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Abstract  

Background: Postoperative ileus has traditionally been accepted as a normal response to tissue injury. No data support any 
beneficial effect of ileus and indeed it may contribute to delayed recovery and prolonged hospital stay. Efforts should, therefore, 
be made to reduce such ileus. 

Methods: Material was identified from a Medline search of the literature, previous review articles and references cited in original 
papers. This paper updates knowledge on the pathophysiology and treatment of postoperative ileus. 

Results and conclusion: Pathogenesis mainly involves inhibitory neural reflexes and inflammatory mediators released from the 
site of injury. The most effective method of reducing ileus is thoracic epidural blockade with local anaesthetic. Opioid-sparing 
analgesic techniques and non-steroidal anti-inflammatory agents also reduce ileus, as does laparoscopic surgery. Of the 
prokinetic agents only cisapride is proven beneficial; the effect of early enteral feeding remains unclear. However, postoperative 
ileus may be greatly reduced when all of the above are combined in a multimodal rehabilitation strategy. 

 
 
 
Introduction  

Postoperative ileus is generally defined as a transient impairment of bowel motility after abdominal surgery or other injury. 
Clinically, it is characterized by bowel distension, lack of bowel sounds, and lack of passage of flatus and stool. Symptoms 
include nausea, vomiting and stomach cramps, and ileus is thus a major contributory factor to postoperative discomfort. 
Resumption of a regular diet and mobilization is delayed, and hospital stay is thereby prolonged. Ileus has traditionally been 
accepted as an obligatory physiological response to abdominal surgery, but the purpose of this response in the elective surgical 
setting has not been established and no data suggest a beneficial effect of the delayed postoperative recovery of gastrointestinal 
motility. Various pathogenetic mechanisms have been proposed and several pharmacological interventions have been employed 
to resolve ileus, but so far no single technique or agent has been found effectively to eliminate the problem. 

In recent reviews 1-5 both pathophysiology and pharmacological treatment have been described, but none of these papers has 
addressed recent advances in perioperative management (including choice of anaesthesia, pain management, nutrition and 
mobilization) in an integrated multimodal approach. The present review updates knowledge on the pathophysiology and 
pharmacological treatment of postoperative ileus, and brings these data into the broader context of a multimodal anaesthetic, 
analgesic, pharmacological and nutritional rehabilitation strategy in an attempt to reduce ileus and improve postoperative 
outcome. 

Definitions and methods of assessment  



 

 

Not all segments in the gastrointestinal tract are equally affected by postoperative ileus. The average paralytic state lasts between 
0 and 24 h in the small intestine, 24 and 48 h in the stomach, and between 48 and 72 h in the colon after major abdominal 
surgery. The effective duration of ileus is, therefore, mainly dependent on the return of colonic motility and, in particular, 
motility of the left colon 6,7. Ileus most commonly occurs after intraperitoneal operations, but it may also occur after 
retroperitoneal and extra-abdominal surgery. The duration is related to the anatomical location of surgery and the longest duration 
is encountered after operation involving the colon 8,9. The difference between right-sided and left-sided colonic procedures on 
the duration of ileus remains uncertain 10-12. In experimental and clinical studies ileus has been demonstrated to be related to the 
degree of surgical manipulation and the magnitude of the inflammatory response 13. 

The definition of ileus and methods of assessment are not well defined. As an objective indicator of resolution, assessment of 
electrical activity has been widely used, focusing on either the return of the migrating myoelectric complex (MMC) or qualitative 
changes in MMC patterns. However, the MMC reflects mostly fasted state activity and some investigators have found no 
correlation between return of the MMC or specific MMC pattern and the clinical resolution of postoperative ileus 6,14. A 
correlation between some of the widely used clinical endpoints, such as bowel sounds, passage of flatus and stool, is also 
controversial. Bowel sounds are non-specific because they may originate in the small bowel as well as in the large bowel, and 
also require frequent auscultation for assessment. Passage of flatus is highly dependent on reporting by patients, and the 
correlation between passage of flatus and propulsive bowel movements is unclear 6. Passage of stool, although manifest as a 
clinical sign, is not specific, as it may indicate only distal bowel emptying and not necessarily the function of the entire 
gastrointestinal tract. Other frequently used endpoints include measurements of intraluminal pressure, migration of radio-opaque 
markers and non-invasive electrical measurements, such as percutaneous registration of electrical activity. Several investigators 
have found the clinical resolution of ileus to be relatively independent of these technical variables 15,16. As no single objective 
variable has yet been found accurately to predict resolution of ileus, the most adequate definition of resolution probably depends 
on a combined functional outcome of normalization of food intake and bowel function. 

Pathogenesis of postoperative ileus  
Inhibitory neural reflexes  

Several inhibitory reflexes in the gastrointestinal tract have been proposed to mediate postoperative ileus, including 
somatovisceral and viscerovisceral reflexes 1. Three anatomically distinguishable reflexes seem to be involved: ultrashort 
reflexes confined to the wall of the gut, short reflexes involving the prevertebral ganglia, and long reflexes involving the spinal 
cord. The long reflexes are probably of most importance, since several experimental studies have shown spinal anaesthesia, 
abdominal sympathectomy and other nerve-cutting techniques to prevent or reduce the development of ileus 2,3. 

Other experimental studies have demonstrated that selective degradation of splanchnic afferent neurones with capsaicin reduces 
ileus 17,18. This applies to both systemic administration and direct application at the prevertebral ganglia; perivagal 
administration is without effect 17. Furthermore, ablation of vagal fibres may not influence gastrointestinal transit after injury in 
contrast to spinal afferent fibre ablation 17. Several experimental studies suggest that the afferent reflexes originate primarily 
from the peritoneum and that skin incisions alone, unlike incisions through the peritoneum, do not provoke ileus 19,20. 

In summary, inhibitory sympathetic reflexes are of major importance in the pathogenesis of ileus. This has substantial clinical 
implications as these reflexes are subject to modification by epidural blockade. 

Neurotransmitters and inflammatory factors  

A surgical operation elicits a stress response that is generally considered to be of combined endocrine and inflammatory origin. 
Although many neurotransmitters and neuropeptides are found locally in the gastrointestinal tract and might possibly contribute 
to ileus, they may also be released systemically following noxious stimuli or local inflammatory responses (the wound). So far, 
few comparative studies are available, but plasma changes in motilin and substance P may be related to depressed postoperative 
gastrointestinal motility 21. These findings, however, do not exclude the importance of local release of these substances. 

Numerous transmitters and peptides are involved in regulating gastrointestinal motility and so may be involved in ileus. Nitric 
oxide, vasoactive intestinal peptide (VIP) and substance P have been established as inhibitory neurotransmitters in the intrinsic 
gut nervous system. Experimental studies have shown that VIP and substance P receptor antagonists, as well as inhibitors of 



 

 

nitric oxide synthesis, improve postoperative gastrointestinal transit 19,22,23. Induced endotoxaemia in dogs leads to increased 
concentrations of products of VIP and nitric oxide synthesis combined with decreased gastrointestinal motility 24,25. Calcitonin 
gene-related peptide also inhibits postoperative gastric emptying and gastrointestinal transit, acting on specific peripheral 
receptors, possibly located in splanchnic afferent nerves or ganglia 17,26. Several studies have demonstrated that corticotrophin 
releasing factor (CRF) is involved in the pathogenesis of ileus, as intracisternal and intraventricular injection of CRF may delay 
postoperative gastrointestinal transit, which subsequently may be reversed by administration of specific CRF antagonists 27,28. 
Finally, opioids are well established as modulators of transmission in the central and peripheral nervous systems, leading to 
inhibition of gastric emptying and non-propulsive smooth muscle contraction with an increase in intraluminal pressure 
throughout the gastrointestinal tract 29,30. This effect is predominantly mediated by mu receptor agonists. Recent experimental 
studies have shown that selective peripheral kappa agonists may reverse ileus and gut paralysis following surgery or chemical 
peritonitis 31-33. Interestingly, experimental studies have also documented improved visceral pain relief by kappa agonists 32. 

Little work has focused on the role of local inflammatory responses and cellular events in mediating ileus. Bauer's group has 
demonstrated, in a series of experimental studies, that the local inflammatory response is related to the extent of surgical trauma 
and degree of ileus 13. The effect may be mediated by leucocyte-derived nitric oxide 23, and is prevented by reducing the 
number of inflammatory cells locally 34. Furthermore, the paralytic gut response to surgery seems to be biphasic, consisting of a 
short temporary initial paralysis, followed by a longer-lasting impairment of muscle activity paralleling the local tissue 
concentration of inflammatory cells 35. 

In summary, various neurotransmitters and inflammatory factors are known to be involved in the pathogenesis of postoperative 
ileus. However, their relative roles, as well as the hierarchical order and cooperation of these substances in the initiation and 
resolution of ileus, remain obscure. 

Perioperative management  
Anaesthesia  

All anaesthetics used for induction or maintenance of general anaesthesia may depress gastrointestinal motility 36. However, the 
choice of general anaesthetic technique may have insignificant effects on ileus as even prolonged general anaesthesia in surface 
surgery does not lead to any clinically relevant reduction in bowel motility. The potential contributory effect of nitrous oxide to 
ileus has been evaluated in several clinical trials comparing nitrous oxide with isoflurane or propofol in abdominal surgery; it has 
not been found to be of clinical significance 37-39. A single dose of neural blockade with spinal or epidural anaesthetic alone or 
as a supplement to general anaesthesia does not influence the duration of ileus 40. The role of intraoperative short-acting opioids 
(alfentanil, remifentanil) on ileus is unknown, but is unlikely to be of clinical significance. 

Analgesia  

As noted above, it is well established that a surgical noxious stimulus leads to activation of inhibitory sympathetic splanchnic 
reflexes, and that the choice of analgesic technique may affect several aspects of the surgical stress response, including these 
inhibitory reflexes 40. After major abdominal surgery effective dynamic pain relief may be obtained only by a continuous 
epidural infusion that includes local anaesthetics 41. Analgesic treatment that includes opioids may prolong ileus, and the use of 
opioid-sparing analgesia with non-steroidal anti-inflammatory drugs (NSAIDs) or other analgesics (balanced analgesia) may 
reduce ileus. 

Epidural analgesia  

Theoretically, epidural blockade with local anaesthetics may improve postoperative ileus by several mechanisms: blockade of 
afferent and efferent inhibitory reflexes, efferent sympathetic blockade with concomitant increase in splanchnic blood flow, and 
anti-inflammatory effects via systemic absorption of local anaesthetics 42,43. Several randomized studies in patients undergoing 
abdominal procedures have evaluated the effect of epidural thoracic local anaesthetics compared with systemic opioids 44-51 
(Fig. 1). Thus, in six of eight studies epidural bupivacaine significantly reduced ileus. In one statistically negative study 44 the 
duration of epidural analgesia was only 24 h, whereas in all other studies it was administered for between 48 and 72 h. In the 
other small, statistically negative study 51 a low thoracic (Th9-12) epidural blockade was used, which may not permit sufficient 
dermatomal blockade of noxious stimuli to improve gastrointestinal motility. 



 

 

 

 
Fig. 1 Randomized clinical trials assessing the effect of epidural local anaesthetic versus systemic opioid on postoperative ileus. 
In all studies colonic surgery was performed, except Wallin et al.44 (cholecystectomy) and Wattwil et al.47 (gynaecological 
surgery). The various endpoints (defaecation (D), combination score (C) and flatus (F)) used to assess resolution of postoperative 
ileus are indicated. The combination score is defined as a combination of flatus and defaecation. In studies with assessments of 
both flatus and defaecation, defaecation was given a higher priority than flatus. *P<0.05  

 

Compared with epidural opioid or epidural bupivacaine plus low-dose opioid, epidural bupivacaine also led to a reduction in the 
duration of ileus 45,50,52,53 (Fig. 2). Furthermore, the combination of epidural opioid plus low-dose bupivacaine may also 
reduce ileus compared with epidural or systemic opioid 50,53-58 (Fig. 3). In one randomized study in hip surgery 59, the 
combination of intraoperative plus postoperative lumbar epidural local anaesthetics reduced ileus compared with general 
anaesthesia plus postoperative intravenously administered analgesia. 



 

 

 

 
Fig. 2 Randomized clinical trials assessing the effect of epidural local anaesthetic versus epidural opioid or epidural local 
anaesthetic plus opioid on ileus. Two studies 45,50 were colonic and two studies 52,53 were gynaecological. The various 
endpoints (combination score (C), defaecation (D) and flatus (F)) used to assess resolution of ileus are indicated. The 
combination score is defined as a combination of flatus and defaecation. In studies with assessments of both flatus and 
defaecation, defaecation was given a higher priority than flatus. *P < 0.05  

 
 

 
Fig. 3 Randomized clinical trials assessing the effect of a combination of epidural local anaesthetic and opioid versus epidural or 



 

 

systemic opioid on ileus. In the studies demonstrating a positive effect of epidural local anaesthetic, thoracic epidural infusion 
was used. In the remaining four studies, epidural blockade was lumbar or not specified precisely. In all studies except that of 
Asantila et al.53 (hysterectomy), major abdominal (not specified) and/or colonic procedures were performed. The various 
endpoints (defaecation (D), combination score (C) and flatus (F)) used to assess resolution of ileus are indicated. The 
combination score is defined as a combination of flatus and defaecation. In studies with assessments of both flatus and 
defaecation, defaecation was given a higher priority than flatus. *P < 0.05  

 

The established positive effect of epidural local anaesthetic administration is related to the segmental visceral afferent/efferent 
blockade which, in abdominal surgery, can be obtained only by thoracic application of the local anaesthetic. Not surprisingly, 
studies using lumbar or low-thoracic epidural administration of local anaesthetics have not demonstrated the positive effects of 
epidural analgesia on ileus 44,51,54,55. 

Experimental studies have shown that local anaesthetics inhibit the development of chemical peritonitis following hydrochloric 
acid administration 60 and shorten bowel paralysis after ischaemia 61. However, clinical studies using intraperitoneal or systemic 
(intravenous) administration of local anaesthetics have been inconclusive with regard to both analgesic effects 62 and to any 
potentially advantageous effect on the resolution of postoperative ileus 16,62,63. 

Opioid analgesia  

It is well known from experimental studies that opioids have a profound inhibitory effect on resting and post-traumatic 
gastrointestinal motility 30,31. These effects are primarily seen during systemic opioid administration with intravenous patient-
controlled analgesia, conventional intramuscular opioid administration or epidural opioid administration 11,29. Pain relief apart, 
there is a major difference between the effects on ileus of these opioid administration techniques and techniques involving local 
anaesthetics. 

Findings from experimental studies demonstrate that kappa opioid agonists may provide sufficient visceral analgesia 32 as well 
as reduce ileus 31,33, but this has not been studied in the clinical setting. The effects of a kappa opioid agonist (fedotozine) on 
pain and bowel function in a nonsurgical setting, irritable bowel syndrome, have been negative 64. Recent studies in chronic 
methadone users suggest that peripheral opioid antagonists (methylnaltrexone) may reverse the opioid-mediated inhibition of 
gastrointestinal function 65, with possible future implications in the surgical setting. 

Opioid-sparing analgesia  

Based on knowledge of the inhibitory effects of opioids on gut motility, various opioid-sparing analgesic techniques have been 
developed to avoid the undesirable sequelae of opioid administration in the postoperative period (drowsiness, nausea and 
vomiting, inhibition of bladder function)66. One of the most established techniques of obtaining a 20-30 per cent sparing of 
opioid is pain relief with NSAIDs 67. In both experimental and clinical studies, the administration of NSAIDs and the subsequent 
opioid-sparing effect has, in most but not all studies, resulted in less nausea and vomiting and improvement in overall 
gastrointestinal motility 15,20,68-70. Similar effects have been obtained with different types of NSAIDs, although no data are 
available to compare cyclo-oxygenase (COX) 1 versus COX-2 inhibitors. The advantageous effect of NSAIDs, apart from the 
sparing of opioid, may also be related to a direct anti-inflammatory effect mediated by the inhibition of prostaglandin synthesis 
68. The effect of other types of opioid-sparing analgesia (ketamine, paracetamol, tramadol, etc.) has not been finally established. 

Nasogastric intubation  

The insertion of a nasogastric tube has been the traditional supportive treatment for postoperative ileus, but it does not shorten 
time to first bowel movement or time to effective oral food intake 71,72. Many randomized clinical studies and a meta-analysis 
have concluded that a nasogastric tube should not be used routinely, and that unnecessary use may contribute to postoperative 
morbidity such as atelectasis, pneumonia and fever 71,72. 

Mobilization  



 

 

Contrary to popular belief, physical exercise does not improve colonic motility in healthy volunteers 73. Neither does 
mobilization of itself shorten the duration of postoperative ileus; recovery of myoelectrical activity is similar in patients 
mobilized from day 1 compared with day 4 after major abdominal surgery 74. However, the commonly practised prolonged 
immobilization after surgery has never been proven to be beneficial 75. In fact, prolonged bedrest may enhance the risk of 
postoperative complications and prolong recovery 41,76, and so should be avoided for reasons other than recovery of gastro-
intestinal function. 

Early postoperative oral feeding  

Food intake elicits a reflex response that is propulsive in action. Several intestinointestinal reflexes connecting various parts of 
the gastrointestinal tract respond to food intake, producing coordinated propulsive activity 77. In addition, the presence of food 
stimulates the secretion of various intestinal hormones, with an overall stimulating effect on gastrointestinal motility 77. 

Traditionally, oral feeding has been delayed after laparotomy until any ileus has resolved clinically. At that point a liquid diet is 
administered, gradually progressing to solid food. Patients undergoing major abdominal procedures often have at least 4 or 5 days 
of semistarvation or total starvation. This is unfortunate because semistarvation contributes to catabolism and so to fatigue and 
prolonged convalescence 41. Furthermore, several randomized clinical studies have shown that early enteral nutrition may 
improve immune function and reduce postoperative and posttraumatic infectious complications 78. 

Early uncontrolled studies by Moss 79 found that ileus was resolved within 48 h when patients received immediate enteral 
nutrition. Unfortunately, it has been only recently that the traditional restriction of early post-operative oral intake has been 
questioned seriously; several trials have shown the institution of early enteral feeding both to be safe 80-86 and to reduce 
postoperative ileus (Fig. 4). One study of 80 patients undergoing colorectal surgery and randomized to either early enteral feeding 
or conventional fasting showed that the early fed group tolerated a regular diet 3 days before the later fed group. The former were 
discharged from hospital 2 days before the traditionally fed group 88. Another study of 96 gynaecological patients demonstrated 
that an earlier fed group tolerated solid diet 1 day before a group receiving traditional feeding; the former were discharged 1 day 
sooner too 87. Two other studies involving gynaecological patients have similarly demonstrated a reduction in ileus in early fed 
groups 89,90, although in one of these studies 89 the positive effect was noted in only some of the assessed variables (return of 
bowel sounds and hospital stay). 

 

 
Fig. 4 Randomized clinical trials assessing the effect of early enteral nutrition versus traditional feeding (consisting of no oral 
intake until clinical resolution of ileus or of only liquid oral intake) on resolution of ileus, except Heslin et al.91, which is 



 

 

discussed in the text. Three studies 87,89,90 were performed in gynaecological patients and the rest in abdominal (not specified 
or colonic) surgery. As indicators of ileus various endpoints (combination score (C), time to tolerate regular food (I), passage of 
flatus (F) and defaecation (D)) were used. The combination score is defined as a combination of flatus and defaecation. In studies 
with assessments of both flatus and defaecation, defaecation was given a higher priority than flatus. *P < 0.05  

 

In contrast, two other recent trials 91,92 investigating the effect of early oral feeding have demonstrated no difference in either 
length of ileus or hospital stay. In one of these studies impairment of pulmonary function and postoperative mobilization with 
early oral feeding was noted 92. Of importance, however, in these and other oral feeding studies is that the type of analgesia was 
rarely reported and, when mentioned, usually consisted solely of opioids and rarely of epidural local anaesthetics 80-85. Thus the 
established stimulatory effect of solid food on intestinal motility may not have been obvious as the profound inhibitory effect of 
opioids on motility may have dominated. The proven beneficial effects of continuous epidural local anaesthetics, opioid-sparing 
analgesics and cisapride have unfortunately not been incorporated in previous controlled clinical studies of early enteral nutrition. 
Future well designed studies are required to evaluate the potential benefits of early enteral nutrition when combined with 
regimens aimed at early resolution of postoperative ileus. 

Laparoscopic surgery  

Experimental studies comparing laparoscopic with open cholecystectomy have shown that the laparoscopic approach improves 
gastric emptying and fasted state gastrointestinal motility 14,93. However, ileus is clinically non-existent after laparoscopic 
cholecystectomy 94 and so these results are not applicable to major abdominal procedures. In experimental studies in colonic 
surgery, the laparoscopic technique leads to earlier return of gastrointestinal motility as well as earlier normalization of 
myoelectrical activity and bowel movement compared with open colectomy 95,96. The mechanisms involved may include 
reduced activation of inhibitory reflexes and local inflammation due to a reduction in surgical trauma 13. 

In clinical studies, earlier resolution of ileus has been demonstrated following laparoscopic colonic surgery. Four prospective 
randomized clinical studies comparing laparoscopic and open colonic techniques have shown a reduction in postoperative ileus 
with the laparoscopic method in two of three studies in which it was assessed 97-99 (Fig. 5). However, in a broader context the 
difference between laparoscopic and conventional abdominal surgery with respect to ileus remains to be clarified; expectations 
may have led to treatment bias favouring earlier food intake and less routine use of nasogastric tubes in laparoscopic groups. 

 

 
Fig. 5 Randomized clinical trials comparing the effect of laparoscopic versus open colonic surgery on ileus. F=flatus, 
D=defaecation. *P < 0.05  



 

 

 
Prokinetic agents  
Cisapride  

Cisapride enhances acetylcholine release from the intrinsic plexus and acts as a serotonin receptor agonist; it may stimulate all 
aspects of gastrointestinal motility 100. Nine randomized controlled clinical trials have been performed on postoperative patients 
101-109 (Fig. 6). In one study, however, patients (neonates) were included only after an initial 10-day period of ileus 109. In four 
studies cisapride significantly reduced ileus; it was administered intravenously in three of them. In one of these studies 107 43 
per cent of patients undergoing various abdominal operations had flatus 2 h after the intravenous administration of cisapride 4 
mg, compared with 12 per cent in the control group. In another study on postoperative patients 108 55 per cent had flatus 4 h 
after the intravenous administration of cisapride 8 mg, compared with 29 per cent of patients receiving placebo. In only one 
clinical trial 105 was cisapride administered orally; ileus was reduced from 4.8 to 3.7 days. In three of the four remaining 
(negative) studies, cisapride was administered rectally. These results suggest that the beneficial effect of cisapride on ileus 
depends on the route of its administration, favouring intravenous or, possibly, oral administration in the postoperative period. 
However, adverse cardiac effects may occur with cisapride, which may therefore be contraindicated in high-risk patients 110. 

 

 
Fig. 6 Randomized clinical trials evaluating the effect of cisapride on a duration of ileus and b percentage of subjects with 
resolved ileus. Various indicators of postoperative ileus (flatus (F) and defaecation (D)) and were used as well as various doses of 
drug (4-30 mg administered for between 1 and 7 days) and various routes of administration (intravenous, rectal and oral). In all 
studies, patients underwent various abdominal (not specified) or colonic procedures. In studies with assessments of both flatus 
and defaecation, defaecation was given a higher priority than flatus. *P < 0.05  

 
Ceruletide  

Ceruletide is a synthetic peptide whose cholecystokinin antagonist activity may stimulate gastrointestinal motility. In two clinical 
placebo-controlled studies ceruletide has been found to reduce ileus slightly 111,112. However, side-effects such as nausea and 
vomiting, which may require additional antiemetic treatment, limit the potential use of ceruletide. Further studies are necessary 
on other cholecystokinin antagonists before clinical recommendations can be made. 

Erythromycin  

Erythromycin stimulates the motilin receptor and so may induce a MMC. However, the only existing prospective clinical 
randomized study found no effect of postoperatively administered erythromycin on ileus after abdominal surgery 113. 



 

 

Metoclopramide  

Metoclopramide may potentially influence gastrointestinal motility by acting as a dopamine antagonist, as well as by direct and 
indirect effects on cholinergic and serotonergic receptors throughout the gastrointestinal tract. Six controlled clinical studies exist 
in patients undergoing abdominal surgery to assess the effect of metoclopramide on ileus. In three of the studies endpoints such 
as bowel sounds, food intake and defaecation were assessed 114-116 (Fig. 7). Of the remaining three studies, one assessed ileus 
with a functional combination score 117. In another 118, the study population was divided according to the median drug dose 
received, and in the third study 119 the number of patients with bowel sounds in each group was counted after 2 days. Despite the 
variety of endpoints, none of these studies has demonstrated a significant effect of metoclopramide on the resolution of 
postoperative ileus. 

 

 
Fig. 7 Effect of metoclopramide on ileus. Three of the existing six clinical trials are shown. The remaining three studies are 
discussed only in the text, owing to the great variety of endpoints assessed and statistical analyses. Surgery was aortic 114, 
various abdominal 115 or cholecystectomy 116. Indicators of ileus were flatus (F), time to solid food intake (I) and defaecation 
(D)  

 
Somatostatin  

Somatostatin is known to inhibit the secretion of gastrointestinal hormones. In experimental studies the somatostatin analogue, 
octreotide, has been shown to enhance colonic transit and to restore interdigestive myoelectrical complexes 21,120. The effect of 
somatostatin analogues on postoperative ileus has not been investigated in clinical studies. 

Adrenoblockers  

Although inhibitory reflexes mediated by sympathetic visceral afferents are important in the development of ileus, the effect of 
adrenoblocking agents in reducing ileus in the clinical setting has been rather limited 121,122. It is probably clinically 
insignificant. 

Laxatives  

Despite the wide use of laxatives with prokinetic effect in non-surgical patients, no randomized clinical study exists to assess the 
possible beneficial effect of postoperative laxatives on ileus. In fact only one clinical study (unblinded and nonrandomized) has 
assessed the effect of postoperatively administered laxatives (magnesia and biscolic suppositories) and this was in 20 consecutive 



 

 

gynaecological patients 123. The duration of ileus in the treated group (time to flatus and bowel movement) was 3 days. 
Furthermore a 50 per cent reduction in length of hospital stay (4 versus 8 days) was noted. 

Conclusion  

Several prokinetic drugs are available, but so far none has been found effective in the elimination or reduction of postoperative 
ileus, with the exception of cisapride. However, as a sole agent, cisapride is likely to be of limited clinical relevance, although it 
may be useful in conjunction with other techniques. 

The future  

In the future we must consider a multimodal concept of controlling perioperative pathophysiology, postoperative ileus and 
rehabilitation. The pathogenesis of ileus involves mainly inhibitory neural reflexes, and inflammatory mediators and 
neurotransmitters from the site of intestinal injury. Effective pain relief with continuous thoracic epidural local anaesthetics is the 
most important method of reducing ileus. It appears that several techniques, when studied individually, may reduce the duration 
of ileus without eliminating the problem. A rational treatment would therefore be a combination of avoidance of the routine use 
of nasogastric tubes, the use of a continuous thoracic epidural local anaesthetic regimen for at least 48 h, the use of additional 
opioid-sparing analgesia, and routine early oral nutrition. Other additional methods may be supportive, for instance cisapride and 
the use of a laparoscopic technique. Unfortunately, no randomized studies are available to document the validity of this 
multimodal concept, but several case series suggest that such an approach may significantly reduce, or even eliminate, ileus after 
colonic surgery. 

Sixty consecutive patients scheduled for elective open colorectal surgery participated in an accelerated rehabilitation programme. 
Their median age was 74 years and 33 per were American Society of Anesthesiologists grade III or IV. Analgesia consisted of 
continuous thoracic epidural blockade with local anaesthetics over 48 h, combined with systemic paracetamol and ketorolac. 
Nasogastric tubes were removed immediately after surgery and oral food intake was started on the day of operation. The patients 
were mobilized within 8 h of surgery. The median hospital stay of these unselected patients was 2 days and ileus was considered 
to be significantly reduced, as 95 per cent of the patients tolerated normal food and had defaecation within 48 h of operation 
124,125. Similar results have been found in a group of 17 patients undergoing elective colonic surgery; 12 passed stool within 48 
h, despite the fact that several patients received morphine after operation 126. Thirty-nine patients undergoing laparoscopic 
colonic surgery participated in a similar programme and 35 had normal bowel function on day 2 after operation 127,128. The 
combination of epidural anaesthesia and analgesia and of a standardized care protocol has also been found to reduce the duration 
of postoperative ileus and hospital stay by 1 day, compared with other analgesic techniques, in patients undergoing elective 
colorectal surgery 50,129. 

In conclusion, these preliminary findings suggest that a multimodal rehabilitation approach may result in a major improvement in 
terms of early resolution of postoperative ileus. Further trials are needed to document efficacy with respect to different types of 
operation, safety and the potential for reducing overall postoperative morbidity and cost. 

Acknowledgements  

This work was supported by a grant from the Danish Research Council (28809). 

References  

1 Bueno L, Fioramonti J, Delvaux M, Frexinos J. Mediators and pharmacology of visceral sensitivity: from basic to clinical 
investigations. Gastroenterology 1997; 112: 1714-43. [Medline Link] [Context Link] 

2 Resnick J, Greenwald DA, Brandt LJ. Delayed gastric emptying and postoperative ileus after nongastric abdominal surgery: 
part I. Am J Gastroenterol 1997; 92: 751-62. [Medline Link] [Context Link] 

3 Resnick J, Greenwald DA, Brandt LJ. Delayed gastric emptying and postoperative ileus after nongastric abdominal surgery: 
part II. Am J Gastroenterol 1997; 92: 934-40. [Medline Link] [Context Link] 



 

 

4 Bungard TJ, Kale-Pradhan PB. Prokinetic agents for the treatment of postoperative ileus in adults: a review of the literature. 
Pharmacotherapy 1999; 19: 416-23. [Medline Link] [Context Link] 

5 Thompson JS, Quigley EM. Prokinetic agents in the surgical patient. Am J Surg 1999; 177: 508-14. [Fulltext Link] [Medline 
Link] [Context Link] 

6 Waldhausen JH, Shaffrey ME, Skenderis BS II, Jones RS, Schirmer BD. Gastrointestinal myoelectric and clinical patterns of 
recovery after laparotomy. Ann Surg 1990; 211: 777-84. [Medline Link] [Context Link] 

7 Condon RE, Cowles VE, Ferraz AA, Carilli S, Carlson ME, Ludwig K et al. Human colonic smooth muscle electrical activity 
during and after recovery from postoperative ileus. Am J Physiol 1995; 269: G408-17. [Context Link] 

8 Wilson JP. Postoperative motility of the large intestine in man. Gut 1975; 16: 689-92. [Medline Link] [Context Link] 

9 Shibata Y, Toyoda S, Nimura Y, Miyati M. Patterns of intestinal motility recovery during the early stage following abdominal 
surgery: clinical and manometric study. World J Surg 1997; 21: 806-9. [Medline Link] [Context Link] 

10 Roberts JP, Benson MJ, Rogers J, Deeks JJ, Williams NS. Characterization of distal colonic motility in early postoperative 
period and effect of colonic anastomosis. Dig Dis Sci 1994; 39: 1961-7. [Medline Link] [Context Link] 

11 Petros JG, Realica R, Ahmad S, Rimm EB, Robillard RJ. Patient-controlled analgesia and prolonged ileus after uncomplicated 
colectomy. Am J Surg 1995; 170: 371-4. [Fulltext Link] [Medline Link] [Context Link] 

12 Graber JN, Schulte WJ, Condon RE, Cowles VE. Relationship of duration of postoperative ileus to extent and site of operative 
dissection. Surgery 1982; 92: 87-92. [Medline Link] [Context Link] 

13 Kalff JC, Schraut WH, Simmons RL, Bauer AJ. Surgical manipulation of the gut elicits an intestinal muscularis inflammatory 
response resulting in postsurgical ileus. Ann Surg 1998; 228: 652-63. [Medline Link] [Context Link] 

14 Hotokezaka M, Mentis EP, Patel SP, Combs MJ, Teates CD, Schirmer BD. Recovery of gastrointestinal tract motility and 
myoelectric activity change after abdominal surgery. Arch Surg 1997; 132: 410-17. [Fulltext Link] [Medline Link] [Context 
Link] 

15 Yee MK, Evans WD, Facey PE, Hayward MW, Rosen M. Gastric emptying and small bowel transit in male volunteers after 
i.m. ketorolac and morphine. Br J Anaesth 1991; 67: 426-31. [Medline Link] [Context Link] 

16 Rimback G, Cassuto J, Tollesson PO. Treatment of postoperative paralytic ileus by intravenous lidocaine infusion. Anesth 
Analg 1990; 70: 414-19. [Medline Link] [Context Link] 

17 Zittel TT, Lloyd KC, Rothenhofer I, Wong H, Walsh JH, Raybould HE. Calcitonin gene-related peptide and spinal afferents 
partly mediate postoperative colonic ileus in the rat. Surgery 1998; 123: 518-27. [Medline Link] [Context Link] 

18 Holzer P, Lippe IT, Holzer-Petsche U. Inhibition of gastrointestinal transit due to surgical trauma or peritoneal irritation is 
reduced in capsaicin-treated rats. Gastroenterology 1986; 91: 360-3. [Medline Link] [Context Link] 

19 De Winter BY, Robberecht P, Boeckxstaens GE, De Man JG, Moreels TG, Herman AG et al. Role of VIP1/PACAP receptors 
in postoperative ileus in rats. Br J Pharmacol 1998; 124: 1181-6. [Medline Link] [Context Link] 

20 De Winter BY, Boeckxstaens GE, De Man JG, Moreels TG, Herman AG, Pelckmans PA. Differential effect of indomethacin 
and ketorolac on postoperative ileus in rats. Eur J Pharmacol 1998; 344: 71-6. [Medline Link] [Context Link] 



 

 

21 Cullen JJ, Eagon JC, Kelly KA. Gastrointestinal peptide hormones during postoperative ileus. Effect of octreotide. Dig Dis Sci 
1994; 39: 1179-84. [Medline Link] [Context Link] 

22 Espat NJ, Cheng G, Kelley MC, Vogel SB, Sninsky CA, Hocking MP. Vasoactive intestinal peptide and substance P receptor 
antagonists improve postoperative ileus. J Surg Res 1995; 58: 719-23. [Medline Link] [Context Link] 

23 Kalff JC, Schraut WH, Billiar TR, Simmons RL, Bauer AJ. Role of inducible nitric oxide synthase in postoperative intestinal 
smooth muscle dysfunction in rodents. Gastroenterology 2000; 118: 316-27. [Medline Link] [Context Link] 

24 Cullen JJ, Caropreso DK, Hemann LL, Hinkhouse M, Conklin JL, Ephgrave KS. Pathophysiology of adynamic ileus. Dig Dis 
Sci 1997; 42: 731-7. [Medline Link] [Context Link] 

25 Cullen JJ, Ephgrave KS, Caropreso DK. Gastrointestinal myoelectric activity during endotoxemia. Am J Surg 1996; 171: 596-
9. [Fulltext Link] [Medline Link] [Context Link] 

26 Zittel TT, Reddy SN, Plourde V, Raybould HE. Role of spinal afferents and calcitonin gene-related peptide in the 
postoperative gastric ileus in anesthetized rats. Ann Surg 1994; 219: 79-87. [Medline Link] [Context Link] 

27 Barquist E, Bonaz B, Martinez V, Rivier J, Zinner MJ, Tache Y. Neuronal pathways involved in abdominal surgery-induced 
gastric ileus in rats. Am J Physiol 1996; 270: R888-94. [Medline Link] [Context Link] 

28 Martinez V, Rivier J, Wang L, Tache Y. Central injection of a new corticotropin-releasing factor (CRF) antagonist, astressin, 
blocks CRF- and stress-related alterations of gastric and colonic motor function. J Pharmacol Exp Ther 1997; 280: 754-60. 
[Medline Link] [Context Link] 

29 Thorn SE, Wattwil M, Lindberg G, Sawe J. Systemic and central effects of morphine on gastroduodenal motility. Acta 
Anaesthesiol Scand 1996; 40: 177-86. [Medline Link] [Context Link] 

30 Ferraz AA, Cowles VE, Condon RE, Schulte WJ. Opioid and nonopioid analgesic drug effects on colon contractions in 
monkeys. Dig Dis Sci 1995; 40: 1417-19. [Medline Link] [Context Link] 

31 De Winter BY, Boeckxstaens GE, De Man JG, Moreels TG, Herman AG, Pelckmans PA. Effects of mu- and kappa-opioid 
receptors on postoperative ileus in rats. Eur J Pharmacol 1997; 339: 63-7. [Medline Link] [Context Link] 

32 Friese N, Chevalier E, Angel F, Pascaud X, Junien JL, Dahl SG et al. Reversal by kappa-agonists of peritoneal irritation-
induced ileus and visceral pain in rats. Life Sci 1997; 60: 625-34. [Medline Link] [Context Link] 

33 Riviere PJ, Pascaud X, Chevalier E, Junien JL. Fedotozine reversal of peritoneal-irritation-induced ileus in rats: possible 
peripheral action on sensory afferents. J Pharmacol Exp Ther 1994; 270: 846-50. [Medline Link] [Context Link] 

34 Kalff JC, Carlos TM, Schraut WH, Billiar TR, Simmons RL, Bauer AJ. Surgically induced leukocytic infiltrates within the rat 
intestinal muscularis mediate postoperative ileus. Gastroenterology 1999; 117: 378-87. [Medline Link] [Context Link] 

35 Kalff JC, Buchholz BM, Eskandari MK, Hierholzer C, Schraut WH, Simmons RL et al. Biphasic response to gut manipulation 
and temporal correlation of cellular infiltrates and muscle dysfunction in rat. Surgery 1999; 126: 498-509. [Medline Link] 
[Context Link] 

36 Ogilvy AJ, Smith G. The gastrointestinal tract after anaesthesia. Eur J Anaesthesiol Suppl 1995; 10: 35-42. [Medline Link] 
[Context Link] 

37 Pedersen FM, Wilken-Jensen C, Knudsen F, Lindekaer AL, Svare EI. The influence of nitrous oxide on recovery of bowel 
function after abdominal hysterectomy. Acta Anaesthesiol Scand 1993; 37: 692-6. [Medline Link] [Context Link] 



 

 

38 Krogh B, Jorn Jensen P, Henneberg SW, Hole P, Kronborg O. Nitrous oxide does not influence operating conditions or 
postoperative course in colonic surgery. Br J Anaesth 1994; 72: 55-7. [Medline Link] [Context Link] 

39 Jensen AG, Kalman SH, Nystrom PO, Eintrei C. Anaesthetic technique does not influence postoperative bowel function: a 
comparison of propofol, nitrous oxide and isoflurane. Can J Anaesth 1992; 39: 938-43. [Medline Link] [Context Link] 

40 Kehlet H. Modification of responses to surgery by neural blockade: clinical implications. In: Cousins MJ, Bridenbaugh PO, 
eds. Neural Blockade in Clinical Anesthesia and Management of Pain. 3rd ed. Philadelphia, Pennsylvania: Lippincott-Raven, 
1998: 129-75. [Context Link] 

41 Kehlet H. Multimodal approach to control postoperative pathophysiology and rehabilitation. Br J Anaesth 1997; 78: 606-17. 
[Medline Link] [Context Link] 

42 Liu S, Carpenter RL, Neal JM. Epidural anesthesia and analgesia. Their role in postoperative outcome. Anesthesiology 1995; 
82: 1474-506. [Fulltext Link] [Medline Link] [Context Link] 

43 Steinbrook RA. Epidural anesthesia and gastrointestinal motility. Anesth Analg 1998; 86: 837-44. [Fulltext Link] [Medline 
Link] [Context Link] 

44 Wallin G, Cassuto J, Hogstrom S, Rimback G, Faxen A, Tollesson PO. Failure of epidural anesthesia to prevent postoperative 
paralytic ileus. Anesthesiology 1986; 65: 292-7. [Medline Link] [Context Link] 

45 Scheinin B, Asantila R, Orko R. The effect of bupivacaine and morphine on pain and bowel function after colonic surgery. 
Acta Anaesthesiol Scand 1987; 31: 161-4. [Medline Link] [Context Link] 

46 Ahn H, Bronge A, Johansson K, Ygge H, Lindhagen J. Effect of continuous postoperative epidural analgesia on intestinal 
motility. Br J Surg 1988; 75: 1176-8. [Medline Link] [Context Link] 

47 Wattwil M, Thoren T, Hennerdal S, Garvill JE. Epidural analgesia with bupivacaine reduces postoperative paralytic ileus after 
hysterectomy. Anesth Analg 1989; 68: 353-8. [Medline Link] [Context Link] 

48 Bredtmann RD, Herden HN, Teichmann W, Moecke HP, Kniesel B, Baetgen R et al. Epidural analgesia in colonic surgery: 
results of a randomized prospective study. Br J Surg 1990; 77: 638-42. [Medline Link] [Context Link] 

49 Riwar A, Schar B, Grotzinger U. Effect of continuous postoperative analgesia with peridural bupivacaine on intestinal motility 
following colorectal resection. Helv Chir Acta 1991; 58: 729-33. [Context Link] 

50 Liu SS, Carpenter RL, Mackey DC, Thirlby RC, Rupp SM, Shine TS et al. Effects of perioperative analgesic technique on 
rate of recovery after colon surgery. Anesthesiology 1995; 83: 757-65. [Fulltext Link] [Medline Link] [Context Link] 

51 Neudecker J, Schwenk W, Junghans T, Pietsch S, Bohm B, Muller JM. Randomized controlled trial to examine the influence 
of thoracic epidural analgesia on postoperative ileus after laparoscopic sigmoid resection. Br J Surg 1999; 86: 1292-5. [Fulltext 
Link] [Medline Link] [Context Link] 

52 Thoren T, Sundberg A, Wattwil M, Garvill JE, Jurgensen U. Effects of epidural bupivacaine and epidural morphine on bowel 
function and pain after hysterectomy. Acta Anaesthesiol Scand 1989; 33: 181-5. [Medline Link] [Context Link] 

53 Asantila R, Eklund P, Rosenberg PH. Continuous epidural infusion of bupivacaine and morphine for postoperative analgesia 
after hysterectomy. Acta Anaesthesiol Scand 1991; 35: 513-17. [Medline Link] [Context Link] 

54 Bisgaard C, Mouridsen P, Dahl JB. Continuous lumbar epidural bupivacaine plus morphine versus epidural morphine after 
major abdominal surgery. Eur J Anaesthesiol 1990; 7: 219-25. [Context Link] 



 

 

55 Hjortso NC, Neumann P, Frosig F, Andersen T, Lindhard A, Rogon E et al. A controlled study on the effect of epidural 
analgesia with local anaesthetics and morphine on morbidity after abdominal surgery. Acta Anaesthesiol Scand 1985; 29: 790-6. 
[Medline Link] [Context Link] 

56 Seeling W, Bruckmooser KP, Hufner C, Kneitinger E, Rigg C, Rockemann M. No reduction in postoperative complications 
by the use of catheterized epidural analgesia following major abdominal surgery. Anaesthesist 1990; 39: 33-40. [Medline Link] 
[Context Link] 

57 Jayr C, Thomas H, Rey A, Farhat F, Lasser P, Bourgain JL. Postoperative pulmonary complications. Epidural analgesia using 
bupivacaine and opioids versus parenteral opioids. Anesthesiology 1993; 78: 666-76. [Medline Link] [Context Link] 

58 Mann C, Pouzeratte Y, Boccara G, Peccoux C, Vergne C, Brunat G et al. Comparison of intravenous or epidural patient-
controlled analgesia in the elderly after major abdominal surgery. Anesthesiology 2000; 92: 433-41. [Fulltext Link] [Medline 
Link] [Context Link] 

59 Wulf H, Biscoping J, Beland B, Bachmann-Mennenga B, Motsch J. Ropivacaine epidural anesthesia and analgesia versus 
general anesthesia and intravenous patient-controlled analgesia with morphine in the perioperative management of hip 
replacement. Ropivacaine Hip Replacement Multicenter Study Group. Anesth Analg 1999; 89: 111-16. [Fulltext Link] [Medline 
Link] [Context Link] 

60 Rimback G, Cassuto J, Wallin G, Westlander G. Inhibition of peritonitis by amide local anesthetics. Anesthesiology 1988; 69: 
881-6. [Medline Link] [Context Link] 

61 Udassin R, Eimerl D, Schiffman J, Haskel Y. Epidural anesthesia accelerates the recovery of postischemic bowel motility in 
the rat. Anesthesiology 1994; 80: 832-6. [Medline Link] [Context Link] 

62 Groudine SB, Fisher HA, Kaufman RP Jr, Patel MK, Wilkins LJ, Mehta SA et al. Intravenous lidocaine speeds the return of 
bowel function, decreases postoperative pain, and shortens hospital stay in patients undergoing radical retropubic prostatectomy. 
Anesth Analg 1998; 86: 235-9. [Fulltext Link] [Medline Link] [Context Link] 

63 Rimback G, Cassuto J, Faxen A, Hogstrom S, Wallin G, Tollesson PO. Effect of intra-abdominal bupivacaine instillation on 
postoperative colonic motility. Gut 1986; 27: 170-5. [Medline Link] [Context Link] 

64 Delvaux M, Louvel D, Lagier E, Scherrer B, Abitbol JL, Frexinos J. The kappa agonist fedotozine relieves hypersensitivity to 
colonic distension in patients with irritable bowel syndrome. Gastroenterology 1999; 116: 38-45. [Medline Link] [Context Link] 

65 Yuan CS, Foss JF, O'Connor M, Osinski J, Kamson T, Moss J et al. Methylnaltrexone for reversal of constipation due to 
chronic methadone use: a randomized controlled trial. JAMA 2000; 283: 367-72. [Fulltext Link] [Medline Link] [Context Link] 

66 Kehlet H, Rung GW, Callesen T. Postoperative opioid analgesia: time for a reconsideration? J Clin Anesth 1996; 8: 441-5. 
[Medline Link] [Context Link] 

67 Merry A, Power W. Perioperative NSAIDs: towards greater safety. Pain Rev 1995; 2: 268-91. [Context Link] 

68 Kelley MC, Hocking MP, Marchand SD, Sninsky CA. Ketorolac prevents postoperative small intestinal ileus in rats. Am J 
Surg 1993; 165: 107-11. [Fulltext Link] [Medline Link] [Context Link] 

69 Cheng G, Cassissi C, Drexler PG, Vogel SB, Sninsky CA, Hocking MP. Salsalate, morphine, and postoperative ileus. Am J 
Surg 1996; 171: 85-8. [Fulltext Link] [Medline Link] [Context Link] 

70 Ferraz AA, Cowles VE, Condon RE, Carilli S, Ezberci F, Frantzides CT et al. Nonopioid analgesics shorten the duration of 
postoperative ileus. Am Surg 1995; 61: 1079-83. [Medline Link] [Context Link] 



 

 

71 Cheatham ML, Chapman WC, Key SP, Sawyers JL. A meta-analysis of selective versus routine nasogastric decompression 
after elective laparotomy. Ann Surg 1995; 221: 469-76. [Medline Link] [Context Link] 

72 Sagar PM, Kruegener G, MacFie J. Nasogastric intubation and elective abdominal surgery. Br J Surg 1992; 79: 1127-31. 
[Medline Link] [Context Link] 

73 Rao SS, Beaty J, Chamberlain M, Lambert PG, Gisolfi C. Effects of acute graded exercise on human colonic motility. Am J 
Physiol 1999; 276: G1221-6. [Medline Link] [Context Link] 

74 Waldhausen JH, Schirmer BD. The effect of ambulation on recovery from postoperative ileus. Ann Surg 1990; 212: 671-7. 
[Medline Link] [Context Link] 

75 Allen C, Glasziou P, Del Mar C. Bed rest: a potentially harmful treatment needing more careful evaluation. Lancet 1999; 354: 
1229-33. [Fulltext Link] [Medline Link] [Context Link] 

76 Harper CM, Lyles YM. Physiology and complications of bed rest. J Am Geriatr Soc 1988; 36: 1047-54. [Medline Link] 
[Context Link] 

77 Johnson LR. Physiology of the Gastrointestinal Tract. New York: Raven Press, 1994. [Context Link] 

78 Moore FA, Feliciano DV, Andrassy RJ, McArdle AH, Booth FV, Morgenstein-Wagner TB et al. Early enteral feeding, 
compared with parenteral, reduces postoperative septic complications. The results of a meta-analysis. Ann Surg 1992; 216: 172-
83. [Medline Link] [Context Link] 

79 Moss G. Maintenance of gastrointestinal function after bowel surgery and immediate enteral full nutrition. II. Clinical 
experience, with objective demonstration of intestinal absorption and motility. JPEN J Parenter Enteral Nutr 1981; 5: 215-20. 
[Medline Link] [Context Link] 

80 Reissman P, Teoh TA, Cohen SM, Weiss EG, Nogueras JJ, Wexner SD. Is early oral feeding safe after elective colorectal 
surgery? A prospective randomized trial. Ann Surg 1995; 222: 73-7. [Medline Link] [Context Link] 

81 Binderow SR, Cohen SM, Wexner SD, Nogueras JJ. Must early postoperative oral intake be limited to laparoscopy? Dis 
Colon Rectum 1994; 37: 584-9. [Medline Link] [Context Link] 

82 Ortiz H, Armendariz P, Yarnoz C. Is early postoperative feeding feasible in elective colon and rectal surgery? Int J Colorectal 
Dis 1996; 11: 119-21. [Medline Link] [Context Link] 

83 Bufo AJ, Feldman S, Daniels GA, Lieberman RC. Early postoperative feeding. Dis Colon Rectum 1994; 37: 1260-5. [Medline 
Link] [Context Link] 

84 Hartsell PA, Frazee RC, Harrison JB, Smith RW. Early postoperative feeding after elective colorectal surgery. Arch Surg 
1997; 132: 518-20. [Fulltext Link] [Medline Link] [Context Link] 

85 Singh G, Ram RP, Khanna SK. Early postoperative enteral feeding in patients with nontraumatic intestinal perforation and 
peritonitis. J Am Coll Surg 1998; 187: 142-6. [Medline Link] [Context Link] 

86 Di Fronzo LA, Cymerman J, O'Connell TX. Factors affecting early postoperative feeding following elective open colon 
resection. Arch Surg 1999; 134: 941-5. [Fulltext Link] [Medline Link] [Context Link] 

87 Schilder JM, Hurteau JA, Look KY, Moore DH, Raff G, Stehman FB et al. A prospective controlled trial of early 
postoperative oral intake following major abdominal gynecologic surgery. Gynecol Oncol 1997; 67: 235-40. [Medline Link] 
[Context Link] 



 

 

88 Stewart BT, Woods RJ, Collopy BT, Fink RJ, Mackay JR, Keck JO. Early feeding after elective open colorectal resections: a 
prospective randomized trial. Aust N Z J Surg 1998; 68: 125-8. [Medline Link] [Context Link] 

89 Pearl ML, Valea FA, Fischer M, Mahler L, Chalas E. A randomized controlled trial of early postoperative feeding in 
gynecologic oncology patients undergoing intra-abdominal surgery. Obstet Gynecol 1998; 92: 94-7. [Medline Link] [Context 
Link] 

90 Cutillo G, Maneschi F, Franchi M, Giannice R, Scambia G, Benedetti-Panici P. Early feeding compared with nasogastric 
decompression after major oncologic gynecologic surgery: a randomized study. Obstet Gynecol 1999; 93: 41-5. [Medline Link] 
[Context Link] 

91 Heslin MJ, Latkany L, Leung D, Brooks AD, Hochwald SN, Pisters PW et al. A prospective, randomized trial of early enteral 
feeding after resection of upper gastrointestinal malignancy. Ann Surg 1997; 226: 567-77. [Medline Link] [Context Link] 

92 Watters JM, Kirkpatrick SM, Norris SB, Shamji FM, Wells GA. Immediate postoperative enteral feeding results in impaired 
respiratory mechanics and decreased mobility. Ann Surg 1997; 226: 369-77. [Medline Link] [Context Link] 

93 Hotokezaka M, Combs MJ, Mentis EP, Schirmer BD. Recovery of fasted and fed gastrointestinal motility after open versus 
laparoscopic cholecystectomy in dogs. Ann Surg 1996; 223: 413-19. [Medline Link] [Context Link] 

94 Garcia-Caballero M, Vara-Thorbeck C. The evolution of postoperative ileus after laparoscopic cholecystectomy. A 
comparative study with conventional cholecystectomy and sympathetic blockade treatment. Surg Endosc 1993; 7: 416-19. 
[Medline Link] [Context Link] 

95 Bohm B, Milsom JW, Fazio VW. Postoperative intestinal motility following conventional and laparoscopic intestinal surgery. 
Arch Surg 1995; 130: 415-19. [Fulltext Link] [Medline Link] [Context Link] 

96 Davies W, Kollmorgen CF, Tu QM, Donohue JH, Thompson GB, Nelson H et al. Laparoscopic colectomy shortens 
postoperative ileus in a canine model. Surgery 1997; 121: 550-5. [Medline Link] [Context Link] 

97 Lacy AM, Garcia-Valdecasas JC, Pique JM, Delgado S, Campo E, Bordas JM et al. Short-term outcome analysis of a 
randomized study comparing laparoscopic vs open colectomy for colon cancer. Surg Endosc 1995; 9: 1101-5. [Medline Link] 
[Context Link] 

98 Schwenk W, Bohm B, Haase O, Junghans T, Muller JM. Laparoscopic versus conventional colorectal resection: a prospective 
randomised study of postoperative ileus and early postoperative feeding. Langenbecks Arch Surg 1998; 383: 49-55. [Medline 
Link] [Context Link] 

99 Milsom JW, Bohm B, Hammerhofer KA, Fazio V, Steiger E, Elson P. A prospective, randomized trial comparing 
laparoscopic versus conventional techniques in colorectal cancer surgery: a preliminary report. J Am Coll Surg 1998; 187: 46-54. 
[Medline Link] [Context Link] 

100 Barone JA, Jessen LM, Colaizzi JL, Bierman RH. Cisapride: a gastrointestinal prokinetic drug. Ann Pharmacother 1994; 28: 
488-500. [Medline Link] [Context Link] 

101 Tollesson PO, Cassuto J, Rimback G, Faxen A, Bergman L, Mattsson E. Treatment of postoperative paralytic ileus with 
cisapride. Scand J Gastroenterol 1991; 26: 477-82. [Medline Link] [Context Link] 

102 Hallerback H, Bergman B, Bong H, Ekstrom P, Glise H, Lundgren K et al. Cisapride in the treatment of post-operative ileus. 
Aliment Pharmacol Ther 1991; 5: 503-11. [Medline Link] [Context Link] 



 

 

103 Benson MJ, Roberts JP, Wingate DL, Rogers J, Deeks JJ, Castillo FD et al. Small bowel motility following major intra-
abdominal surgery: the effects of opiates and rectal cisapride. Gastroenterology 1994; 106: 924-36. [Medline Link] [Context 
Link] 

104 Roberts JP, Benson MJ, Rogers J, Deeks JJ, Wingate DL, Williams NS. Effect of cisapride on distal colonic motility in the 
early postoperative period following left colonic anastomosis. Dis Colon Rectum 1995; 38: 139-45. [Medline Link] [Context 
Link] 

105 Brown TA, McDonald J, Williard W. A prospective, randomized, double-blinded, placebo-controlled trial of cisapride after 
colorectal surgery. Am J Surg 1999; 177: 399-401. [Fulltext Link] [Medline Link] [Context Link] 

106 von Ritter C, Hunter S, Hinder RA. Cisapride does not reduce postoperative paralytic ileus. S Afr J Surg 1987; 25: 19-21. 
[Medline Link] [Context Link] 

107 Boghaert A, Haesaert G, Mourisse P, Verlinden M. Placebo-controlled trial of cisapride in postoperative ileus. Acta 
Anaesthesiol Belg 1987; 38: 195-9. [Medline Link] [Context Link] 

108 Verlinden M, Michiels G, Boghaert A, de Coster M, Dehertog P. Treatment of postoperative gastrointestinal atony. Br J Surg 
1987; 74: 614-17. [Medline Link] [Context Link] 

109 Lander A, Redkar R, Nicholls G, Lawson A, Choudhury SR, Corkery JJ et al. Cisapride reduces neonatal postoperative ileus: 
randomised placebo controlled trial. Arch Dis Child Fetal Neonatal Ed 1997; 77: F119-22. [Medline Link] [Context Link] 

110 Tonini M, De Ponti F, Di Nucci A, Crema F. Review article: cardiac adverse effects of gastrointestinal prokinetics. Aliment 
Pharmacol Ther 1999; 13: 1585-91. [Medline Link] [Context Link] 

111 Sadek SA, Cranford C, Eriksen C, Walker M, Campbell C, Baker PR et al. Pharmacological manipulation of adynamic ileus: 
controlled randomized double-blind study of ceruletide on intestinal motor activity after elective abdominal surgery. Aliment 
Pharmacol Ther 1988; 2: 47-54. [Medline Link] [Context Link] 

112 Madsen PV, Lykkegaard-Nielsen M, Nielsen OV. Ceruletide reduces postoperative intestinal paralysis. A double-blind 
placebo-controlled trial. Dis Colon Rectum 1983; 26: 159-60. [Medline Link] [Context Link] 

113 Bonacini M, Quiason S, Reynolds M, Gaddis M, Pemberton B, Smith O. Effect of intravenous erythromycin on 
postoperative ileus. Am J Gastroenterol 1993; 88: 208-11. [Medline Link] [Context Link] 

114 Jepsen S, Klaerke A, Nielsen PH, Simonsen O. Negative effect of metoclopramide in postoperative adynamic ileus. A 
prospective, randomized, double blind study. Br J Surg 1986; 73: 290-1. [Medline Link] [Context Link] 

115 Cheape JD, Wexner SD, James K, Jagelman DG. Does metoclopramide reduce the length of ileus after colorectal surgery? A 
prospective randomized trial. Dis Colon Rectum 1991; 34: 437-41. [Medline Link] [Context Link] 

116 Tollesson PO, Cassuto J, Faxen A, Rimback G, Mattsson E, Rosen S. Lack of effect of metoclopramide on colonic motility 
after cholecystectomy. Eur J Surg 1991; 157: 355-8. [Medline Link] [Context Link] 

117 Breivik H, Lind B. Anti-emetic and propulsive peristaltic properties of metoclopramide. Br J Anaesth 1971; 43: 400-3. 
[Medline Link] [Context Link] 

118 Davidson ED, Hersh T, Brinner RA, Barnett SM, Boyle LP. The effects of metoclopramide on postoperative ileus. A 
randomized double-blind study. Ann Surg 1979; 190: 27-30. [Medline Link] [Context Link] 

119 Kivalo I, Miettinen K. The effects of metoclopramide on postoperative nausea and bowel function. Ann Chir Gynaecol Fenn 
1970; 59: 155-8. [Medline Link] [Context Link] 



 

 

120 Cullen JJ, Eagon JC, Dozois EJ, Kelly KA. Treatment of acute postoperative ileus with octreotide. Am J Surg 1993; 165: 
113-19. [Fulltext Link] [Medline Link] [Context Link] 

121 Hallerback B, Carlsen E, Carlsson K, Enkvist C, Glise H, Haffner J et al. Beta-adrenoceptor blockade in the treatment of 
postoperative adynamic ileus. Scand J Gastroenterol 1987; 22: 149-55. [Context Link] 

122 Hallerback B, Ander S, Glise H. Effect of combined blockade of beta-adrenoceptors and acetylcholinesterase in the treatment 
of postoperative ileus after cholecystectomy. Scand J Gastroenterol 1987; 22: 420-4. [Medline Link] [Context Link] 

123 Fanning J, Yu-Brekke S. Prospective trial of aggressive postoperative bowel stimulation following radical hysterectomy. 
Gynecol Oncol 1999; 73: 412-14. [Medline Link] [Context Link] 

124 Basse L, Jakobsen DH, Billesbølle P, Werner M, Kehlet H. A clinical pathway to accelerate recovery after colonic resection. 
Ann Surg 2000; 232: 51-7. [Medline Link] [Context Link] 

125 Kehlet H, Mogensen T. Hospital stay of 2 days after open sigmoidectomy with a multimodal rehabilitation programme. Br J 
Surg 1999; 86: 227-30. [Fulltext Link] [Medline Link] [Context Link] 

126 Moiniche S, Bulow S, Hesselfeldt P, Hestbaek A, Kehlet H. Convalescence and hospital stay after colonic surgery with 
balanced analgesia, early oral feeding, and enforced mobilisation. Eur J Surg 1995; 161: 283-8. [Medline Link] [Context Link] 

127 Bardram L, Funch-Jensen P, Jensen P, Crawford ME, Kehlet H. Recovery after laparoscopic colonic surgery with epidural 
analgesia, and early oral nutrition and mobilisation. Lancet 1995; 345: 763-4. [Fulltext Link] [Medline Link] [Context Link] 

128 Bardram L, Funch-Jensen P, Kehlet H. Rapid rehabilitation in elderly patients after laparoscopic colonic surgery. Br J Surg 
2000 (in press). [Context Link] 

129 Bradshaw BG, Liu SS, Thirlby RC. Standardized perioperative care protocols and reduced length of stay after colon surgery. 
J Am Coll Surg 1998; 186: 501-6. [Medline Link] [Context Link] 

 
 
Accession Number: 00002413-200011000-00006  

 
 

Copyright (c) 2000-2001 Ovid Technologies, Inc. 
Version: rel4.3.0, SourceID: 1.5031.1.149 


