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Abstract

Purpose Postoperative Ileus (POI) remains an important complication for patients after abdominal surgery with an incidence of
10-27% representing an everyday issue for abdominal surgeons. It accounts for patients’ discomfort, increased morbidity,
prolonged hospital stays, and a high economic burden. This review outlines the current understanding of POI pathophysiology
and focuses on preventive treatments that have proven to be effective or at least show promising effects.

Methods Pathophysiology and recommendations for POI treatment are summarized on the basis of a selective literature review.
Results While a lot of therapies have been researched over the past decades, many of them failed to prove successful in meta-
analyses. To date, there is no evidence-based treatment once POI has manifested. In the era of enhanced recovery after surgery or
fast track regimes, a few approaches show a beneficial effect in preventing POI: multimodal, opioid-sparing analgesia with
placement of epidural catheters or transverse abdominis plane block; p-opioid-receptor antagonists; and goal-directed fluid
therapy and in general the use of minimally invasive surgery.

Conclusion The results of different studies are often contradictory, as a concise definition of POI and reliable surrogate endpoints
are still absent. These will be needed to advance POI research and provide clinicians with consistent data to improve the treatment

strategies.
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Introduction

Postoperative ileus (POI) is a common problem encountered
by surgeons after abdominal and even non-abdominal surgery
[1]. Although physicians are quite familiar with this condition
there is a lack of a precise clinical definition [2]. It is generally
understood as a disruption of the regularly orchestrated, pro-
pulsive activity of the gastrointestinal tract after surgery. To a
certain extent, this is considered as a normal, self-limited re-
sponse to an operation. But sometimes prolonged paralysis
occurs, leading to abdominal distension, nausea, and vomiting
with the consequence of intolerance of oral food intake and
delayed time to hospital discharge [3]. Multiple definitions
have been used in the literature; most commonly, the absence
of bowel movement and cessation of oral food intake longer
than postoperative day 4 are the cutoff for prolonged POI [4].
But there is a broad variety in authors’ opinions about an
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adequate gastrointestinal recovery time. Additionally,
prolonged POI must be differentiated from other complica-
tions such as early postoperative bowel obstruction, perfora-
tion, or intraabdominal abscess formation [S] which might
present similarly but require a surgical intervention. As with
the definition, the incidence of POI varies in surgical literature
ranging from around 10% up to 27% of patients who are
affected [6-8]. This does not only have a consequence for
their wellbeing but is also related with higher morbidity and
complications as well as a prolonged hospital stay and con-
secutively has a severe economic impact [5]. Recent data from
New Zealand describe a significant increase by 71% of hos-
pital costs in patients with prolonged ileus [9]. In the USA, the
economic burden of POI was an estimated 750 million $ per
year [10]. Therefore, POI remains a key issue for surgeons,
patients, and society alike.

Pathophysiology of POI
The underlying mechanisms of POI are a complex interaction

of inflammation, neural reflexes, neurohumoral pathways, and
pharmacologic effects. While interstitial cells of cajal (ICC)
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provide the rhythmicity of gut motility by their pacemaker
activity, the enteric nervous system is the key player in
influencing gut motility with mediation by parasympathetic
and sympathetic pathways [11, 12]. It has been demonstrated
that manipulation of the gut leads to a leukocyte infiltration
into the intestinal mucosa reflecting an inflammatory response
which leads to an impaired muscle contractility [13, 14].
Further, animal studies revealed that a network of resident
macrophages plays a central role in orchestrating this inflam-
mation [15, 16] involving numerous cytokines but also pros-
taglandins by inducing the expression of cyclooxygenase-2
(COX-2) as well as NO [17]. Moreover, the release of proin-
flammatory cytokines and chemokines by the enteric nervous
system add to that effect [18, 19]. Recently, research focused
on the population of enteric glial cells. They modulate neural
activity in the enteric nervous system and can be activated by
mechanical forces that initiate a neuro-inflammatory process
[20]. Preclinical research of our group demonstrated an IL-1
receptor-type 1 (IL1R1) and P2X2-dependend effect on POI
[19]. Figure 1 provides a current understanding of the neuro-
immune interactions in gastrointestinal dysmotility. Yet, not
all mechanisms of action and their dependencies are fully
understood. Furthermore, noxious stimuli of the surgical pro-
cedure trigger inhibitory neural reflexes by splanchnic affer-
ents which are also mediated by supraspinal pathways, thus
increasing sympathetic activity with reduced gut motility [11].
Aside from these noradrenergic facilitated effects, neurohu-
moral peptides such as nitric oxide (NO) and vasoactive in-
testinal polypeptide (VIP) also seem to act as inhibitory neu-
rotransmitters leading to impaired intestinal motility [21].
Finally, the p-receptor-mediated decrease of motility due to
postoperative analgesia with opioids is a familiar contribution
in maintaining POI [22].

Fig. 1 Current hypothesis of the
complex orchestrated
immunomodulatory effects on
POI: Enteric glia are activated by
purinoceptor (P2XR2) response
to ATP and a IL-1 receptor type 1
(IL1R1) mediated response to IL-
1 released after the trauma and
IL-18 that is dependent on the
absent in melanoma 2 (AIM2)
inflammasome. This and the acti-
vation of resident macrophages
with consecutive leukocyte infil-
tration and release of nitric oxide
(NO), reactive oxygen species
(ROS), and prostaglandins con-
tribute to POI development and
provide potential new targets in
POI prevention Reduced
Contractility &

Motility
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Risk factors for development of POI

The identification of predisposing factors associated with POI
could allow for a targeted surveillance or even prophylaxis for
patients at risk. Most meta-analyses searching for independent
risk factors for POI have been published in a certain surgical
field, commonly in patients undergoing colorectal surgery.
The varying definition of POI hinders comparability of single
studies and conclusions thereof [23]. For gastrointestinal sur-
gery, male sex, creation of a stoma, respiratory comorbidities,
and duration of surgery > 3 h were identified as independent
risk factors as summarized in Table 1 [4, 23, 24]. One of the
key factors contributing to POI is the surgical technique. It has
been demonstrated that open surgery in contrast to minimally
invasive surgery (MIS) significantly increases the probability
of POI with odds ratios (OR) ranging from 1.97 to 6.37.
Additionally, perioperative need for blood-transfusion and lib-
eral crystalloid infusion contributes to POI [5, 7]. Predictive
scores to identify the risk of POI have only been established in
small- to medium-sized cohorts and have yet to be validated in
clinical use [5, 25]. Furthermore, any factor (e.g., pharmaco-
logic treatment, comorbidities) that reduces gastrointestinal
motility per se can contribute to the risk for prolonged POL

Diagnosis of POI

The main clinical features of POI are abdominal distension,
nausea and vomiting, and the absence of flatus or stool passage.
While there might be mild tenderness on palpation, usually, no
muscular defense is present in clinical examination. Laboratory
tests typically show no specific alterations [26, 27]. As postop-
erative complications like intra-abdominal infections and

activated resident macrophages
and enteric gliosis

NO, ROS, Prostaglandins
leukocyte infiltration
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Table 1  Potential risk factors and their odds ratios (OR) for POI devel-
opment. OR are provided according to the different studies cited; ranges
do not represent 95% CI

Risk factor Odds ratio (OR)
Male sex 1.4-1.8

Stoma creation 1.4-1.6

Surgery >3 h 1.6-1.8

Open surgery 1.97-6.37
Respiratory comorbidities 1.11-1.9

Blood transfusion 1.8-2.0

Liberal crystalloid infusion regime (per liter) 1.55

anastomotic leakage are also associated with POI, any patient
with prolonged ileus should be closely monitored and these
complications should always be ruled out [26].

Prevention of POI

The risk factors collected over the years of POI research and
the growing understanding of its pathophysiology have led to
various prevention strategies. Those that have a promising
effect on POI development are summarized in Table 2 and
will be reviewed in this section. Some of them have been
integrated in fast-track protocols. Their multimodal approach
is to reduce or even prevent the undesirable side effects of
patients’ pathophysiologic reactions to the surgical trauma
and perioperative management [40]. Fast-track programs have
gained popularity over the past two decades, yet their influ-
ence on POI has still to be investigated. Data suggest a bene-
ficial effect on length of stay, time to defecation, and compli-
cations in patients treated under those regimens [41, 42] al-
though it remains unclear which components account for the
improvement.

Table 2

Intraoperative and postoperative volume therapy

The infusion of fluids is supposed to compensate for the in-
traoperative fluid loss. Whether to opt for crystalloids or col-
loids is discussed widely, recently, no superiority was identi-
fied for either method [43, 44]. There are currently three re-
gimes for fluid replacement, restrictive, liberal, and goal-
directed volume therapies. Liberal protocols with traditional
calculations (i.e., deficit: bodyweight + 40 kg x 1 ml/kg/h of
fasting, maintenance: bodyweight + 40 kg x 1 ml/kg/h, third-
space loss: 4—6 ml/kg/h) [45] might lead to edema of the gut
wall which consecutively could result in POI. According to
this hypothesis, it has been demonstrated that restrictive fluid
management increases gastric emptying [46] which was also
confirmed in a meta-analysis where liberal fluid administra-
tion was correlated to lengthier hospital stays and an increased
time to bowel movement by 2 days [47]. Liberal protocols
hence have been abandoned and replaced by restrictive or goal
directed regimes. However, some trials associated restrictive
fluid therapy with a higher rate of acute kidney injury com-
pared to liberal regimes due to hypotension [48, 49].
Nonetheless, a recent meta-analysis showed a beneficial effect
on perioperative complications for goal directed compared to
restrictive volume therapy even though the certainty of the
evidence was graded to be low. [50] Goal-directed fluid ad-
ministration using transesophageally ultrasound is therefore
part of many fast-track protocols. Yet, an ideal balance still
has to be established to avoid the adverse effects of either too
liberal or too strict protocols [40].

Peripheral p-receptor antagonists

Opioid use in postoperative analgesia leads to activation of
central and peripheral opioid-receptors that facilitate their
analgetic effect but their side effects as well. The p-opioid
receptor subtype located in the central nervous system is mainly

Summary of potential prevention strategies and their effect on aspects of POI. The quality of evidence and endpoints vary between the

different studies and are discussed in the corresponding sections. (OR: odds ratio, SMD: standardized mean difference, LOS: length of hospital stay)

Prevention strategy Effect

Peripheral p-receptor antagonists

- Reduced incidence of POI (OR 0.67-0.77) [28]

- Reduced LOS (OR 0.79 - 0.85) [29, 30]

Epidural catheter

- Reduced time to first flatus (SMD —1.14 to —1.28) or bowel movement (SMD —0.67 to —0.8) [31]

- Reduced LOS for open surgery (SMD —0.2) [31]

TAP block

- Improved bowel function by 1 day [32]

- Reduced LOS by 0.5-1 day [32, 33]

NSAIDs
Minimally-invasive surgery

- Reduced rate of POI after celecoxib (OR 0.1), no effect on recovery of bowel function [34]
- Reduced time to first flatus or bowel movement by 0.9 days [35]

- Reduced LOS by 1-1.5 days [35, 36]

Chewing gum
Coffee consumption
TENS

- Reduced time to first flatus and bowel movement by 0.3-0.47 days [37]
- Reduced time to first defecation by 0.67 days, scarce data [38]
- Beneficial effect on gastrointestinal recovery, inconsistent data [39]
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responsible for analgesia, whilst peripheral p-receptors mediate
gastrointestinal dysfunction by inhibition of enteric nerve activ-
ity and propulsive motor activity. The development of p-
receptor specific antagonists (alvimopan and methylnaltrexone)
that do not pass the blood-brain-barrier allowed for a specific
inhibition of these side effects without affecting the analgesic
potency [51]. Whilst alvimopan is approved by the US Food
and Drug Administration (FDA) for the treatment of POI,
methylnaltrexone is FDA-approved for therapy of opioid-
induced constipation in a non-surgical setting only [52].
Alvimopan could demonstrate a reduction on the length of
hospital stay by 0.62 days in a large propensity-matched cohort
study of patients undergoing bowel resection [29]. This out-
come was also verified in another database analysis of patients
undergoing colorectal open surgery as well as MIS with a re-
duction by 1 day, respectively [30]. Yet, its role in MIS com-
bined with fast-track protocols has still to be determined as
there is controverse data showing no amelioration of POI
[53]. Concerning the beneficial effect on the recovery of gas-
trointestinal function, a reduced incidence of POI was demon-
strated [28] though not all studies found this to be of statistical
significance [54, 55]. Methylnaltrexone, the other available p-
receptor antagonist, has also been investigated in phase II trials
with promising effects on the burden of POI [56, 57]. Yet it
failed to prove its efficacy in phase III trials concerning both
gastrointestinal recovery and length of hospital stay [58].

Opioid-sparing analgesia/multimodal analgesia

The opioid-mediated detrimental influence on POI led to
opioid-sparing analgetic regimens. As a so-called multimodal
analgesia, these protocols use a combination of different ther-
apies (i.e., epidural catheter, transverse abdominis plane
(TAP) block, NSAR), thus reducing opioid administration
and have been implemented in various schemes into fast-
track practices [40, 59].

Epidural catheter

The placement of an epidural catheter with continuous admin-
istration of a local anesthetic led to an accelerated recovery of
gastrointestinal function as shown by a Cochrane review and
its consecutive update [31, 60]. Aside from the opioid-sparing
effect, the inhibition of visceral afferents and efferents that
reduce intestinal motility is considered to be responsible.
Therefore, thoracic placement is superior to lumbar epidurals
[61]. However, the effectiveness of epidurals has to be inves-
tigated regarding MIS and fast track. A reduced length of stay
was demonstrated for open surgery only but not for MIS [31];
furthermore, there is single-center acquired data suggesting no
significant effect of epidurals on opioid consumption and
length of stay after colorectal surgery regardless of the surgical
technique which leads these authors to exclude epidural
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anesthesia from their fast-track protocols [62]. Considering
the technical challenge of placing a thoracic epidural catheter
and its side effects like urinary retention which might hinder
patients’ mobilization, there is emerging use of alternative
procedures.

Transverse abdominis plane (TAP) block

One of the most common alternatives to epidural catheters
nowadays is the TAP block where a long-lasting local anesthet-
ic (i.e., liposomal bupivacaine) is injected or a catheter is placed
(for continuous application) between the internal oblique and
transverse abdominis muscle layers guided by ultrasound pro-
viding a regional anesthesia [63]. As this technique is relatively
new and was first introduced in 2001 [64], data regarding POI
are sparse. There are results demonstrating reduced length of
stay and opioid consumption as well as improved bowel func-
tion compared to traditional regimes after MIS [32]. Not many
studies have compared TAP block to epidural catheters. While
some authors showed reduced length of hospital stay with no
difference in time to first flatus [33], others demonstrated lower
ileus rates [63]. Regardless of the lack of meta-analyses, authors
start to suggest implementation of TAP block into standard fast
track protocols [65]. Yet more comparable studies are needed to
prove the promising data.

Non-steroidal anti-inflammatory drugs (NSAIDs)

The role of COX-2 produced prostaglandins is known to play
a central role in the development of POI in a murine model
[17]. Therefore, the effect of NSAIDs has been investigated as
it hypothetically could target a key step responsible for POL. In
a randomized trial, treatment with celecoxib reduced the rate
of paralytic ileus [34].

As the administration of COX-2 inhibitors also led to re-
duced opioid-doses and a faster recovery of patients [66, 67],
the definitive course of action (either opioid-sparing effect or
anti-inflammatory effect) remains to be determined. There has
been growing evidence for the detrimental influence of
diclofenac on anastomotic healing with higher leakage rates;
consequently, COX-2 inhibitors should be used with caution
[68]. Fortunately, this effect has not been verified for
ketorolac [69] and ibuprofen [68], so their role in multimodal
analgesia should not be impaired.

Surgical approach

It is well known from research conducted in murine models on
POI pathophysiology that the manipulation of the gut is directly
associated with intestinal dysmotility. This effect was also ver-
ified in humans by the detection of tryptase and interleukin-(IL)
8 and 10 in the peritoneal fluid after open surgery which—aside
from low levels of IL-8—was not seen after MIS [70]. It might
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therefore be an obvious conclusion to associate MIS with re-
duced POI. This hypothesis was supported by single-center
trials [71] as well as meta-analyses [72, 73] demonstrating a
beneficial effect on POI. A Cochrane review stated that patients
undergoing MIS in colorectal surgery had faster flatus or bowel
movement by 0.9-1 day compared to open surgery [35].
Furthermore, a prospective, multicentric trial conducted in the
Netherlands on patients undergoing colonic surgery (LAFA-
study) proved laparoscopy in combination with a fast-track
program to be superior regarding morbidity and length of hos-
pital stay compared to open surgery with or without a fast-track
approach and MIS alone [36]. In a recent meta-analysis, pa-
tients had faster flatus after robotic right hemicolectomy com-
pared to laparoscopic hemicolectomy, but no significant differ-
ence was observed for POI [74]. According to that, more re-
search will be needed especially concerning MIS and robotic
surgery in modern fast track programs.

Additive options for POl prophylaxis
Chewing gum

The administration of chewing gum as a method of sham
feeding has been established especially for patients who are
intended to a delayed enteral feeding. Its effect is mediated by
a cephalovagal reflex resulting in prokinetic parasympathomi-
metic activity [75]. The practice of gum chewing has been
proven to be of statistical significance in POI (reduction in
time to first bowel movement by 12.7 h) as mentioned in a
2015 Cochrane review. Although 81 studies have been includ-
ed, the authors state the necessity for further randomized con-
trolled trials as gum chewing regimens varied between studies
and cohort sizes were mostly small [76]. Additionally, many
fast-track protocols rely on an early oral food intake as a key
procedure. In relation to that, the effect of a sham meal cannot
be determined easily. In a more recent meta-analysis, the ad-
ministration of chewing gum led to significant reduction of
POI after colorectal surgery (RR 0.55) with improved time to
flatus and defecation without affecting length of hospital stay
[37]. Accordingly, gum chewing provides a safe and inexpen-
sive intervention with a beneficial effect on POI so its routine
use can be recommended.

Coffee consumption

A stimulating effect on bowel activity is contributed to coffee
consumption in popular belief. Its mechanism of action is not
well understood, but several pathways such as gastrin release,
exorphins binding to opiate receptors, and the inhibition of
adenosine receptors are hypothesized [77]. Recent meta-
analyses demonstrated a significantly reduced time to first
bowel movement after consuming coffee regularly in the post-
operative period, but there was inconsistent data regarding its

effect on length of hospital stay [38, 78]. This emphasizes that
data on coffee and its role in POI prevention are scarce with
only four and ten trials included in the meta-analyses men-
tioned above, respectively. Thus, more studies are needed to
allow for a valid assessment. However, there seems to be no
need to withhold coffee from patients tolerating a diet.

Transcutaneous electrical nerve stimulation/acupuncture

It has been hypothesized that neuromodulation can be used to
promote gastrointestinal recovery according to its therapeutic
uses in various diseases such as migraine and seizures. For
instance, there is promising data that transcutaneous vagal
stimulation reduces the inflammatory response within the in-
testinal wall and prevents POI in rodents via the activation of
vagal efferents [79]. Also, electroacupuncture shortened gas-
trointestinal recovery time, yet no anti-inflammatory effect
could be observed in animal studies [80]. Even though a pro-
spective study proved electroacupuncture to reduce the dura-
tion of POI in humans after colorectal surgery about a decade
ago [81], no larger cohort studies are available today. In a
recent systematic review, a potentially beneficial effect of
electrical stimulation (TENS, electroacupuncture, internal
nerve stimulation) on POI was identified; nonetheless, hetero-
geneous study designs impede comparability of trials [39].
Furthermore, the direct mechanisms of action are not fully
understood; therefore, the effect of neurostimulation on POI
and its role in clinical regimens remains a good target for
further investigation.

Therapy of manifest POI

It has to be stated that once prolonged POI has manifested,
there is no evidence-based therapeutic approach. Prokinetic
substances like metoclopramide, erythromycin, and
acetylcholinesterase-inhibitors such as neostigmine are wide-
ly used in clinical routine without showing a benefit in clin-
ical symptoms or shortening POI in a Cochrane analysis
[82]. Also, the oral administration of gastrografin, a
hyperosmolar contrast agent, has no significant effect in re-
solving the symptoms of POI [83, 84]. Considering the mul-
tifactorial pathophysiology with a complex interaction of
neuro-immune mechanisms and apparent inflammation of
the muscularis externa, it is not surprising that a prokinetic
agent fails to restore intestinal motility. The treatment of
patients with manifest POI is of supportive manner only.
This includes decompression of a distended intestine in pa-
tients with persistent vomiting via insertion of a nasogastric
tube and parenteral nutrition depending on the duration of
POL. Furthermore, isotonic crystalloids and potassium should
be substituted intravenously to maintain normovolemia and
balanced electrolytes [85].
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Conclusion and future directions

In summary, the incidence of POI remains high in patients even
in the era of MIS and fast-track programs and is a burden for
both patients and society. A Delphi approach within the
Association of Coloproctology of Great Britain and Northern
Ireland even stated POI to be in the high priority list of non-
cancer related clinical problems [86]. A lot of research has been
conducted regarding the pathophysiology and possible treat-
ments. Current approaches focus either on advancing the under-
standing of promising prevention strategies, as we have
discussed above or on new aspects of POI pathophysiology.
Enteric glia and their IL1-receptor signaling pathways are an
experimental target to influence neuroinflammation, yet clinical
trials have not been initiated. In addition, prucalopride, a 5-HT4
receptor agonist reducing intestinal inflammation and vagus
nerve stimulation, might provide treatment strategies if future
studies demonstrate their safety and efficacy [20]. While there
is certain evidence for single therapeutic options, these often fail
to prove successful in meta-analyses. The reason lies within the
studies itself. As stated in the introduction, there is no general
definition of POI or prolonged POI which impedes comparabil-
ity of acquired results due to varying endpoints. Some authors
focused on that problem and tried to define parameters that best
reflect restitution of gastrointestinal transit [87]. Also, a Delphi
study found consensus to define POI [88]. Despite these efforts,
the endpoints defined so far depend on soft criteria and often
solely rely on patients’ compliance (e.g., time to first flatus,
toleration of solid food). It is even unclear whether they are
reliable criteria to assess the duration and severity of POI [89].

Efforts in POI research should focus on the development of
reliable and, at its best, objective criteria allowing for qualita-
tively better studies and their comparability [90]. In our opin-
ion, this is the only way to tackle the challenging clinical
problem of POL
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