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Introduction
Small bowel motility in health is programmed to maintain
an optimal balance between the need for absorption of
nutrients and the assurance of timely propulsion of intesti-
nal contents in order to avoid the consequences of stasis,
or conversely, rapid transit. This is accomplished by the
patterns of motility, which are common to many species
and are peculiar to the antrum and small bowel. Motility
patterns have been determined by recording of electrical
activity or contractions from the intestines of laboratory
animals (mostly dogs) and humans. The motility activity
of the antrum and small bowel in these, and many other
species, is characterized by periodic motor activity
observed during fasting—the migrating motor complex
(MMC)—which is replaced by the fed pattern of contrac-
tions after ingestion of a meal [1].

The Migrating Motor Complex
The MMC has three distinct phases. In phase III (activity
front), a short burst of rhythmic contractions starts in the
antrum or proximal small bowel and migrates aborally
over various lengths of the small bowel. It is followed
usually by phase I, a period of motor quiescence, which in
turn is followed by phase II, a period of intermittent
contractions (Fig. 1). The MMC depends on an intact
enteric nervous system; even a variety of insults to the
external nerve supply to the bowel do not abolish this
basic pattern [2]. As such, the MMC is a measure of the
integrity of the enteric nervous system. However, the MMC
is modulated by extrinsic nerves and gastrointestinal
regulatory peptides [3]. Recent investigations suggest that a
highly specialized group of cells known as the interstitial
cells of Cajal are of critical importance in the control of
small bowel motor function [4••]. These cells are electri-
cally coupled to intestinal smooth muscle cells via gap
junctions and possess special ionic conductance which
generates electrical slow waves, allowing them to function
as pacemaker cells (Fig. 2).

The importance of the MMC is highlighted by the fact
that bacterial overgrowth, and in particular colonization of
the upper small bowel with gram-negative bacilli, are
observed when the MMC is absent or impaired [5,6]. Phase
III is considered the most effective propulsive pattern [7,8],
referred to as “the gatekeeper of the intestine.” However,
normal contractile activity during phase II of the MMC is
also important for propulsion, because, during treatment
with somatostatin [9], or in the postoperative period [10]—
conditions that are associated with markedly reduced or
abolished phase II activity— small bowel transit is delayed,
whereas the frequency of phase III is increased.

Fed pattern
Following the ingestion of food, the MMC cycle is inter-
rupted by a period of irregular contractions usually lasting
6 to 7 hours, depending on the caloric value of the meal
[11], until the MMC resumes again (Fig. 3). Extrinsic inner-
vation is essential in the modulation of the fed pattern, as
suggested by the effects of vagal manipulations and sleep
[12–14]. Contraction waves following a meal propagate
over a short distance [8], whereas transit is slowed when
end products of digestion (fatty acids) trigger inhibitory
feedback mechanisms known as the ileal brake [15,16] and
the jejunal brake [17]. The result is better mixing of chyme
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and adequate contact time between nutrients and small
bowel, thus promoting absorption [8].

Intestinal Dysmotility in Disease States
Although intestinal dysmotility may accompany a variety
of clinical conditions, its precise pathophysiology remains
elusive in most cases. The cause and basic pathophysiology
of certain conditions are well known. Chagas’ disease,
caused by the protozoan parasite Trypanosoma cruzi, can
cause small bowel dysfunction and an achalasia-like
picture in the esophagus [18]. As with achalasia, there is a
loss of nitrinergic neurons in the myenteric plexus [19].
Conversely, in advanced scleroderma, the predominant
feature is myopathy, with replacement of the muscle,
particularly in the circular muscle layer, by fibrous tissue
[20]. In other situations, the pathologic basis may not be
well defined. In diabetes mellitus, involvement of the
autonomic nervous system and the enteric nerves,
complicated by metabolic effects of hyperglycemia, can
affect gut motility [21,22]. In Parkinson’s disease, patho-
logic abnormalities are observed in the central, autonomic,
and enteric nervous systems [23], as well as deficiency of
neurotransmitters in the enteric nerves [24]. A large body
of evidence suggests that inflammation in the gut can alter
enteric nerves and smooth muscle function and may
contribute to the motor dysfunction observed in a number
of inflammatory or infectious conditions [25], although
the predominance of selective mechanisms in the patho-
physiology of dysmotility may be difficult to determine.
Another category of patients is comprised of those who
present with symptoms suggestive of upper gut dysmotility,
such as nausea, vomiting, abdominal pain, distention, or
evidence of bacterial overgrowth, and abnormal manomet-

ric findings, but in whom neither the cause nor the pathol-
ogy of dysmotility are known [26].

There may be a number of reasons for this. First, symp-
toms of small bowel dysmotility are not specific, and thus
do not distinguish between various disease processes.
However, the most difficult problem is that of obtaining
and interpreting intestinal tissue. Evaluation of enteric
nerves and intestinal muscle requires examination of a full-
thickness sample from the gut wall. Although laparoscopy,
rather than open laparotomy, has simplified the process
[27], it remains an invasive intervention and hence is rarely
performed exclusively for this purpose. Furthermore, for a
meaningful evaluation of the enteric nerves, special cuts
and staining of the tissue, including immunohisto-
chemical studies [28], need to be performed, and these can
be provided by only a handful of laboratories.

Intestinal Dysmotility and Functional 
Gut Syndromes
Many studies have reported the results of small bowel
manometry, using perfused or solid state systems, in
patients with functional syndromes, mostly in irritable
bowel syndrome (IBS). Although quantitative differences
(eg, MMC frequency, duration of various phases, and
motility index of the postprandial period) were observed
in some of these patients, and between subgroups of IBS,
overall, patterns of small bowel motility are well preserved
in this group of patients [29].

Diagnostic Measures
Intestinal dysmotility is suspected in any patient who
presents with the symptoms discussed previously. Mechan-
ical intestinal obstruction, particularly in patients with
previous abdominal operations or those who present with
a radiologic picture suspicious for mechanical obstruction,
has to be excluded first using barium meal with small
bowel follow-through, enteroclysis, or abdominal CT scan.
In the latter case, intestinal pseuodoobstruction is
diagnosed, even if the cause cannot be determined. In
symptomatic patients without abnormal radiologic
features, or when a known cause for intestinal dysmotility
is not apparent, special tests such as intestinal manometry
or transit are helpful.

Intestinal transit
Small bowel transit is tested by scintigraphy, and the time
between gastric emptying and colonic filling can be deter-
mined by various measurements [30•]. Delayed small
bowel transit provides no clues to the underlying path-
ology and is observed in patients with dysmotility associ-
ated with myopathic or neuropathic processes [31].
Furthermore, a wide variability in transit time exists
between and within subjects [30•]. Consequently, the test
may be especially useful as an extension of the gastric

Figure 1. The normal migrating motor complex is depicted. Phase III 
is the most distinct and consists of a short burst of contractions that 
migrate aborally. It is usually followed by a period of quiescence, 
phase I, which in turn is followed by a period of intermittent 
contractions, phase II. D—duodenum; J—jejunum. From Soffer [51]; 
with permission.



366 Small Intestine
emptying study, particularly because intestinal dysmotility
and gastroparesis may present with similar symptoms.

Intestinal manometry
Intraluminal pressure recordings from the gut are obtained
by water-perfused catheters or catheters that incorporate
solid state pressure transducers, and conducted over short
(6 to 8 hours) or long (24 hours) sessions. The technical
aspects have been recently reviewed [30•,32]. Whereas
both techniques provide, for the most part, comparable
data, assessment of the MMC requires long recording dur-
ing fasting in the awake state or during sleep.

Manometry provides information concerning the
presence and migration pattern of the MMC, the motor
response to food, and the presence of abnormal contractile
patterns [30•]. The information obtained from manometry
is helpful in a number of clinical situations, as shown in
studies performed mostly in the pediatric population. The
presence of spontaneously occurring MMC predicts clinical
response to prokinetic therapy and success of enteral feed-
ing in children with chronic intestinal pseuodoobstruction

[33,34]. Poor response to enteral feeding can also be
predicted when a myopathic process is suggested by a low
motility index [35], and small bowel manometry can be
used to predict readiness for enteral feeding in preterm
infants [36]. Finally, normal gastroduodenal manometry
in children suspected clinically of having chronic intestinal
pseudoobstruction has helped to redirect the diagnostic
effort, resulting in various different final diagnoses such as
Munchausen’s syndrome-by-proxy and congenital
abnormalities [37]. Less information is available on the
usefulness of manometry in the adult population. Motility
changes induced by acute administration of drugs can
predict response to chronic therapy with such agents in
adults [38]. In a retrospective study, manometry influenced
treatment in approximately 50% of patients presenting
with symptoms consistent with dysmotility who were
found to have abnormal manometric findings [39].
Prospective outcome studies in adults are needed in order
to determine the clinical usefulness of this test. Currently,
manometry is most helpful in excluding intestinal dysmo-
tility as the cause for unexplained “dysmotility” symptoms.

Treatment
Medical or surgical measures used in the treatment of
patients with intestinal dysmotility serve a number of
purposes: 1) identification and treatment of reversible
causes, primarily mechanical small bowel obstruction, but
also metabolic, biomedical, and drug-related factors;
2) reduction of symptoms and improvement of nutrition;
and 3) improvement of the propulsive function of the gut.

Dietary manipulations are particularly helpful when
gastroparesis is present. They include small frequent feed-
ing, liquid formula supplementation, and reduction or
elimination of nondigestible fiber-containing foods.
Antibiotic therapy for bacterial overgrowth is commonly
tried. A low-fat diet is recommended because fat can delay
gastric emptying as well as small bowel transit, by way of
the intestinal brake mechanism [17]. This mechanism is
also useful in disease states associated with rapid transit,
such as short bowel syndrome, diabetes mellitus, and post-

Figure 2. A model for generation and 
modulation of electrical activity in gastro-
intestinal muscles. Interstitial cell networks 
in pacemaker regions express the ionic 
mechanism to generate slow waves. These 
events can actively propagate through the 
interstitial cells of Cajal (ICC) network via 
gap junctions connecting the ICC. Slow 
waves electronically conduct into the 
smooth muscle cells, which are also 
electrically coupled to the ICC but appear 
to lack the mechanism for regenerating 
slow waves. Neural input can modulate 
smooth muscle response to slow waves 
and intramuscular ICC function. Modified 
from Horowitz et al. [4••]; with permission.

Figure 3. Increased contractile activity follows the ingestion of 
food—the normal fed pattern. D—duodenum; J—jejunum. 
From Soffer [51]; with permission.
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gastrectomy states. The ingestion of oleic acid prior to a
meal was shown to prolong intestinal transit time and
improved symptoms and nutritional status in such patients
(Lin HC, Personal communication).

Direct delivery of liquid food to the intestine can also
be used and is particularly helpful when gastroparesis is
predominant. Data from the pediatric population [38]
indicate that, in selected children with intestinal dysmotil-
ity, jejunal feeding can be an alternative to total parenteral
nutrition (TPN). Whether adult patients with intestinal
dysmotility would respond in a similar fashion is not clear,
but because the morbidity, mortality, and cost associated
with TPN so outweigh those associated with enteral feed-
ing, such a trial may be warranted prior to embarking on
TPN. A trial of nasojejunal feeding, by drip, for a few days
to determine tolerance to infusion can precede the surgical
placement of a feeding tube. Percutaneous gastrostomy can
also be used to advance feeding tubes into the small bowel
[40]. Polymeric formulas can be used, as elemental ones
have no proven advantage.

Total parenteral nutrition
When dietary modifications and enteral feeding are not
sufficient to maintain nutritional status, home TPN is
used. In patients with intestinal failure resulting from
benign disease, the long-term prognosis is good [40,41].
Some enteral feeding should be attempted, even in
patients who depend on TPN, to prevent cholestatic liver
disease [42] and as an attempt to maintain the mucosal
integrity of the bowel [43].

Prokinetic Agents
Our understanding of the basic mechanisms responsible
for dysmotility syndromes lags well behind the knowledge
of the clinical, epidemiologic, and manometric aspects of
such diseases. Consequently, pharmacologic therapy is
mostly nonspecific, aimed at enhancing the propulsive
function of the bowel. This is done either by enhancing
intestinal contractile activity, usually by promoting the
release of acetylcholine from enteric neurons, or by
enhancing propulsive patterns of contractions in the upper
gut. The few available prokinetic agents are far more effec-
tive in improving gastroparesis than intestinal dysmotility,
and they have been periodically reviewed [44]. A new
agent, tegaserod, acting as a partial 5-hydroxytryptamine
(5HT4) agonist, was recently shown to accelerate small
bowel transit in patients with constipation-predominant
IBS [45•], and this agent may prove to be useful in patients
with intestinal dysmotility.

Surgical Therapy
Surgical treatment is aimed at resecting or bypassing
poorly functioning and dilated segments of the bowel
(such as megaduodenum), decompressing the bowel by

way of jejunostomy tubes, or replacing the diseased bowel
by intestinal transplantation. Ablative surgery is not appro-
priate when long segments of the bowel are involved; it
should be used very sparingly and in highly selected
patients. Venting jejunostomy [46], which can be done via
laparoscopy, may be very helpful, particularly in patients
with intermittent obstructive symptoms. The most radical
treatment is small bowel transplantation. Experience and
long-term follow-up with this intervention, performed
mostly in children and usually for short bowel syndrome,
continue to accumulate [47,48]. The 1-year graft/patient
survival rate for transplants performed after February 1995
was 55%/69% for intestinal grafts, with comparable results
for small bowel and liver grafts and multivisceral grafts
[48•]. Better results were observed in more experienced
centers, and approximately 75% of current survivors could
discontinue TPN and resume enteral feeding. Graft rejec-
tion, sepsis, and post-transplant lymphoproliferative dis-
orders are the major complications [48•]. For these
reasons, intestinal transplantation is currently a life-saving
option for those patients with intestinal failure who can-
not be maintained on TPN.

Intestinal Pacing
Recently, the use of gastric pacing has been shown to
improve symptoms and gastric emptying of a solid meal in
patients with gastroparesis [49•]. Pacing may be less effec-
tive in the small bowel than in the stomach, because of
technical and physiologic differences between these two
segments of the gut, but encouraging data suggest that the
technique is feasible in an animal model and potentially
applicable and helpful in humans [50•].

Conclusions
Our understanding of the motor function of the small
bowel has advanced in the last decade. The various patterns
of small bowel motility are better defined, and the impor-
tance of the enteric and autonomic nervous systems and
regulatory peptides in the control of such patterns is better
clarified. At the cellular level, the interstitial cells of Cajal
are recognized as pacemaker cells and as the source of
electrical rhythmicity in the gut. More and more causes for
intestinal dysmotility are appreciated, from radiation
enteropathy to central nervous system disorders. Special
staining of enteric nerves and immunohistochemical
techniques provide better understanding of the anatomy
and function of the enteric nervous system. Scintigraphy
or, more commonly, manometry can be used to diagnose
motor dysfunction. Studies of healthy subjects have
allowed for better definition of normal versus abnormal
contractile patterns. In the pediatric population, manome-
try can guide the choice of drug therapy and the need for
alternative methods of nutrition. Data in adults are far
more limited, and consequently manometry in adults is



368 Small Intestine
particularly helpful in excluding intestinal dysmotility as
the cause for unexplained symptoms.

Dietary manipulations and antibiotic therapy for
bacterial overgrowth remain an important part of the
therapy. The search for an effective prokinetic agent for the
small bowel continues; however, no such drug is available
yet. Alternative feeding methods, both enteral and
parenteral, can sustain patients with advanced disease.
Intestinal transplantation can be a life-saving procedure for
patients in whom such measures have to be discontinued.
With increased experience, survival following transplant-
ation is improving, and results are now comparable with
those seen in patients undergoing lung transplantation.

References and Recommended Reading
Papers of particular interest, published recently,
 have been highlighted as:
• Of importance
•• Of major importance

1. Szurszewski JH: A migrating motor complex of the canine 
small intestine. Am J Physiol 1969, 217:1757–1763.

2. Hashmonai M, Go VLW, Kunze WA, Szurszewski JH: Effect 
of total sympathectomy and decentralization on migrating 
motor complexes. Gastroenterology 1987, 92:978–986.

3. Fox-Threlkeld FET: Motility and regulatory peptides. In An 
Illustrated Guide to Gastrointestinal Motility, edn 2. Edited by Kumar 
D, Wingate D. Edinburgh: Churchill Livingstone; 1993:78–94

4.•• Horowitz B, Ward SM, Sanders KM: Cellular and molecular 
basis for electrical rhythmicity in gastrointestinal muscles. 
Ann Rev Physiol 1999, 61:19–43.

Comprehensive review of the factors, in particular cells of Cajal, 
involved in the generation of slow waves in the gut.

5. Vantrappen G, Janssens J, Hellemans J, Ghoos Y: The inter-
digestive motor complex of normal subjects and patients 
with bacterial overgrowth of the small intestine. J Clin 
Invest 1977, 59:1158–1166.

6. Husebye E, Skar V, Hoverstadt T, et al.: Abnormal intestinal 
motor patterns explain enteric colonization with gram 
negative bacilli in late radiation enteropathy. Gastroenterology 
1995, 109:1078–1089.

7. Kerlin P, Zinsmeister A, Phillips S: Relationship of motility 
to flow of contents in the human small intestine. Gastro-
enterology 1982, 82:707–800.

8. Sarna SK, Soergel KH, Harig JM, et al.: Spatial and temporal 
patterns of human jejunal contractions. Am J Physiol 1989, 
257:G423–G432.

9. Peter TL, Janssens J, Vantrappen G: Somatostatin and the 
interdigestive migrating motor complex in man. Regul Pept 
1983, 5:209–217.

10. Benson MJ, Roberts JP, Wingate DL, et al.: Small bowel motility 
following major intra-abdominal surgery: the effect of opi-
ates and rectal cisapride. Gastroenterology 1994, 106:924–936.

11. Soffer EE, Adrian TE: The effect of meal composition and 
sham feeding on duodenojejunal motility in humans. 
Dig Dis Sci 1992, 37:1009–1014.

12. Hall KE, El-Sharkawy TY, Diamant NE: Vagal control of 
canine postprandial upper gastrointestinal motility. 
Am J Physiol 1986, 250:G501–G510.

13. Kumar D, Soffer EE, Wingate DL, et al.: Modulation of the 
duration of human postprandial motor activity by sleep. 
Am J Physiol 1989, 256:G851–G855.

14. Soffer EE, Adrian TE, Launspach J, Zimmerman B: Meal 
induced secretion of gastrointestinal regulatory peptides is 
not affected by sleep. Neurogastroenterol Motil 1997, 9:1–3.

15. Read NW, McFarlane A, Kinsman RI, et al.: Effect of infusion 
of nutrient solutions into the ileum on gastrointestinal 
transit and plasma levels of neurotensin and enterogluca-
gon. Gastroenterology 1984, 86:274–280.

16. Spiller RC, Trotman IF, Adrian TE, et al.: Further characteriza-
tion of the ‘ileal brake’reflex in man: effect of ileal infusion 
of partial digests of fat, protein, and starch on jejunal 
motility and release of neurotensin, enterglucagon and 
peptide YY. Gut 1988, 29:1042–1051.

17. Lin HC, Zhao XT, Wang L: Jejunal brake: inhibition of 
intestinal transit by fat in the proximal small intestine. 
Dig Dis Sci 1996, 41:326–329.

18. De Oliviera RB, Filho JR, Dandas RO, Iazigi N: The spectrum 
of esophageal motor disorders in Chagas’ disease. 
Am J Gastroenterol 1995, 90:1119–1124.

19. Ny L, Persson K, Larsson B, et al.: Localization and activity of 
nitric oxide synthase in the gastrointestinal tract of Trypano-
soma cruzi-infected mice. J Neuroimmunol 1999, 27:27–35.

20. Sjogran RW: Gastrointestinal motility disorders in sclero-
derma. Arthritis Rheum 1994, 37:1265–1282.

21. Takahashi T, Nakamura K, Itoh H, et al.: Impaired expression 
of nitric oxide synthase in the gastric myenteric plexus 
of spontaneously diabetic rats. Gastroenterology 1997, 
113:1535–1544.

22. Barnett JL, Owyang CL: Serum glucose concentration as a 
modulator of interdigestive gastric motility. Gastroenterology 
1988, 94:39–44.

23. Pfeifer RF, Quiegley EMM, Edwards LL: Gastrointestinal dys-
function in neurological diseases. In Handbook of Autonomic 
Nervous System Dysfunction. Edited by Korczyn AD. New York: 
Marcel Dekker; 1995:311–339.

24. Singaram C, Ashraf W, Gaumnitz EA, et al.: Depletion of 
dopaminergic neurons in the colon in Parkinson’s disease. 
Lancet 1995, 346:861–864.

25. Collins SM: The immunoregulation of enteric neuromuscular 
function: implications for motility and inflammatory disor-
ders. Gastroenterology 1996, 111:1683–1699.

26. Stanghellini V, Camilleri M, Malagelada JR: Chronic idiopathic 
intestinal pseuodo-obstruction: clinical and intestinal mano-
metric findings. Gut 1987, 28:5–12.

27. Familioni BO, Abell TO, Voeller G: Measurement of gastric and 
small bowel electrical activity at laparoscopy. 
J Laparoendosc Surg 1994, 4:325.

28. Singaram C, Sengupta A: Histopathology of the enteric 
neuropathies: from silver staining to immunohistochemistry. 
Gastroenterol Clin North Am 1996, 75:183–202.

29. Husebye E: The patterns of small bowel motility: physiology 
and implications in organic disease and functional disor-
ders. Neurogastroenterol Motil 1999, 11:141–161.

30.• Camilleri M, Hasler WL, Parkman HP, et al.: Measurement of 
gastrointestinal motility in the GI laboratory. Gastroenterology 
1998, 115:747–762.

A comprehensive review of the various diagnostic techniques 
available in the evaluation of gastroduodenal motility.
31. Greydanus MP, Camilleri M, Colemont LJ, et al.: Ileocolonic 

transfer of solid chyme in small intestinal neuropathies 
and myopathies. Gastroenterology 1990, 99:158–164.

32. Quigley EMM, Deprez PH, Hellstrom P, et al.: Ambulatory 
intestinal manometry: a consensus report on its clinical 
role. Dig Dis Sci 1997, 42:2395–2400.

33. Di Lorenzo C, Flores AF, Buie T, Hyman PF: Intestinal motility 
and jejunal feeding in children with chronic intestinal 
pseudoobstruction. Gastroenterology 1995, 108:1379–1385.

34. Hyman PF, Di Lorenzo C, McAdams L, et al.: Predicting the 
clinical response to cisapride in children with chronic 
intestinal pseudo-obstruction. Am J Gastroenterol 1993, 
88:832–836.

35. Fell JME, Smith VV, Mila PJ: Infantile chronic idiopathic 
pseudoobstruction: the role of small intestinal manometry 
as a diagnostic tool and prognostic indicator. Gut 1996, 
39:306–311.



Small Bowel Motility: Ready for Prime Time?  •  Soffer 369
36. Berseth CL, Nordye CK: Manometry can predict feeding 
readiness in preterm infants. Gastroenterology 1992, 
103:1523–1528.

37. Cucchiara S, Borrelli O, Salvia G, et al.: A normal gastrointesti-
nal motility excludes chronic intestinal pseudoobstruction 
in children. Dig Dis Sci 2000, 45:258–264.

38. Verne GN, Eaker EY, Hardy E, Sninsky CA: Effect of octreotide 
and erythromycin on idiopathic and scleroderma-associated 
intestinal pseudoobstruction. Dig Dis Sci 1995, 40:1892–1901.

39. Soffer EE, Thongsawat S: The clinical value of duodeno-jejunal 
manometry: its usefulness in the diagnosis and management 
of patients with gastrointestinal symptoms. Dig Dis Sci 1996, 
41:859–863.

40. Howard L, Ament M, Fleming CR: Current use and clinical 
outcome of home parenteral and enteral nutrition therapies 
in the United States. Gastroenterology 1995, 109:355–365.

41. Messing B, Lemann M, Landais P, et al.: Prognosis of patients 
with nonmalignant chronic intestinal failure receiving 
long-term home parenteral nutrition. Gastroenterology 
1995, 108:1005–1010.

42. Balistreri W, Bucuvalas J, Farrell M, et al.: Total parenteral 
nutrition-associated cholestasis: factors responsible for 
the decreasing incidence. In Paediatric Cholestasis: Novel 
Approaches to Treatment. Edited by Lentz MJ, Reichen J. 
London: Kluwer Academic Publishers; 1991:191–204.

43. Alverdy JC, Aoys E, Moss GS: Total parenteral nutrition 
promotes bacterial translocation from the gut. Surgery 
1988, 104:185–190.

44. Thompson JS, Quigley EMM: Prokinetic agents in the surgical 
patient. Am J Surg 1999, 177:508–514.

45.• Prather CM, Camilleri A, Zinsmeister AR, et al.: Tegaserod 
accelerates orocecal transit in patients with constipation-
predominant irritable bowel syndrome. Gastroenterology 
2000, 118:463–468.

A study on the effect of tegaserod on transit in various segments of 
the gastrointestinal tract in patients with irritable bowel syndrome.
46. Murr MM, Sarr MG, Camilleri M: The surgeon’s role in 

the treatment of chronic intestinal pseudoobstruction. 
Am J Gastroenterol 1995, 90:2147–2151.

47. Abu-Elmagd KM, Reyes J, Fung JJ, et al.: Evolution of clinical 
intestinal transplantation: improved outcome and cost 
effectiveness. Transplant Proc 1999, 31:582–584.

48.• Grant D: Intestinal transplantation: 1997 report of the 
international registry. Transplantation 1999, 67:1061–1064.

Most recent assessment of the global experience with intestinal 
transplantation.
49.• McCallum RW, Chen JZ, Lin Z, et al.: Gastric pacing improves 

emptying and symptoms in patients with gastroparesis. 
Gastroenterology 1998, 114:456–461.

Temporary external pacing of the stomach improved motility and 
symptoms, paving the way for implanted gastric pacemakers for 
long-term treatment of gastroparesis.
50.• Lin XM, Peters LJ, Qian W, Chen JDZ: Normalization of 

distention-induced intestinal dysrhythmia with intestinal 
pacing in dogs. Dig Dis Sci 2000, 45:129–135.

This study shows the potential of external pacing in modulating small 
bowel electrical activity.
51. Soffer E: Small bowel dysmotility. Curr Treat Opt Gastroenterol 

1998, 1:8–14.


	Small Bowel Motility: Ready for Prime Time?
	Small Bowel Motility: Ready for Prime Time?
	Edy
	Edy
	E.
	Soffer,
	MD

	Address
	Address
	Department of Gastroenterology
	Department of Gastroenterology

	Current Gastroenterology Reports
	Current Gastroenterology Reports
	2000,
	2

	Current Science Inc. ISSN
	Copyright © 2000 by Current Science Inc.

	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	The primary function of the small bowel is the absorption of nutrients, and the motor patterns of...



	Introduction
	Introduction
	Small bowel motility in health is programmed to maintain an optimal balance between the need for ...

	The Migrating Motor Complex
	The Migrating Motor Complex
	The MMC has three distinct phases. In phase III (activity front), a short burst of rhythmic contr...
	The importance of the MMC is highlighted by the fact that bacterial overgrowth, and in particular...
	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	<GRAPHIC>

	<TABLE ROW>
	<TABLE ROW>
	Figure 1.� The normal migrating motor complex is depicted. Phase III is the most distinct and con...
	Figure 1.� The normal migrating motor complex is depicted. Phase III is the most distinct and con...




	Fed pattern
	Fed pattern
	Following the ingestion of food, the MMC cycle is interrupted by a period of irregular contractio...


	Intestinal Dysmotility in Disease States
	Intestinal Dysmotility in Disease States
	Although intestinal dysmotility may accompany a variety of clinical conditions, its precise patho...
	There may be a number of reasons for this. First, symptoms of small bowel dysmotility are not spe...

	Intestinal Dysmotility and Functional Gut Syndromes
	Intestinal Dysmotility and Functional Gut Syndromes
	Many studies have reported the results of small bowel manometry, using perfused or solid state sy...
	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	<GRAPHIC>
	Figure 2.� A model for generation and modulation of electrical activity in gastro�intestinal musc...
	Figure 2.� A model for generation and modulation of electrical activity in gastro�intestinal musc...




	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	<GRAPHIC>

	<TABLE ROW>
	<TABLE ROW>
	Figure 3.� Increased contractile activity follows the ingestion of food—the normal fed pattern. D...
	Figure 3.� Increased contractile activity follows the ingestion of food—the normal fed pattern. D...





	Diagnostic Measures
	Diagnostic Measures
	Intestinal dysmotility is suspected in any patient who presents�with the symptoms discussed previ...
	Intestinal transit
	Intestinal transit
	Small bowel transit is tested by scintigraphy, and the time between gastric emptying and colonic ...

	Intestinal manometry
	Intestinal manometry
	Intraluminal pressure recordings from the gut are obtained by water-perfused catheters or cathete...
	Manometry provides information concerning the presence�and migration pattern of the MMC, the moto...


	Treatment
	Treatment
	Medical or surgical measures used in the treatment of patients with intestinal dysmotility serve ...
	Dietary manipulations are particularly helpful when gastroparesis is present. They include small ...
	Direct delivery of liquid food to the intestine can also be used and is particularly helpful when...
	Total parenteral nutrition
	Total parenteral nutrition
	When dietary modifications and enteral feeding are not sufficient to maintain nutritional status,...


	Prokinetic Agents
	Prokinetic Agents
	Our understanding of the basic mechanisms responsible for dysmotility syndromes lags well behind ...

	Surgical Therapy
	Surgical Therapy
	Surgical treatment is aimed at resecting or bypassing poorly functioning and dilated segments of ...

	Intestinal Pacing
	Intestinal Pacing
	Recently, the use of gastric pacing has been shown to improve symptoms and gastric emptying of a ...

	Conclusions
	Conclusions
	Our understanding of the motor function of the small bowel has advanced in the last decade. The v...
	Dietary manipulations and antibiotic therapy for bacterial�overgrowth remain an important part of...

	References and Recommended Reading
	References and Recommended Reading
	Papers of particular interest, published recently, have been highlighted as:
	Papers of particular interest, published recently, have been highlighted as:
	• Of importance
	•• Of major importance

	1. Szurszewski
	1. Szurszewski
	1. Szurszewski
	JH:
	A migrating motor complex of the canine small intestine.
	Am J Physiol
	1969,
	217:
	1757–
	1763.


	2. Hashmonai
	2. Hashmonai
	2. Hashmonai
	M,
	Go
	VLW,
	Kunze
	WA,
	Szurszewski
	JH:
	Effect of total sympathectomy and decentralization on migrating motor complexes.
	Gastroenterology
	1987,
	92:
	978–
	986.


	3. Fox-Threlkeld
	3. Fox-Threlkeld
	3. Fox-Threlkeld
	FET:
	Motility and regulatory peptides.
	An Illustrated Guide to Gastrointestinal Motility,
	edn 2.
	Edited by Kumar D, Wingate D.
	Edinburgh:
	Churchill Livingstone;
	1993:
	78–
	94


	4. •• Horowitz
	4. •• Horowitz
	4. •• Horowitz
	B,
	Ward
	SM,
	Sanders
	KM:
	Cellular and molecular basis for electrical rhythmicity in gastrointestinal muscles.
	Ann Rev Physiol
	1999,
	61:
	19–
	43.


	Comprehensive review of the factors, in particular cells of Cajal, involved in the generation of ...
	5. Vantrappen
	5. Vantrappen
	5. Vantrappen
	G,
	Janssens
	J,
	Hellemans
	J,
	Ghoos
	Y:
	The inter�digestive motor complex of normal subjects and patients with bacterial overgrowth of th...
	J Clin Invest
	1977,
	59:
	1158–
	1166.


	6. Husebye
	6. Husebye
	6. Husebye
	E,
	Skar
	V,
	Hoverstadt
	T,
	et al.


	7. Kerlin
	7. Kerlin
	7. Kerlin
	P,
	Zinsmeister
	A,
	Phillips
	S:
	Relationship of motility to flow of contents in the human small intestine.
	Gastro�enterology
	1982,
	82:
	707–
	800.


	8. Sarna
	8. Sarna
	8. Sarna
	SK,
	Soergel
	KH,
	Harig
	JM,
	et al.


	9. Peter
	9. Peter
	9. Peter
	TL,
	Janssens
	J,
	Vantrappen
	G:
	Somatostatin and the interdigestive migrating motor complex in man.
	Regul Pept
	1983,
	5:
	209–
	217.


	10. Benson
	10. Benson
	10. Benson
	MJ,
	Roberts
	JP,
	Wingate
	DL,
	et al.


	11. Soffer
	11. Soffer
	11. Soffer
	EE,
	Adrian
	TE:
	The effect of meal composition and sham feeding on duodenojejunal motility in humans.
	Dig Dis Sci
	1992,
	37:
	1009–
	1014.


	12. Hall
	12. Hall
	12. Hall
	KE,
	El-Sharkawy
	TY,
	Diamant
	NE:
	Vagal control of canine postprandial upper gastrointestinal motility.
	Am J Physiol
	1986,
	250:
	G501–
	G510.


	13. Kumar
	13. Kumar
	13. Kumar
	D,
	Soffer
	EE,
	Wingate
	DL,
	et al.


	14. Soffer
	14. Soffer
	14. Soffer
	EE,
	Adrian
	TE,
	Launspach
	J,
	Zimmerman
	B:
	Meal induced secretion of gastrointestinal regulatory peptides is not affected by sleep.
	Neurogastroenterol Motil
	1997,
	9:
	1–
	3.


	15. Read
	15. Read
	15. Read
	NW,
	McFarlane
	A,
	Kinsman
	RI,
	et al.


	16. Spiller
	16. Spiller
	16. Spiller
	RC,
	Trotman
	IF,
	Adrian
	TE,
	et al.


	17. Lin
	17. Lin
	17. Lin
	HC,
	Zhao
	XT,
	Wang
	L:
	Jejunal brake: inhibition of intestinal transit by fat in the proximal small intestine.
	Dig Dis Sci
	1996,
	41:
	326–
	329.


	18. De Oliviera
	18. De Oliviera
	18. De Oliviera
	RB,
	Filho
	JR,
	Dandas
	RO,
	Iazigi
	N:
	The spectrum of esophageal motor disorders in Chagas’ disease.
	Am J Gastroenterol
	1995,
	90:
	1119–
	1124.


	19. Ny
	19. Ny
	19. Ny
	L,
	Persson
	K,
	Larsson
	B,
	et al.


	20. Sjogran
	20. Sjogran
	20. Sjogran
	RW:
	Gastrointestinal motility disorders in scleroderma.
	Arthritis Rheum
	1994,
	37:
	1265–
	1282.


	21. Takahashi
	21. Takahashi
	21. Takahashi
	T,
	Nakamura
	K,
	Itoh
	H,
	et al.


	22. Barnett
	22. Barnett
	22. Barnett
	JL,
	Owyang
	CL:
	Serum glucose concentration as a modulator of interdigestive gastric motility.
	Gastroenterology
	1988,
	94:
	39–
	44.


	23. Pfeifer
	23. Pfeifer
	23. Pfeifer
	RF,
	Quiegley
	EMM,
	Edwards
	LL:
	Gastrointestinal dysfunction in neurological diseases.
	Handbook of Autonomic Nervous System Dysfunction.
	Edited by Korczyn AD.
	New York:
	Marcel Dekker;
	1995:
	311–
	339.


	24. Singaram
	24. Singaram
	24. Singaram
	C,
	Ashraf
	W,
	Gaumnitz
	EA,
	et al.


	25. Collins
	25. Collins
	25. Collins
	SM:
	The immunoregulation of enteric neuromuscular function: implications for motility and inflammator...
	Gastroenterology
	1996,
	111:
	1683–
	1699.


	26. Stanghellini
	26. Stanghellini
	26. Stanghellini
	V,
	Camilleri
	M,
	Malagelada
	JR:
	Chronic idiopathic intestinal pseuodo-obstruction: clinical and intestinal manometric findings.
	Gut
	1987,
	28:
	5–
	12.


	27. Familioni
	27. Familioni
	27. Familioni
	BO,
	Abell
	TO,
	Voeller
	G:
	Measurement of gastric and small bowel electrical activity at laparoscopy.
	J Laparoendosc Surg
	1994,
	4:
	325.


	28. Singaram
	28. Singaram
	28. Singaram
	C,
	Sengupta
	A:
	Histopathology of the enteric neuropathies: from silver staining to immunohistochemistry.
	Gastroenterol Clin North Am
	1996,
	75:
	183–
	202.


	29. Husebye
	29. Husebye
	29. Husebye
	E:
	The patterns of small bowel motility: physiology and implications in organic disease and function...
	Neurogastroenterol Motil
	1999,
	11:
	141–
	161.


	30. • Camilleri
	30. • Camilleri
	30. • Camilleri
	M,
	Hasler
	WL,
	Parkman
	HP,
	et al.


	A comprehensive review of the various diagnostic techniques available in the evaluation of gastro...
	31. Greydanus
	31. Greydanus
	31. Greydanus
	MP,
	Camilleri
	M,
	Colemont
	LJ,
	et al.


	32. Quigley
	32. Quigley
	32. Quigley
	EMM,
	Deprez
	PH,
	Hellstrom
	P,
	et al.


	33. Di Lorenzo
	33. Di Lorenzo
	33. Di Lorenzo
	C,
	Flores
	AF,
	Buie
	T,
	Hyman
	PF:
	Intestinal motility and jejunal feeding in children with chronic intestinal pseudoobstruction.
	Gastroenterology
	1995,
	108:
	1379–
	1385.


	34. Hyman
	34. Hyman
	34. Hyman
	PF,
	Di Lorenzo
	C,
	McAdams
	L,
	et al.


	35. Fell
	35. Fell
	35. Fell
	JME,
	Smith
	VV,
	Mila
	PJ:
	Infantile chronic idiopathic pseudoobstruction: the role of small intestinal manometry as a diagn...
	Gut
	1996,
	39:
	306–
	311.


	36. Berseth
	36. Berseth
	36. Berseth
	CL,
	Nordye
	CK:
	Manometry can predict feeding readiness in preterm infants.
	Gastroenterology
	1992,
	103:
	1523–
	1528.


	37. Cucchiara
	37. Cucchiara
	37. Cucchiara
	S,
	Borrelli
	O,
	Salvia
	G,
	et al.


	38. Verne
	38. Verne
	38. Verne
	GN,
	Eaker
	EY,
	Hardy
	E,
	Sninsky
	CA:
	Effect of octreotide and erythromycin on idiopathic and scleroderma-associated intestinal pseudoo...
	Dig Dis Sci
	1995,
	40:
	1892–
	1901.


	39. Soffer
	39. Soffer
	39. Soffer
	EE,
	Thongsawat
	S:
	The clinical value of duodeno-jejunal manometry: its usefulness in the diagnosis and management o...
	Dig Dis Sci
	1996,
	41:
	859–
	863.


	40. Howard
	40. Howard
	40. Howard
	L,
	Ament
	M,
	Fleming
	CR:
	Current use and clinical outcome of home parenteral and enteral nutrition therapies in the United...
	Gastroenterology
	1995,
	109:
	355–
	365.


	41. Messing
	41. Messing
	41. Messing
	B,
	Lemann
	M,
	Landais
	P,
	et al.


	42. Balistreri
	42. Balistreri
	42. Balistreri
	W,
	Bucuvalas
	J,
	Farrell
	M,
	et al.


	43. Alverdy
	43. Alverdy
	43. Alverdy
	JC,
	Aoys
	E,
	Moss
	GS:
	Total parenteral nutrition promotes bacterial translocation from the gut.
	Surgery
	1988,
	104:
	185–
	190.


	44. Thompson
	44. Thompson
	44. Thompson
	JS,
	Quigley
	EMM:
	Prokinetic agents in the surgical patient.
	Am J Surg
	1999,
	177:
	508–
	514.


	45. • Prather
	45. • Prather
	45. • Prather
	CM,
	Camilleri
	A,
	Zinsmeister
	AR,
	et al.


	A study on the effect of tegaserod on transit in various segments of the gastrointestinal tract i...
	46. Murr
	46. Murr
	46. Murr
	MM,
	Sarr
	MG,
	Camilleri
	M:
	The surgeon’s role in the treatment of chronic intestinal pseudoobstruction.
	Am J Gastroenterol
	1995,
	90:
	2147–
	2151.


	47. Abu-Elmagd
	47. Abu-Elmagd
	47. Abu-Elmagd
	KM,
	Reyes
	J,
	Fung
	JJ,
	et al.


	48. • Grant
	48. • Grant
	48. • Grant
	D:
	Intestinal transplantation: 1997 report of the international registry.
	Transplantation
	1999,
	67:
	1061–
	1064.


	Most recent assessment of the global experience with intestinal transplantation.
	49. • McCallum
	49. • McCallum
	49. • McCallum
	RW,
	Chen
	JZ,
	Lin
	Z,
	et al.


	Temporary external pacing of the stomach improved motility and symptoms, paving the way for impla...
	50. • Lin
	50. • Lin
	50. • Lin
	XM,
	Peters
	LJ,
	Qian
	W,
	Chen
	JDZ:
	Normalization of distention-induced intestinal dysrhythmia with intestinal pacing in dogs.
	Dig Dis Sci
	2000,
	45:
	129–
	135.


	This study shows the potential of external pacing in modulating small bowel electrical activity.
	51. Soffer
	51. Soffer
	51. Soffer
	E:





