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Despite major advances in the understanding and
treatment of disease in many areas of medicine,
relatively few improvements have been made in the
understanding of ileus. The most important advance
in the therapy of functional or mechanical bowel
obstruction was made over 50 years ago when
Wangensteen (1) demonstrated that operative man-
agement of this problem could be delayed or re-
placed by nasogastric suction, greatly reducing
mortality. Although improvements in supportive
measures (such as intravenous fluid management
and total parenteral nutrition) have helped manage-
ment, no therapy to specifically reduce or eliminate
the motility disorder underlying ileus has been
forthcoming.

Precisely because we lack specific therapy, ileus
remains an important clinical problem. Patients
with this disorder accumulate gas and secretions
leading to bloating, distension, emesis, and pain.
Currently available therapies are not specific to
postoperative ileus and are supportive in nature.
These include nasogastric intubation and intrave-
nous hydration. Patient discomfort is worsened by
nasogastric tubes. Hospitalization costs increase as
a result of the need for intravenous hydration,
additional nursing care and laboratory tests, and
increased hospital days. The expense due to ileus
have been estimated at $1500 per patient or
$750,000,000 annually (2).

Despite the importance of ileus, relatively little is
known about the pathogenesis of this disorder.
Since it may be induced by surgical manipulation,
the process of harvesting tissue for study poten-
tially activates the mechanisms responsible for il-
eus. Experiments require study of intact, unanes-
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thetized animals and therefore limited amounts of
information can be obtained utilizing current tech-
niques. This review summarizes what is known
about ileus and its treatment.

HISTORY

The earliest studies of bowel motility focused on
mechanisms for reduction and stimuiation of intes-
tinal contractions. Ileus, being a state of inhibited
bowel function, naturally was the first pathologic
state of bowel function to be explored.

When an animal’s abdomen is opened, little spon-
taneous contractile activity is observed in the small
bowel. Goltz noted in 1872 while observing exteri-
orized segments of bowel, division of the spinal
cord at the level of the medulla greatly enhanced
spontaneous contractions (3). This was the first
demonstration of inhibitory spinal reflexes acting on
the bowel. Less than 20 years later with the avail-
ability of radiologic means of assessing intestinal
transit, reduction of motility following laparotomy
was first described (4). At the turn of the century,
Bayliss and Starling devised the enterograph, a
device that enabled them to study the contractile
activity of the small bowel in the intact, unanesthe-
tized dog. Studying ileus, they found that division
of the splanchnic nerves improved bowel contrac-
tility following laparotomy (5). Radiologic examina-
tion of cat gastric emptying demonstrated that cu-
taneous noxious stimuli delayed emptying, an effect
partially reversed by splanchnicectomy (6, 7).
Thus, early in this century the importance of inhib-
itory sympathetic reflexes mediating ileus was rec-
ognized. During the past 80 years a large number of
studies have been published confirming these early
findings (8-20).

With the inhibitory reflex’s efferent limb clearly
established, investigators searched for the afferent
system. Many possibilities existed: peritoneal or
cutaneous stimulation resulting in activation of re-
flex arcs, release of inhibitory humoral agents,
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inhibition of smooth muscle by inflammation, or
muscle or nerve inhibition by anesthetic agents.

Arai demonstrated in 1922 that transit was mark-
edly reduced after the experimental production of
peritonitis in cats. Splanchnicectomized animals
had rapid propulsion during the basal state with
little inhibition following the induction of peritonitis
(21). Other workers demonstrated splanchnic medi-
ation of ileus not only after peritoneal irritation but
also after cutaneous stimulation (22). Distension of
the bowel was found to mediate inhibition of peri-
stalsis (23), indicating that afferent fibers emanating
from the bowel wall mediated the afferent limb of
the inhibitory reflex. This was confirmed anatomi-
cally by Youmans (24), who hypothesized in 1952
that activation of the inhibitory efferent limb re-
sulted in decreased splanchnic blood flow (25).
Diminished splanchnic blood flow is a well-known
consequence of adrenergic nerve stimulation, but
its contribution to ileus remains unclear. Activation
of cutaneous or visceral afferent fibers could medi-
ate ileus through a common efferent pathway.

Early attempts at treating ileus focused on inhi-
bition of splanchnic reflexes utilizing spinal anes-
thesia. Wagner first proposed the use of spinal
anesthesia for the treatment of ileus in 1922 (26).
Reduction of experimental ileus by spinal anesthe-
sia confirmed that reflex pathways synapsing in the
spinal cord are capable of inhibiting bowel motility
(27-29), and early clinical trials reported this to be
successful treatment of ileus (30, 31). More recent
studies of this method have failed to demonstrate an
improvement in colon motility after surgery (32).
Other attempts at inhibiting this reflex have utilized
splanchnic nerve anesthesia, a less practical solu-
tion than spinal anesthesia. Several reports indi-
cated its efficacy in the treatment of ileus (3, 10, 33,
34).

PATHOPHYSIOLOGY

Nomenclature. There is no standard nomencla-
ture regarding ileus. For purposes of this review
ileus is defined as the functional inhibition of pro-
pulsive bowel activity, irrespective of pathogenetic
mechanism. This is to be differentiated from motil-
ity disorders resulting from structural abnormali-
ties, which is termed mechanical bowel obstruction.
Ileus following surgery can be further classified into
postoperative and paralytic ileus. We define post-
operative ileus as the uncomplicated ileus occurring
following surgery, resolving spontaneously within
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two to three days. The term postoperative paralytic
ileus is modified from the definition by Catchpole
(35) and is defined as that form of postoperative
ileus gut lasting for more than three days following
surgery.

Types of Ileus following Surgery. Regardless of
the mechanism, transit of chyme distally is the
ultimate indicator of bowel function. during ileus,
no transit occurs. Presence of bowel sounds (36, 37)
with subsequent passage of flatus or bowel move-
ments indicates resumption of normal transit and
marks the end of ileus. Uncomplicated ileus occur-
ring after surgery, i.e., postoperative ileus, lasts
only transiently in the small bowel (38-40) for
24-48 hr in the stomach and 48-72 hr in the colon
(20, 41-45).

Occasionally, inhibition of bowel function is pro-
longed, lasting days to weeks and is described as
postoperative paralytic ileus. Distinction between
postoperative and postoperative paralytic ileus is
important because they probably result from dif-
ferent pathogenetic mechanisms. Postoperative il-
eus most likely results from the temporary inhibi-
tion of extrinsic motility regulation and is more
severe in the colon. Postoperative paralytic ileus
affects all segments of the bowel and probably
results from further inhibition of local, intrinsic
contractile systems. Following laparotomy, ileus is
more severe and is more likely to lead to postoper-
ative paralytic ileus. Opening the peritoneum wors-
ens ileus, although several animal and human stud-
ies have shown inhibition of bowel motility is
independent of the degree of bowel manipulation of
the duration of surgery (46-50).

Bowel motility results from coordinated contrac-
tile activity of the smooth muscle lining the gastro-
intestinal tract. This activity is regulated by local
factors modulating smooth muscle function, by re-
flexes that modulate their activity through auto-
nomic neural pathways, and by hormones and the
central nervous system, which also serve to regu-
late bowel function. Each of these systems play a
possible, independent pathogenetic role in the de-
velopment of ileus and are therefore treated sepa-
rately in the discussion of pathophysiology. The
migrating motor complex plays a special role in
postoperative ileus. The return of bowel activity
marking the termination of ileus is really the re-
sumption of the migrating motor complex activity
and, thus, this phenomenon is treated indepen-
dently.
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Central and Systemic Factors. Regions within the
brain are known to affect motility, but the contribu-
tion of brain activity to ileus remains unstudied.

Because of the association of surgery with stress,
the adrenal gland was thought to mediate postoper-
ative ileus. Indeed, plasma catecholamines are ele-
vated following surgery (51) and high serum levels
of catecholamines are associated with inhibited
motility (52). Beta-adrenergic blockade improves
bowel motility in experimental postoperative ileus
(53). Adrenalectomy will eliminate the rise in serum
catecholamines following surgery without improv-
ing postoperative ileus (19). Postoperative ileus is
partially reversed by splanchnicectomy but not by
adrenalectomy (54), demonstrating the importance
of the sympathetic nervous system independent of
adrenal activity in mediating postoperative ileus.

With stress or surgery a variety of hormones are
released into the circulation. Except for the adrenal
hormones, few of these have been studied directly
in the context of postoperative ileus. Opiates used
for analgesia cause the release of vasopressin (55).
Serum levels of vasopressin are increased 14-fold
following laparotomy (56). Small doses of intrave-
nously administered vasopressin cause marked in-
hibition of small bowel contractility and transit in
the dog (57). The mechanism of vasopressin-
mediated inhibition of motility remains unclear.
Vasopressin does decrease mesenteric blood flow
and diminished blood flow may subsequently de-
press motility. Abdominal cramps frequently occur
with intravenous administration of vasopressin,
suggesting that peristalsis increases. The disparity
between the clinical observations and experimental
evidence is unexplained.

Reflex Systems. Contractility of the gut is regu-
lated at several levels. Locally, oscillations of
smooth muscle membrane potential cycle indepen-
dently. Action potentials (and resulting contrac-
tions) are generated only after a threshold voltage is
achieved. Exogenous influences mediate the ability
of smooth muscle cells to cross the threshold and
therefore regulate contractility. Release of acetyl-
choline by intrinsic nerves, the myenteric and mes-
enteric plexuses, increase motility by this mecha-
nism. Outside of the bowel, motility is further
modulated by extrinsic nerves and hormones. Para-
sympathetic innervation of the proximal bowel is
provided by the vagus and the pelvic nerves supply
the distal colon. Postganglionic sympathetic fibers
follow the course of arteries into the gut and syn-
apse with neurons in the myenteric plexus. These

Digestive Diseases and Sciences, Vol. 35, No. 1 (January 1990)

nerves, along with various hormones, tend only to
modulate gut contractions but have no primary
control. Indeed, most segments of the gut contract
normally in the complete absence of extrinsic inner-
vation. Undoubtedly extrinsic pathways play an
important role in postoperative ileus, as evidenced
by the inhibition of bowel function following sur-
gery not involving the peritoneum (58). An example
is hip surgery, which frequently is associated with
severe ileus. Experimental evidence suggests the
ileus can be duplicated by somatic nerve stimula-
tion (59).

Parasympathetic fiber stimulation increases mo-
tility, and stimulation of sympathetic fibers inhibits
it. Vagal nerve section in animals does not alter
small intestinal motility, whereas splanchnic nerve
division increases contractility (60). Thus, sympa-
thetic, tonic inhibitory control predominates. Sym-
pathetic activation occurs with stress, and surgery
and is thought to significantly alter bowel motility
during the postoperative period. There are high and
low threshold components to the inhibitory reflex.
The low-threshold system is a spinal reflex that is
abolished by division of the splanchnic nerves,
sectioning of the dorsal root fibers, and by anesthe-
sia or crushing of the spinal cord. The high-
threshold system requires a greater stimulus for
activation, is ganglionic, and abolished by excision
of the prevertebral ganglia but not affected by those
manipulations that abolish the low-threshold reflex
(61-66).

Experiments directed at pharmacologic deactiva-
tion of the inhibitory sympathetic neurons have
supported the hypothesis that they mediate postop-
erative ileus. Following surgery, intestinal catechol-
amine stores are depleted more rapidly than in the
absence of laparotomy (67). Delayed gastric empty-
ing and small intestinal postoperative ileus follow-
ing laparotomy in rats (68) are completely reversed
by chemical sympathectomy with 6-hydroxy-
dopamine (6-OHDA) (69). Similarly, inhibition of
norepinephrine release by sympathetic nerve end-
ings with bretylium has no effect on basal gastric
emptying but prevents surgically induced gastric
postoperative ileus in the dog (70). In dogs, Smith et
al. (51) demonstrated elevated levels of plasma
catecholamines after celiotomy associated with mo-
tor abnormalities (see below) and delayed gastric
emptying of 7-mm undigestible spheres. The sym-
pathetic neurons inhibit motility via o- and B-
adrenergic receptors and participate in a reflex
mediated by peptidergic afferents. Elimination of
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peptidergic afferent fibers with capsaicin improves
transit in peritonitis or postoperative ileus but does
not completely abolish it (71).

Anatomic evidence for these reflex pathways
exists. Sympathetic fibers provide the major inhib-
itory input to the bowel and provide the efferent
arm of several reflex pathways. One of these path-
ways, a low-threshold intestinointestinal reflex, has
visceral afferent fibers originating in the bowel wall
with cell bodies in the dorsal root ganglia. Their
axonal projections terminate on lamina I and V of
the spinal dorsal horn. When activated, these fibers
activate inhibitory efferent sympathetic fibers (72).
Sympathetic fibers inhibit contractility by inhibiting
the release of acetylcholine from excitatory fibers
within the myenteric plexus. Additionally, the sym-
pathetic efferents inhibit the neuronal release of
other peptidergic transmitters within the myenteric
plexus. The presence of catecholamines in the in-
terstitial space can inhibit smooth muscle cells
directly via o- and B-receptors present on their
surface. Anatomic and neurophysiologic evidence
exists for several potential afferent pathways. One
is the same visceral fiber involved in the spinal
pathway. This fiber has its substance P-containing
cell body in the dorsal root ganglia and projects to
the dorsal horn. However, this fiber passes through
the prevertebral ganglia where axonal varicosities
are present. These are thought to provide inhibitory
axoaxonal or axosomatic pathways. Additionally,
other afferent fibers originating within the myen-
teric plexus project to the prevertebral ganglia and
synapse on the sympathetic ganglia.

With uncomplicated postoperative ileus, colonic
motility is affected the most. Like other segments of
the gut, motility is regulated by a balance between
excitatory and inhibitory influences. In the proxi-
mal colon, inhibitory adrenergic fibers originating in
the spinal cord and prevertebral ganglia innervate
the myenteric neurons. Intramural tonic inhibitory
fibers exist that are nonadrenergic and noncholin-
ergic and whose activity is mediated by extrinsic
nerves (73). Tonic inhibition prevails under most
circumstances and is abolished by the a,-adrenergic
blocker phentolamine (74). Presumably a,-receptor
activation on cholinergic neurons inhibits the re-
lease of acetylcholine with consequent inhibition of
smooth muscle activation and colonic motility (74).
Persistent activation of this receptor system by
adrenergic fibers following surgery might contribute
to postoperative ileus. Some clinical evidence for
this hypothesis exists. Patients with postoperative
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ileus treated with a-blockade combined with cho-
linergic stimulation achieve restoration of colonic
function earlier than nontreated patients (3).

Local Factors. When the electrical activity of the
stomach and small bowel is recorded, a character-
istic pattern is observed. Oscillations with a fixed
frequency are initiated at pacemaker centers prox-
imally and proceed distally in an orderly manner.
Occasionally, spike-wave potentials are superim-
posed on the oscillation plateau and are associated
with contractions. Distal progress of the oscillations
result from interaction of smooth muscle cells at
gap junctions. Current from one cell passes to the
next by ion exchange through the junction. Thus,
large sheets of interconnected cells act as a syncy-
tium so that recordings demonstrate regular oscilla-
tions of uniform amplitude. As will be discussed
later, in the absence of interconnections, extracel-
lular recordings lack periodicity and have irregular
amplitude. Modulation of spike-wave activity oc-
curs by adjusting the amplitude of oscillations:
hyperpolarization inhibits, whereas decreasing rest-
ing membrane potential augments, spike-wave ac-
tivity. With ileus, the lack of motility results from
absence of spike waves and presumably from mem-
brane hyperpolarization.

Anesthetic agents by themselves inhibit motility
(75-80). Most anesthetic agents stabilize neural
membranes and therefore have their greatest effect
on portions of the bowel most dependent on neural
integration. Unlike in the stomach and small intes-
tine, smooth muscle cells in the colon lack intercel-
lular gap junctions. Propagation of contraction is
entirely dependent on neuronal systems and, there-
fore, is more susceptible to the inhibitory effects of
anesthetic agents.

Release of endogenous opiates has been pro-
posed as a cause of postoperative ileus. In animal
studies infusion of enkephalin, a potent opiate re-
ceptor agonist, inhibits gastric contractility while
increasing pyloric tone (81, 82). Small bowel myo-
electric activity and propulsion are dose-depen-
dently inhibited by morphine (83). However, treat-
ment with the morphine-receptor antagonist
naloxone does not improve postoperative bowel
function. Thus, endogenous opiates do not seem
important in pathogenesis of postoperative ileus
(84).

While the functioning of the intrinsic nervous
system of the bowel is altered, the smooth muscle
itself remains viable during the period of postoper-
ative ileus. Studies examining the contractility of
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smooth muscle alone have demonstrated normal
contractility during postoperative ileus in response
to cholinergic agonists (21, 23, 85, 86).

Migrating Motor Complex and Integrated Electri-
cal Activity. Transit of foodstuffs within the bowel is
a process dependent upon the orderly contraction
of the gut tube. This process, peristalsis, occurs by
a ringlike contraction of bowel smooth muscle that
progresses distally pushing the luminal contents
forward. Peristaltic contractions occur in waves,
sweeping the luminal contents distally. Two distinct
contractile patterns exist: fed and fasting. During
feeding, a variety of neural and humoral systems
are activated, producing regular high-frequency
powerful contractions. During feeding, this activity
persist and last for several hours after the termina-
tion of the meal. Between feedings the bowel re-
mains active but with a very different pattern of
activity known as the interdigestive complex or
migrating motor complex (MMC). First described
by Szurszewski (87), and recently reviewed in detail
by Sarna (88), this activity serves as the house-
keeper of the bowel (89), periodically sweeping
luminal contents distally between feedings. Unlike
fed activity, these contractions occur in a periodic
complex that occurs approximately once every
hour or two in dogs and humans, whereas the
periodicity is 10 min in rats. Initially the bowel is
quiescent with smooth muscle membrane potentials
oscillating as always but without associated con-
tractions (phase I). Eventually, intermittent con-
tractions are present, gradually increasing in power
and frequency (phase II). The waves and contrac-
tions become more frequent until, for a short time,
contractions occur with every membrane electrical
oscillation (phase III). During this phase the luminal
contents can be seen to be swept rapidly distally.
The burst of activity terminates rapidly (phase 1V),
leading into a quiescent phase starting the cycle
again (88). Interdigestive activity is of importance in
postoperative ileus because patients are not fed
after surgery. It is, therefore, the only impetus to
bowel contraction. Clinically, duration of ileus is
judged by the presence of flatus. Swallowed air is
passed distally by the contracting bowel, and this
occurs only when the interdigestive activity re-
turns.

MMC activity can be temporarily abolished by
some anesthetic agents in the absence of surgical
manipulation (90). As demonstrated by Wright et al.
(76) individual anesthetic agents differ in their effect
on gut myoelectric activity. Ether totally disrupts
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MMC, replacing it with persistent high-amplitude
contractile activity that remains for a prolonged
interval following withdrawal of the drug (90). Ether
also has been reported to delay (67, 78) or not effect
(79) intestinal transit. Halothane also abolishes
MMC activity but, unlike with ether, the bowel
remains quiescent and recovers slowly after the
anesthetic agent is removed. Halothane has been
reported to inhibit (80) or have no effect on gastro-
intestinal motility (51). Enflurane increases the fre-
quency of MMC activity with early restoration of
normal activity following the termination of anes-
thesia. Pentobarbital increases irregularly occurring
spike waves and transiently inhibit MMC activity.
With pentobarbital, the MMC activity returns be-
fore the animal recovers from the anesthesia (90).
Thiopental increases the velocity of propagation of
electrical waves along the jejunum, but the MMC
pattern is not disrupted (90). Inhalation of ethylene,
cyclopropane, and halothane display only transient
inhibition of small bowel transit (91), whereas in-
traperitoneal administration of chloral hydrate may
cause profound ileus (75).

The effect of laparotomy on MMC activity is
dependent upon the extent of surgery. Skin incision
has no effect on MMC activity, whereas division of
abdominal muscle layers causes a transient inhibi-
tion of the MMC. MMC activity is completely
abolished by opening of the peritoneum, and the
duration of this inhibition is prolonged if the bowel
itself is manipulated. The inhibitory effects of sur-
gery are partially blocked by spinal demedullation
and completely by splanchnicectomy. No effect is
seen with spinal cord transection or vagotomy (40,
90, 92). Dorsal root blockade by spinal anesthesia
has been reported to improve bowel motility follow-
ing laparotomy (93). Activation of the adrenergic
nervous system is a well-known inhibitor of bowel
motility, but in the presence of sympathectomy
MMCs are still inhibited by surgery, although for a
shorter period of time (92).

Studying the dog, Smith et al. (51) observed loss
of the motor component of the interdigestive com-
plex in the stomach and smail bowel for 24 hr
following laparotomy. This activity returned spo-
radically along the small bowel on the first postop-
erative day and in the stomach during the second.
The regular activity of the complex did not return to
normal for three to seven days after surgery. Return
of transit, as evidenced by the movement of intralu-
minal spheres, occurred after resumption of phase
III activity. Transit and MMC inhibition paralleled
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sustained increases in plasma norepinephrine lev-
els. Some studies have reported disordered basic
electrical rhythm (76) in postoperative ileus. Imme-
diately following surgery there is a brief period of
augmented, disordered contractile activity (94) that
is followed by a period of quiescence. Gradually the
basic electrical rhythm returns, with normal perio-
dicity first in the small bowel then in the colon.
Initially, small bowel transit is delayed (95); then at
24 hr, the normal pattern of contractile activity
returns. Colon motor activity returns in 72 hr,
coinciding with the appearance of flatus (96). Gas-
tric electrical activity remains normal during oper-
ation, but after closing the skin highly disordered
activity is present. Gastric arrhythmias resolve af-
ter a short time and normal activity returns (97).
Gastric electrical activity following surgery does
not explain delayed gastric emptying during postop-
erative ileus. Possibly, pyloric tone is augmented
inhibiting normal emptying (98).

The colon differs in structure and function from
the rest of the bowel. Digestion and nutrient absorp-
tion that occurs in the proximal bowel does not
occur; rather, the colon serves to absorb water and
store feces. Proximal colon motility is antiperistal-
tic, serving a mixing function while water is re-
moved from the feces. The luminal contents gradu-
ally pass distally by infrequent tonic contractions of
the distal colon. Electrical activity measured at the
colon surface differs from that measured in the
proximal bowel. Oscillations are irregular, with
quiet and noisy periods of activity that tend to be
polyphasic and of irregular amplitude. However,
intracellular recordings from colonic smooth mus-
cle are similar to those from the rest of the bowel
(except that contractions can occur without spike-
wave activity when stimulated by certain neuro-
transmitters such as substance P). Structurally the
colonic smooth muscle lacks gap junctions and does
not function as a synctium. Surface recordings
therefore reflect activity of multiple independent
oscillators that do not interact. This has important
ramifications for postoperative ileus. In the colon,
contraction and motility is dependent upon the
integration of smooth muscle activity by neural
mechanisms. Normal transit cannot occur until this
complex extrinsic regulatory activity recovers.

A patient’s ability to tolerate feeding is predicted
by the presence of flatus, an indicator of restored
colonic function (99). Detailed studies of colonic
motility in postoperative ileus have been made by
Sarna, Condon, and coworkers in monkeys and
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man (48, 100, 101). Electrical activity of the colon
was measured and, because of its complex nature,
was analyzed by Fourier transformation (a process
that breaks a signal down into its component fre-
quencies). In the normal colon three activities were
noted: electrical control activity (ECA), discrete
electrical response activity (DERA), and continu-
ous electrical response activity (CERA). The ECA
occurs at discrete frequencies and represents oscil-
lations of smooth muscle membrane potentials. The
DERA are spike-wave potentials superimposed on
the oscillations and are associated with contrac-
tions. CERA are sustained spike bursts of electrical
activity, having no relationship with oscillations
and are associated with sustained contractions that
move the luminal content distally. After surgery in
both monkey and man, DERA and CERA initially
are absent and the ECA shifts to a lower frequency.
Over the first 48 hr following surgery the ECA
frequency returns to normal and DERA gradually
returns, progressively increasing in duration. Ap-
proximately 72 hr after surgery, the CERA returns
and is associated with the return of flatus, marking
the termination of postoperative ileus.

Because of the dependence on external neural
integration, the colon should be very sensitive to
the effects of anesthetic agents. However, anesthe-
sia maintained with nitrous oxide fails to inhibit
colonic myoelectric activity. Enflurane and
halothane diminish colonic contractile activity dur-
ing the period of anesthesia, with prompt recovery
following withdrawal of these agents (91). There-
fore, these commonly used anesthetic agents con-
tribute little to routine postoperative ileus resulting
from the slow return of colonic motility.

TREATMENT

Symptomatic Relief. Treatment for ileus has
changed little in the past 100 years. Nasogastric
suction for the relief of bowel obstruction was
introduced in 1884 (102) and remains the major
form of therapy. Enterostomy had been utilized to
relieve bowel obstruction but carried with it a 40%
mortality. Wangensteen demonstrated that inser-
tion of a nasogastric tube effectively reduced accu-
mulation of gas and secretions, with dramatic re-
duction of morbidity compared to enterostomy (1).
Nasogastric intubation had tremendous impact on
surgical management and rapidly became the stan-
dard after abdominal procedures where ileus is a
problem. It was and remains so common that,
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despite subsequent studies (103, 104) failing to
demonstrate the need for routine intubation, na-
soenteric intubation still is routinely employed as
prophylaxis.

For clinically evident ileus, nasointestinal intuba-
tion remains the only proven effective therapy.
Couple with intravenous hydration or total paren-
teral nutrition, patients are maintained until ileus
resolves spontanecously. None of the therapies
listed below have been proven to be of benefit in the
treatment of this disorder.

Electrical Stimulation. Like many other biologic
systems, the bowel has its own intrinsic electrical
rhythm. Cardiac pacing has been highly successful
and, because of the similarity between cardiac and
gut smooth muscle oscillations, similar techniques
have been attempted in the gut. Application of
electrical stimulation directly to the bowel wall with
subsequent pacing has been achieved in dogs but
not in the human controls (105). Electrical stimula-
tion of the bowel was reported initially to be suc-
cessful for the treatment of postoperative ileus (106)
but, when compared with control patients, was
proven ineffective (107, 108). Similarly, attempts to
stimulate motility in the postoperative phase by the
application of external magnetic energy have failed
(109). Smooth muscle membrane hyperpolarization
inhibits the development of spike-wave potentials
during postoperative ileus. Because membrane hy-
perpolarization is mediated by ion channel activity,
application of external electric current is not likely
to overcome the hyperpolarization.

Pharmacologic Agents. Inhibition of bowel activ-
ity occurs by stimulation of the adrenergic system
as well as activation of high-threshold noncholin-
ergic fibers within the vagus. Two sympathetic
inhibitory reflexes are present: one is a low-
threshold spinal reflex and the second is a high-
threshold peripheral reflex with synapses in the
prevertebral ganglia (61). The afferent limb is in-
completely understood, but some substance P-
containing fibers have been implicated. The efferent
is mediated by sympathetic fibers (3). Surgical
stress is well known to elevate catecholamine lev-
els, leading to inhibited bowel function after sur-
gery. One plausible explanation for greater inhibi-
tion following surgery is that even higher
catecholamine levels are found after operation than
after anesthesia alone. Therefore, treatment of
postoperative ileus with adrenergic inhibitors with
or without cholinergic agonists has been proposed
(110). Sympathetic inhibition by chemical or surgi-
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cal sympathectomy partially reverses postoperative
ileus in experimental animals. In dogs, Smith et al.
(51) found that propranolol combined with phento-
lamine given in doses high enough to lower blood
pressure did not improve transit following laparot-
omy. Even if adrenergic activation causes signifi-
cant inhibition of bowel motility after surgery, uti-
lizing conventional adrenergic blockers probably
would not be effective because of their cardiovas-
cular effects. Indeed, studies in man combining
adrenergic inhibition and cholinergic activation
failed to alleviate postoperative ileus (111). Alpha
and beta blockade with receptor antagonists (112),
guanethidine (74, 113), dihydroergotamine (114), or
adrenergic depletion with reserpine may slightly
improve postoperative ileus, but their use is limited
by cardiovascular side effects. Bethanidine, like
guanethidine, prevents the release of catechola-
mines and therefore mimics alpha and beta block-
ade. This drug had no effect on postoperative ileus
when given in doses high enough to lower blood
pressure 10 mm Hg (111). Alpha-adrenergic block-
ade with chlorpromazine or trifluperidol has been
reported to be moderately successful in the treat-
ment of postoperative ileus (61, 115). Intraperito-
neal instillation of local anesthetic agents has been
proposed as a means of blocking the release of
inhibitory mediators. Intraperitoneal instillation of
bupivacaine during laparotomy has been demon-
strated to improve postoperative ileus (47).
Prostaglandins have received little attention in
the treatment of postoperative ileus. There is some
evidence that they inhibit the release of norepineph-
rine and augment the release of acetylcholine from
intramural neurons (116). In the resting state, their
predominant effects are direct upon smooth muscle
where prostaglandins of the F and E series gener-
ally inhibit motility. However, with postoperative
ileus, there is increased activity of inhibitory intra-
mural neuron activity. Studies with PGE have dem-
onstrated increased gastric emptying and small and
large bowel transit in rats. The response varied
depending upon the route of administration, intra-
venous being the most effective (117, 118). Intrave-
nous infusion of PGF,  has been reported to im-
prove postoperative ileus (119).
Parasympathomimetic drugs will increase gut
tone and contractility. Cholinergic activation im-
proves gut transit in the rat model of postoperative
ileus (120). In humans neostigmine, edrophonium,
and bethanechol have been reported to improve
postoperative ileus (61, 121), but the use of these
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agents is limited by systemic side effects. Pan-
tothenic acid increases acetylcholine synthesis and
was proposed as a treatment for postoperative ileus
(122), but controlled clinical trials failed to demon-
strate improvement with this agent (123, 124).

In man, opiates given after surgery for analgesia
cause no change in gastric contractility while they
increase duodenal MMC activity (125). Colonic
electrical response activity is increased following
intramuscular administration of morphine during
the postoperative period, but this activity does not
propagate normally (48). Return of flatus following
general anesthesia is markedly delayed by opiates
(126). Opiate-receptor blocking agents have not
been efficacious in the treatment of postoperative
ileus (84). Avoidance of narcotics in the immediate
postoperative period will lessen postoperative ileus.

Metoclopramide is a prokinetic factor that has
cholinergic agonist and dopaminergic antagonist
properties (12). The exact mechanism of action of
unclear, but it may act by direct cholinergic activa-
tion with release of motilin. The disordered release
of motilin has been implicated as a causative factor
in postoperative ileus (128), although in one study
intravenous infusion of motilin failed to improve
postoperative ileus (129). Metoclopramide initiates
phase III1 MMC activity by dopaminergic inhibition
(130). Metoclopramide has been reported to im-
prove (131, 132) and worsen (133) postoperative
ileus.

A new prokinetic agent, cisapride, has promise
for the treatment of postoperative ileus. This agent
increases the force of contraction and transit in
human bowel. Cisapride acts by increasing acetyl-
choline release in response to stimulation. Addi-
tionally, it counteracts the inhibitory effect of ad-
renergic nerve stimulation (134, 135). One study has
demoristrated the resolution of postoperative ileus
with repeated bolus injection of cisapride (136).

Cerulein is a peptide known to stimulate motility
(137) by a direct action on smooth muscle. Cerulein
has been reported to stimulate motility in postoper-
ative ileus (138). Further studies with this peptide
are needed.

Intraluminal irritation or exposure to hyperosmo-
lar solutions generally increases intestinal motility.
One retrospective study examined the effect of oral
water-soluble contrast agents. Rapid transit of the
contrast into the colon was noted with passage of
stool within 6 hr of administration. Reportedly,
resumption of oral alimentation was obtained within
24 hr of administration of oral contrast agents.
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These anecdotal results are promising, and further
prospective studies need to be performed (139).

Enteral Feeding. Recently, enteral feeding, either
by nasoenteric intubation or by needle jejunostomy
has been promoted as a means to reduce the dura-
tion of postoperative ileus. By supplying nutrition or
mechanically stimulating the small bowel, enteral
feeding theoretically reduces the duration of post-
operative ileus (140). Studies have reported im-
provement in bowel recovery with an enteral feed-
ing regimen. However, of these, one was
uncontrolled (2), and another had unusually long
hospitalization times in the control group (141). One
recent prospective, randomized trial of postopera-
tive treatment with the Moss nasoenteric tube vs no
specific therapy failed to reveal reduction of post-
operative ileus by early postoperative feeding
(142). Whether these modalities really afford an
advantage in the treatment of postoperative or
postoperative paralytic ileus remains to be deter-
mined. Studies evaluating the efficacy of enteral
feeding regimens will need to evaluate the cost-
to-benefit ratio for enteral feeding vs that of addi-
tional hospital days in the absence of such a treat-
ment regimen.

SUMMARY

Postoperative ileus follows any operation. Al-
though worsened if the peritoneum is entered, the
length and duration of surgery does not influence
the severity of postoperative ileus. Inhibitory o,-
adrenergic reflexes with peptidergic afferents con-
tribute to postoperative ileus. Clinically, treatment
of ileus centers around symptomatic relief with
nasogastric suction. Trials of adrenergic blockade
combined with cholinergic stimulation have met
with limited success. Prokinetic drugs have not
been proved effective in the treatment of this disor-
der. Two types of ileus exist: postoperative and
paralytic. Postoperative ileus resolves spontane-
ously after two to three days, and probably reflects
inhibition of colonic motility. Paralytic ileus is more
severe, last more than three days, and seems to
represent inhibition of small bowel activity. No
discrete structural changes cause postoperative il-
eus and the role of peptidergic neuronal systems of
the enteric nervous system has not been elucidated.
Possible central or humoral mechanisms have not
been studied extensively. The possible direct inhi-
bition of enteric or spinal nerves by anesthetic
agents not cleared from these tissues remains to be
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studied. Also in need of study is the potential
alteration of neurotransmitter receptor activity
within the enteric nervous plexus after manipula-
tion of the bowel.
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