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Abstract
Almost all patients develop postoperative ileus (POI) 
after abdominal surgery. POI represents the single larg-
est factor influencing length of stay (LOS) after bowel 
resection, and has great implications for patients and 
resource utilization in health care. New methods to 
treat and decrease the length of POI are therefore of 
great importance. During the past decade, a substantial 
amount of research has been performed evaluating POI, 
and great progress has been made in our understand-
ing and treatment of POI. Laparoscopic procedures, 
enhanced recovery pathways and pharmacologic treat-
ment have been introduced. Each factor has substan-
tially contributed to decreasing the length of POI and 
thus LOS after bowel resection. This editorial outlines 
resource utilization of POI, normal physiology of gut 
motility and pathogenesis of POI. Pharmacological treat-
ment, fast track protocols and laparoscopic surgery can 
each have significant impact on pathways causing POI. 

The optimal integration of these treatment options con-
tinues to be assessed in prospective studies. 
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INTRODUCTION
All patients with a bowel resection develop postopera-
tive ileus (POI), an interruption of  bowel function after 
surgery[1-4]. POI is characterized by a transient cessation 
of  bowel function with a variable reduction in motility 
sufficient to prevent effective transit of  intestinal con-
tents[5]. POI is the single most important determinant of  
length of  stay (LOS) after abdominal surgery, and thus 
has significant implications for individual patients and 
hospital resource utilization. 

POI has been discussed by surgeons for more than 
two centuries[6,7]. In 1906, Finney divided POI into three 
subgroups according to pathophysiology: mechanical, 
septic and adynamic[8]. After a century of  debate a conse-
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nsus conference in 2006[5] proposed a definition of  POI 
as: “transient cessation of  coordinated bowel motility after 
surgical intervention, which prevents effective transit of  
intestinal contents or tolerance of  oral intake”. Primary 
POI was defined as such cessation occurring in the ab-
sence of  any precipitating complication, whereas second-
ary POI was defined as that occurring in the presence of  
a precipitating complication (infection, anastomotic leak, 
etc.). Patients undergoing major abdominal surgery are at 
highest risk for developing POI, which is related to the 
degree and length of  manipulation of  the intestines. Other 
surgical procedures may also be associated with POI, such 
as cardiac surgery, orthopedic surgery and trauma[9-12]. In 
addition to surgery and trauma, postoperative opioid an-
algesics that are necessary to manage postoperative pain 
contribute significantly to the incidence of  POI. 

Clinically POI is characterized by the inability to tole-
rate a solid diet, delayed passage of  flatus and formed 
stool, pain and abdominal distention, nausea, vomiting, 
and accumulation of  gas or fluids in the bowel[9,13]. Several 
pharmacological substances have been introduced to treat 
or prevent POI[14-26]. There has however been little if  any 
proven success in pharmacologic limitation of  POI until 
the reports investigating selective antagonism of  opioid 
receptors. 

In addition to pharmacological treatment, fast track 
or enhanced recovery pathways (ERP) and laparoscopic 
surgery have introduced new dimensions in treatment of  
POI. ERP shorten the postoperative recovery period[27] 
and laparoscopic surgery shortens the average length of  
POI[28]. The objective of  the present paper is to highlight 
POI and its consequences for patients and society, and the 
impact pharmacological treatment, laparoscopic surgery 
and ERP have upon the pathogenesis and duration of  
POI. 

COST IMPLICATIONS OF POI
POI as a complication of  major abdominal surgery can 
have a substantial clinical and economic impact. POI is as-
sociated with increased postoperative morbidity, reduced 
patient satisfaction, and increased length of  hospital stay. 
Moreover, POI-related increases in LOS and use of  re-
sources translated into increased costs for the health care 
system[29]. It has been estimated that POI accounts for a 
significant amount of  perioperative health care costs in 
the US[5], with estimated total hospital costs attributable to 
POI $1.28 billion[5].

A recently published study by Iyer et al[30] identified 
17 000 patients undergoing colectomy in the US Pre-
mier Perspective database. The mean hospital LOS was 
significantly longer in patients with POI compared with 
patients without POI (13.8 d vs 8.9 d). POI in colectomy 
patients is a significant predictor of  increased hospital re-
source utilization.

Clearly, reducing the LOS associated with POI has 
become a health care priority for the surgical community, 
with interventions reducing the LOS having great impli-

cations both for the individual patient and for hospital 
cost utilization.

Bell et al[31] recently published a paper, where the eco-
nomic effect of  the use of  alvimopan in four randomized 
controlled trials (RCT) trials was analyzed. This paper 
used LOS data from the North American alvimopan tri-
als, and calculated cost by extrapolation of  cost from the 
Premier Perspective database, and cost of  medication, 
using mathematical modeling techniques. Compared with 
placebo, alvimopan was associated with a significantly 
shorter mean time to gastrointestinal (GI) recovery and 
a mean hospital LOS of  one full day less than placebo. 
The mean estimated hospital cost was $879-$977 less for 
patients who received alvimopan compared with placebo. 
Bell et al[31] suggest that use of  alvimopan compared with 
placebo may have a cost-saving effect in the hospital set-
ting. It is however unresolved if  alvimopan is more cost 
effective than optimal use of  laparoscopic surgery and 
ERP protocols, and further research is needed.

PATHOGENESIS OF POI 
Normal bowel function is a complex interaction between 
GI motility, mucosal transport and defecation reflexes. 
The motility of  the intestines is dependent upon the elec-
trophysiological activity in the smooth muscle cells, neural 
input from the intrinsic and autonomic nervous system, 
hormonal interactions and coordinated smooth muscle 
interaction[32] (Figure 1). The migrating motor complex 
(MMC) has a central position in the normal gut motil-
ity[10,33]. The MMC is divided into four phases and regu-
lates the gut motility (contractile pattern) between meals[34] 
and occurs approximately once every 1-2 h; Phase Ⅰ: 
Oscillating smooth muscle membrane potentials without 
actual muscle contractions. Phase Ⅱ: Occurrence of  in-
termittent muscle contractions. Phase Ⅲ: Contractions 
increase to the maximal contractile frequency (i.e. stomach 
3 contractions/min and duodenum 11 contractions/min). 
Phase Ⅳ: cessation of  contractions, and the bowel returns 
to Phase Ⅰ. 

In addition, the nervous system (enteric and central)[35], 
hormones[36] and smooth muscle activity play roles. Inge-
stion of  food activates these mechanisms and turns off  
the MMC contractile pattern. 
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Figure 1  Normal physiology of gut motility.
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The interactions between these regulatory components 
are complex and much is unknown. Contractions in the 
colon differ from the small intestine, with irregular oscilla-
tions and contractile patterns[10,35].

Although multiple factors are thought to contribute 
to the pathogenesis of  POI, four major pathways have 
been identified (Figure 2): (1) Neurogenic: surgical stress 
(i.e. skin incision and bowel manipulation) response 
stimulates inhibitory neural reflexes resulting in decreased 
bowel motility. This activation of  inhibitory reflexes in-
hibits the normal MMC pattern and is activated as early 
as at the moment of  skin incision (by somatic fibers) and 
from manipulation of  the intestines (by visceral fibers)[37]; 
(2) Inflammatory: bowel manipulation and resection 
stimulates normally inactive macrophages and neutrophil 
recruitment with release of  inflammatory mediators that 
reduce bowel motility; this includes endogenous opioid 
peptides. Manipulation also causes secretion of  proin-
flammatory cytokines[37]. An increase in the degree of  
surgical manipulation leads to increased accumulation of  
neutrophils, macrophages, mast cells, T cells, natural killer 
cells and dendritic cells which in turn leads to increased 
inflammation in the intestine and tissue damage[32]. All 
these factors induce paralysis of  the intestine and in turn 
POI; (3) Hormonal: surgical stress results in elevation of  
corticotrophin-releasing factor, which stimulates release 
of  inflammatory mediators in the bowel[38]. In addition, a 
wide variety of  local factors, hormones and neurotrans-
mitters may play a role in POI (i.e. Substance P, Nitric 
Oxide and Calcitonin gene-related peptide CGRP)[10]; 
and (4) Pharmacologic: primarily exogenous opioids, e.g. 
morphine, binding to μ-receptors in the GI tract, which 
results in disorganized and non-propulsive motility and 
thus prolongs ileus. In addition, activation of  opioid re-
ceptors, which occurs following major abdominal surgery, 
inhibits acetylcholine release, reduces GI motility, and has 
been demonstrated to play a key role in POI regulatory 
pathways[10,32,39-41].

Opioid-based regimens are the most common treat-
ments to effectively manage post-surgical pain. However, 

morphine and other μ-opioid receptor agonists can pro-
long the duration of  POI through delayed gastric empty-
ing, reduced GI motility, and disrupted colonic myoelec-
tric activity[42,43]. In addition to exogenous opioids, stud-
ies have suggested a role for endogenous opioid peptides 
in various postoperative responses, including ileus[43-46].

PHARMACOLOGICAL TREATMENT AND 
POI 
Up to the year 2000, several pharmacological agents had 
been studied in order to prevent POI, however none of  
these agents was effective enough to become part of  rou-
tine established practice[14-26]. 

Chewing sugarless gum following elective intestinal 
resection is associated with improved outcomes. Gum 
chewing is thought to promote physiological simulation 
of  the cephalic-vagal axis, thereby increasing bowel motil-
ity and GI stimulation[47-49]. There exist two meta-analyses 
analyzing the effects of  chewing gum[50,51], however, all of  
the included trials in these meta-analyses were small, and 
only two trials had an adequate sample size calculation. 

The meta analysis showed an improvement in first 
time to bowel movement of  23 h and a reduction in LOS 
of  1.1 d, and is similar to the effect shown by alvimopan. 
An adequately powered, methodologically rigorous trial 
of  gum chewing is however required to confirm if  there 
are any benefits[52].

After five RCT, alvimopan represented a novel break-
through in pharmacological treatment of  POI. Alvimo-
pan is a selective peripherally acting μ-opioid antagonist 
administered orally, blocking the μ-opioid receptor and 
minimizing the paralytic effect opiates have upon the in-
testines. The medication blocks the peripheral μ-receptor 
with high affinity, therefore minimizing the paralytic effect 
opiates have upon the intestines (Figure 2). This molecule 
is large and polar and therefore does not cross the blood 
brain barrier and therefore does not impair analgesia. Dur-
ing the last 5 years five RCTs have been conducted upon 
alvimopan and its effect upon POI[53-58]. In all these trials 
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Figure 2  Pathogenesis of postoperative ileus. 1Laparoscopic surgery decreases the surgical stress and inflammatory response; 2Primarily exogenous opioids, e.g. 
morphine, binding to μ-receptors in the GI tract, which results in disorganized and non propulsive motility and, thus, prolongs ileus. In addition, activation of opioid 
receptors, which occurs following major abdominal surgery, inhibits acetylcholine release, reduces gastrointestinal motility, and has been demonstrated to play a key 
role in POI regulatory pathways[10,29,36-38]. Alvimopan inhibits this effect by blocking the pheripheral opioid μ receptor.
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recovery of  bowel function was enhanced, except one 
from Europe when lower opioid doses were used. The 
primary endpoints in these trials were time to recovery of  
GI function, measured as either GI2 or GI3, composite 
measures that were developed to track recovery of  upper 
and lower GI function. In these trials GI2 was defined as 
“the time that the patient first tolerated solid food and had 
passed a bowel movement”. GI3 was defined as “the time 
that the patient first tolerates solid food, and the patient 
first passes flatus or a bowel movement”. 

The results from these trials lead to Food and Drug 
Administration approval in May 2008. A summary of  
the trial results is shown in Table 1.

The definition of  lower GI recovery has been contro-
versial and debated, and up to date there exists no con-
sensus upon this definition. All of  the RCTs chose GI3 as 
their primary endpoint for GI recovery, except the study 
by Ludwig et al[53], as GI2 had been noted to be a more 
robust endpoint by the collaborative study group. GI3 

uses documentation of  passage of  flatus which can be 
subject to considerable variability[59], since the patient has 
to be conscious and willing to report it. In this way it was 
advocated that GI2 is a more objective endpoint[53], i.e. a 
composite end point that was represented by the time the 
patient first tolerated solid food and time that the patient 
first passed a bowel movement. In the trial by Ludwig 
et al[53], GI2 recovery was primarily driven by time to first 
bowel movement, as this was the later occurring of  the 
two components of  GI2 recovery. In the RCTs there are 
no obvious dose response curves for alvimopan, and a 
dose of  12 mg does not give an increased GI recovery, 
although data were slightly more consistent through the 
trials (Table 1). This phenomenon is common for new 
drugs, particularly biologic agents, where effects on a 
receptor are not directly related to the concentration of  
the agent. These discrepancies may also be attributed to 
differing patient populations. However, a pooled analysis 
has shown that a 12 mg dose provided more consistent 
benefits across both sexes and all ages[54]. 

Alvimopan has had fewer side effects than placebo. 

Treatment adverse events reported in the published RCTs 
were most commonly nausea and vomiting, but these were 
less common in the alvimopan treated groups[60]. All stud-
ies on alvimopan have been conducted for open abdomi-
nal surgery.

Alvimopan will increase pharmacy expenditures; the 
cost of  acquiring gum is substantially lower but more re-
search is needed upon the effect of  gum. Whether there 
is an additive effect upon GI recovery of  pharmacological 
treatment (i.e. alvimopan and/or chewing gum) in com-
bination with laparoscopic surgery and ERP protocols is 
unresolved. 

LAPAROSCOPIC SURGERY AND POI 
The greatest advance in limiting POI to date has prob-
ably resulted from the expanded use of  laparoscopic sur-
gery and the advantage of  limiting tissue trauma. Recent 
studies suggest that laparoscopic surgery causes a lesser 
degree of  mast cell activation and inflammation, and 
thus prolonged POI[61] (Figure 2). Laparoscopic surgery 
has many potential advantages over conventional open 
surgery, including smaller incisions, earlier GI recovery, 
shorter hospital stay and less pain[62]. 

Studies of  large national databases suggest a higher 
rate for all commonly identified complications for open 
compared to laparoscopic colectomy. In a recent published 
study by Senagore et al[63], 4419 cases of  open laparotomy 
were compared to 2728 cases of  laparoscopy. All perio-
perative complications were more frequent in the open 
laparotomy group. Other database studies, identifying 
more than 30 000 cases of  colectomies, shows superior 
results of  laparoscopic colectomies compared to open 
cases[64]. Similarly, most other trials have demonstrated 
significant reductions in time to recovery of  GI function 
after laparoscopic colectomy compared with open techni-
ques, which translate into decreased hospital LOS. In a re-
cent published study[28], mean GI recovery and LOS after 
laparoscopic colectomy were accelerated compared with 
those for patients in open laparotomy bowel resection. 
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Table 1  Overview of RCT trials 2004-2008 of alvimopan

Author Number of patients Primary end point GI2 improvement (h) GI3 improvement (h) Hazard ratio DCO improvement (h)

Wolff et al[57] 510 GI3 20.01 15.01 1.281 13.01

28.02 22.02 1.542 20.02

Viscusi et al[56] 666 GI3 16.41   7.51 1.201 14.21

13.72   9.92 1.242 15.22

Delaney et al[55] 451 GI3 15.21 14.11 1.451 14.01

10.52   7.52 1.282   7.22

Ludwig et al[53] 654 GI2 20.02 16.02 1.502 17.02

Buchler et al[58] 911 GI3 14.31   8.51 1.181   8.11

10.72   4.82 1.372   5.92

16 mg alvimopan; 212 mg alvimopan. Hazard ratio: The ratio of two hazard rates. Hazard rate is defined as the probability to failure given survival to 
date. DCO: Discharge order; GI2: The time to recovery of GI function, a composite end points that represent full upper and lower recovery. i.e. time that 
the patient first tolerated solid food and time that the patient first passed a bowel movement; GI3: The time to recovery of GI function, a composite end 
points that represents full upper and lower recovery. i.e. time that the patient first tolerates solid food, or time that the patient first passes flatus or a bowel 
movement.
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Table 2  Effect of interventions to improve gastrointestinal recovery and reduce LOS

The primary end points were time to upper and lower GI 
recovery (GI2: toleration of  solid food and bowel move-
ment) and postoperative LOS. 

Overall POI-related morbidity (postoperative naso-
gastric tube insertion or investigator-assessed POI resu-
lting in prolonged hospital stay or readmission) was similar 
between the open bowel resection and laparoscopic cole-
ctomy populations, suggesting that POI continues to cause 
significant morbidity regardless of  the surgical approach[28]. 

Overall, there is substantial evidence that laparosco-
pic surgery helps accelerate GI recovery after surgery. Al-
though the results in a study by Basse et al[65] did not show 
a benefit with laparoscopy, in our opinion the burden of  
evidence supports laparoscopic surgery as the standard 
approach when appropriate.

ERP AND POI 
ERP have become part of  the standardized postopera-
tive recovery pathway at most hospitals. These protocols 
include many different elements and interventions, up to 
20 elements in a recent published consensus review[66]. 
The main ERP elements are: avoidance of  bowel prepa-
ration, preoperative fasting and carbohydrate loading, 
opioid sparing analgesia and mid thoracic epidural, an-
tibiotic prophylaxis, laparoscopic surgery, small surgical 
incisions, no nasogastric tubes, normothermia, operative 
and postoperative fluid restrictions, no abdominal drains, 
suprapubic urinary drainage, oral diet at will, and early 
mobilization.

The benefits of  fast track protocols (improved recov-
ery, shortening of  hospital stay, and earlier recovery of  GI 
function) have been established in several RCTs[67]. Two 
systematic reviews of  controlled and RCT supports the use 
of  fast-track colorectal surgery[68,69]. ERP appear to be safe 
and shorten hospital stay 1-4 d after elective open colorec-
tal surgery. 

During the recent years, old dogmas have been chall-
enged, such as keeping patients fasting after surgery. Al-
lowing patients to eat normal food at will from the first 
day after major GI surgery does not increase morbidity, 
including the frequency of  POI, when compared with 
traditional care with nil-by-mouth and enteral feeding[70]. 
LOS was reduced by approximately 3 d in the group 
allowed normal food at will. Similarly the use of  a naso-

gastric tube after surgery has been debated. In fact routine 
nasogastric decompression does not accomplish any of  
its intended goals (including increased GI recovery) and 
so should be abandoned in favor of  selective use of  the 
nasogastric tube[71].

The best postoperative analgesic regime after surgery 
has been addressed in several trials, and is still debated. 
A recent published study advocates the use of  thoracic 
epidural analgesia[72], however this conclusion is contested 
in a systematic review by Levy et al[73]. According to this 
review there is a paucity of  data assessing the benefits of  
postoperative analgesic regimes following laparoscopic 
colorectal surgery and none of  the protocols were shown 
to be clearly superior. Low et al[74] outlines the concerns of  
hypotension (increased risk of  cardiovascular complica-
tions) and splanchnic hypoperfusion (increased risk of  
anastomotic leak) that are observed in connection with 
epidural analgesia. The best postoperative analgesic regime 
is therefore still unresolved; however epidural analgesic re-
gime is included in most published ERP protocols, includ-
ing a recent published consensus review[66]. Interestingly, 
while several randomized studies have suggested earlier 
recovery of  GI function with epidurals, this has only been 
shown for opioid free epidurals, and has never translated 
into shorter hospital stay. 

Over the last decade it has been increasingly realized 
that the pathophysiology of  POI is multifactorial. Thus 
ideally ERP, and the care provided to colectomy pa-
tients should beneficially influence all four pathophysi-
ologic pathways in the pathogenesis of  POI (neurogenic, 
pharmacologic, hormonal, inflammatory, Figure 2)[75]. 
Although it is not yet clear which pathway is ideal, there 
is good consensus that fast track, ERP should be used 
at all modern hospitals, and included in all postoperative 
care.

FUTURE PERSPECTIVES 
Standard elective colorectal resection is usually associated 
with a complication rate of  20%-30% and a postoperative 
stay of  8-12 d[67]. The introduction of  pharmacological 
treatment, fast track protocols and laparoscopic surgery 
has changed this perspective (Table 2). 

The introduction of  laparoscopy in colorectal surgery 
improves early postoperative outcome, and randomized 
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Trials Type of study Intervention Improvement passage 
flatus

Improvement first 
bowel movement

Decrease in LOS

Noble et al[52] Meta analysis Chewing gum 14 h 23 h  1.1 d
Delaney et al[54] Pooled analysis Alvimopan 12 h1 (6 mg) 15 h2 (6 mg) 18.4 h3

  15 h1 (12 mg)   18 h2 (12 mg)
Delaney et al[28] Observational multicenter study Laparoscopic surgery NA 0.7 d2  1.7 d3

Walter et al[69] Meta analysis ERP NA NA   3.64 d

1Defined as GI3; 2Defined as GI2; 3Discharge order written. Standard elective open colorectal resection is usually associated with LOS of 8-12 d. 
Pharmacological treatment, laparoscopic surgery and ERP have substantially decreased LOS after surgery. LOS: Length of stay; ERP: Enhanced recovery 
pathways; NA: Not available.
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trials have shown promising short term benefits with re-
duction of  LOS by 3-4 d. 

Despite rigorous research and several RCT trials dur-
ing the past decade, the use of  alvimopan is still debated, 
and for unclear reasons its incorporation into practice has 
been less than might be expected[76,77]. Several important 
questions remains unresolved, particularly the effect of  
alvimopan after laparoscopic surgery. After laparoscopic 
surgery, patients have less pain, lower opioid requirements 
and a shorter recovery time. It is unclear if  alvimopan 
will have an additive effect upon the duration of  POI and 
consequently LOS for this patient group. 

Similarly, all of  the alvimopan RCT studies were 
performed upon patients using a simple and standard-
ized ERP protocol in the treatment and placebo groups. 
While ERP protocols may include up to 20 different 
elements, it is unclear which of  these elements have 
the greatest impact upon POI and LOS. Similarly it is 
unclear what additive effect alvimopan may have upon 
POI and LOS for patients using ERP protocols. Recent 
studies[28,78,79] have however included fast track protocols 
in combination with laparoscopic surgery with promising 
results upon POI. Future POI research should address 
fast track protocols, laparoscopic surgery and pharmaco-
logical treatment, and the optimal combination of  these 
interventions.

REFERENCES
1 Delaney CP. Clinical perspective on postoperative ileus and 

the effect of opiates. Neurogastroenterol Motil 2004; 16 Suppl 2: 
61-66

2 Behm B, Stollman N. Postoperative ileus: etiologies and in-
terventions. Clin Gastroenterol Hepatol 2003; 1: 71-80

3 Resnick J, Greenwald DA, Brandt LJ. Delayed gastric empt-
ying and postoperative ileus after nongastric abdominal sur-
gery: part I. Am J Gastroenterol 1997; 92: 751-762

4 Resnick J, Greenwald DA, Brandt LJ. Delayed gastric empt-
ying and postoperative ileus after nongastric abdominal sur-
gery: part II. Am J Gastroenterol 1997; 92: 934-940

5 Delaney CP, Kehlet H, Senagore AJ, Bauer AJ, Beart R, Bill-
ingham R, Coleman RL, Dozois EJ, Leslie JB, Marks J, Megi-
bow AJ, Michelassi F, Steinbrook RA. Clinical Consensus 
Update in General Surgery: Postoperative Ileus: Profiles, Risk 
Factors, and Definitions-A Framework for Optimizing Surgi-
cal Outcomes in Patients Undergoing Major Abdominal and 
Colorectal Surgery. Clinical Consensus Update in General 
Surgery [Consensus statement] 2006 [cited 12-01-2009]. Avail-
able from: URL: http://www.clinicalwebcasts.com

6 Neely J, Catchpole B. Ileus: the restoration of alimentary-
tract motility by pharmacological means. Br J Surg 1971; 58: 
21-28

7 Bayliss WM, Starling EH. The movements and innervation 
of the small intestine. J Physiol 1899; 24: 99-143

8 Finney JM. IV. Postoperative Ileus. Ann Surg 1906; 43: 870-904
9 Holte K, Kehlet H. Postoperative ileus: a preventable event. 

Br J Surg 2000; 87: 1480-1493
10 Luckey A, Livingston E, Taché Y. Mechanisms and treat-

ment of postoperative ileus. Arch Surg 2003; 138: 206-214
11 Rusinak J, Winstead PS. Pharmacologic management of 

postoperative ileus. Orthopedics 2007; 30: 25-28
12 Parvizi J, Han SB, Tarity TD, Pulido L, Weinstein M, Roth-

man RH. Postoperative ileus after total joint arthroplasty. J 
Arthroplasty 2008; 23: 360-365

13 Livingston EH, Passaro EP Jr. Postoperative ileus. Dig Dis 
Sci 1990; 35: 121-132

14 Watne AL, Mendoza C, Rosen R, Nadler S, Case R. The role 
of dexpanthenol in postoperative ileus. JAMA 1962; 181: 
827-830

15 Polacek MA, Close AS, Ellison EH. Postoperative adynamic 
ileus: an experimental evaluation of the role of D-pantothenyl 
alcohol. J Surg Res 1961; 1: 228-230

16 Garvey RF, Wilson BJ. Clinical appraisal of d-pantothenyl 
alcohol in postoperative ileus. A doubleblind study. Arch 
Surg 1961; 83: 916-920  

17 Polacek MA, Yount L, Carpenter B, CloSE AS. Clinical 
evaluation of d-pantothenyl alcohol in prevention of posto-
perative ileus. Am J Surg 1964; 108: 18-23  

18 Ruppin H, Kirndörfer D, Domschke S, Domschke W, Schwe-
mmle K, Wünsch E, Demling L. Effect of 13-Nle-motilin in 
postoperative ileus patients: a double-blind trial. Scand J 
Gastroenterol Suppl 1976; 39: 89-92

19 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

20 Thorup J, Wille-Jørgensen P, Jørgensen T, Kjaergaard J. Di-
hydroergotamine in postoperative ileus. Clin Pharmacol Ther 
1983; 34: 54-55

21 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: 290-291

22 Boghaert A, Haesaert G, Mourisse P, Verlinden M. Placebo-
controlled trial of cisapride in postoperative ileus. Acta Ana
esthesiol Belg 1987; 38: 195-199

23 Hallerbäck B, Carlsen E, Carlsson K, Enkvist C, Glise H, 
Haffner J, Innes R, Kirnö K. Beta-adrenoceptor blockade 
in the treatment of postoperative adynamic ileus. Scand J 
Gastroenterol 1987; 22: 149-155

24 Bonacini M, Quiason S, Reynolds M, Gaddis M, Pemberton 
B, Smith O. Effect of intravenous erythromycin on postopera-
tive ileus. Am J Gastroenterol 1993; 88: 208-211

25 Cullen JJ, Eagon JC, Dozois EJ, Kelly KA. Treatment of 
acute postoperative ileus with octreotide. Am J Surg 1993; 
165: 113-119; discussion 119-120

26 Korolkiewicz RP, Kuziemski K. Use of erythromycin in 
prevention or treatment of postoperative ileus. Urology 2008; 
72: 231

27 Hendry PO, Hausel J, Nygren J, Lassen K, Dejong CH, 
Ljungqvist O, Fearon KC. Determinants of outcome after colo-
rectal resection within an enhanced recovery programme. Br 
J Surg 2009; 96: 197-205

28 Delaney CP, Marcello PW, Sonoda T, Wise P, Bauer J, Tech-
ner L. Gastrointestinal recovery after laparoscopic colectomy: 
results of a prospective, observational, multicenter study. 
Surg Endosc 2010; 24: 653-661

29 Senagore AJ. Pathogenesis and clinical and economic con-
sequences of postoperative ileus. Am J Health Syst Pharm 
2007; 64: S3-S7

30 Iyer S, Saunders WB, Stemkowski S. Economic burden of 
postoperative ileus associated with colectomy in the United 
States. J Manag Care Pharm 2009; 15: 485-494

31 Bell TJ, Poston SA, Kraft MD, Senagore AJ, Delaney CP, 
Techner L. Economic analysis of alvimopan in North Ame-
rican Phase III efficacy trials. Am J Health Syst Pharm 2009; 66: 
1362-1368

32 Kurz A, Sessler DI. Opioid-induced bowel dysfunction: 
pathophysiology and potential new therapies. Drugs 2003; 
63: 649-671

33 Szurszewski JH. A migrating electric complex of canine 
small intestine. Am J Physiol 1969; 217: 1757-1763

34 Sarna SK, Lang IM. Dose- and time-dependent biphasic 
response to morphine on intestinal migrating myoelectric 
complex. J Pharmacol Exp Ther 1985; 234: 814-820

35 Sarna SK, Bardakjian BL, Waterfall WE, Lind JF. Human 

2072 May 7, 2010|Volume 16|Issue 17|WJG|www.wjgnet.com

Augestad KM et al . Postoperative ileus, recent advances and future perspectives



colonic electrical control activity (ECA). Gastroenterology 1980; 
78: 1526-1536

36 Fujimiya M, Inui A. Peptidergic regulation of gastrointestinal 
motility in rodents. Peptides 2000; 21: 1565-1582

37 Bauer AJ, Boeckxstaens GE. Mechanisms of postoperative 
ileus. Neurogastroenterol Motil 2004; 16 Suppl 2: 54-60

38 Taché Y, Mönnikes H, Bonaz B, Rivier J. Role of CRF in 
stress-related alterations of gastric and colonic motor fun-
ction. Ann N Y Acad Sci 1993; 697: 233-243

39 Kalff JC, Türler A, Schwarz NT, Schraut WH, Lee KK, Tweardy 
DJ, Billiar TR, Simmons RL, Bauer AJ. Intra-abdominal acti-
vation of a local inflammatory response within the human 
muscularis externa during laparotomy. Ann Surg 2003; 237: 
301-315

40 Taguchi A, Sharma N, Saleem RM, Sessler DI, Carpenter 
RL, Seyedsadr M, Kurz A. Selective postoperative inhibition 
of gastrointestinal opioid receptors. N Engl J Med 2001; 345: 
935-940

41 Taniguchi H, Ariga H, Zheng J, Ludwig K, Takahashi T. Ef-
fects of ghrelin on interdigestive contractions of the rat gas-
trointestinal tract. World J Gastroenterol 2008; 14: 6299-6302

42 Condon RE, Frantzides CT, Cowles VE, Mahoney JL, Schulte 
WJ, Sarna SK. Resolution of postoperative ileus in humans. 
Ann Surg 1986; 203: 574-581

43 Frantzides CT, Cowles V, Salaymeh B, Tekin E, Condon RE. 
Morphine effects on human colonic myoelectric activity in 
the postoperative period. Am J Surg 1992; 163: 144-148; dis-
cussion 148-149

44 Cali RL, Meade PG, Swanson MS, Freeman C. Effect of 
Morphine and incision length on bowel function after cole-
ctomy. Dis Colon Rectum 2000; 43: 163-168

45 Kehlet H. Endogenous morphine--another component and 
biological modifier of the response to surgical injury? Acta 
Anaesthesiol Scand 2000; 44: 1167-1168

46 Nitschke LF, Schlösser CT, Berg RL, Selthafner JV, Wengert 
TJ, Avecilla CS. Does patient-controlled analgesia achieve 
better control of pain and fewer adverse effects than intramu-
scular analgesia? A prospective randomized trial. Arch Surg 
1996; 131: 417-423

47 Quah HM, Samad A, Neathey AJ, Hay DJ, Maw A. Does 
gum chewing reduce postoperative ileus following open 
colectomy for left-sided colon and rectal cancer? A prospe-
ctive randomized controlled trial. Colorectal Dis 2006; 8: 64-70

48 Niloff PH. Does gum chewing ameliorate postoperative il-
eus? Results of a prospective randomized, placebo-controlled 
trial. J Am Coll Surg 2006; 203: 405

49 Matros E, Rocha F, Zinner M, Wang J, Ashley S, Breen E, 
Soybel D, Shoji B, Burgess A, Bleday R, Kuntz R, Whang E. 
Does gum chewing ameliorate postoperative ileus? Results 
of a prospective, randomized, placebo-controlled trial. J Am 
Coll Surg 2006; 202: 773-778

50 Chan MK, Law WL. Use of chewing gum in reducing posto-
perative ileus after elective colorectal resection: a systematic 
review. Dis Colon Rectum 2007; 50: 2149-2157

51 de Castro SM, van den Esschert JW, van Heek NT, Dalhuisen 
S, Koelemay MJ, Busch OR, Gouma DJ. A systematic review 
of the efficacy of gum chewing for the amelioration of posto-
perative ileus. Dig Surg 2008; 25: 39-45

52 Noble EJ, Harris R, Hosie KB, Thomas S, Lewis SJ. Gum 
chewing reduces postoperative ileus? A systematic review 
and meta-analysis. Int J Surg 2009; 7: 100-105

53 Ludwig K, Enker WE, Delaney CP, Wolff BG, Du W, Fort JG, 
Cherubini M, Cucinotta J, Techner L. Gastrointestinal tract 
recovery in patients undergoing bowel resection: results of 
a randomized trial of alvimopan and placebo with a stan-
dardized accelerated postoperative care pathway. Arch Surg 
2008; 143: 1098-1105

54 Delaney CP, Wolff BG, Viscusi ER, Senagore AJ, Fort JG, 
Du W, Techner L, Wallin B. Alvimopan, for postoperative 
ileus following bowel resection: a pooled analysis of phase 

III studies. Ann Surg 2007; 245: 355-363
55 Delaney CP, Weese JL, Hyman NH, Bauer J, Techner L, 

Gabriel K, Du W, Schmidt WK, Wallin BA. Phase III trial of 
alvimopan, a novel, peripherally acting, mu opioid antago-
nist, for postoperative ileus after major abdominal surgery. 
Dis Colon Rectum 2005; 48: 1114-1125; discussion 1125-1126; 
author reply 1127-1129

56 Viscusi ER, Goldstein S, Witkowski T, Andonakakis A, Jan R, 
Gabriel K, Du W, Techner L, Wallin B. Alvimopan, a periph-
erally acting mu-opioid receptor antagonist, compared with 
placebo in postoperative ileus after major abdominal surgery: 
results of a randomized, double-blind, controlled study. Surg 
Endosc 2006; 20: 64-70

57 Wolff BG, Michelassi F, Gerkin TM, Techner L, Gabriel K, 
Du W, Wallin BA. Alvimopan, a novel, peripherally acting 
mu opioid antagonist: results of a multicenter, randomized, 
double-blind, placebo-controlled, phase III trial of major 
abdominal surgery and postoperative ileus. Ann Surg 2004; 
240: 728-734; discussion 734-735

58 Büchler MW, Seiler CM, Monson JR, Flamant Y, Thompson-
Fawcett MW, Byrne MM, Mortensen ER, Altman JF, Willia-
mson R. Clinical trial: alvimopan for the management of 
postoperative ileus after abdominal surgery: results of an 
international randomised, double-blind, multicentre, place-
bo-controlled clinical study. Aliment Pharmacol Ther 2008; 28: 
312-325

59 Bungard TJ, Kale-Pradhan PB. Prokinetic agents for the 
treatment of postoperative ileus in adults: a review of the 
literature. Pharmacotherapy 1999; 19: 416-423

60 Senagore AJ, Bauer JJ, Du W, Techner L. Alvimopan acce-
lerates gastrointestinal recovery after bowel resection reg-
ardless of age, gender, race, or concomitant medication use. 
Surgery 2007; 142: 478-486

61 The FO, Bennink RJ, Ankum WM, Buist MR, Busch OR, Gou-
ma DJ, van der Heide S, van den Wijngaard RM, de Jonge 
WJ, Boeckxstaens GE. Intestinal handling-induced mast cell 
activation and inflammation in human postoperative ileus. 
Gut 2008; 57: 33-40

62 Delaney CP, Kiran RP, Senagore AJ, Brady K, Fazio VW. 
Case-matched comparison of clinical and financial outcome 
after laparoscopic or open colorectal surgery. Ann Surg 2003; 
238: 67-72

63 Senagore AJ, Stulberg JJ, Byrnes J, Delaney CP. A national 
comparison of laparoscopic vs. open colectomy using the Na-
tional Surgical Quality Improvement Project data. Dis Colon 
Rectum 2009; 52: 183-186

64 Delaney CP, Chang E, Senagore AJ, Broder M. Clinical out-
comes and resource utilization associated with laparoscopic 
and open colectomy using a large national database. Ann 
Surg 2008; 247: 819-824

65 Basse L, Jakobsen DH, Bardram L, Billesbølle P, Lund C, Mo-
gensen T, Rosenberg J, Kehlet H. Functional recovery after 
open versus laparoscopic colonic resection: a randomized, 
blinded study. Ann Surg 2005; 241: 416-423

66 Lassen K, Soop M, Nygren J, Cox PB, Hendry PO, Spies C, 
von Meyenfeldt MF, Fearon KC, Revhaug A, Norderval S, 
Ljungqvist O, Lobo DN, Dejong CH. Consensus review of 
optimal perioperative care in colorectal surgery: Enhanced 
Recovery After Surgery (ERAS) Group recommendations. 
Arch Surg 2009; 144: 961-969

67 Kehlet H. Fast-track colorectal surgery. Lancet 2008; 371: 
791-793

68 Wind J, Polle SW, Fung Kon Jin PH, Dejong CH, von Mey-
enfeldt MF, Ubbink DT, Gouma DJ, Bemelman WA. Syste-
matic review of enhanced recovery programmes in colonic 
surgery. Br J Surg 2006; 93: 800-809

69 Walter CJ, Collin J, Dumville JC, Drew PJ, Monson JR. 
Enhanced recovery in colorectal resections: a systematic re-
view and meta-analysis. Colorectal Dis 2009; 11: 344-353

70 Lassen K, Kjaeve J, Fetveit T, Tranø G, Sigurdsson HK, 

2073 May 7, 2010|Volume 16|Issue 17|WJG|www.wjgnet.com

Augestad KM et al . Postoperative ileus, recent advances and future perspectives



Horn A, Revhaug A. Allowing normal food at will after 
major upper gastrointestinal surgery does not increase mor-
bidity: a randomized multicenter trial. Ann Surg 2008; 247: 
721-729

71 Nelson R, Edwards S, Tse B. Prophylactic nasogastric deco-
mpression after abdominal surgery. Cochrane Database Syst 
Rev 2007; CD004929

72 Zingg U, Miskovic D, Hamel CT, Erni L, Oertli D, Metzger 
U. Influence of thoracic epidural analgesia on postoperative 
pain relief and ileus after laparoscopic colorectal resection : 
Benefit with epidural analgesia. Surg Endosc 2009; 23: 276-282

73 Levy BF, Tilney HS, Dowson HM, Rockall TA. A systematic 
review of postoperative analgesia following laparoscopic 
colorectal surgery. Colorectal Dis 2010; 12: 5-15

74 Low J, Johnston N, Morris C. Epidural analgesia: first do no 
harm. Anaesthesia 2008; 63: 1-3

75 Doherty TJ. Postoperative ileus: pathogenesis and treatment. 
Vet Clin North Am Equine Pract 2009; 25: 351-362

76 Bream-Rouwenhorst HR, Cantrell MA. Alvimopan for post-
operative ileus. Am J Health Syst Pharm 2009; 66: 1267-1277

77 Kraft MD. Alvimopan for postoperative ileus: only one piece 
of the puzzle. Am J Health Syst Pharm 2009; 66: 1309-1310

78 Delaney CP. Outcome of discharge within 24 to 72 hours 
after laparoscopic colorectal surgery. Dis Colon Rectum 2008; 
51: 181-185

79 Kehlet H, Kennedy RH. Laparoscopic colonic surgery--mis-
sion accomplished or work in progress? Colorectal Dis 2006; 8: 
514-517

S- Editor  Wang YR    L- Editor  O’Neill M    E- Editor  Ma WH

2074 May 7, 2010|Volume 16|Issue 17|WJG|www.wjgnet.com

Augestad KM et al . Postoperative ileus, recent advances and future perspectives


