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Abstract Background: Gastroin-
testinal motility disturbances in
critically ill patients are frequent in
the ICU setting, causing considerable
discomfort and are associated with
increased rates of morbidity and
mortality. This review focuses on the
pathophysiological basis of intesti-
nal motility, the major patterns of
pathological motility alterations, the
impact on patient outcome, and cur-
rent therapeutic options. Discussion:
Intestinal motility is controlled by the
enteric nervous system, modulated
by hormones and extrinsic afferent
and efferent neurons. Pathological
motility disturbances can affect the
stomach, small bowel, and colon sep-
arately or in combination. Changes in
esophageal motor activity contribute
to the aspiration of gastric juice,
whereas early enteral feeding most
frequently fails due to gastric intoler-
ance. Disturbances in digestive and

interdigestive motility patterns and
the inability to switch motor activity
from the interdigestive to the diges-
tive pattern also contribute to feeding
disability and thus to increased
morbidity and mortality as well.
Conclusions: The therapeutic options
for motility disturbances in critically
ill patients include the adjustment
of electrolyte imbalances, tailored
fluid management, early enteral
feeding, appropriate management of
catecholamines and drugs used for
analgosedation, and prokinetic drugs.
Unfortunately, the therapeutic options
for treating motility disturbances in
ICU patients are still limited. This
situation requires careful assessment
of ICU patients with respect to gut
motility disturbances and their patho-
physiological mechanisms and an
individually tailored treatment to pre-
vent further aggravation of existing
motility disturbances.

Introduction

In our intensive care units (ICU) we observe two scenarios
when patients develop gastrointestinal (GI) motility
disturbances: patients who develop GI paralysis in the
immediate postoperative period and critically ill patients
who suffer from GI motility disorders. The occurrence of
GI motility disturbances in critically ill patients is well
known. Abnormalities in gastric emptying affect 50% of
mechanically ventilated patients and 80% of patients with
increased cranial pressure after head injury [1, 2]. These
GI motility disturbances cause considerable discomfort
to the patient (nausea, vomiting, flatulence), and they are

also associated with an increased rate of complications-
ventilator-associated pneumonia, infections, the risk of
bacterial translocation, and the inability to be fed [3, 4].
Unfortunately, there are outcome data related to GI motil-
ity disturbances during the postoperative period but not
for critically ill patients. When the postoperative period
is complicated by motility disturbances, significantly
higher rates of deep venous thromboses and pulmonary
artery embolisms are seen in patients undergoing hip
or knee arthroplasty [5]. Postoperative ileus, per se or
aggravated by other complications, is also a common
cause of prolonged hospitalization and a significant factor
contributing to hospital readmission [6, 7]. During the
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postoperative period increased morbidity and mortality
rates, prolonged hospital stay, and higher rates of hospital
readmission due to postoperative ileus increase health care
costs [8].

The topic of GI motility derangements in the ICU set-
ting is of substantial relevance to intensivists. After briefly
describing the pattern of normal digestive and interdiges-
tive small bowel motility, this review addresses the patho-
physiological basis of motility disturbances. Esophageal
and gastric motility and their disturbances are also briefly
touched upon. A major part of the article focuses on the
beneficial and adverse effects of ICU treatments on gut
motility.

Normal gastrointestinal motility

To maintain fluid, electrolyte, and energy homeostasis by
the assimilation of food the gut has not only the most ex-
tensive immune system in the body but also the largest
collection of neurons (up to 108 cells) outside the cen-
tral nervous system [9, 10]. This enteric nervous system
(ENS) is located within the bowel wall, extending from
the esophagus to the internal anal sphincter, and is orga-
nized in such a way that it can operate independently of
the brain [9]. The neurons of the ENS are arranged in two
main plexuses (Fig. 1). The myenteric plexus located be-
tween the longitudinal and circular muscle layers mainly
regulates motility while the submucous plexus between the

Fig. 1 Schematic diagram showing the innervation of the gastroin-
testinal tract by intrinsic enteric neurons originating in the myenteric
plexus and submucosal plexus, extrinsic sensory neurons originating
from the nodose ganglia and dorsal root ganglia, and autonomic ef-
ferent neurons of the parasympathetic nervous system (vagus and
pelvic nerves) and sympathetic nervous system (splanchnic nerves).
(Modified with permission from Holzer et al. 2001 [9])

circular muscle and the mucosa is involved in the regu-
lation of mucosal processes (electrolyte and fluid secre-
tion, mucus secretion, mucosal blood flow and neuroim-
mune interactions) [11]. The ENS in the guinea pig intes-
tine contains more than 15 types of neurons [12]. The ma-
jor classes of neurons are intrinsic primary afferent neu-
rons, interneurons connecting the ganglia within the gut
and between the plexuses, motor neurons, secretomotor
neurons, and vasodilator neurons [12]. While the intrinsic
primary afferent neurons supply the ENS with information
for the appropriate control of digestion, the extrinsic af-
ferents provide the brain with relevant data for fluid and
energy homeostasis, mediate the sensation of pain and dis-
comfort, and regulate immune, inflammatory, and patho-
logical processes [9]. The primary transmitters in the ex-
citatory motor neurons are acetylcholine and substance P,
while the transmitters in the inhibitory neurons are nitric
oxide, vasoactive intestinal peptide, and adenosine triphos-
phate. A loss of inhibitory neurons would lead to hyper-
motility, while hyperactivity of inhibitory neurons or im-
paired function of excitatory neurons would cause a loss
of tone in the gut, both resulting in severe intestinal motil-
ity disturbances [11].

Esophageal motility

The musculature of the esophagus is made up of skeletal
muscle in the upper third, a mixture of skeletal and smooth
muscle in the middle, and smooth muscle only in the lower
third. Its assigned task is to transport the swallowed food
into the stomach. After swallowing the food (a voluntary
act) the two (upper and lower) esophageal sphincters relax
and open while a peristaltic contraction propels the food
bolus [13]. After the contraction has swept through the en-
tire length of the esophagus, the sphincters close. Peristal-
sis in the upper skeletal muscle part of the esophagus is
the result of the sequential activation of neurons in the nu-
cleus ambiguus, one of the vagal motor nuclei. Peristalsis
in the smooth muscle part of the esophagus is mediated at
the level of the dorsomotor nucleus of the vagal nerve and
at the level of the myenteric plexus [13].

Gastrointestinal motility

Recordings of small bowel motility, comparable to the
motility found in the antrum of the stomach, can be subdi-
vided into interdigestive (fasting) and digestive (feeding)
motility patterns [14].

Gastric emptying

The fundus, the upper part of the stomach, is involved
predominantly in the accommodation of food. The un-
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derlying relaxation of the proximal gastric wall seems
to be mediated by inhibitory vagal neurons because this
reflex is abolished in vagotomy patients [15]. Digestible
substances are emptied from the stomach when they have
reached an essentially liquid form [15]. The distal part of
the stomach, the antrum, seems responsible for reducing
solids to the required fluid form. This part of the stomach
is also controlled by neuronal and humoral mechanisms.
The composition of the gastric contents influences the
rate of gastric emptying. Neutral, isoosmolar, and calor-
ically inert fluids empty fast while hypertonic fluids
containing acid, fat or certain amino acids delay gastric
emptying [15].

Interdigestive motility pattern

The interdigestive motility pattern, the migrating motor
complex (MMC), starts several hours after a meal has
passed through the stomach and small intestine, progresses
to the distal ileum, and consists of three distinct phases
that are repeated approx. every 2 h: phase I is a period
of quiescence (45–60 min), phase II a period of irregular
contractions with a duration of 30–45 min, and phase III
a period of regular, propulsive activity that lasts 5–15 min
(Fig. 2) [15]. However, it should be noted that the dura-
tion of these MMC periods shows enormous inter- and

Fig. 2 Pattern of a normal nocturnal migrating motor complex
(MMC) recorded in the duodenum (upper tracing) and proximal
jejunum (lower tracing) of a healthy elderly woman. Lower panel
shows a short period in high resolution. Phase III is preceded by
phase II with some contractile activity, usually limited during sleep,
and succeeded by phase I. (Modified with permission from Husebye
et al. [76])

intraindividual variability [16]. Previously only the phase
III was referred to as the MMC, but now all three phases
of interdigestive motility are subsumed under this term.

By the time one MMC ends in the ileum, a new
one begins in the stomach. A normal MMC pattern is
important for the purging of the small bowel. During phase
III remaining food particles and indigestible residues are
swept to the distal part of the small bowel and into the
colon. An undisturbed MMC may also play a role in
protection against bacterial overgrowth of remaining food
particles in the small bowel [14]. The MMC is controlled
by the ENS and modulated by regulatory peptides, while
a disconnection of the extrinsic nerve supply does not in-
terrupt the MMC pattern [17]. One of the MMC-regulating
peptides is motilin. Intravenous administration of motilin
or the motilin receptor agonist erythromycin initiates
phase III activity in the antroduodenal region, while
somatostatin and other substances can initiate phase III
activity in the duodenum [16]. An absence of the MMC
indicates severe enteric dysfunction, while the presence
of the MMC is thought to predict a successful outcome of
enteral feeding [14, 16, 18].

Digestive motility pattern

Ingestion of a meal disrupts the interdigestive motility
pattern and replaces it with accommodation, stationary
motility (segmental contractions and pendular move-
ments), and propulsive peristalsis [9]. Accommodation
refers to an active relaxation of the fundus in response
to food intake. Accommodation is also present in the
small bowel and colon where filling of the bowel initiates
a descending inhibitory reflex pathway [9, 19]. Stationary
contractions mix the food with the secretions of the gut
and improve its contact with the mucosa of the small
intestine to allow absorption of luminal contents. These
stationary contractions are due to pendular movements
of the longitudinal muscle and segmental contractions
of the circular muscle [9]. Their rhythm comes from the
interstitial cells of Cajal [20]. These cells are important
transducers of the ENS output to the musculature as
they are innervated by excitatory and inhibitory motor
neurons [20]. Their oscillating membrane potential, trans-
mitted electrically to the adjacent smooth muscle layers,
initiates slow waves with a frequency of 10/min, and these
slow waves determine the frequency of the muscular con-
tractions. Propulsive peristalsis is initiated by distortion of
the mucosal villi or distension of the gut wall and involves
a contraction of the circular muscle orally and relaxation
aborally of the site of the stimulus [9]. The propulsive
peristaltic wave progresses only a few centimeters in order
to forward the chyme, but not as far as phase III of the
MMC in the interdigestive motility pattern. The digestive
pattern persists for several hours after ingestion of a meal.
The duration seems to depend mainly on the caloric load
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of the food: the higher the caloric load, the longer the
duration is [16, 21].

Patterns of motility disturbances
Pathological motility disturbances differ in clinical ap-
pearance and location. They can affect the stomach,
small bowel, and colon separately or in combination.
GI motility disturbances are a common complication in
patients suffering from severe hemodynamic instability,
multiple organ failure, intra-abdominal hypertension or
intra-abdominal compartment syndrome. The opposite can
also be the case, with motility disturbances per se causing
the above comorbidities. Abdominal compartment syn-
drome, for example, is associated with intestinal ischemia
and leads to multiple organ failure and ileus. On the other
hand, ileus and intestinal dilatation with increased luminal
pressures cause gut wall ischemia, intra-abdominal hy-
pertension and intra-abdominal compartment syndrome.
Regardless of what initiates the vicious circle, motility
disturbances in these patients are associated with higher
morbidity and mortality rates.

Disturbances in esophageal motility

Esophageal motility disturbances are frequent in patients
suffering from diabetes, alcoholism, or other systemic dis-
eases [13]. In critically ill patients the frequency and am-
plitude as well as the percentage of propulsive contrac-
tions of the esophagus are reduced [22]. Several drugs used
in critically ill patients—ketamine, benzodiazepines, and
opioids—seem to inhibit esophageal motor activity [22].
Changes in esophageal motor activity and a decrease in
the pressure of the lower gastroesophageal sphincter result
in regurgitation of gastric contents and consequently in as-
piration of gastric juice [22].

Disturbances in gastric emptying

Gastric intolerance is the most frequent reason why at-
tempts to institute early enteral feeding fail [3, 4, 23]. Im-
paired gastric emptying may lead to a discrepancy between
the delivered and prescribed volume of feed and an in-
creased risk of pulmonary aspiration and bacterial over-
growth [23, 24]. One mechanism that impairs gastric emp-
tying is a primary motor dysfunction resulting in antral hy-
pomotility and the presence of the fasting motility pattern
during feeding [25]. Another mechanism that causes inhi-
bition of gastric emptying involves an inhibitory feedback
pathway originating in the proximal small bowel [24]. Nu-
trients release neuroendocrine peptides such as cholecys-
tokinin (CCK, acting peripherally via CCK1 receptors) and
serotonin [5-hydroxytryptamine (5-HT), acting via 5-HT3

receptors) that activate vagal and spinal afferent neurons
and thus inhibit gastric emptying [26].

Several other factors such as hyperglycemia, increased
intracranial pressure, and stress are known to affect gastric
emptying [2, 27]. Hyperglycemia, for example, seems to
inhibit gastric emptying by reducing vagal efferent activity
and inhibition of the release of nitric oxide from the myen-
teric plexus [27]. During periods of hyperglycemia the ef-
fect of prokinetic drugs such as erythromycin and cisapride
on gastric emptying may be adversely affected [27, 28].

Disturbances in the interdigestive motility pattern

Disturbances of the MMC are frequent in critically ill pa-
tients. Miedema and coworkers [29] reported that postop-
erative MMCs differ from those in control subjects in hav-
ing more phase I, less phase II, and more frequent phase III
activity. Importantly, peristaltic contractions in phase III
may tend to be retrograde rather than antegrade and thus
significantly delay small bowel transit [29]. These findings
compare well with other published studies. In mechani-
cally ventilated patients MMC activity fronts are totally
absent in the antrum but originate from the duodenum. The
length of the MMC is comparable to that in healthy volun-
teers, but there is an increase in phase I activity and a de-
crease in phase II activity [30]. In addition, the propagation
of the MMC is abnormal, with retrograde or stationary ac-
tivity fronts in several patients [30]. MMC disturbances re-
duce flushing of the luminal contents (bacteria, food rem-
nants and cell detritus) into the colon, which results in
stagnation, microbial overgrowth, bacterial translocation
and a vicious circle that might lead to increased occur-
rence of ventilator-associated pneumonia [31, 32]. These
findings were confirmed by Bosscha and coworkers [33]
who reported that in more than 90% of mechanically ven-
tilated patients with morphine administration phase III of
the MMC started in the duodenum and not in the antrum.
This disturbed the MMC-associated purging of the stom-
ach, resulted in antral hypomotility and was related to the
severity of gastric retention [33].

Disturbances in the digestive motility pattern

A frequent problem in critically ill patients is the inability
to switch motor activity from the interdigestive to the
digestive pattern. These patients develop pressure waves,
comparable to phase III activity of the MMC except
that they occur despite nutrient delivery to the gut. The
frequency of these pressure waves is at least double
that of normal interdigestive motor activity [25, 33].
The failure of the motor activity to convert from the
interdigestive to the digestive pattern may be a factor
contributing to the high occurrence of diarrhea in critically
ill patients [3].
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Acute colonic pseudo-obstruction (Ogilvie’s syndrome)

In the colon of critically ill patients a variant of motility
disturbances is the acute colonic pseudo-obstruction
(Ogilvie’s syndrome). Clinical symptoms are abdominal
discomfort and distension. Passage of stool or gas is
frequently but not always absent; up to 41% of pa-
tients still pass gas or even experience diarrhea [34].
Abdominal films show a diffuse dilatation of the colon
with normal mucosal markings and haustra, and a thin
colonic wall (in contrast to toxic colitis), while small
bowel dilatation is mostly absent [35]. Acute colonic
pseudo-obstruction is frequent in diseases such as
gut ischemia or systemic or local inflammation (ab-
domen, urinary tract or thorax). Mortality rates are
high but depend on the underlying condition and the
speed of therapeutic interventions (15% in patients
with early decompression and 44% in patients with
perforated or ischemic bowel) [36]. The risk of per-
foration is approx. 3%; risk factors for perforation
include cecal diameter, increased age, and duration of
distension [35].

Drugs with possible adverse side effects on motility

Many of the drugs used in the ICU, including anal-
gesic drugs or vasoactive substances for hemodynamic
stabilization, contribute significantly to the origin and
persistence of motility disturbances in critically ill
patients.

Opioids

Endogenous opioids modulate a variety of biological pro-
cesses including stress response, immunity, analgesia, mo-
tor activity, and autonomic function. In the GI tract opioid
peptides have been localized to enteric neurons and en-
docrine cells [37]. Opiate drugs activate the same receptors
as native opioids [37]. These inhibit gastrointestinal tran-
sit by inhibiting neurotransmitter release and by changing
neuronal excitability. In addition to the effects on motil-
ity, electrolyte and fluid transport is modulated via stimu-
lation of water and electrolyte absorption as well as modu-
lation of gastric acid and bicarbonate secretion [38]. The
undesirable inhibitory side effects of opioids on intesti-
nal motility have long been known, but the extent of their
inhibitory potential on intestinal motility may be under-
estimated [39]. An animal model demonstrated that one-
quarter of the dose needed to produce analgesia inhibits
intestinal motility and one-twentieth of the analgesic dose
is sufficient to stop diarrhea [39]. In contrast to many other
opioid-induced side effects such as nausea, vomiting and
sedation, patients rarely develop tolerance to the constipat-
ing effects of opioids [40].

Paracetamol

Paracetamol, whose analgesic effect is possibly weaker
(20–30%) than that of nonsteroidal anti-inflammatory
drugs and selective cyclooxygenase-2 inhibitors, has
been thought to have almost no intestinal side effects
at recommended doses [41]. In a well established ex-
perimental setting, however, paracetamol was recently
demonstrated to have an inhibitory effect on guinea pig
peristalsis while acetylsalicylic acid and metamizole did
not [42].

α2-Adrenoceptor agonists

The α2-adrenoceptor agonists clonidine and dexmedeto-
midine (currently available in the context of clinical in-
vestigations) have gained in importance as additive anal-
gesic drugs and as effective therapeutic options for patients
with alcohol withdrawal syndromes [43]. They induce se-
dation, reduce anesthetic and analgesic requirements, and
improve perioperative hemodynamic and sympathoadrenal
stability [44]. On the other hand, they inhibit gastric, small
bowel, and colonic motility in animal and human stud-
ies [45, 46, 47].

Catecholamines

Catecholamines are often essential to achieve and main-
tain hemodynamic stability in ICU patients. In vitro data
demonstrate a direct, dose-dependent inhibitory effect
of all clinically used catecholamines on small bowel
motility [48]. In vivo data are available only for dopamine,
demonstrating a direct inhibitory effect on GI motility
during fasting and nasogastric feeding [49]. Moreover,
most patients treated with dopamine fail to convert their
fasting motility to the feeding pattern after the onset of
enteral nutrition [49].

Fluid and electrolyte management

Inadequate fluid management and salt overload may re-
sult in peripheral, pulmonary, and splanchnic edema, po-
tentially aggravating preexisting motility disturbances and
impairing enteral nutrition [50]. Unfortunately, the avail-
able data pertain only to fluid management in the perioper-
ative period and not selectively in the ICU. In general, the
studies demonstrate that liberal fluid management (12 vs.
4 ml/kg per hour) prolongs the duration of motility distur-
bances and is associated with longer latencies to first gas-
tric emptying and first passage of flatus and stool as well
as to hospital discharge, compared with restrictive man-
agement [51, 52]. A direct effect of electrolyte abnormal-
ities on intestinal motility has been demonstrated only for
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potassium and magnesium. Increased potassium and mag-
nesium values reduce the duration of ileus [53, 54].

Starvation

Several studies report the effect of starvation on gut func-
tion. In experimental animals a long period of starvation is
associated with mucosal atrophy and reduced enzymatic
activity [55]. In humans there is evidence of a delay in
gastric emptying, which is correlated with the degree of
malnutrition and severe atrophy of the stomach and small
bowel wall and carries a risk of distension [56]. Patients
with malnutrition suffer from constipation and a longer
orocecal transit time that tend to normalize with normal
eating and the return to a suitable body weight [56].

Effective methods to treat intestinal motility
disturbances
Therapeutic options for motility disturbances in critically
ill patients include the adjustment of electrolyte imbal-
ances, tailored fluid management (2–3 l/day), early enteral
feeding, and appropriate management of catecholamines
and drugs used for analgosedation. Stool softeners are
well tolerated but are ineffective if fluid intake is inade-
quate, and they usually are ineffective when administered
alone [57].

Stomach and small bowel

Metoclopramide is a dopamine D2 receptor antagonist
with central and peripheral effects as well as being
a 5-HT3 receptor antagonist and a 5-HT4 receptor agonist
(Table 1). Metoclopramide increases gastric motility and
has a moderate prokinetic effect on the small bowel [58].
The substance may be useful in critically ill patients but
seems to be ineffective in patients with postoperative
ileus [59]. For patients with renal failure, the recom-
mended intravenous dose of 10 mg three times daily

Table 1 Prokinetic drugs and their sites of action (0 no effect, – pos-
sible negative effect, (+) possible positive effect, +/++ good and very
good prokinetic effect)

Stomach Small bowel Colon

Cerulein 0/(–) ++ +
Cisapride + + (+)
Domperidone + (+) 0
Erythromycin ++ + 0
Metoclopramide ++ + 0
Neostigmine 0 (+) +
Octreotide (–) + 0
Tegaserod + (+) (+)

must be reduced gradually; the recommended dose for
hemodialysis patients is 10 mg/day [60].

Domperidone is a drug that acts primarily as an antag-
onist at peripheral dopamine D2 receptors. In contrast to
metoclopramide, the substance does not cross the blood-
brain barrier and is therefore free of central nervous side
effects. The recommended dose is 10 mg orally three times
daily.

Cisapride and tegaserod are both 5-HT4 receptor
agonists. Cisapride, which because of Q-T interval
prolongation and ventricular arrhythmias is no longer
available, enhances esophageal peristalsis and increases
lower esophageal tone and gastric emptying. Tegaserod
accelerates gastric emptying and shortens small bowel and
colonic transit time [61]. Studies evaluating the effect of
tegaserod on motility disturbances in critically ill patients
are still scarce, and currently there is only one report
demonstrating a positive effect of tegaserod on gastric
emptying and vomiting [62].

The macrolide erythromycin stimulates GI motility by
acting on motilin receptors on smooth muscle cells and
enteric neurons to facilitate neurotransmitter release [63].
Erythromycin effectively improves gastric emptying, and
there is a trend towards shorter times necessary for tube
placement [58]. The recommended dose is 250 mg orally
twice daily or 1–3 mg/kg intravenously every 6 h [60].
Newer studies evaluating the duration of erythromycin’s
action indicate that a dose given twice daily may be
sufficient for critically ill patients who do not tolerate
enteral feeding [64]. Long-term use, however, seems to
be limited by erythromycin’s antibacterial action and
desensitization to the therapeutic effects of the drug [63].
The recommended dose thus should not be given for more
than 3 or 4 days.

Octreotide, a synthetic peptide, has a sequence of four
essential amino acids in common with somatostatin but
a longer duration of action than somatostatin; it acts via
induction of the MMC. The effect of octreotide on small
bowel motility is controversial and seems to depend on the
dose range tested, because higher doses (> 150 mg/day)
may inhibit motility [60].

Small bowel and colon

Cerulein, a potent CCK-like decapeptide, activates CCK
receptors on enteric neurons, and stimulates small bowel
motility by releasing excitatory transmitters such as
acetylcholine and substance P (Table 1). The pronounced
prokinetic effect of clinically used doses of cerulein
(0.15–0.3 µg/kg per day) has been confirmed in an experi-
mental setting [65]. An occasional side effect of cerulein
is prolongation of gastric emptying, an effect that may be
prevented by metoclopramide or erythromycin.

Neostigmine, an inhibitor of acetylcholine esterase
and thus an indirect cholinergic agonist, has been reported
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Fig. 3 Effect of neostigmine on peristalsis in the isolated guinea
pig small intestine. Only the lowest tested neostigmine concentra-
tion (0.03 µM) has a prokinetic effect. Higher concentrations result
in spasms and finally in a complete block of intestinal peristalsis
(1 µM)

to reduce the time to first passage of gas and stool.
Interestingly, the lower the administered dose (2–2.5 vs.
9.6 mg/24 h), the shorter is the time to the passage of gas
and stool [66, 67, 68]. These findings are explained by
experimental data demonstrating a moderate prokinetic
effect that is limited to a narrow concentration window,
while higher doses inhibit small bowel motility [65]
(Fig. 3).

Ogilvie’s syndrome: therapeutic options

Colonic diameters should be monitored daily with abdom-
inal radiographs. When the diameter of the intestine is
greater than 9 cm, colonoscopic decompression should be
performed within 72 h after the diagnosis to reduce the risk
of death [36, 69]. Nasogastric tubes can help to decrease
the amount of swallowed air and relieve vomiting. A rectal
tube is helpful when colonic distension extends to the
rectosigmoid region [35]. Neostigmine and tegaserod may
be promising drugs for these patients [66].

Future therapeutic considerations

Currently several substances are under evaluation. Ghre-
lin, discovered in the endocrine cells of the stomach, is not
only an appetite-related peptide with highest levels in the
fasting state, a sharp rise before a meal, and a fall within
1 hour after a meal. It also accelerates gastric emptying
and small bowel transit in animal models [70, 71]. An-
other promising drug may be fedotozine, a κ-opioid re-
ceptor agonist with good analgesic effects and improved
bowel function in animal studies [72].

In recent years the use of opioid antagonists to reduce
the intestinal side effects of opioid analgesics has been
increasingly discussed. The quaternary opioid antagonists
alvimopan (ADL 8-2698) and methylnaltrexone (MNTX)
antagonize the inhibitory effect of opioids on gut motil-
ity but do not cross the blood-brain barrier and therefore
do not antagonize the analgesic effect of opiates. MNTX
proved effective in phase 2 studies, while alvimopan re-
duced nausea and vomiting in postoperative patients and
restored GI function earlier than in control patients [73,
74].

Lipids and fatty acids induce the release of CCK
from duodenal endocrine cells. CCK inhibits gastric
motility and gastric emptying. Cholecystokinin receptor
antagonists such as loxiglumide and dexloxiglumide block
the inhibitory effect of a lipid meal on gastric motility
and gastric emptying [63]. CCK receptor antagonists also
reduce the occurrence of meal-like fullness and nausea and
increase the intraluminal pressures at which sensations are
reported [75].

In conclusion, many of the drugs currently used in the
ICU, particularly catecholamines and opioid analgesics,
exert inhibitory effects on intestinal peristalsis. The ther-
apeutic options for treating motility disturbances in ICU
patients are still limited. This situation requires careful
assessment of ICU patients as well as interpretation
of the underlying pathophysiological mechanisms, and
an individual therapeutic approach to prevent further
aggravation of existing motility disturbances to improve
patients’ outcomes and to decrease health care costs.
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