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INTRODUCTION[1-10]

Based on their high prevalence in clinical practice, there has been an 
understandable tendency, in the area of gastrointestinal motility, to 
focus on “functional” disorders. Thus, considerable time and energy 
has been expended on the performance, analysis and interpretation 
of motility studies in such disorders as non-cardiac chest pain, non-
ulcer dyspepsia (NUD), irritable bowel syndrome (IBS) and idiopathic 
constipation. I believe it is fair to say that the role of motility in 
these disorders remains debated and controversial. Progress in 
this area has been limited by the lack of truly objective criteria for 
the definition of these disorders-none is based on a clearly defined 
biochemical or pathological abnormality. The utilization of these 
disorders as templates for the evaluation of motility tests is clearly, 
therefore, fraught with problems.

If a definition for a disorder is not uniform, then different study 
population may not be comparable. Given the non-specificity of 
many of the symptoms experienced by these patients, it is also 
likely that each category, whether it be IBS or NUD, includes a 
heterogeneous collection of patients—a factor that may exert 
a significant influence on the likelihood of finding a motility 
“abnormality ” in a particular study group. Studies in this area are 
also hampered by the ap parent ubiquity of epi-phenomenology. 
Thus, it is often difficult to unravel th e confounding effects of stress, 
anxiety, depression, patient expectations and various therapeutic 
interventions, and to truly decide what motor abnormalities a re 
primary or secondary. Therapeutic trials in disorders such as non-
ulcer dyspepsia or the irritable bowel syndrome have led to the 

greatest frustration. It s hould come as no surprise that trials 
of therapy in a disorder whose definition is difficult and which 
may encompass entities of varying pathophysiology often lead 
to inconclusive and disappointing results. When such studies are 
performed in major referral centers, the influence of selection bias 
and, in particular, of “learned illness behavior” must be borne in 
mind—the patient studied in these centers may be very different 
from those seen in the community. The motility literature is 
dominated, therefore, by conflicting data on the role of dysmotility, 
on the value of various types of motility studies and the efficacy 
of motility-altering drugs in functional disorders; syndromes which 
share a lack of a clearly defined basic pathology. The goal of this 
presentation is to remind the audience of those motility disorders 
which have a pathologic basis, whose pathophysiology is understood 
either in part or in whole, and which may serve as better templates 
for the evaluation of motility and its therapy.

ENTERIC NEUROPATHOLOGY[11-27]

Before describing those “organic disorders” associated with 
dysmotility, it seems only reasonable to discuss, in brief, the 
techniques of enteric neuropathology. It must be admitted, from 
the outset, that this is very much a minority sport. Several technical 
problems have limited our ability to examine pathological tissue 
from the muscle or nervous system of the gut. First and foremost, 
any complete evaluation of intestinal muscle or nerve must be 
performed on a full thickness specimen of the gut wall. Up until 
recently, this has required open laparotomy and full thickness 
biopsy or examination of tissue removed during the course of a 
gastrointestinal surgical procedure. More recently, some centers 
have developed the technique of laparoscopic intestinal biopsy, 
and validated its utility in the diagnosis of intestinal myopathy 
and neuropathy. This procedure has usually been performed in 
the context of the laparoscopic placement of intestinal feeding or 
decompression rubes in patients with severe dysmotility syndromes. 
Some have raised concerns regarding the safety of this procedure, 
cautioning of the possible development of post operative adhesions 
and related obstruction. A second major hurdle relates to the 
processing and interpretation of the biopsy material. While the 
morphology of the intestinal muscle layers can be evaluated using 
conventional hematoxylin-and eosin-stained sections, this technique 
is inadequate for the study of enteric neurons. Large amounts of 
fatty constituents of neurons are lost during dehydration, clearing, 
and paraffin infiltration of tissue for hematoxylin-eosin histology, 
leading to artifactual vacuolization and other defects, and axonal 
and dendritic processes cannot be seen. Traditional transverse 
sections provide a poor demonstration of the myenteric and 
submucosal plexuses—these are best visualized when seen in a 
flat, en face view. Specimens for the evaluation of enteric neurons 
need, therefore, to be specially prepared and mounted. Staining of 
these sections is particularly important and potentially problematic. 
The standard technique in use is the silver method. The gut is fixed 
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for a week or two in buffered formalin, then impregnated with a 
strong silver nitrate solution, the excess silver washed out with 
formalin and the bound silver developed with strong ammoniacal 
silver nitrate or silver diamine. This is not an easy technique—
if successful, the entire plexus is stained brown against a lighter 
muscle background. It is evident from the above that enteric 
neuropathology is a highly specialized and technically demanding 
technique. Not surprisingly, few centers can provide this level of 
expertise, and, in particular, are sufficiently experienced to interpret 
these sections. This remains a further limitation to progress in this 
area. There is a great need for an expansion of availability of these 
enteric neuropathological services and for standardization of their 
interpretation. Until this is achieved, enteric neuronal pathology 
will remain beyond the reach of most physicians and their patients. 
Though not included as a standard component of diagnostic 
enteric neuropathology, considerable information has recently 
been provided by immunohisto-chemical studies of the enteric 
nervous system. Using specific antibodies, deficiencies of various 
neurotransmitter substances often described in a number of clinical 
disorders. This again, however, is a technically exacting technique.

Parallels between the enteric and central nervous systems are 
increasingly appreciated—the description of a variety of pathological 
findings in the autonomic and enteric nervous systems in Parkinson′
s disease has provided a clinically relevant example of such 
parallelism.

WHAT CAN WE LEARN FROM “ORGANIC” 
DYSMOTILITY SYNDROMES?
It should be no surprise, based on the above, that detailed 
descriptions of enteric myopathies or neuropathies remain limited. 
More commonly, these organic disorders are defined on the basis 
of the occurrence of a dysmotility syndrome in a patient with a 
clearly-defined disease process. Typical examples of the latter would 
include post-operativeileus, Ogilvie′s syndrome and the various 
manifestations of diabetic gastroenteropathy. Important lessons 
regarding the pathophysiology of dysmotility can also be gleaned 
from iatrogenic motility disorders (whether induced by medications, 
radiation therapy, or surgical intervention) and various models of 
experimentally-induced dysmotility.

Lessons from the Classics (and the Tropics)[28-52]

Perhaps the most detailed information on the basic pathophysiology 
of motor disorders has been gleaned from three rather rare 
disorders, namely, achalasia, infantile hypertrophic pyloric stenosis 
and Hirschsprung′s disease. Each of these disorders has been 
characterized by neuronal loss within the affected segment, an d 
when examined in further detail by the specific dropout of VIP- and 
NO-containing neurons. Loss of nitrergic neurons appears to be 
highly characteristic of the aganglionic segment in both achalasia 
and Hirschsprung′s disease. It is important to remember that very 
similar changes have been described in a much more common 
disorder, on a worldwide basis, namely Chagas′ disease. We have 
much to learn from this disorder which affects many millions, 
especially in South America.

Further abnormalities, of particular interest to the physiologist 
and pathophysiologist, have been demonstrated in pyloric stenosis. 
These findings relate to a group of highly specialized cells known 
as the interstitial cells of Cajal. These cells, which appear to be of 
fundamental importance in motility through their ability to generate 
the basic electrical rhythm of the intestine, have been the subject 
of considerable interest in recent years. A “knockout” animal model 
has been developed whereby interstitial cell development can be 
arrested—this leads to the loss of electrical rhythmicity throughout 
the intestine, but does not necessarily impair the generation of 
contractions or the peristaltic reflex. Now, two groups have reported 
a deficiency of interstitial cells in the hypertrophied segment in 
pyloric stenosis.

Studies in Hirschsprung′s disease have provided additional 
insights. It is evident for example, that there is some overlap 
between Hirschsprung′s disease and that group of disorders referred 

to as intestinal neuronal dysplasia. Though the hallmark of the latter 
disorder is hyperganglionosis rather than aganglionosis, affected 
individuals have severe dysmotility symptoms usually manifested 
by intractable constipation. It is also clear that in some patients with 
“Hirschsprung′s disease” the aganglionosis may extend to involve 
the entire colon or, indeed, the small intestine. Similar overlap has 
been suggested between achalasia and the pseudo-obstruction 
syndromes.

The description of these various subtle morphological and 
immunohistochemical abnormalities in these three disorders does 
not, of course, necessarily imply that these are the primary defects. 
It has been suggested, for example, that the neuronal injury in both 
achalasia and Chagas′ disease is based on an immune mechanism 
and specific autoantibodies have been described. Others have 
described autonomic dysfunction in achalasia and others still have 
suggested a viral trigger. Given the, albeit anecdotal, association 
between various “dysmotility” disorders and prior infective episodes, 
these observations are of considerable interest, and may yet 
provide important clues to the etiology of a wide variety of common 
disorders. Both achalasia and Hirschsprung′s disease may also 
occur in the con text of genetically-based disorders with multi organ 
involvement. Of special interest is the recent description of genetic 
markers for Hirschsprung′s disease. Mapping studies in both man 
and animal models have suggested that specific genes may be 
involved: mutations in the RET protooncogene and the endothelin-B 
receptor gene have been described in an autosomal dominant 
(with incomplete penetrance) and recessive type of Hirschsprung′
s disease, respectively. Mutations of th e RET protooncogene have 
also been described in MEN 2A, MEN 2B and sporadic medullary 
and papillary thyroid carcinoma. These genetic abnormalities are 
thought to result in impaired neural crest migration, colonization 
or differentiation. Hirschsprung′s disease is now regarded as an 
example of a neurocristopathy-disor ders of the neuronal crest: from 
the above genetic studies, a basis for the over lap of Hirschsprung′s 
disease with other dysmotility syndromes is revealed.

It is clear, therefore, that highly specialized, sophisticated and 
focused studies on these, albeit rare but well-defined disorders, 
are of great importance an d hold considerable promise towards 
an understanding of dysmotility syndromes in general. In these 
disorders, where the clinical definition is agreed, manometric 
criteria are well-defined and pathologic diagnosis is possible, it may 
well prove possible to define, at the most basic level, relationships 
between molecular abnormality, physiologic dysfunction, and clinical 
presentation.

Sizing up the Syndromes[53-106]

At the next level, from a pathologic point of view, are those organic 
disorders of motility which do not posses a uniform pathology 
but are defined clinically on the basis of a uniform abnormality of 
function. These include:
-Diffuse esophageal spasm
-Gastroparesis
-Intestinal pseudo-obstruction
-acute (ileus)
-chronic
-colonic (Ogilvie′s syndrome)
-Megacolon

Each of these syndromes includes a wide variety of disorders 
of varied etiology—what they share is a common abnormality of 
motor function which can be reproducibly demonstrated by studies 
of gut anatomy or function (including manometry). For some, such 
as the many motor manifestations of scleroderma or amyloidosis, 
a pathologic basis is evident; for others, such as those with post-
operative ile us, it is assumed, and for others still the functional 
abnormality such as gastroparesis remains unexplained. It is in this 
latter category that we begin to move into the territory of functional 
disease and so to consider the possible contribution of motor 
dysfunction to otherwise unexplained symptomatology. For the mo 
ment, however, we will focus on those individuals with one of the 
above syndrome s whose symptoms appear to have an organic 
basis.

Diffuse esophageal spasm (DES) is a rare disorder of esophageal 
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motor function whose etiology remains undefined. Many patients 
with “spasm” and more non- specific motor disorders have 
underlying reflux—an important pathologic basis f or many 
instances of non-obstructive dysphagia. A recent report provided 
some fascinating insights into the pathophysiology of spasm 
by demonstrating the induction of DES by recombinant human 
hemoglobin, a potent inactivator of nitric oxid e!

Because of the relative accessibility of gastric emptying studies, 
gastroparesis is probably the most frequently defined abnormality of 
motor “function”. Gastroparesis, in of itself, is a nonspecific finding 
and may not imply a primary disorder of gastric motor function. 
Several organic dysmotilities, such as diabetic gastroenteropathy, 
include gastroparesis as a prominent feature. Studies in this 
and other organic gastropareses have served to emphasize the 
complexity of gastric motor function and have emphasized the 
importance of regional differences in gastric motility as well as 
the role of visceral afferents, central input and “long” reflexes 
in the regulation of gastric contractility. It is becoming evident 
that gastroparesis may be inadequate to describe gastric motor 
dysfunction in many circumstances; in diabetes, for example, 
emptying may be accelerated or delayed; following vagotomy 
disturbed gastric compartmentation may be more prevalent 
than altered emptying. The inadequacy, up until recently, of our 
methodologies for the evaluation of any gastric motor function other 
than emptying may go some way towards explaining our inability to 
explain many symptoms suggestive of foregut distress.

The term chronic intestinal pseudo-obstruction refers to a diverse 
and hete rogeneous group of disorders with somewhat similar 
clinical features regardless of etiology. Patients typically present 
with repeated episodes of nausea, vomiting and abdominal pain and 
distention. On clinical grounds, they are often suspected initially of 
having a mechanical obstruction. Many patients are subjected to 
more than one diagnostic laparotomy before the correct diagnosis 
is even considered. Stasis may lead to bacterial colonization, with 
the subsequent development of diarrhea, steatorrhea, weight loss, 
and nutritional problems. In some individuals, constipation may 
be prominent, and in acute episodes, abdominal distension may 
be striking. This syndrome may be the intestinal manifestation 
of a systemic disorder (a secondary pseudo-obstruction) or may 
reflect a primary disorder of the intestinal musculature or its neural 
apparatus (primary chronic idiopathic intestinal pseud o-obstruction, 
or CIIP). Whether the disorder is primary or secondary, other parts 
of the GI tract may be involved, as well as extra-intestinal organs, in 
particular the urinary tract.

The pseudo-obstruction syndromes provide several insights into 
our understanding of gastrointestinal dysmotility. Some disorders are 
based on a primary pathologic abnormality of intestinal muscle and/
or nerve. Of the many causes of pseudo-obstruction, scleroderma 
and the other mixed connective tissue diseases are by far the 
most common. In its earlier stages, sclerodermatous involvement 
of the small intestine results in motility changes indicative of a 
neuropathic process, and recent studies suggest an autoimmune-
mediated injury to intestinal nerves. In the later, much more familiar 
stages, the predominant features are those of a diffuse myopathic 
disorder; biopsies demonstrate the widespread replacement of the 
circular muscular layer, in particular, by fibrosis. Manometric studies 
demonstrate marked hypoactivity, and radiologic studies dilatation 
of the intestine with megaduodenum and megacolon being 
particularly prominent. In its advanced s tage, scleroderma serves 
as an excellent model of an intestinal myopathy.

The range of neuropathic disorders that may result in the 
pseudo-obstruction syndrome provide considerable insights into 
the various levels at which intestinal motility is controlled, and 
may, therefore, be potentially disrupted. These dis orders include 
those well-described, though very rare, disorders where the path 
ology lies within the enteric nervous system itself; so-called visceral 
neuropa thies. Disorders of the autonomic nervous system (e.g., 
diabetes mellitus, familial dysautonomia, ganglioneuromatosis and 
paraneoplastic neuropathy), disorders of the spinal cord and central 
nervous system (e.g., brain stem and spinal cord space- occupying 
lesions) and a variety of hormonal disorders (hypothyroidism, 
hypoparathyroidism) may also result in CIIP. Through actions at 

various levels, a variety of external agents may also cause a pseudo-
obstruction syndrome. Important and common examples include 
radiation enteropathy and the effects of such drugs as opiates, 
anticholinergics and antineoplastics (e.g. vincristine).

Acute gastroparesis, ileus and Ogilvie′s syndrome represent 
the various manifestations of acute intestinal pseudo-obstruction. 
Gastroparesis is, perhaps, the least common of these disorders, 
but is often overlooked, as gastric distention may not be clinically 
evident, especially in the sedated or anesthetized subject. It is 
important to remember that acute gastric dilatation has also bee n 
reported following blunt abdominal trauma, and has been commonly 
described among transplant patients, being reported in 24% of 
heart/lung transplant recipient s, for example.

Ileus has come to be regarded as a physiologic response to 
surgery, and abdominal surgery, in particular—its duration being 
well related to the extent of the intra-abdominal procedure. 
The pathogenesis of post-operative ileus, has been extensively 
investigated. Such investigations have again highlighted the 
complexity of the control of motor activity. Clinical and experimental 
studies have, for example, revealed evidence for a role for the 
central nervous system (through corticotrophin-releasing factor), 
autonomic neurons (and especially sympathetic hyperactivity), 
enteric neurons (through the release of inhibitory neurotransmitters 
in the gut wall), and most recently for afferent neurons. With 
regard to the latter, a role for both splanchnic, capsaicin-sensitive 
afferents and CGRP have been proposed.The primacy of any or all of 
these mechanisms has not been established. It should come as no 
surprise, therefore, that therapeutic maneuvers based on a single 
mechanism have proved disappointing.

Ileus is being increasingly recognized in non-surgical conditions 
and has been reported in a variety of acute neurological conditions, 
including spinal trauma and acute neuropathies (such as the 
Guillain-Barre syndrome and prophyria). Ile us is also a feature of 
ischemic disorders of the intestine, and is a cardinal manifestation 
of mesenteric ischemia. Ileus is being increasingly recognized 
as a manifestation of severe inflammatory disorders of the 
gastrointestinal tract, e specially in the context of transmural 
inflammation. A classical example here is severe graft-versus-host 
disease—in this condition, the development of ileus is most ominous. 
Ileus may also be seen in relation to apparently remote events such 
as retroperitoneal hemorrhage, infection or tumor, disorders of the 
thoracolumbar cord (such as fractures or tumors), and as a non-
metastatic manifestation of a variety of tumors.

Though also seen in the post-operative state, Ogilvie′s syndrome 
is more commonly seen, nowadays, in the non-surgical patient. It is 
particularly associated with disease, trauma or surgical procedures 
in the retroperiteneum, hips, pelvis and lumbosacral spine. Colonic 
ileus has also been described in association with gynecological 
surgery, pregnancy, open heart surgery, and cesarean section . As 
with other forms of ileus, Ogilvie′s syndrome has also been described 
in t he severely ill patient, for example, those with severe burns 
or overwhelming in fections. Many factors may contribute to the 
evolution of both ileus and Ogilvie ′s syndrome, including electrolyte 
abnormalities, analgesics and anticholinergic medications.

All of this information indicates that for ileus of any form, where 
no obvious cause is evident, possible associated lesions, such as 
pneumonia, spontaneous bacterial peritonitis and intra-abdominal 
abscess as well as disease of the retroperitoneum, lumbosacral 
spine, hips and pelvis should be sought.

New Horizons—Infections and Immunity[107-128]

Of considerable clinical importance, several recent studies 
have suggested an important role for various infections in the 
pathophysiology of dysmotility syndromes. While both acute and 
chronic syndromes have been described in association with a variety 
of infective agents, acute disorders, such as gastroparesis, ileus and 
megacolon have been best described. Clinicians have recognized for 
some time that many acute illnesses, including acute viral infections, 
may be associated with the development of symptoms suggestive 
of gastric motor dysfunction, and a post-infective irritable bowel 
syndrome is well recognized, although poorly de fined.

In some instances, viral infections of the gastric mucosa have 
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been directly linked with disturbed emptying. Important examples 
here include those instances of cytomegalovirus and herpes simplex 
virus gastritis, which may occur in immunocom-promised patients. 
The author has seen a number of liver transplant patients with a 
profound gastroparesis syndrome in whom cytomegalovirus has 
been identified in gastric mucosal biopsy specimens, and who have 
responded dramatically to gancyclovir therapy alone. CMV has been 
isolated from intestinal ganglion cells and has also been shown to 
result in a severe ileus and meconium-like syndrome in neonates and 
a chronic intestinal pseudo-obstruction syndrome in heart/lung tran 
splant patients. Reports of ileus and Ogilvie′s syndrome in relation to 
disseminated herpes zoster virus infection have also been described. 
Again, in immunocompromised patients, HZV has been shown 
to result in infarction of the celiac sympathetic ganglia. Following 
oral inoculation, herpes simplex virus type 1 has been shown, in 
immunodeficient mice, to lead to prolonged sustained replication of 
the virus in the enteric nervous system of the esophagus and stomach 
as well as in the nodose ganglion. In this particular model, this virus, 
when administered orally, can result, therefore, in long-term latent 
infection, with replication confined to the enteric and autonomic 
nervous systems. This is a particularly intriguing finding, and provides 
a pathologic basis for a possible role for an initialviral infection in 
a prolonged motor disorder. The previously mentioned association 
of viral infections with achalasia is another example of a possible 
role for a viral initiation. A number of case studies have reported 
gastrointestinal motor dysfunction in non-immunocompromised 
patients in relation to other viral infections.Although the evidence for 
such an association are somewhat inconclusive and a direct cause 
and effect relationship remains to be established, the suggestion 
that common viruses, such as members of the herpes simplex virus 
family, might evoke, in susceptible individuals, dysmotility (through 
effects on the central nervous system, autonomic supply or the motor 
apparatus of the gut) is extremely intriguing and deserving of further 
study. Dysmotility has also been reported in relation to salmonella 
and strongyloidosis infections, Legionnaire′s disease and spontaneous 
bacterial peritonitis.

Again, at an experimental level, considerable evidence has been 
advanced to support a role for inflammatory mediators, released 
from immune cells in the gut wall, in the regulation of smooth 
muscle and enteric nervous function. It has been suggested, for 
example, that such interactions might explain motor abnormalities 
reported in patients with inflammatory bowel disease as well as in 
infective and parasitic diarrheas.

CONCLUSION
I would suggest that there is ample evidence for a pathologic basis 
for many dys motility syndromes. In some, albeit rare, instances, 
characteristic pathological abnormalities have been defined and 
we are well on our way to an understanding of pathophysiology. In 
many other disorders, enteric, neural or muscle pathology is either 
undefined or has not been examined, yet there is considerable 
evidence to invoke an organic basis for dysmotility. These disorders 
have shown us that a wide variety of disorders may affect intestinal 
muscle and nerve, and may also influence motor function through 
actions in the autonomic nervous system, spinal cord and central 
nervous system. Circulating hormones and motor-active peptid es 
also have a role. An important role for infective agents, and viruses 
in particular, is being increasingly advanced, and mechanisms 
whereby they may exert their effects are being increasingly 
understood. In this way, well-defined motility syndromes, such as 
gastroparesis, ileus, Ogilvie′s syndrome, chronic intestinal pseudo-
obstruction and megacolon are being increasingly investigated 
and, in many instances, their etiology understood. Advances in 
basic investigational tools, as well as increasing access to intestinal 
tissue, may well provide a “pathologic” basis for at least some of the 
patients now included under the umbrella of functional disorders, 
such as non-ulcer dyspepsia and the irritable bowel syndrome.
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