbA1c has also been reported with the Enterra® Therapy in a few studies involving 
patients with diabetic gastroparesis [21, 26]. However, it is unclear whether GES 
has any direct effects on blood glucose. One recent study has compared the health-
care costs between the GES therapy and the standard pharmacologic therapy and 
reported a significant and substantial reduction in the cost with the GES therapy 
during the second and third years of the implantation of the pulse generator [22].

Mechanisms of the Enterra® Therapy

The antiemetic effect of the Enterra® therapy has been reported in open-label clinical 
studies and in the WAVES controlled study. However, a possible placebo effect cannot 
be ruled out. Published mechanistic and animal studies support the antiemetic role 
of the Enterra® therapy. The Enterra® therapy was reported to improve gastric 
accommodation in dogs [27] and increase the perception threshold to gastric disten-
tion in patients [25]. Central mechanisms, although not well-understood, seem to be 
involved with the antiemetic effect of short-pulse GES. The Enterra® therapy or 
short-pulse GES has been consistently shown to reduce vasopressin-induced emesis 
that is mediated centrally [11] and improve vagal efferent activity assessed noninva-
sively by the spectral analysis of heart rate variability [25]. In a recent study with the 
scan of Fluoro-Deoxy Glucose positron emission tomography (PET), the Enterra® 
therapy was found to upregulate metabolic activity in the hypothalamus in patients 
with gastroparesis [25].

In summary, the ameliorating effects of the Enterra® therapy on gastroparesis are 
believed to be vagally mediated, speculated as follows: the Enterra® therapy or 
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short-pulse GES activates vagal afferent, resulting in increased vagal efferent activity. 
The increased vagal efferent activity improves gastric accommodation, resulting in 
an increased threshold to gastric volume distension, and in some cases accelerated 
gastric emptying as well. It remains to be studied whether short-pulse GES or the 
Enterra® therapy could also be used to treat nausea and vomiting due to chemotherapy-
induced emesis [28].

Long-Pulse GES and Gastric Pacing

Methods

This method is most frequently reported in the literature because it is able to “pace” 
or entrain intrinsic gastric slow waves. However, most of the studies have been limited 
in animals since there are no commercially available implantable devices. It is also 
called gastric pacing or low-frequency, high-energy GES. In this method, the elec-
trical stimulus is composed of repetitive single pulses with a pulse width in the order 
of milliseconds (10–600 ms), and a stimulation frequency in the vicinity of the 
physiological frequency of the gastric slow wave (see Fig. 29.1a).

Effects and Mechanisms of Long-Pulse GES on Gastric Motility

When GES of long pulses is performed with a pulse width in the order of a few 
hundred s, it is capable of altering the functions of gastric smooth muscles that 
have a long time constant of about 100–300 ms [29] and therefore affecting gastric 
slow waves, contractions, and emptying.

Gastric pacing. Similar to cardiac pacing, GES with long pulses is able to pace 
the stomach: entrain the intrinsic gastric slow waves [9, 30, 31]. Typically, GES is 
performed at a frequency slightly higher than the intrinsic frequency of gastric slow 
waves. When entrainment or pacing occurs, the natural slow waves are phase locked 
with stimuli. It has been reported that the highest frequency that the gastric slow wave 
can be driven is about 50% higher than its normal frequency [30]. Gastric pacing can 
be achieved in various species, including mice, rats, dogs, pigs, and humans [32].

Normalization of gastric dysrhythmia. Due to its ability in pacing the stomach, 
long-pulse GES is capable of normalizing gastric slow wave dysrhythmia in both 
humans and dogs. It has been reported to normalize vasopressin- or glucagon-
induced gastric dysrhythmia and slow wave uncoupling in dogs and dysrhythmia in 
a rodent model of diabetes [14], and to improve gastric slow waves in gastroparetic 
patients and postsurgical patients [13, 33]. While the exact mechanisms involved in 
the normalization of gastric dysrhythmia with long-pulse GES are unclear, it is 
known that it does not involve the vagal or cholinergic pathway [31] and is probably 
attributed to its direct effect on smooth muscles [34]. A recent study reported the 
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entrainment of slow waves in the absence of interstitial cells of cajal (ICC) in mice, 
suggesting that pacing can be achieved without ICC [35]. Similar findings were also 
reported in in vitro studies in ICC-knocked out mice [36].

Effects on gastric contractions. Although long-pulse GES is able to entrain gastric 
slow waves and improve gastric dysrhythmia, numerous efforts have failed to show 
that GES is able to enhance gastric contractions unless each stimulus is delivered in 
synchronization with the intrinsic slow wave, a method called synchronized GES [17]. 
On the contrary, GES with long pulses delivered at a tachygastrial frequency (a higher 
slow wave frequency known to be associated with gastric hypomotility) is able to 
inhibit gastric contractions [37] via the sympathetic mechanism. Accordingly, long-
pulse GES at a tachygastrial frequency has been proposed to for the treatment of 
obesity since it inhibits gastric contractions and delays gastric emptying [11].

Effects on gastric tone and accommodation. Gastric accommodation is often impaired 
in patients with gastroparesis. With careful and appropriate selection of stimulation 
parameters, long-pulse GES may improve gastric tone and accommodation. Canine 
studies have demonstrated that long-pulse GES is capable of altering gastric (both 
fundic and antral) tone substantially in dogs [38]. With low stimulation energy, 
long-pulse GES may change gastric tone slightly, which is beneficial to patients with 
impaired gastric relaxation. With high stimulation energy, GES may substantially 
inhibit gastric tone and result in a substantial distention of the stomach, which may 
actually lead to early satiety, detrimental to gastroparesis. The inhibitory effect of 
long-pulse GES on gastric tone is mediated via the nitrergic pathway [38].

Gastric emptying. Long-pulse GES (single stimulation location) has been reported 
to have no effects on gastric emptying in healthy dogs but accelerate gastric emptying 
in a canine model of gastroparesis and patients with gastroparesis [11]. These 
findings are consistent with the effects of long-pulse GES on gastric slow waves and 
contractions. Since long-pulse GES does not enhance gastric contractions, it is under-
standable that it does not affect gastric emptying in healthy animals. The ameliorating 
effect of long-pulse GES on gastric emptying in diseased animal models and gas-
troparetic patients is believed to be attributed to its normalizing effect on gastric 
slow wave dysrhythmia. However, as it is discussed later in this chapter, two- or 
four-channel GES with long pulses is able to improve gastric emptying in both healthy 
and diseased models of canines [39, 40].

Gastric Pacing in Patients with Gastroparesis

Clinical studies have been scarce due to unavailability of implantable pulse generators 
capable of generating long pulses. In a single-center study using an external custom-
made portable pulse generator, we investigated the effects of acute and chronic GES 
with long pulses on gastric slow waves, gastric emptying, and symptoms of gastro-
paresis. It was found that acute long-pulse GES normalized gastric dysrhythmia, 
and 4-week daily GES accelerated gastric emptying and improved gastroparetic 
symptoms [13]. In an earlier study in patients with postsurgical gastroparesis, acute 
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GES was able to entrain gastric dysrhythmia in most of 15 patients that were studied 
but unable to significantly improve gastric emptying in these patients [33]. These 
data seem to suggest that gastric dysrhythmia and delayed gastric emptying may be 
disassociated and that chronic GES is needed for the improvement in gastric emptying 
and symptoms of gastroparesis.

Emerging Innovative Methods of GES

In addition to the conventional GES methods described above, a number of innovative 
GES have been developed, including multichannel GES, dual-pulse GES, and synchro-
nized GES. Although these novel methods have not yet been clinically tested due to 
lack of implantable device, animal research has demonstrated great therapeutic 
potentials for gastroparesis.

Multichannel GES

Conventionally, GES has been performed exclusively using single-channel stimulation 
via a pair of electrodes placed in the proximal stomach. However, pathophysiolog-
ically, it is known that gastric dysrhythmia or impaired gastric motility usually takes 
place in the distal antrum. That is, it could be more effective if the stimulation elec-
trodes were placed in the distal antrum. On the other hand, however, it is well-known 
that GES via the distal electrodes is called retrograde GES, and retrograde GES 
has been reported to delay gastric emptying and impair gastric motility due to the 
retrograde dissemination of the stimulation effect [37].

The multichannel GES is designed such that the distal stomach is effectively 
stimulated while the retrograde dissemination or propagation of the stimulation is 
prevented or the stomach is sequentially stimulated from the proximal to distal location 
to generate peristalsis. In the multichannel GES, electrical stimulation is performed 
via stimulation electrodes at two or four locations along the longitudinal axis of the 
stomach [39, 40]. In another design, there are a few electrodes arranged circumfer-
entially at each longitudinal location [16]. The stimuli along the longitudinal axis 
are sequentially programmed to match the distal propagation of normal gastric slow 
waves: there are phase shifts among different channels and the amplitude of the 
stimuli should be gradually reduced from the proximal stomach to the distal stomach 
to avoid retrograde propagation of the stimulation effect.

In a canine study, it was found that 4-channel sequential GES was more efficient 
in entraining gastric slow waves: the energy required for the 4-channel GES to com-
pletely entrain gastric slow waves was only 1% of that required by one-channel 
GES and more effective than one-channel in accelerating gastric emptying (see 
Fig. 29.2) [39]. The one-channel GES was not effective in accelerating gastric 
emptying, whereas the 4-channel GES was able to accelerate gastric emptying 
in healthy dogs. In another canine study, two-channel GES was also found to be 
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able to accelerate gastric emptying delayed by vasopressin and improve gastric 
dysrhythmia [40]. In a few other studies, multichannel GES with circumferential 
arrays of electrodes was reported to induce antral peristalsis and accelerate emptying 
of the stomach in anesthetized dogs [16]. In a recent clinical study in patients with 
diabetic gastroparesis, we found that two-channel GES was effective in reducing 
symptoms and improving gastric emptying and gastric slow waves.

As discussed above, multichannel GES is more effective and potent in accelerating 
gastric emptying than the conventional single-channel GES, apparently attributed to 
the improved propagation of slow waves and more coordinated contractions along 
the longitudinal axis of the stomach. Accordingly, this innovative method of GES 
has a great potential in treating gastroparesis.

Dual-Pulse GES

Findings in the literature and our own experience seem to suggest that long-pulse 
GES is able to entrain gastric slow waves, normalize gastric dysrhythmia, and possibly 
improve gastric emptying, but has little effects on symptoms of nausea and vomiting. 
On the other hand, short-pulse GES improves gastroparetic symptoms of nausea 
and vomiting, but exerts little effects on gastric dysrhythmia [14]. In patients with 
gastroparesis, symptoms and dysmotility (delayed gastric emptying) are often disas-
sociated; that is, improvement in gastric motility does not necessarily leads to 
improvement in symptoms of gastroparesis. Accordingly, an effective GES therapy 
may have to consider independent improvement in both symptoms and dysmotility. 
A novel dual-pulse GES method was proposed based on this concept.

Fig. 29.2 Effects of single- and four-channel GES on gastric emptying



36129 Gastric Electrical Stimulation for Gastroparesis

In the method of dual-pulse GES, stimulus of GES is composed of a short pulse 
(in the order of a few hundred s) followed with a long pulse (in the order of a few 
hundred ms). A canine study has shown that dual-pulse GES is capable of both 
normalizing gastric dysrhythmia and improving symptoms suggestive of nausea 
and vomiting induced by infusion of vasopressin [41]. In another canine study with 
dual-pulse GES performed using two channels, gastric dysrhythmia and symptoms 
as well as gastric emptying were improved with this combinational method of 
two-channel, dual-pulse GES [42]. In addition, it was found that dual-pulse GES 
with five short pulses followed with one long pulse enhanced vagal activity via 
the short pulse component and reduced gastric tone via the long pulse component; 
gastric compliance was significantly improved [43]. Dual-pulse GES has the 
advantages of both long-pulse GES (improving motility) and short-pulse GES 
(improving nausea and vomiting) and is therefore attractive for treating gastroparesis. 
Technically, it is fairly easy to generate dual pulses.

Synchronized GES

From above discussion, we have learnt that GES with various configurations is able 
to improve gastric slow waves, accelerate gastric emptying, and ameliorate nausea 
and vomiting. However, none of the above-mentioned GES method is able to induce 
or enhance gastric contractions. In searching for this, we noticed that in all GES 
methods discussed above, electrical stimuli are delivered at a fixed frequency at 
random without synchronization with the intrinsic gastric slow waves.

Recently, a novel method has recently been proposed: synchronized GES [17]. 
Synchronized GES requires the implantation of two pairs of electrodes, one for the 
detection of gastric slow waves and the other for stimulation. In this proposed 
method, each electrical stimulus is delivered upon the detection of an intrinsic slow 
wave peak, that is, GES is performed at the occurrence of cyclic physiological 
electrical events of the stomach. It is hypothesized that synchronized GES is capable 
of inducing or enhancing gastric contractions by synchronizing each electrical 
stimulus with the intrinsic physiological electrical activity.

In a canine study, we have successfully demonstrated that synchronized GES is 
able to induce/enhance gastric contractions in the fasting state and improve impaired 
postprandial antral contractions induced by glucagons, resulting in acceleration in 
gastric emptying [17]. Similar prokinetic effect of synchronized GES was also 
reported in diabetic mice with gastroparesis [44]. In addition to delayed gastric 
emptying, impaired antral contractions, and gastric dysrhythmia, impaired gastric 
accommodation is also common in gastroparesis. Prokinetic agents have failed to 
produce expected relief in symptoms since they accelerate gastric emptying but 
often impair gastric accommodation. In a recent canine study, however, synchronized 
GES has been found to improve gastric accommodation and compliance impaired 
by vagotomy [45]. These findings suggest that the synchronized GES method 
is well-suited for treating gastroparesis with accompanied impairment in gastric 
accommodation.
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The limitations of the synchronized GES method include the following: (1) it 
requires an additional pair of electrodes for sensing; (2) the method is not well-suited 
for patients with substantial gastric dysrhythmia. In this case, synchronization 
would be difficult if normal slow-wave rhythmicity is not present. Alternatively, 
GES would have to be performed at a fixed frequency to normalize dysrhythmia.

Conclusion

Among various methods of GES that have been developed, the GES with short 
pulses or the Enterra® therapy has been most intensively studied clinically and 
shown to be effective in reducing nausea and vomiting in patients with gastroparesis. 
There is a lack of controlled data; so far, a few controlled studies have all failed to 
show a difference between sham and actual stimulation. However, animal studies 
and recent mechanistic human studies do support the antiemetic role of the Enterra® 
therapy. More basic and clinical studies are needed to improve the therapy by opti-
mizing stimulation parameters and locations, to investigate whether the therapy is 
also applicable to nausea and vomiting unrelated to gastroparesis, and to further 
understand possible mechanisms involved in the antiemetic effect of the therapy.

Long-pulse GES seems more attractive in a sense that it is able to able smooth 
muscle functions and therefore regular gastric motility. However, there is a lack of 
clinical studies since none of currently available implantable device is capable of 
generating pulses that are needed for this method of GES. However, the conventional 
single-channel GES is also limited in its ability in improving motility. For example, 
multichannels are needed for long-pulse GES to be effective in accelerating gastric 
emptying; synchronization of stimuli with gastric slow waves is required for GES to 
induce or enhance gastric contractions; and an addition of short pulses (and thus 
dual-pulse stimulation) is necessary for GES to be acutely effective in improving 
nausea and vomiting. The emerging methods of GES introduced in this chapter may 
represent the future of GES for treating gastric motility disorders; however, the 
unavailability of implantable device for these methods hinders the progress and 
development of GES in these directions. Alternatively, less-invasive or noninvasive 
methods need to be developed for the placement of stimulation electrodes, such 
as endoscopical placement of stimulation electrodes [46, 47]. This would greatly 
facilitate research and future clinical applications of GES.
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Fig. 32.1 (a
and screwed into gastric mucosa. (b



396

Serosa.

Cutis.

What Stimulation Parameters Should Be Used?

Low Energy. ®

High Energy.

How Many Electrodes Are Needed to Deliver  
the Electrical Stimulus?

One set of electrodes.
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