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Postoperative lleus

lan Bissett and Dileep N. Lobo

Key Points

1. Avoid perioperative fluid overload.

2. Employ a standard enhanced recovery after surgery
(ERAS) protocol.

Minimise the use of opioids.

Utilise minimal access techniques.

Prevent blood loss.

Don’t re-operate for postoperative ileus.
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Introduction

In this chapter we will consider the definition and incidence
of this condition, explore the burden of prolonged postopera-
tive ileus (PPOI) on both the patient and the health system,
describe of the pathophysiology of PPOI and the main risk
factors for its occurrence, list interventions that may prevent
or reduce the occurrence of PPOI and present the evidence
for the treatment of established PPOI. The chapter concludes
with a proposed management strategy.

Definition and Incidence of lleus

Postoperative ileus is an abnormality of the motility of the
gastrointestinal tract that prevents the normal ingestion and
absorption of food and elimination of waste products.
Symptoms depend on the site of dysfunction. Involvement of
the stomach and proximal small bowel is characterised by
nausea and vomiting while more distal dysfunction results in
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lack of passage of flatus or stool and abdominal distension
from the bowel dilatation. This dilatation of the bowel can be
identified on abdominal X-ray or CT scan as bowel disten-
sion with air-fluid levels in the absence of a clear transition
point to collapsed bowel on CT (Fig. 1). It is generally
accepted that there is a period of ‘normal’ or physiological
gut dysfunction following major abdominal surgery that
should resolve spontaneously after a day or two. Prolongation
of this period or the reoccurrence of it after return of normal
function postoperatively have been recognised as Prolonged
or Recurrent Postoperative Ileus.

Various definitions of PPOI have been proposed in the
past including the necessity to insert a nasogastric tube after
surgery, nausea and vomiting, inability to tolerate oral diet
and failure to pass stool or flatus.

A novel study from the Netherlands included patients
undergoing elective surgery for colonic cancer and compared
scintigraphic studies of gastric emptying on day 1 and
colonic scintigraphy on days 2 and 3 with specific symptoms
associated with return of gut function [1]. They showed that
the best measure of return on GI function was the combined
measure of tolerance of solid food and defaecation. This also
correlated inversely with length of hospital stay. They did
not, however, provide a definition of PPOI but rather consid-
ered that all patients had postoperative ileus until both defae-
cation and tolerance of oral food had been achieved.

In an attempt to clarify the definition of PPOI, Vather
et al. carried out a systematic review and global survey
amongst those who had recently published in this area [2].
This study differentiated between normal physiological
bowel dysfunction that follows surgery and when this
becomes pathological as PPOI. Based on this survey they
defined PPOI as the presence of any 2 of the five cardinal
symptoms on or after day 4 post operatively. These are nau-
sea or vomiting, inability to tolerate an oral diet, failure to
pass flatus or stool, abdominal distension, and radiological
signs of PPOI. Each of these were carefully defined. This
definition provides not only the essential elements to be
included but also a timeline for the commencement of
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Fig.1 A 57 year old man
seven days following
proctectomy and ileoanal
pouch. (a) A plain abdominal
film demonstrating distension
of the small bowel and
stomach. (b) A coronal
abdominal CT demonstrating
distention of the entire small
bowel with a nasogastric tube
visible in the stomach

PPOI. Subsequent studies have utilised this definition in their
randomised clinical trials [3-5].

The incidence of PPOI varies greatly between studies
from 3% to greater than 30% [3, 6]. This variation is likely
to be explained by the difference in populations included in
the studies, whether the data were collected prospectively
and most importantly the definitions used. A recent system-
atic review that included 54 studies reported a pooled rate of
10% for PPOI. Unfortunately the definition of PPOI dif-
fered across the studies with the commonest definition being
the reinsertion of a nasogastric tube. They showed that the
rates varied depending on the definition used [7]. A snapshot
study over six weeks in 10 hospitals in United Kingdom
reported that 22.5% of the patients having a left or right-
sided colonic resection required nasogastric tube insertion
[8]. A very large study out of United States using American
College of Surgeons National Surgical Quality Improvement
Program (ACS NSQIP) data for patients undergoing colec-
tomy identified prolonged postoperative ileus as the most
common complication, occurring in 10% of the patients [9].
Recent prospective studies using the definition proposed by
Vather et al. have identified that more than one patient in
four is likely to develop PPOI following a colorectal resec-
tion [3, 10].

Burden of lleus (Effect on Morbidity and Cost
of Stay)

Prolonged postoperative ileus has major negative impacts
on the patient. The patient may initially appear to be pro-
gressing well but then develops nausea and abdominal dis-
tension. Vomiting follows and the bowels cease functioning.

This often requires insertion of a nasogastric tube and if it
does not resolve quickly intravenous feeding is required.
For patients it is frightening, unpleasant and extremely dis-
heartening. PPOI is associated with an increase in hospital
stay, prolonged intravenous fluid administration and sev-
eral major complications. The most serious and sometimes
fatal complication is aspiration pneumonia but broncho-
pneumonia, thromboembolic events, electrolyte imbalance
and psychological distress are also frequently associated.
Recent studies have identified it as the commonest postop-
erative complication after colorectal surgery [9]. This com-
plication along with anastomotic leak caused the greatest
increase in hospital stay and total treatment cost following
colectomy [9].

This increased cost associated with PPOI has been esti-
mated by Goldstein et al. to be greater than $1.5 Billion
annually in USA alone [11]. A study utilising the Premier
Perspective Database in USA assessed nearly 20,000 patients
with colectomy. Postoperative ileus was associated with a
29% increase in length of stay and a 15% increase in cost
after adjusting for the influence of all other factors [12].

Pathophysiology

The aetiology of PPOI is multifactorial. Its initiation is asso-
ciated with activation of inflammatory cells, autonomic dys-
function, opioid stimulation of gut opioid receptors,
electrolyte abnormalities, direct injury to the intestine and
derangement of gastrointestinal hormones. These interac-
tions, triggered by both a somatic and a visceral insult and
resulting in the final gut dysmotility of PPOI, are summarised
in Fig. 2.
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Fig.2 Pathophysiological basis for the development of a postoperative
ileus. DAMPs, damage-associated molecular patterns; PAMPs,
pathogen-associated molecular patterns; VIP, vasoactive intestinal pep-

Risk Factors

Multiple risk factors for PPOI have been identified in ret-
rospective analysis of data including; increasing age, male
gender, pre-existing chronic airway disease, increasing
perioperative opioid consumption, increasing intra-opera-
tive blood loss and the formation of an ileostomy [6, 14—
16]. These are summarised in Table 1. In a prospective
study in colorectal surgery patients using a precise defini-
tion of PPOI the factors that were independently identi-
fied out of 92 different variables were; male gender,
decreasing preoperative albumin, open or converted tech-
nique (vs laparoscopic), increasing wound size, operative
difficulty, operative bowel handling, red cell transfusion,
intravenous crystalloid administration over postoperative
day 0-3, and delayed first mobilization. These factors
were then combined to create an I-Score that differenti-
ated between those with a low, intermediate and high risk
of developing PPOI [17].

Electrolyte disturbances
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tide, TNF-a, tumour necrosis factor alpha, iNOS, inducible nitric oxide
synthetase, ROS, reactive oxygen species [13, 19] with permission [13].

Table 1 Risk factors and possible mechanisms for postoperative ileus
[6, 14, 16, 18-25]. Adapted from Bragg, et al. [19], with permission

Risk factor
Increasing age [6, 24]

Male gender [16]

Low preoperative albumin
concentration [16]

Acute and chronic opioid
use [6, 14]

Previous abdominal
surgery [6]

Pre-existing airways/
peripheral vascular disease
[16]

Long duration of surgery
[14, 16]

Emergency surgery [18,
21]

Blood loss and need for
transfusion [6, 14, 16]
Procedures requiring
stomas [21]

Possible mechanisms

Reduced overall capacity to recover
from surgical insult [24]

Greater inflammatory response to
surgery [21]

Increased pain threshold in males, [18]
resulting in higher catecholamine
release [22]

Increased oedema and intestinal stretch

p-opioid receptor stimulation reduces
peristalsis [20, 24]

Increased need for adhesiolysis,
increased bowel handling

Reduced physiological reserve

Increased bowel handling [23] and
opioid use

Increased inflammatory and
catecholamine response; secondary
causes of POI

Increased crystalloid administration
resulting in oedema [25]

Oedema in abdominal wall muscle and
cut bowel
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Prevention of PPOI

An understanding of the pathophysiology of and risk factors
for PPOI as described above provides a foundation for the
possible interventions that may reduce the risk of developing
this condition. Many of the advances in the perioperative
management of patients undergoing major elective abdomi-
nal surgery potentially impact on the trigger factors for
PPOI. The advent of Enhanced Recovery after Surgery
(ERAS) protocols has seen a much greater emphasis on opti-
mising the patient’s physiology in the perioperative setting.
Recent evidence suggests that the ERAS protocol may actu-
ally have an anti-inflammatory effect at both the gut wall and
mucosal level [26]. Systematic reviews of ERAS have con-
sistently demonstrated reduced complications and earlier
discharge from hospital [27, 28]. Increased volume of crys-
talloids in the perioperative setting was an independent risk
factor for development of PPOI in Vather’s study and those
of VandeHei et al. and Lobo et al., [17, 29, 30] but this find-

Salt and water overload

Raised intra-abdominal pressure <=

ing has not been confirmed in other randomised studies [31—
33]. A possible mechanism relating the association of fluid
overload with PPOI is summarised in Fig. 3 [25].

A recent systematic review of preventive measures for
PPOI has summarised the different interventions [34]. These
include early feeding, chewing gum, epidural anaesthetic,
laparoscopy, peripheral p-opioid receptor antagonists, proki-
netic agents, non-steroidal anti-inflammatories, and coffee.

Early Enteral Feeding

Early feeding has become a central plank of the ERAS path-
way, RCT evidence of its efficacy in reducing PPOI is incon-
sistent. In the eleven RCTs that were reviewed by Chapman
et al. six showed a significant reduction in time to flatus,
stool or oral tolerance, two of which also showed a reduction
in length of hospital stay [34]. Early enteral feeding is widely
accepted as beneficial and safe in postoperative management
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Fig.3 Mechanisms for adverse effects of salt and water overload on gastrointestinal function, summarising data from human and animal studies.
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of elective abdominal surgery with a likely benefit in hasten-
ing the return of normal intestinal function.

Chewing Gum

Chewing gum in the immediate postoperative period has the
potential to stimulate salivation, swallowing and gastrointes-
tinal hormones. A systematic review of eleven randomised
studies has assessed this intervention in promoting intestinal
recovery after surgery. There was no significant reduction in
time to normal oral intake or time to flatus or stool in the
high-quality studies but five other studies that were prone to
bias did have significant reductions in time to pass flatus and/
or stool. A Cochrane review that included 81 randomised
studies and 9702 participants did demonstrate a reduction in
time to flatus and stool but no other benefit in terms of toler-
ating food or shortening length of stay [35]. The reviewers
state that most of the included studies had a high risk of bias.
Chewing gum has little risk of causing harm and may be ben-
eficial in reducing the time to return of normal intestinal
function.

Epidural Anaesthetic

There is robust evidence provided in a Cochrane review
including more than 20 studies and over 100 patients that
epidural anaesthesia leads to a decrease of time to passage of
stool and flatus in patients undergoing open surgery, but that
there is no decrease in nausea and vomiting in the first post-
operative day [36]. The evidence for a benefit in laparoscopic
surgery is however much less clear. A large retrospective
case matched study of US data found that in laparoscopic
colorectal surgery epidural is associated with longer hospital
stays, higher expense and a greater risk of urinary tract infec-
tions [37]. The benefits of epidural anaesthesia are probably
limited to those undergoing open surgery.

Laparoscopy

The laparoscopic approach to surgery has repeatedly been
demonstrated to result in a more rapid return of gastrointes-
tinal function and reduction of PPOI [17, 38]. Randomised
studies that have specifically addressed this issue, using gas-
trointestinal transit studies as the outcome, have shown lapa-
roscopy was associated with improved gastrointestinal
motility [39—41].

Alvimopan

Alvimopan is a peripheral p-opioid receptor antagonist with-
out central effects. It has been compared with placebo in 5

randomised clinical trials, four of which demonstrated an
improvement in gastrointestinal function using a combined
upper and lower GI function measure [42-45]. At present it
is only available in USA in restricted centres but it has the
potential to mitigate the opioid-related gut dysmotility that
so often impairs postoperative recovery.

Prokinetic Agents

Multiple prokinetic agents, although theoretically promis-
ing, in practice have mostly been disappointing. However,
the serotonin 4 receptor agonists, cisapride and mosapride
have demonstrated enhanced gastrointestinal recovery [46,
47]. Cisapride has been withdrawn because of its significant
cardiac side-effects, but other Serotonin 4 receptor antago-
nists, such as prucalopride are under investigation.

Non-steroidal Anti-Inflammatory Drugs

A systematic review that identified 10 RCTs comparing non-
steroidal anti-inflammatory drugs (NSAIDs) with placebo in
the perioperative setting found that those receiving NSAID
passed both flatus and stool earlier, and tolerated a diet
sooner than those receiving placebo [48]. The possible role
of NSAIDs in anastomotic leak needs to be considered when
deciding on the use of these agents. The studies addressing
this are conflicting, but to date the selective COX-2 inhibi-
tors have not been implicated in increasing the risk of this
complication [49].

Coffee

Coffee has been proposed as an agent to reduce postopera-
tive gut dysmotility. A randomised clinical trial comparing
decaffeinated coffee, caffeinated coffee and water in the
postoperative period demonstrated accelerated passage of
stool and tolerance of solid diet in the decaffeinated group
compared with both of the other groups. This suggests that
some component of coffee rather than caffeine may stimu-
late earlier return of normal GI function [50].

Treatment of Prolonged Postoperative lleus

Although the interventions above have been associated with
prevention of PPOI, the treatment of an established PPOI is
more problematic. At the outset a precipitating intra-
abdominal complication such as anastomotic leak, intra-
abdominal abscess or mechanical obstruction should be
sought (usually with a contrast enhanced CT scan) and
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Fig.4 A coronal CT of a 77 Year old male following right hemicolec-
tomy demonstrating distended small bowel with the distension bowel
distension also involving the anastomosis.

treated appropriately if identified (Fig. 4). The foundation of
treatment of PPOI, however, is conservative and involves
optimising the patient’s physiology. The main features of
this are: correction of fluid and electrolyte balance, reduction
of opioid administration, decompression of a distended gas-
trointestinal tract and ensuring ongoing nutritional require-
ments are met.

The specific electrolytes associated with PPOI that have
been reported are hypokalaemia, hyponatraemia, and hypo-
calcaemia [51]. Regular monitoring of these electrolytes
with appropriate correction of abnormalities is required.
Often patients will also have a burden of extra fluid leading
to oedema of multiple tissues including the intestinal wall.
Overzealous replacement of fluids must be avoided and this
can be achieved by providing maintenance as isotonic
dextrose-saline at a rate of 1-1.25 ml/kg/h and replacing gas-
tric losses with an equivalent volume of balanced isotonic
crystalloid solution including supplemental potassium.

Patients in the postoperative setting with PPOI may have
both postoperative wound pain and discomfort associated
with intestinal distension. The management of this requires a
careful balance to ensure that the analgesia is adequate to
control the pain without producing opioid-induced intestinal
dysmotility. This can often be achieved using regular

paracetamol, NSAID medication and tramadol while keep-
ing the amount of opioid analgesia to a minimum. Alvimopan
may also be used if it is available and opioids cannot be
avoided.

Most patients with PPOI will require a nasogastric tube
and this should be inserted if there is recurrent vomiting even
if this is low volume as it may represent an overflow of a very
distended stomach. Distressing abdominal distension may
also be markedly relieved by insertion of a nasogastric tube.
Aspiration with subsequent pneumonitis is perhaps the com-
monest cause of death in those with PPOI and adequate emp-
tying of the stomach is likely to reduce the chance of this
serious complication.

A combined analysis of two placebo controlled, ran-
domised clinical trials of the use of Gastrografin in an estab-
lished postoperative ileus has demonstrated an earlier onset
of oral intake in those receiving Gastrografin [52]. However,
the study of only 108 patients was not able to demonstrate
either a shorter hospital stay or duration of the composite
PPOI definition used in the studies. A potential risk associ-
ated with Gastrografin is the severe, often fatal, pneumonitis
associated with its aspiration and therefore it should only be
used when the stomach is known to be empty.

Patients’ nutritional requirements need to be considered
as oral intake is not feasible in the context of PPOI. Parenteral
feeding should be initiated by 7 days postoperatively and
earlier for those presenting with malnutrition to ensure that
the patient does not suffer serious nutritional decline during
management of PPOI [53]. Prolonged under-nutrition in the
postoperative setting is associated with increased complica-
tions and mortality [54]. Provision of 25 kcal/kg and1.5 g/kg
protein (based on ideal body weight) in the administered PN
is likely to lead to an improvement in nitrogen balance [53].
The patient should be transitioned back to enteral nutrition as
soon as tolerated.

Summary

Prolonged postoperative ileus is the commonest postopera-
tive complication following colorectal surgery and is associ-
ated with a large burden of expense. Perioperative measures
to reduce its incidence include careful avoidance of fluid
overload, minimally invasive surgical approaches, adherence
with ERAS principles, avoidance of postoperative opioids,
early feeding and mobilisation postoperatively, non-steroidal
anti-inflammatories and possibly gum chewing and coffee.
Interventions once PPOI is established are primarily conser-
vative aimed at optimising nutrition and physiology. See
Table 2 prevention and Table 3 treatment below.
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Table 2 Prevention
Intervention Strength of evidence Summary of evidence Patient group
Early feeding ++ Early feeding is safe and may reduce time to postoperative gut All
SR recovery
Early mobilisation + Delayed mobilisation is a risk factor for prolonged postoperative All
oS ileus. No consensus regarding optimal mobilisation interventions
Avoidance of opioids + Increased use of postoperative opioid analgesia impairs recovery of  All
Large OS gut motility and prolongs length of stay. Minimise opioid analgesia
postoperatively
Minimally invasive surgery ++ Laparoscopic surgery leads to clinically significant reductions in All
SR time to gut recovery and reduces postoperative ileus compared to
open surgery
Avoidance of fluid overload + Perioperative fluid overload may impair gut motility All
RCTs, large OS postoperatively. Restrict IV fluid where possible, using a chloride-
restricted crystalloid
NSAIDs + Use of perioperative NSAIDs reduces time to passage of flatus, All
SR stool and tolerance of diet in patients undergoing open bowel
resection. Role in laparoscopic resection is unclear
Alvimopan ++ Alvimopan improves time to gut recovery and reduces ileus after Open surgery
SR open surgery. It may reduce ileus after laparoscopic surgery. The
cost effectiveness of Alvimopan in an enhanced recovery setting is
unclear
Thoracic Epidural ++ Thoracic epidural reduces time to passage of flatus and stool after ~ Open surgery
SR abdominal surgery. Unproven benefit in laparoscopic surgery
Prokinetics ++ Currently used prokinetics (erythromycin, metoclopramide) are NR
SR unlikely to improve postoperative gut recovery and to reduce
postoperative ileus
Chewing gum +/— Chewing gum is safe postoperatively and leads to small NR
SR improvements in time to gut recovery. Clinical relevance is unclear
Coffee +/— Coffee may improve postoperative gut recovery but the evidence is NR
Small RCTs of low quality
Novel agents (Prucalopride) +/— Serotonin-4 receptor agonists, such as Prucalopride, may reduce Await further
RCTs postoperative ileus and improve time to pass flatus and stool after studies
colorectal surgery
SR Systematic Review, RCT Randomised Clinical Trial, OS Observational Studies, NR Not recommended
Table 3 Treatment
Correct electrolytes + Electrolyte disturbances (sodium, potassium, calcium and All
(0N magnesium) impair gut motility and may prolong postoperative
ileus
Balance IV fluids with losses + Maintenance fluid with a balanced crystalloid solution, instead of ~ All
oS 0.9% saline, based on patient hydration status. Replacement of
gastric losses with an equivalent volume of potassium-rich
crystalloid
NG placement if required + Selective use of nasogastric tube for patients with postoperative Selective use as
OS nausea and vomiting for symptomatic relief. Not all patients with  required
prolonged postoperative ileus require NGT insertion
Optimize analgesia ++ Opioid analgesia should be used sparingly during postoperative All
OS ileus. Use of paracetamol, non-steroidal anti-inflammatories and
tramadol may be effective
Provide PN if prolonged + Commence parenteral nutrition if patient is unable to tolerate Selective use as
oS adequate oral intake for 7 days postoperatively. Can commence required
earlier if evidence of preoperative malnutrition
Alvimopan +/— Alvimopan reduces the incidence of postoperative ileus after Await further studies
colorectal surgery. Not yet proven to reduce the duration of an
established ileus
Hyperosmolar radiocontrast media + Gastrografin given at the onset of prolonged postoperative ileus Await further studies

(Gastrografin) RCTs may improve time to tolerance of diet and passage of flatus/stool.
Further studies are required

SR Systematic review, RCT Randomised Clinical Trial, OS Observational Studies, NG Nasogastric



50

|. Bissett and D. N. Lobo

References

10.

11.

12.

13.

14.

15.

16.

. van Bree SH, Bemelman WA, Hollmann MW, Zwinderman AH,

Matteoli G, El Temna S, et al. Identification of clinical outcome
measures for recovery of gastrointestinal motility in postoperative
ileus. Ann Surg. 2014;259(4):708-14.

. Vather R, Trivedi S, Bissett I. Defining postoperative ileus: results

of a systematic review and global survey. J Gastrointest Surg.
2013;17(5):962-72.

. van den Heijkant TC, Costes LM, van der Lee DG, Aerts B,

Osinga-de Jong M, Rutten HR, et al. Randomized clinical trial of
the effect of gum chewing on postoperative ileus and inflammation
in colorectal surgery. Br J Surg. 2015;102(3):202—11.

. Peters EG, Smeets BJ, Dekkers M, Buise MD, de Jonge WJ,

Slooter GD, et al. The effects of stimulation of the autonomic
nervous system via perioperative nutrition on postoperative ileus
and anastomotic leakage following colorectal surgery (SANICS II
trial): a study protocol for a double-blind randomized controlled
trial. Trials. 2015;16:20.

. Vilz TO, Pantelis D, Lingohr P, Fimmers R, Esmann A, Randau

T, et al. SmartPill(R) as an objective parameter for determination
of severity and duration of postoperative ileus: study protocol of
a prospective, two-arm, open-label trial (the PIDuSA study). BMJ
Open. 2016;6(7):e011014.

. Kronberg U, Kiran RP, Soliman MS, Hammel JP, Galway U, Coffey

JC, et al. A characterization of factors determining postoperative
ileus after laparoscopic colectomy enables the generation of a novel
predictive score. Ann Surg. 2011;253(1):78-81.

. Wolthuis AM, Bislenghi G, Fieuws S, de Buck van Overstraeten

A, Boeckxstaens G, D’Hoore A. Incidence of prolonged postopera-
tive ileus after colorectal surgery: a systematic review and meta-
analysis. Color Dis. 2016;18(1):01-9.

. Yorkshire Surgical Research Collaborative. Multicentre observa-

tional study of gastrointestinal recovery after elective colorectal
surgery. Color Dis. 2018;20(6):536—44.

. Scarborough JE, Schumacher J, Kent KC, Heise CP, Greenberg

CC. Associations of specific postoperative complications with
outcomes after elective colon resection: a procedure-targeted
approach toward surgical quality improvement. JAMA Surg.
2017;152(2):e164681.

Vather R, Josephson R, Jaung R, Kahokehr A, Sammour T, Bissett
I. Gastrografin in prolonged postoperative ileus: a double-blinded
randomized controlled trial. Ann Surg. 2015;262(1):23-30.
Goldstein JL, Matuszewski KA, Delaney C, Senagore A, Chiao
E, Shah M, et al. Inpatient economic burden of postoperative
ileus associated with abdominal surgery in the United States. P T.
2007;32(2):82-90.

Iyer S, Saunders WB, Stemkowski S. Economic burden of post-
operative ileus associated with colectomy in the United States. J
Manag Care Pharm. 2009;15(6):485-94.

Vather R, O'Grady G, Bissett IP, Dinning PG. Postoperative ileus:
mechanisms and future directions for research. Clin Exp Pharmacol
Physiol. 2014;41(5):358-70.

Artinyan A, Nunoo-Mensah JW, Balasubramaniam S, Gauderman
J, Essani R, Gonzalez-Ruiz C, et al. Prolonged postoperative ileus-
definition, risk factors, and predictors after surgery. World J Surg.
2008;32(7):1495-500.

Millan M, Biondo S, Fraccalvieri D, Frago R, Golda T, Kreisler
E. Risk factors for prolonged postoperative ileus after colorectal
cancer surgery. World J Surg. 2012;36(1):179-85.

Chapuis PH, Bokey L, Keshava A, Rickard MJ, Stewart P, Young
CJ, et al. Risk factors for prolonged ileus after resection of colorec-
tal cancer: an observational study of 2400 consecutive patients. Ann
Surg. 2013;257(5):909-15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Vather R, Josephson R, Jaung R, Robertson J, Bissett I. Development
of a risk stratification system for the occurrence of prolonged post-
operative ileus after colorectal surgery: a prospective risk factor
analysis. Surgery. 2015;157(4):764-73.

Bartley EJ, Fillingim RB. Sex differences in pain: a brief review of
clinical and experimental findings. Br J Anaesth. 2013;111(1):52-8.
Bragg D, El-Sharkawy AM, Psaltis E, Maxwell-Armstrong CA,
Lobo DN. Postoperative ileus: recent developments in pathophysi-
ology and management. Clin Nutr. 2015;34(3):367-76.

Delaney CP. Clinical perspective on postoperative ileus and the
effect of opiates. Neurogastroenterol Motil. 2004;16(Suppl 2):61-6.
Ferguson JF, Patel PN, Shah RY, Mulvey CK, Gadi R, Nijjar PS,
et al. Race and gender variation in response to evoked inflamma-
tion. J Transl Med. 2013;11:63.

Huskisson EC. Catecholamine excretion and pain. Br J Clin
Pharmacol. 1974;1(1):80-2.

Kalff JC, Schraut WH, Simmons RL, Bauer AJ. Surgical manipula-
tion of the gut elicits an intestinal muscularis inflammatory response
resulting in postsurgical ileus. Ann Surg. 1998;228(5):652-63.
Vather R, Bissett IP. Risk factors for the development of prolonged
post-operative ileus following elective colorectal surgery. Int J
Color Dis. 2013;28(10):1385-91.

Chowdhury AH, Lobo DN. Fluids and gastrointestinal function.
Curr Opin Clin Nutr Metab Care. 2011;14(5):469-76.

Venara A, Duchalais E, Dariel A, Aubert P, Durand T, Meurette
G, et al. Anti-inflammatory effects of enhanced recovery pro-
grams on early-stage colorectal cancer surgery. World J Surg.
2018;42(4):953-64.

Varadhan KK, Neal KR, Dejong CH, Fearon KC, Ljungqvist O,
Lobo DN. The enhanced recovery after surgery (ERAS) path-
way for patients undergoing major elective open colorectal sur-
gery: a meta-analysis of randomized controlled trials. Clin Nutr.
2010;29(4):434-40.

Bagnall NM, Malietzis G, Kennedy RH, Athanasiou T, Faiz O, Darzi
A. A systematic review of enhanced recovery care after colorectal
surgery in elderly patients. Color Dis. 2014;16(12):947-56.
VandeHei MS, Papageorge CM, Murphy MM, Kennedy GD. The
effect of perioperative fluid management on postoperative ileus in
rectal cancer patients. Surgery. 2017;161(6):1628-32.

Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ,
Allison SP. Effect of salt and water balance on recovery of gas-
trointestinal function after elective colonic resection: a randomised
controlled trial. Lancet. 2002;359(9320):1812-8.

Gomez-Izquierdo JC, Trainito A, Mirzakandov D, Stein BL,
Liberman S, Charlebois P, et al. Goal-directed fluid therapy does
not reduce primary postoperative ileus after elective laparoscopic
colorectal surgery: a Randomized Controlled Trial. Anesthesiology.
2017;127(1):36-49.

Kalyan JP, Rosbergen M, Pal N, Sargen K, Fletcher SJ, Nunn DL,
et al. Randomized clinical trial of fluid and salt restriction com-
pared with a controlled liberal regimen in elective gastrointestinal
surgery. BrJ Surg. 2013;100(13):1739-46.

Myles PS, Bellomo R, Corcoran T, Forbes A, Peyton P, Story D,
et al. Restrictive versus liberal fluid therapy for major abdominal
surgery. N Engl J Med. 2018;378(24):2263-74.

Chapman SJ, Pericleous A, Downey C, Jayne DG. Postoperative
ileus following major colorectal surgery. Br J Surg.
2018;105(7):797-810.

Short V, Herbert G, Perry R, Atkinson C, Ness AR, Penfold C, et al.
Chewing gum for postoperative recovery of gastrointestinal func-
tion. Cochrane Database Syst Rev. 2015;2:CD006506.

Guay J, Nishimori M, Kopp S. Epidural local anaesthetics versus
opioid-based analgesic regimens for postoperative gastrointestinal
paralysis, vomiting and pain after abdominal surgery. Cochrane
Database Syst Rev. 2016;7:CD001893.



Postoperative lleus

51

37.

38.

39.

40.

41.

42.

43.

44.

45.

Halabi WJ, Kang CY, Nguyen VQ, Carmichael JC, Mills S,
Stamos MIJ, et al. Epidural analgesia in laparoscopic colorectal
surgery: a nationwide analysis of use and outcomes. JAMA Surg.
2014;149(2):130-6.

Gavriilidis P, Katsanos K. Laparoscopic versus open transverse
colectomy: a systematic review and meta-analysis. World J Surg.
2018;42(9):3008-14.

Schwenk W, Bohm B, Haase O, Junghans T, Muller
JM. Laparoscopic versus conventional colorectal resection: a pro-
spective randomised study of postoperative ileus and early postop-
erative feeding. Langenbeck's Arch Surg. 1998;383(1):49-55.
Basse L, Madsen JL, Billesbolle P, Bardram L, Kehlet
H. Gastrointestinal transit after laparoscopic versus open colonic
resection. Surg Endosc. 2003;17(12):1919-22.

van Bree SH, Vlug MS, Bemelman WA, Hollmann MW, Ubbink
DT, Zwinderman AH, et al. Faster recovery of gastrointestinal
transit after laparoscopy and fast-track care in patients undergoing
colonic surgery. Gastroenterology. 2011;141(3):872-80 e1-4.
Delaney CP, Weese JL, Hyman NH, Bauer J, Techner L, Gabriel
K, et al. Phase III trial of alvimopan, a novel, peripherally acting,
mu opioid antagonist, for postoperative ileus after major abdominal
surgery. Dis Colon Rectum. 2005;48(6):1114-25; discussion 25-6;
author reply 27-9

Ludwig K, Enker WE, Delaney CP, Wolff BG, Du W, Fort JG, et al.
Gastrointestinal tract recovery in patients undergoing bowel resec-
tion: results of a randomized trial of alvimopan and placebo with
a standardized accelerated postoperative care pathway. Arch Surg.
2008;143(11):1098-105.

Viscusi ER, Goldstein S, Witkowski T, Andonakakis A, Jan R,
Gabriel K, et al. Alvimopan, a peripherally acting mu-opioid recep-
tor antagonist, compared with placebo in postoperative ileus after
major abdominal surgery: results of a randomized, double-blind,
controlled study. Surg Endosc. 2006;20(1):64-70.

Wolff BG, Michelassi F, Gerkin TM, Techner L, Gabriel K, Du
W, et al. Alvimopan, a novel, peripherally acting mu opioid
antagonist: results of a multicenter, randomized, double-blind,

46.

47.

48.

49.

50.

51.

52.

53.

54.

placebo-controlled, phase III trial of major abdominal surgery and
postoperative ileus. Ann Surg. 2004;240(4):728-34; discussion
34-5

Narita K, Tsunoda A, Takenaka K, Watanabe M, Nakao K, Kusano
M. Effect of mosapride on recovery of intestinal motility after
hand-assisted laparoscopic colectomy for carcinoma. Dis Colon
Rectum. 2008;51(11):1692-5.

Brown TA, McDonald J, Williard W. A prospective, randomized,
double-blinded, placebo-controlled trial of cisapride after colorec-
tal surgery. Am J Surg. 1999;177(5):399-401.

Milne TGE, Jaung R, O'Grady G, Bissett IP. Nonsteroidal anti-
inflammatory drugs reduce the time to recovery of gut function
after elective colorectal surgery: a systematic review and meta-
analysis. Color Dis. 2018;20(8):0190-08.

Smith SA, Roberts DJ, Lipson ME, Buie WD, MacLean
AR. Postoperative nonsteroidal anti-inflammatory drug use and
intestinal anastomotic dehiscence: a systematic review and meta-
analysis. Dis Colon Rectum. 2016;59(11):1087-97.

Dulskas A, Klimovskij M, Vitkauskiene M, Samalavicius
NE. Effect of coffee on the length of postoperative ileus after elec-
tive laparoscopic left-sided colectomy: a randomized, prospective
single-center study. Dis Colon Rectum. 2015;58(11):1064-9.
Vather R, Bissett I. Management of prolonged post-operative ileus:
evidence-based recommendations. ANZ J Surg. 2013;83(5):319-24.
Milne TGE, Vather R, O'Grady G, Miquel J, Biondo S, Bissett
I. Gastrografin may reduce time to oral diet in prolonged post-
operative ileus: a pooled analysis of two randomized trials. ANZ J
Surg. 2018;88:E578-82.

Weimann A, Braga M, Carli F, Higashiguchi T, Hubner M, Klek
S, et al. ESPEN guideline: clinical nutrition in surgery. Clin Nutr.
2017;36(3):623-50.

Sandstrom R, Drott C, Hyltander A, Arfvidsson B, Schersten T,
Wickstrom I, et al. The effect of postoperative intravenous feeding
(TPN) on outcome following major surgery evaluated in a random-
ized study. Ann Surg. 1993;217(2):185-95.



	Postoperative Ileus
	Introduction
	Definition and Incidence of Ileus
	Burden of Ileus (Effect on Morbidity and Cost of Stay)
	Pathophysiology
	Risk Factors
	Prevention of PPOI
	Early Enteral Feeding
	Chewing Gum

	Epidural Anaesthetic
	Laparoscopy
	Alvimopan
	Prokinetic Agents
	Non-steroidal Anti-Inflammatory Drugs
	Coffee

	Treatment of Prolonged Postoperative Ileus
	Summary
	References


