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Introduction
The scope of this Review is to familiarize neurologists, neurosur-
geons, and gastroenterologists with the gastrointestinal neuro-
muscular apparatus and its extrinsic and intrinsic neural control, 
as well as gastrointestinal symptoms and manifestations that are 
well documented in neurologic diseases.

The gastrointestinal neuromuscular apparatus
Gastrointestinal motor, transport, secretory, storage, and excre-
tory functions result from intricately balanced control mecha-
nisms (Figure 1). Motility results from changes in the electrical 
and contractile properties of smooth muscle cells that result from 
transmembrane fluxes of ions controlled by chemical neurotrans-
mitters (e.g., acetylcholine, biogenic amines, neuropeptides, and 
nitric oxide) and circulating hormones (e.g., serotonin). Enteric 
mechanisms are regulated by extrinsic (sympathetic and para-
sympathetic) pathways. Disorders of the nervous system affecting 
gastrointestinal tract function are manifested primarily as abnor-
malities in motor (rather than sensory or secretory) functions.

The digestive tract’s extrinsic and enteric 
nervous systems
In the mammalian digestive tract, the intrinsic, or enteric, nervous 
system (ENS) contains about 100 million neurons, approximately 

equivalent to the number present in the spinal cord. The ENS is an 
integrative system of ganglionated nerve plexuses, including the 
myenteric (Auerbach’s) plexus located between the two muscular 
layers of the muscularis externa, and the submucosal (Meissner’s) 
plexus (Figure 1). The myenteric plexus extends from the pharyn-
goesophageal junction to the internal anal sphincter. Each gangli-
on within the plexuses contains up to 100 nerve cell bodies. The 
submucosal plexus is sparse in the stomach, whereas, in the small 
and large intestines, it is composed of either large or small ganglia 
interlinked by internodal strands containing hundreds of axons.

Within the plexuses, the interstitial cells of Cajal, identified 
as cells positive for tyrosine kinase (cKit), and fibroblast-like cells 
(PDGFRα-positive) constitute the electrical syncytium or pace-
makers of the digestive tract, integrating neuromuscular activity 
controlled by the ENS. The ENS is separate from the autonomic 
nervous system. It has several components: sensory mechanore-
ceptors and chemoreceptors, interneurons that process sensory 
input and control motor and sensory units, and effector secre-
tory or motor neurons. Preprogrammed neural circuits integrate 
motor function within and between different regions to coordi-
nate gut functions such as the peristaltic reflex (Figure 2) and 
the interdigestive migrating motor complex or induce epithelial 
cell secretion of fluids and electrolytes. By controlling the pro-
grammed circuits in the gut, relatively few vagal preganglionic 
and sympathetic postganglionic fibers are able to control 100 
million enteric plexus neurons (Figure 1).

The synaptic pathways in the gut wall respond to sensory input 
(e.g., of luminal content) and to modulation via vagal and sacral 
spinal nerves (S2–4), preganglionic parasympathetic fibers (which 
are generally excitatory), and sympathetic postganglionic nerves 
(which originate from the fifth thoracic to second lumbar section 
of the spinal cord), and are generally inhibitory to muscle layers 
by allowing activity of intrinsic in hibitory innervation by enteric 
nerves (e.g., vasoactive intestinal peptidergic [VIPergic], nitrergic 
[NOergic]). Sympathetic nerves also stimulate sphincters. Extrin-
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Table 1 summarizes wiring and functions of the extrinsic neu-
ral pathway to the digestive tract (4).

Muscular components involved in 
gastrointestinal motility
The specialized, circumferential muscularis mucosae located 
between the lamina propria and the submucosa functions to allow 
surface absorptive cells to get into close contact with the intralu-
minal content. The muscularis propria (or externa) is composed of 
an inner, thicker circular layer and an outer, thinner longitudinal 
layer. The longitudinal layer covers the entire circumference in the 
esophagus, small intestine, and rectum. In the colon, it is separated 
into three taeniae coli. In addition, the stomach has a third oblique 
smooth muscle layer. The spindle-shaped smooth muscle cells are 
40–100 μm long and 2–8 μm in diameter and are tightly packed, 
with little connective tissue and with special contacts to allow for 
electrical coupling with the electrical syncytium. The gap junctions 
between the smooth muscle cells are essential for the sheets of 
muscle to be controlled by a few cells at the nerve-muscle interface.

Common gastrointestinal symptoms and 
syndromes in neurologic disorders
Table 2 outlines common gastrointestinal symptoms and syn-
dromes in neurologic disorders as well as investigation and prin-
ciples of management: dysphagia, gastroparesis (5, 6), chronic 
intestinal pseudo-obstruction (6–10), constipation (11–14), and 
fecal incontinence (11, 14). The symptoms are often associated 
with peripheral sensory or motor dysfunctions, as well as auto-
nomic symptoms such as postural dizziness, visual disturbance in 
the presence of bright lights, and abnormalities of sweating.

sic vagal fibers also synapse with non-adrenergic inhibitory intra-
mural neurons in the gut (e.g., NOergic, enkephalinergic, and 
VIPergic; and sympa thetic noradrenergic fibers) to induce gastric 
accommodation. Loss of the sympathetic inhibitory control (“the 
brake”) may manifest with gut motor activity, including diarrhea.

Sensory mechanisms mediated by motor neurons, chemore-
ceptors, and intrinsic primary afferent neurons and pathways orig-
inating in the gastrointestinal tract activate intrinsic, local, and 
regional reflexes that control motor, secretomotor, and vasomo-
tor responses. Visceral afferents, which course along sympathetic 
nerves or within the vagus nerve, convey gut sensations to prever-
tebral ganglia or the nodose ganglia, respectively, and enter the 
CNS through the dorsal horn of the spinal cord or the nucleus trac-
tus solitarius of the vagal complex. Stimuli ascend to higher cen-
ters and result in conscious perception of gut stimuli such as pain.

Prevertebral (celiac, superior mesenteric, and inferior mes-
enteric) ganglia function as relay stations between the CNS and 
periphery (1, 2). The prevertebral ganglia are also connected with 
one an other. The principal ganglion cells receive input from the 
preganglionic sympathetic nerves arising in the dorsolateral col-
umn of the spinal cord. The ganglia integrate neural supply from 
central and peripheral sources and participate in peripheral reflex 
activity (1). There are two main types of reflexes: spinal reflexes 
involving visceral afferent (e.g., splanchnic and lumbar colonic) 
nerves, dorsal root ganglia, and preganglionic autonomic neurons; 
and peripheral reflexes (3) involving afferent peptidergic fiber pro-
jections to the prevertebral ganglia and efferent projections of nor-
adrenergic neurons. The latter reflexes mediate the crosstalk that 
occurs between different regions (1), and they mediate peristalsis, 
and re sponses to intestinal distention (enteroenteric reflexes).

Figure 1. Control of gut motility: extrinsic autonomic neural control, enteric nervous system, and smooth muscle function. The left panel shows extrin-
sic neural control, including the vagus and sacral parasympathetic nerves (blue) and the sympathetic innervation (red) originating from levels thoracic 5 
to lumbar 2 in the spinal cord. The right panel shows the organization of the enteric nervous system, which demonstrates plexuses in the submucosal 
and intermuscular layers called the submucosal plexus and myenteric plexus. In addition, there are pacemakers in the wall of the intestine, including the 
interstitial cells of Cajal (ICCs) and fibroblast-like cells bearing receptors for PDGFRα, which convey the neural stimulus to the smooth muscle cells. These 
pacemaker cells and plexuses help to coordinate muscular and secretory functions of the digestive tract.
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rather than carotid territories) and may cause mal-
nutrition or aspiration pneumonia (15, 16). Videoflu-
oroscopy of the pharynx and upper esophagus typi-
cally shows transfer dysphagia or tracheal aspiration. 
Colonic pseudo-obstruction occurs rarely. The sever-
ity of the initial neurologic deficit is the strongest pre-
dictor of eventual recovery.

Percutaneous endoscopic gastrostomy (PEG) may 
be required to provide nutrition and facilitate reha-
bilitation in the first weeks after a stroke. Swallowing 
typically improves in a majority of stroke survivors 
over 1–12 weeks, after which oral intake resumes and 
the gastrostomy tube can be removed. Compared with 
nasogastric tube feeding, PEG reduces treatment fail-
ures and gastrointestinal bleeding, and has higher feed 
delivery and serum albumin concentration. Nutritional 
supplementation is associated with reduced pressure 
sores and increased energy and protein intake (17).

Systematic reviews on behavioral interventions 
and acupuncture or electrical stimulation for dyspha-
gia in patients with stroke provide contradictory con-
clusions on efficacy (17, 18).

The second prominent gastrointestinal symptom 
in stroke patients is constipation, which affects about 45% in the 
acute stage and 48% in the rehabilitation stage (19). Patients with 
brainstem stroke had increased prevalence of constipation and 
decreased rectal sensation (20) compared with stroke in patients 
without brainstem lesions. Among stroke patients with constipa-
tion, approximately 30% had overall colonic transit delay (>60 
hours), particularly in proximal rather than rectosigmoid colon (21).

Head injury. Immediately following moderate to severe head 
injury, there are transient delays in gastric emptying that are cor-
related with the severity of the injury and increased intracranial 
pressure. The underlying mechanism is unknown. Patients may 
require parenteral nutrition temporarily before resuming enteral 
nutrition within a few weeks.

Extrinsic neurologic disorders causing  
gut dysmotility
This Review focuses on diseases of extrinsic neural control (brain 
diseases, autonomic system degenerations, spinal cord lesions, 
peripheral neuropathy) and muscle diseases affecting gut motility. 
The bidirectional relationship of the brain and gut is consolidated 
by evidence that the gut is a portal of entry for substances such as 
prions in neurologic diseases such as Alzheimer disease, Parkinson 
disease, and transmissible spongiform encephalopathies (Figure 3).

Brain diseases
Stroke. Dysphagia in stroke may result from cranial nerve involve-
ment (more likely in the context of strokes in the vertebrobasilar 

Figure 2. Components of the peristaltic reflex and relationship to enteric and extrinsic 
neural control. In the peristaltic reflex, distension of the intestine by a bolus is sensed by 
the intrinsic primary afferent neurons, which stimulate interneurons to activate ascending 
contraction proximal to the bolus through excitatory neurons. Stimulation of muscles 
occurs through effects of transmitters such as acetyl choline and neurokinins such as sub-
stance P and substance K. The intrinsic primary afferent neuron also stimulates descend-
ing inhibition in the receiving segment of the intestine distal to the bolus, and this effect 
is mediated by inhibitory transmitters, such as VIP and nitric oxide (NO).

Figure 3. Neurologic disorders known to affect gastrointestinal motility. These disease processes involve craniosacral parasympathetic pathways (left), 
sympathetic pathways (middle), and/or primary enteric nerves or smooth muscle (right). ENS, enteric nervous system.
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bulb and vagus nerve. A Swedish population registry study showed 
that total truncal vagotomy, but not selective vagotomy, was asso-
ciated with lower prevalence of Parkinson disease in comparison 
with population controls (27).

Patients with Parkinson disease experience several gastroin-
testinal manifestations that advance with disease duration and 
severity in parallel with stages of motor dysfunction (Hoehn and 
Yahr scale): salivary drooling (sialorrhea) resulting in speech and 
eating impairment and impact on quality of life of the patients 
and their caregivers, dysphagia, gastroparesis, constipation, def-
ecatory dysfunction, and fecal incontinence (28, 29). Sialorrhea is 
usually secondary to impaired swallowing rather than excessive 
salivary production; in fact, saliva production is reduced even in 
early-phase Parkinson disease (30). Progression of gut symptoms 
was also correlated with reduction in dopamine transporter avail-
ability as shown by reduced binding of dopamine transporter to 
the caudate nucleus relative to the striatum (31).

Gut symptoms, particularly constipation and defecatory dys-
function, may precede the development of motor symptoms by 

Alzheimer disease and dementia. In a study of 27,076 partici-
pants with Alzheimer disease and matched controls (66% of both 
groups over age 80), Alzheimer disease was associated with higher 
incidence of serious upper and lower gastrointestinal events (22). 
Treatment of dementia with acetylcholinesterase medications 
(e.g., donepezil or rivastigmine) was associated with gastrointes-
tinal symptoms such as nausea, vomiting, and diarrhea (23, 24). 
These may be dose-related and may be reduced by use of trans-
dermal preparations.

Parkinson disease. In accordance with the Braak hypothe-
sis (25) that a pathogen reaching the gut initiates pathology that 
spreads to the CNS in Parkinson disease, neuropathologic studies 
showed accumulation of abnormal inclusions containing α-sy-
nuclein (Lewy neurites) in the ENS, dorsal motor nucleus of the 
vagus (DMV), and substantia nigra (26). α-Synuclein aggregates 
have been demonstrated in the submandibular gland, esophagus, 
and colon (submucosal and myenteric plexuses) of patients with 
Parkinson disease more frequently than in age-matched controls. 
The portals for central delivery of α-synuclein are the olfactory 

Table 1. Wiring and functions of extrinsic neural control

Parasympathetic Sympathetic Central mechanism
Region Wiring Function Wiring Function
Esophagus
 Cervical esophagus Vagus nerve; recurrent 

laryngeal branch
Peristalsis in response to  

burst of spike activity
Superior cervical ganglion Stimulation of UES tone Motor: nucleus ambiguus, 

corticobulbar pathways

Glossopharyngeal  
and vagus nerve

Sensation Sensory: NTS

 Thoracic esophagus Vagus nerve Peristalsis by successive  
firing of vagal fibers

Celiac ganglion; T6–9  
spinal cord

Stimulation of LES tone Motor: DMV, corticobulbar pathways; 
swallowing: afferent modulation of 

central program

Vagus nodose ganglia Sensation Sensory: NTS

Stomach
 Contraction Vagus nerve Peristalsis (cholinergic); 

inhibitory (nonadrenergic)  
for relaxation

Celiac ganglion;  
T6–9 spinal cord

Inhibition and relaxation  
(e.g., antrofundal reflex)

Motor: DMV, nucleus ambiguus; 
sensory: NTS, thoracic spinal cord

 Accommodation Vagus nerve Stretch and chemosensation 
(nonadrenergic, VIP, NO)

Spinal root ganglia; T7–11 Mechanosensation  
(e.g., distention reflexes)

Motor: DMV, nucleus ambiguus; 
sensory: NTS, thoracic spinal cord

Small and large intestines
 Small and large  
 intestines

Vagus nerve Small bowel and proximal 
colon peristalsis and  

sensation

Celiac ganglion (duodenum); 
superior MG (splanchnic nerves  

to small bowel); T5–10 spinal cord 

Motor inhibition;  
distention reflexes

Sensory: NTS; sensory and motor: 
DMV and thoracic spinal cord; motor: 

parasympathetic spinal nucleus

Sacral S2–4 Distal colon peristalsis  
and sensation

Inferior MG (lumbar colonic  
nerves); T9–10 spinal cord

Sensory: NTS; sensory and motor: 
DMV and thoracic spinal cord; motor: 

parasympathetic spinal nucleus

 Ileocecal sphincter Vagus nerve Sphincter contraction Splanchnic and lumbar  
colonic nerves

Sphincter contraction  
(α effect)

Motor: T9–10 spinal cord;  
? vagal nucleus

Anal sphincter
 Internal Sacral S2–4 Sphincter relaxation Lumbar splanchnic nerves;  

inferior MG via hypogastric  
nerves

Sphincter contraction  
(α effect); RAIR  

and vesico-anal reflex

Parasympathetic: T9–10 spinal cord, 
spinal cord base of dorsal horn

 External S2–4 via pudendal nerves Voluntary control; sensation Motor and sensory: lateral part of 
ventral horn of spinal cord

Adapted with permission from Lippincott-Raven Publishers (Table 1 in ref. 4). LES, lower esophageal sphincter; MG, mesenteric ganglion; NTS, nucleus 
tractus solitarius; RAIR, rectoanal inhibitory reflex; S, sacral; T, thoracic; UES, upper esophageal sphincter; VIP, vasoactive intestinal peptide.
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subcutaneous delivery of an antiparkinsonian therapy, or deep 
brain stimulation of subthalamic nuclei, may be required. There 
is a paucity of treatment trials for delayed gastric emptying in Par-
kinson disease (40). Transcutaneous vagal nerve stimulation with 
an electric device reduced gastrointestinal symptom rating scale 
and was well tolerated in a placebo-controlled study (41).

Constipation in Parkinson disease manifests as reduced fre-
quency or consistency, or excessive straining, and may result from 
generalized hypokinesia, gut hypomotility, defecatory dysfunction 
(typically, paradoxical contraction of the pelvic floor), and effects 
of anticholinergic and dopamine agonists, which retard colon-
ic transit. In general, osmotic or secretory laxatives or prebiotic/
probiotic combinations appear to be effective. Colonic prokinetic 
agents have not really been subjected to well-structured and pow-
ered studies. The osmotic laxative PEG3350 (42) and the secre-
tory agent lubiprostone (43) have been shown to be efficacious in 
placebo-controlled trials of constipation in Parkinson disease. In 
patients with defecatory dysfunction, secretory agents (liquefying 
consistency) or improved dopaminergic intervention (subcutane-
ous dopamine agonist, apomorphine; ref. 44) are required.

Preliminary evidence shows that squalamine (45), which dis-
solves α-synuclein aggregates locally in the gut, relieves constipa-
tion and reduces central manifestations of Parkinson disease. If 
this approach with low bioavailability provides relief of symptoms 
beyond the gut, it would further support the Braak hypothesis.

Multiple system atrophy. Individuals with multiple system 
atrophy (MSA) can present with primarily parkinsonian (MSA-P) 
or cerebellar dysfunction (MSA-C); however, autonomic dys-
function is an eventual unifying feature for all patients. Charac-
teristically, there is poor response of parkinsonism or cerebellar 
ataxia to levodopa. Autonomic symptoms are typically orthostat-

up to 20 years (32). Among treated patients, the gut symptom 
with the most significant progression over 18 months’ follow-up 
was constipation (29). Typically, there is slow gastric emptying or 
colonic transit, although recent evidence identified a subgroup 
with accelerated gastric emptying (33).

Excessive salivary drooling (34) may respond to reduced pro-
duction of saliva with systemic or topical anticholinergic agents, 
local injection of botulinum toxin, or even radiotherapy (35).

Abnormal swallowing results mainly from impaired oral (e.g., 
lingual), pharyngeal, and upper esophageal muscle function and 
is demonstrable on videofluoroscopy or esophageal manom-
etry (36). The latter shows ineffective peristalsis or functional 
esophagogastric junction obstruction but not achalasia. Dyspha-
gia is frequently associated with choking, disordered salivation, 
and variable degrees of malnutrition. Conservative treatment 
includes attention to the consistency of food (thickened liquids). 
With more severe dysphagia, expiratory muscle strength training 
(37) and video-assisted swallowing therapy (38) may be effective 
alone or in combination with dopaminergic therapy. Extreme 
dysphagia causing malnutrition or dehydration may necessitate a 
percutaneous gastrostomy.

Delayed gastric emptying may contribute to impaired phar-
macokinetics of anti-Parkinson medications and to the on-off 
phenomenon (unpredictable motor symptoms during continuous 
treatment; ref. 39). The mainstay of treatment with levodopa, a 
dopamine precursor, may further inhibit gastric emptying. Two 
prokinetic dopamine D2 receptor antagonists are contraindicated: 
metoclopramide crosses the blood-brain barrier (BBB) and exac-
erbates motor dysfunction; domperidone does not cross the BBB, 
but it is not widely available and increases risk of cardiac arrhyth-
mia. Alternative formulations (34) by cutaneous patch, liquid, or 

Table 2. Common gastrointestinal symptoms and syndromes in neurologic disorders

GI symptom (ref.) Neurologic mechanism Diagnosis/evaluation Management
Oropharyngeal dysphagia Pharyngeal skeletal muscles; lower motor 

neuron (e.g., bulbar polio or pseudobulbar 
palsy) or muscular (e.g., ALS, myasthenia gravis)

Physical exam: dentition, movement of the 
uvula (IX and X cranial nerves), jaw jerk; 

videofluoroscopy; HR manometry

Nutritional support and prevention of 
pulmonary aspiration

Thoracic dysphagia, GERD Vagal denervation or smooth muscle disease Videofluoroscopy; HR manometry; EGD Acid suppression; avoid fundoplication  
to prevent dysphagia

Gastroparesis (5, 6) Vagal, myenteric denervation; iatrogenic 
(narcotics, GLP-1 agonists)

EGD to exclude obstruction; gastric emptying 
(scintigraphy/GEBT); autonomic test;  

GD manometry; pylorus test

Support of hydration and nutrition; prokinetics 
and antiemetics; in refractory patients,  

? endoscopic pyloromyotomy or PEJ feeding

Chronic intestinal  
pseudo-obstruction  
(6–10)

Vagal, myenteric denervation; iatrogenic 
(narcotics, GLP-1 agonists)

Physical exam: associated neuropathy 
elsewhere, CT enterography to exclude 

obstruction; gastric emptying (scintigraphy/
GEBT); autonomic tests; GD manometry: 

myopathy/neuropathy

For gastroparesis + enteral or parenteral 
nutrition; with myopathic disease treatment  

for small bowel bacterial overgrowth;  
? small bowel transplantation

Constipation (11–14) Vagal, sacral parasympathetic or  
myenteric denervation

Physical exam: DRE; associated neuropathy  
or spinal disease; plain x-ray (diameter,  

stool and gas distribution); colonic transit;  
HR ARM + balloon expulsion

Bulk, osmotic, secretory laxatives or prokinetics; 
pelvic floor training if sensation preserved; 

rarely colectomy or colostomy

Fecal incontinence (11, 14) Pelvic nerves, sacral roots, cauda equina,  
and spinal cord denervation of pelvic floor  

and anal sphincters

Physical exam: DRE; HR ARM + balloon 
expulsion

Pelvic floor training if sensation preserved;  
skin care; bowel regimen; rarely colostomy or 

ileostomy

ALS, amyotrophic lateral sclerosis; DRE, digital rectal examination; EGD, esophagogastroduodenoscopy; GD, gastroduodenal; GEBT, gastric emptying 
breath test; GERD, gastroesophageal reflux disease; HR ARM, high-resolution anorectal manometry; PEJ, percutaneous endoscopic jejunal.
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ic hypotension, male erectile dysfunction, and decreased sweat-
ing. Neuropathologic changes include glial cytoplasmic inclu-
sions (comprising ubiquitin, tau, and α-synuclein proteins) and 
degeneration in basal ganglia, cerebellum, autonomic nuclei in 
the brainstem, intermediolateral columns of the spinal cord, and 
Onuf ’s nucleus (for micturition and defecation) in the sacral S2 
region of the spinal cord.

Constipation and fecal incontinence are classical features 
of MSA (46). A prominent disorder of esophageal dysmotility is 
demonstrated by videofluoroscopy and by manometry showing fre-
quent, simultaneous, low-amplitude peristaltic waves. Fasting and 
postprandial antral and small bowel motility may be reduced (47).

Autonomic epilepsy and migraine. Autonomic epilepsy and 
migraine are infrequent causes of upper abdominal symptoms 
such as nausea and vomiting. Treatment is aimed at the underly-
ing disorder and symptomatic remedies.

Amyotrophic lateral sclerosis. Amyotrophic lateral sclerosis 
(ALS) and progressive bulbar palsy result predominantly in weak-
ness of the pharyngeal and respiratory muscles manifesting as 
dysphagia, respiratory difficulty, or aspiration. Physical exam-
ination reveals cranial nerve palsies, muscle fasciculations, and 
an exaggerated jaw jerk (pseudobulbar palsy). Videofluoroscop-
ic swallow tests with liquids and solids are superior to a symp-
tom-based functional rating scale to evaluate swallowing (48), 
assess aspiration, and guide nutritional support (oral or percu-
taneous gastrostomy; ref. 49). Cervical esophagostomy or crico-
pharyngeal myotomy may be required in cases with substantial 
cricopharyngeal muscle dysfunction.

In two series from Munich, 9 of 15 ALS patients had delayed 
colonic transit (50), and 15 of 18 had delayed gastric emptying (51) 
based on stable isotope breath test.

Post-polio syndrome. Post-polio syndrome affects 15%–80% of 
the 20 million polio survivors worldwide and manifests as exacer-
bation of symptoms, typically 15–30 years after the resolution of 
initial poliomyelitis (52). These patients experience muscle symp-
toms, pain, neuropathic sensory symptoms, and bulbar symptoms 
(53), specifically dysphagia and aspiration, especially if there was 
bulbar involvement during the initial attack.

Videofluoroscopy is useful for screening and monitoring pro-
gression of disease. Attention to the position of the patient’s head 
during swallowing and alteration of food consistency to a semisol-
id state can decrease the prevalence of choking and aspiration.

Brainstem lesions. Brainstem lesions modulate gastric functions 
by affecting parasympathetic circuits (54): afferent vagal fibers, 
neurons of the nucleus tractus solitarius, and the efferent fibers 
originating in the DMV. Brainstem lesions can present with isolat-
ed gastrointestinal motor dysfunction or vomiting from distortion 
of the vomiting center on the floor of the fourth ventricle (55), even 
without increase in intracranial pressure (56). Compression of the 
brainstem and lower cranial nerves can cause neurogenic dyspha-
gia in patients with Arnold-Chiari malformations (57).

The presence of more widespread autonomic dysfunction, 
particularly if vagal (Table 3) preganglionic sympathetic nerves 
are involved (as shown by anhidrosis on a thermoregulatory sweat 
test with sweating on the quantitative sudomotor axon reflex test 
reflecting intact postganglionic nerves; Table 4), necessitates 
searching for a CNS lesion.

Autonomic system degenerations
Autonomic function tests to identify the neuroanatomical basis for 
the diagnosis of these diseases are summarized in Tables 3 and 4, 
ref. 58, and ref. 59.

Pandysautonomia. Pandysautonomia is characterized by pre-
ganglionic or postganglionic lesions affecting both sympathetic 
and parasympathetic nerves. Gastrointestinal involvement (vom-
iting, paralytic ileus, constipation, or a chronic pseudo-obstruc-
tion; ref. 60) has been re ported in acute, subacute, and congenital 
pandysautonomia (47). There are also reports of selective cholin-
ergic dysautonomia resulting in gastrointestinal dysmotility after 
infectious mononucleosis (Epstein-Barr virus [EBV]) or influen-
za A (61, 62). Selective dysautonomia has been associated with 
autoantibodies to M3 muscarinic receptors (63). Chronic intesti-
nal pseudo-obstruction may result from cytomegalovirus (CMV) 
infection of the myenteric plexus (64). In these conditions, anti–
ganglionic acetylcholine receptor antibody may be present, usual-
ly in low titer, and the pathogenetic significance is uncertain (65).

Familial dysautonomia. Familial dysautonomia (also known as 
Riley-Day syndrome or hereditary sensory and autonomic neu-
ropathy type III [HSAN III]) is an autosomal recessive disease 
resulting from poor development and progressive degeneration 
of the sensory and autonomic nervous system. Among the Ash-
kenazi Jewish population, 1 in 30 are carriers of mutations in the 
gene IKBKAP (also known as ELP1), resulting in mutation in the 
elongator protein 1 (ELP1) subunit of the highly conserved Elon-
gator complex that results in altered functions of RNA polymerase 
II and histone acetylation in the nucleus, and alterations in diverse 
cellular functions such as cell migration and adhesion, intracellu-
lar trafficking, and the p53 activation mutant (66).

Signs and symptoms begin in infancy; presentations include 
abnormal respiratory responses to hypoxic and hypercarbic 
states, gastroesophageal reflux, vomiting crises, lack of over-
flow tears, profuse sweating, and postural hypotension. Infants 
suffer from poor muscle tone (hypotonia), feeding difficulties, 
poor growth, lack of tears, frequent lung infections, and difficul-
ty maintaining body temperature. Younger children can exhibit 
breath-holding behavior leading to cyanosis, which usually stops 
by the age of 6 years.

Gastrointestinal involvement in adults includes oropharyn-
geal incoordination, poor suck, a tendency to drool, gastroesopha-
geal reflux, intermittent vomiting (typically in reaction to physical 
or emotional stress), and preference for softer foods. Esophageal 
transit and gastric transit may be delayed and are associated with 
aspiration pneumonia (67), and reduced density of neurons in the 
myenteric plexus has been described (68). Esophageal motility 
may be profoundly disrupted, resulting in fluid levels and dilated 
esophagus (69). Neurologic manifestations may also be associ-
ated with increased circulating dopamine levels during vomiting 
episodes, suggesting activation of dopamine receptors in the che-
moreceptor trigger zone (70). Indeed, carbidopa, which blocks the 
conversion of levodopa to dopamine in the systemic circulation, 
reduced frequency and intensity of the vomiting attacks (71).

Vomiting may be accompanied by “dysautonomic crisis” 
(hypertension, tachycardia, diffuse sweating, and personality 
change), which is typically responsive to diazepam as well as to 
countering of the adrenergic crisis with clonidine or dexmedeto-
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midine, which activate brain presynaptic α2-adrenoceptors, inhib-
iting the release of norepinephrine from synaptic vesicles.

In patients who suffer from recurrent aspiration pneumonia or 
feeding problems, surgical management such as fundoplication or 
placement of a gastric feeding tube may be required (72).

Idiopathic orthostatic hypotension and pure autonomic failure. 
Idiopathic orthostatic hypotension is a rare form of autonomic fail-
ure unassociated with neurologic deficits other than cell loss in inter-
mediolateral columns of the spinal cord and sympathetic ganglia 
(73). Cardiovascular and sudomotor abnormalities usually precede 
motor dysfunction of the gut, such as esophageal dysmotility, gas-
tric stasis, alteration in bowel movements, and fecal incontinence 
(74, 75). The precise site of the lesion causing the gut dysmotility is 
unknown. Some reports document Lewy bodies in distal axons (73).

Pure autonomic failure results from widespread neuronal 
degeneration in the preganglionic sympathetic intermediolater-
al column and paravertebral ganglia leading to loss of peripheral 
adrenergic innervation. It has been associated with gastrointes-
tinal complications such as constipation or intestinal pseudo-ob-
struction (76), in addition to micturition disorders (77).

Postural orthostatic tachycardia syndrome. Postural orthostatic 
tachycardia syndrome (POTS) is a form of orthostatic intolerance, 

particularly in younger female adults, with exaggerated heart rate 
increase in response to postural change with absence of orthostat-
ic hypotension (sustained drop in blood pressure of at least 20/10 
mmHg within 3 minutes of assuming upright posture). It is important 
to exclude dehydration, other medical conditions, medications, and 
dietary influences on blood pressure and pulse rate. POTS may be a 
manifestation of a mild form of acute autonomic neuropathy (78).

About one-third of patients with POTS have gastrointestinal 
manifestations such as nausea, vomiting, bloating, or constipation 
(79, 80). In addition, comorbidities associated with POTS include 
the hypermobility form of Ehlers-Danlos syndrome, fibromyal-
gia, chronic fatigue, interstitial cystitis (81), and functional gas-
trointestinal disorders (82). A hyperadrenergic variant of POTS 
may be associated with mast cell activation disorders (MCADs) 
that present with episodic “attacks” of flushing, lightheadedness, 
dizziness, dyspnea, nausea, headache, diarrhea, and/or syncope. 
Diagnostic markers of MCADs are heparin, prostaglandin D2, his-
tamine, and chromogranin A (83).

Patient management is directed at the underlying POTS and 
symptomatic relief for the gastrointestinal manifestations (81).

Myasthenia gravis. Myasthenia gravis is characterized by fat-
igable weakness due to failure of neuromuscular junction trans-

Table 3. Tests performed to assess parasympathetic control of viscera, normal values, and direct or indirect inference of 
gastrointestinal autonomic denervation

Test Function tested Rationale Normal values Comments/pitfalls
Cardiovascular
Heart rate variation with deep breathing Parasympathetic Vagal afferents 

stimulated by lung 
stretch

Age-related, 6–18 beats/
min

Best cardiovagal test available, but not a test of 
abdominal vagus

Supine/erect heart rate Parasympathetic Vagal stimulation by Δ 
in central blood volume

Abnormal cardiovagal tests imply abdominal vagal 
denervation in length-dependent neuropathies; 

false negative if vagus injury at or below diaphragm

Valsalva ratio (heart rate, max./min.) Parasympathetic Vagal stimulation by Δ 
in central blood volume

>1.5 Abnormal cardiovagal tests imply abdominal vagal 
denervation in length-dependent neuropathies; 

false negative if vagus injury at or below diaphragm

Abdominal vagus: pancreatic polypeptide response to
Modified sham feeding Parasympathetic Stimulation of vagal 

nuclei by sham feeding
>25 pg/mL peak over 

baseline
Critically dependent on avoidance of swallowing 

food during test

Pupil responses to
Light Parasympathetic Reflex involving 

oculomotor nerve
Latency 0.2–0.3 s, 

constriction 2–4 mm

Pharmacology:  
 0.125% pilocarpine

Denervation 
hypersensitivity

Parasympathetic <0.5 mm constriction

 0.1% epinephrine No change

 5% cocaine Sympathetic >1.5 mm dilation

Penis and urinary bladder
Nocturnal penile tumescence Pelvic parasympathetic Integrity of S2–4 Plethysmographic technique requiring  

special facilities

Cystometrographic response to 
cholinergic agonist

Pelvic parasympathetic Increased intravesical 
pressure in denervation 

supersensitivity

Tests parasympathetic supply to bladder,  
not bowel

Adapted with permission from Gastroenterology (Table 1 in ref. 58, copyright 1994 Elsevier), and with permission from Lippincott-Raven Publishers (Table 5 
in ref. 59).
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the sacral parasympathetic supply to the colon (with reduced post-
prandial motor responses; ref. 90), pelvic floor, and anal sphinc-
ters, leading to defecation disorders or fecal incontinence.

Patients rely on reflex rectal stimulation for stool evacuation 
and a combination of laxatives, bulking agents, anal massage, 
manual evacuation, and scheduled enemas or transanal irrigation 
(91). Randomized, double-blind studies have demonstrated effec-
tiveness of neostigmine, which increases cholinergic tone, com-
bined with glycopyrrolate, an anticholinergic agent with minimal 
activity in the colon that reduces extracolonic side effects. Com-
puterized electrical stimulation of the sacral anterior roots (92, 
93) may restore normal function to the pelvic colon and anorectal 
sphincters when combined with S2 to S4 posterior sacral rhizoto-
my to avoid autonomic dysreflexia. If these measures are ineffec-
tive and severe constipation persists, a colostomy reduces time for 
bowel care and allows decubitus ulcers to heal.

Multiple sclerosis. Motility disturbances in multiple sclerosis 
(MS) are more frequent in the lower than in the upper gut. Bowel 
and bladder problems affect over 50% of people with MS, impact-
ing quality of life, social interactions, and health care costs. Severe 
constipation (94), urinary bladder dysfunction, and fecal incon-
tinence often occur together. In one study of 167 patients, 74.4% 
had bladder problems, 48.9% had functional constipation, and 
31.9% had fecal incontinence (95). These result from impaired 
function of the supraspinal or descending pathways that control 
Onuf ’s nucleus (sacral parasympathetic outflow). As in Parkin-
son disease, bowel symptoms predate the diagnosis among many 
patients with MS, based on a 14-year cohort study (96).

Anorectal manometry (97, 98) is helpful to differentiate anal 
sphincter hypotonia, rectal hyposensitivity (both causes of incon-
tinence), and pelvic floor dyssynergia as the cause of constipation, 

mission caused by antibodies against the acetylcholine receptor. 
This may manifest with symptoms such as dysphagia (sometimes 
accompanied by dysphonia). Abnormal esophageal motility may 
be identified by high-resolution manometry showing fatigue as 
reduced-amplitude contractions with repetitive swallows, and 
increased amplitude with administration of the anticholinester-
ase edrophonium (84). There is also autonomic dysfunction such 
as pupillary fatigability in myasthenia gravis, and sometimes 
gastrointestinal symptoms such as gastroparesis (85). Paraneo-
plastic complications in patients with thymoma and myasthenia 
gravis include intestinal pseudo-obstruction (86) or hypogam-
maglobulinemia with gastrointestinal CMV, herpes simplex, and 
Candida infections (87).

Spinal cord lesions
Spinal cord injury. Gastrointestinal motility disturbances such as 
dysphagia may be short-lived soon after acute spinal cord injury, 
and ileus or acalculous cholecystitis may occur after acute cervical 
spinal cord injury (88). The acute abdomen may present, not with 
rigidity or absent bowel sounds, but with dull or poorly localized 
pain, vomiting, or restlessness, with tenderness, fever, and leuko-
cytosis in up to 50% of patients (89). Lack of recognition of the 
acute abdominal condition may lead to increased mortality.

In contrast, chronic bowel dysfunctions occur in 27%–62% 
of patients with spinal cord injury, most commonly constipation, 
distention, abdominal pain, rectal bleeding, hemorrhoids, fecal 
incontinence, and autonomic hyperreflexia. Gallstones occur 
in 17%–31% of patients with spinal cord injury (89). Disorders 
of upper gastrointestinal motility are uncommon in the chronic 
phase after injury, whereas colonic and anorectal dysfunctions 
are common and result from interruption of supraspinal control of 

Table 4. Tests performed to assess sympathetic control of viscera, normal values, and direct or indirect inference of gastrointestinal 
autonomic denervation

Test Function tested Rationale Normal values Comments/pitfalls
Sweat tests
Thermoregulatory sweat test  
(% surface area of anhidrosis)

Preganglionic and 
postganglionic cholinergic

Stimulation of hypothalamic 
temperature control centers

% Surface area of anhidrosis:  
M, 0%; F, <3%

Cumbersome, whole-body test

Quantitative sudomotor axon  
reflex test (sweat output,  
latency)

Postganglionic cholinergic Antidromic stimulation of peripheral 
(postganglionic sympathetic fiber) 

by axonal reflex

Sweat output (μL/cm3)
Forearm: M, 0.76–5.51; F, 0.34–1.33

Foot: M, 0.92–5.73; F, 0.25–1.95
Latency (min)

Forearm: M, 1–2.4; F, 0.9–1.9
Foot: M, 1–2.7; F, 1–2.8

Needs specialized facilities

Cardiovascular tests
Heart rate and BP responses  
to orthostatic tilt

Adrenergic Baroreceptor reflex Response to 80° tilt: systolic BP 
<25 mmHg; diastolic BP <15 mmHg

Impaired if intravascular volume  
is reduced

Plasma norepinephrine
Response to postural changes Postganglionic adrenergic Baroreceptor stimulation Supine: 70–750 pg/mL;  

standing: 200–1700 pg/mL
Moderate sensitivity, impaired  
if intravascular volume reduced

Response to i.v. edrophonium 
(anticholinesterase)

Postganglionic adrenergic Drug “stimulates” postganglionic 
fiber at prevertebral ganglia

>35% increase above baseline 
within 2–8 minutes

False negatives by contributions  
to plasma norepinephrine  

from many organs

Adapted with permission from Gastroenterology (Table 1 in ref. 58, copyright 1994 Elsevier), and with permission from Lippincott-Raven Publishers (Table 5 
in ref. 59).
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bowel motility, or, rarely, associated gluten-sensitive enteropathy 
or pancreatic exocrine insufficiency.

Amyloidosis. Gastrointestinal disease in amyloidosis results 
from either mucosal or neuromuscular infiltration, or extrinsic auto-
nomic neuropathy. A retrospective series (113) reported that 3.2% of 
2334 patients with amyloidosis had biopsy-proven gastrointestinal 
amyloidosis. Amyloid neuropathy may lead to dysphagia, constipa-
tion, diarrhea, and steatorrhea. In manometric studies of the esoph-
agus (114) or small bowel (115, 116), earlier stages of gastrointestinal 
amyloidosis were characterized by motor incoordination consistent 
with neural involvement, and later stages were characterized by low 
amplitude, reflecting myopathy due to amyloid infiltration of mus-
cle. Familial amyloidosis (e.g., hereditary transthyretin amyloido-
sis) may also affect small bowel motility (117).

Advanced therapies for amyloidosis (autologous or allogene-
ic stem cell transplantation in combination with cytotoxic thera-
py for systemic amyloidosis, or liver transplant for transthyretin 
amyloidosis) may result in substantial symptomatic improvement 
(118, 119) in gastrointestinal amyloidosis. Antisense oligonucle-
otide–based drugs and RNA interference therapies are also used 
in treatment of hereditary transthyretin amyloidosis (120).

Paraneoplastic neuropathy. Gastrointestinal symptoms may 
occur in association with small-cell carcinoma of the lung or pul-
monary carcinoid or neuroendocrine (121) tumors. Symptoms 
include constipation, gastroparesis, intestinal pseudo-obstruc-
tion, and esophageal spasm or achalasia (122).

There are circulating IgG antibodies (e.g., ANNA-1 or anti-
Hu) directed against enteric neuronal nuclei, suggesting that the 
enteric plexus is the major target of this paraneoplastic phenom-
enon (123, 124). Other autoantibodies (anti–CRMP-5 [also known 
as anti–CV-2] and anti–ganglionic acetylcholine receptor) (125) 
associated with lung cancer or thymoma result in gastroparesis 
or constipation. Several patients have shown evidence of a more 
extensive neuropathologic process (126).

A chest x-ray is frequently normal in these patients. A chest CT 
scan or whole-body fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) or FDG-PET/CT aids detection of tumor or 
metastases (127). Immunomodulatory treatment before, during, 
or after antineoplastic therapy may provide benefit for the para-
neoplastic neuropathy.

Porphyria. Gastrointestinal involvement is common in por-
phyria and usually presents with abdominal pain, nausea, vom-
iting, and constipation (128, 129). Porphyria is associated with 
demyelination of peripheral and autonomic nerves; dilation and 
impaired motor function occur in any segment of the intestinal 
tract. Effects of porphyria on the enteric nervous system have not 
yet been described. The diverse syndromes and management are 
described elsewhere (130).

Neurofibromatosis. Children with neurofibromatosis type 1 
frequently have constipation (131), which can be associated with 
enlarged rectal diameter and prolonged colonic transit time. 
Although there are rare reports of motility disorders (132, 133) 
with neurofibromatosis, it is essential to exclude mass lesions or 
obstruction. In addition, up to 25% of neurofibromatosis type 1 
patients (134) develop intra-abdominal neoplastic manifestations, 
including neurogenic tumors (commonly plexiform neurofibro-
mas and malignant peripheral nerve sheath tumors), tumors origi-

which may be complicated by “overflow” incontinence. Abnormal 
rectal compliance correlates with overall disability (99) in MS. 
Transanal irrigation or lower bowel stimulation (as in patients 
with spinal cord injury) may be required to relieve the constipation 
and avoid incontinence episodes. In patients with limited disabil-
ity and a nonprogressive disease, biofeedback retraining may be 
helpful for constipation or fecal incontinence (100).

Neuromyelitis optica. The area postrema (including morpho-
logic evidence of aquaporin-4 autoimmunity) may be a selective 
target of the disease process in neuromyelitis optica. Clinical 
reports (101) document nausea and vomiting preceding episodes 
of optic neuritis and transverse myelitis.

Peripheral neuropathy
Acute peripheral neuropathy. Acute viral infections may result in 
dysautonomia as described above. Guillain-Barré syndrome is the 
most prevalent acute peripheral motor neuropathy with visceral 
involvement (e.g., gastric distention or adynamic ileus) in associa-
tion with diverse infections or toxins including herpes zoster, EBV, 
Borrelia burgdorferi (Lyme disease), botulism B toxin, Helicobacter 
pylori (102), treatment with anti-CTL4 antibodies (103), and, more 
recently, Zika virus (104) and SARS-CoV-2 infection (105). The site 
of the neurologic lesion causing the gut manifestations is uncer-
tain. Treatment is supportive and in addition to management of the 
Guillain-Barré syndrome, such as with plasmapheresis.

Chronic peripheral neuropathy. Chronic peripheral neuropathy 
is the most prevalent neurologic disorder resulting in gastrointes-
tinal motor dysfunction.

Diabetes mellitus. Epidemiologic studies of adults with diabe-
tes mellitus (36.5% of whom were on insulin treatment) showed 
higher prevalence of upper gastrointestinal symptoms in a US 
national sample (106), and higher prevalence of constipation, with 
or without laxative use, in a cohort of 138 type 1 diabetics but not 
in 217 type 2 diabetics in Olmsted County, Minnesota (107), com-
pared with age- and sex-matched controls. Patients with constipa-
tion tended to be taking some medications that cause the symp-
toms or to have bladder symptoms (107).

Impaired motility throughout the gut in diabetes mellitus 
results in gastroparesis (with antral hypomotility and pyloro-
spasm), accelerated gastric emptying, reduced gastric accommo-
dation, diarrhea, constipation, and fecal incontinence (5, 108). 
These features are associated with “autovagotomy” (reduction 
in unmyelinated axons) and loss of the interstitial cells of Cajal 
(pacemaker cells). The latter may result from imbalance in the 
local CD206-positive macrophages that normally protect cells 
from the effects of oxidative stress (5). Hypoglycemic agents such 
as amylin and GLP-1 agonists (particularly short-acting agents) 
induce gastroparesis (109, 110).

Constipation among community diabetics was associated 
equally with slow transit, normal transit, or pelvic floor dysfunction 
(111). Fecal incontinence may result from abnormal rectal sensation 
or weakness of the internal anal sphincter (sympathetic denervation) 
or external anal sphincter (sacral parasympathetic neuropathy).

Diarrhea may result from several mechanisms (112) such as 
intake of artificial sweeteners such as sorbitol, adverse effect of 
metformin (with bile acid malabsorption), bacterial overgrowth 
due to small bowel stasis, rapid transit from uncoordinated small 
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chondrial neurogastrointestinal encephalomyopathy (MNGIE) 
(147–149). MNGIE is also associated with multiple small intestinal 
diverticula with bacterial overgrowth and malabsorption, periph-
eral neuropathy, leukoencephalopathy due to demyelination of 
nerve fibers, and skeletal muscle injury, with ragged red fibers 
reflecting megamitochondria on skeletal muscle biopsy (elevated 
CK and LDH). MNGIE is associated with upward of 50 mutations 
in TYMP genes encoding thymidine phosphorylase (150).

Allogeneic stem cell transplantation (151) has been proposed as an 
early treatment for MNGIE while patients are still relatively healthy. 
However, more recent experience has shown that hematopoietic or 
liver transplantation does not benefit the intestinal pathologic pro-
cess, especially in patients with more advanced disease (152, 153).

Myotonic dystrophy. Patients with myotonic dystrophy may have 
dysphagia, gastroesophageal reflux, cholecystectomy at a young age 
(154), or megacolon (155); in the autosomal dominant type 1 form, 
70% of patients presented with these manifestations as well as mal-
nutrition and fecal incontinence in childhood or adolescence (156). In 
myotonic dystrophy type 1, there are also reports of chronic intestinal 
pseudo-obstruction and megacolon associated with smooth muscle 
α-actin deficiency and inflammation of the myenteric plexus (157).

Anal sphincter dysfunction is consistent with an expression of 
myopathy, muscular atrophy, and neural abnormalities.

Myopathic disorders are associated with low-amplitude con-
tractions at affected levels of the gut. They may be complicated 
by bacterial overgrowth, small bowel diverticula, pneumatosis 
cystoides intestinalis, and spontaneous pneumoperitoneum. Skel-
etal muscle electromyography or biopsy may be needed to estab-
lish the nature of the generalized neuromuscular disorder, as in 
mitochondrial myopathy.

Conclusion
Although symptoms such as dysphagia, dyspepsia, constipation, 
and fecal incontinence are frequently encountered in the com-
munity, neurologic causes for these symptoms are relatively rare. 
Whereas the presence of established neurologic conditions such as 
Parkinson disease, peripheral neuropathy, and multiple sclerosis 
can alert the clinician to the association with gut manifestations, 
it is helpful, in taking the patient’s history, to inquire about periph-
eral sensory and motor, and autonomic, symptoms to explore the 
possibility of neuropathic gastrointestinal disorders.
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nating from the interstitial cells of Cajal (hyperplasia, gastrointes-
tinal stromal tumors), neuroendocrine tumors, embryonal tumors 
(rhabdomyosarcoma), or rectal neuroendocrine tumors (135).

Lipomatosis of nerve. Among 10 patients with lipomatosis of 
nerve of the lumbosacral plexus and/or sciatic nerve, 3 patients 
had colonic diverticulosis at a young age, with involvement of the 
sacral nerves innervating the sigmoid colon. One had reduced 
colonic motility in response to a meal with preserved stimulation 
by i.v. neostigmine and morphologically normal myenteric neu-
rons, consistent with extrinsic denervation (136).

HIV neuropathy. Gastrointestinal symptoms may result from 
infections secondary to the immunodeficiency. In addition, 
chronic diarrhea may result from increased extrinsic parasympa-
thetic activity (137) to the gut, or damage to adrenergic fibers with-
in the enteric plexuses, or as an adverse event to nelfinavir-based 
combination therapy (138). In a nonblinded, randomized, cross-
over study of 12 patients with AIDS-related chronic diarrhea unre-
sponsive to loperamide, the enkephalinase inhibitor racecadotril 
(100–300 mg, orally, 3 times daily) was superior to the short-act-
ing somatostatin analog octreotide (50–150 μg, subcutaneous-
ly, 3 times daily) during 1 week of treatment. Racecadotril also 
improved diarrhea relative to baseline (139). Adsorbent drugs such 
as attapulgite were not superior to placebo (140).

Autoimmune neuropathies due to antibodies against neuronal 
receptors. Autoantibodies directed against specific neural anti-
gens, including ion channels, may be associated with gut motility 
disorders including esophageal dysmotility, slow transit consti-
pation, and chronic intestinal pseudo-obstruction. Ganglionic 
receptor–binding antibodies have also been found in a subset of 
patients with idiopathic, paraneoplastic, or diabetic autonomic 
neuropathy, and in idiopathic gastrointestinal dysmotility (141, 
142). The antibody titer correlated with more severe autonomic 
dysfunction. This autoimmune form of gastrointestinal dysmotili-
ty has been replicated in an animal model (143).

Muscle diseases causing gut dysmotility
Duchenne and Becker muscular dystrophies, polymyositis, and der-
matomyositis. Duchenne and Becker muscular dystrophies, poly-
myositis, and dermatomyositis have been associated rarely with 
gastroparesis (144, 145). These skeletal muscle diseases and inclu-
sion body myositis (146) more often affect pharyngoesophageal 
swallowing. Manometry shows low-amplitude or absent pharyn-
geal contractions and decreased upper esophageal sphincter pres-
sures. Elevated serum creatine kinase (CK) and lactate dehydroge-
nase (LDH) reflect skeletal muscle injury.

Hollow visceral myopathy and mitochondrial neurogastrointes-
tinal encephalomyopathy. Among patients presenting with hollow 
visceral myopathy (a myopathic form of chronic intestinal pseu-
do-obstruction that can be sporadic or familial), the finding of an 
external ophthalmoplegia and ptosis, or with deafness, should 
alert the gastroenterologist to the possible diagnosis of mito-
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