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Abstract

Background Postoperative ileus (POI) is observed in 20–30% of patients undergoing colorectal cancer surgery,

despite enhanced recovery programs (ERPs). Cyclooxygenase (COX)-2 is identified as a key enzyme in POI, but

other arachidonic acid pathway enzymes have received little attention despite their potential as selective targets to

prevent POI. The objectives were to compare the expression of arachidonic acid metabolism (AAM) enzymes (1)

between patients who underwent colorectal cancer surgery and followed an ERP or not (NERP), (2) and between

ERP patients who experimented POI or not and (3) to determine the ability of antagonists of these pathways to

modulate contractile activity of colonic muscle.

Methods This was a translational study. Main outcome measures were gastrointestinal motility recovery data, mRNA

expressions of key enzymes involved in AAM (RT-qPCR) and ex vivo motility values of the circular colon muscle.

Twenty-eight prospectively included ERP patients were compared to eleven retrospectively included NERP patients

that underwent colorectal cancer surgery.

Results ERP reduced colonic mucosal COX-2, microsomal prostaglandin E synthase (mPGES1) and hematopoietic

prostaglandin D synthase (HPGDS) mRNA expression. mPGES1 and HPGDS mRNA expression were significantly

associated with ERP compliance (respectively, r2 = 0.25, p = 0.002 and r2 = 0.6, p\ 0.001). In muscularis

propria, HPGDS mRNA expression was correlated with GI motility recovery (p = 0.002). The pharmacological

inhibition of mPGES1 increased spontaneous ex vivo contractile activity in circular muscle (p = 0.03).

Conclusion The effects of ERP on GI recovery are correlated with the compliance of ERP and could be mediated at

least in part by mPGES1, HPGDS and COX-2. Furthermore, mPGES1 shows promise as a therapeutic target to

further reduce POI duration among ERP patients.

Work accepted as an oral communication at the Clinical Congress of

the American College of Surgeons, Washington DC, 2016 October

16-20 and as an oral communication at the Clinical Congress of the

French Association of Surgery, Paris, 2017 September.

Electronic supplementary material The online version of this
article (doi:10.1007/s00268-017-4266-2) contains supplementary
material, which is available to authorized users.
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Introduction

Postoperative ileus (POI) has a significant effect on patient

well-being and, furthermore, increases morbidity and

length of stay [1, 2]. The cost of hospitalization for patients

with POI is twice that of patients without POI [2], attaining

$750 million annually in the USA [1, 3]. A range of pre-

ventive and/or therapeutic strategies has been proposed to

reduce the duration of POI. These include pharmacological

intervention (prokinetics and/or anti-inflammatory agents)

[4–6], vagal stimulation [7] via mastication [8, 9] and early

feeding programs [10, 11]. Enhanced recovery programs

(ERPs), recently proposed by the ERAS Society [12, 13],

organize most of these strategies into a perioperative pro-

tocol. ERPs have been shown to improve the postoperative

course considerably, reduce length of stay and decrease

morbidity [14]. Furthermore, they reduce the duration and

occurrence of POI itself [15, 16]. However, between 20 and

30% of patients who undergo colorectal surgery will still

have POI 4 days after the intervention, despite the use of

ERPs [15]. Therefore, reducing the duration of POI is

aimed at improving postoperative outcomes, reducing

hospitalization and enabling safe outpatient management

after colectomies. Research teams have looked at approa-

ches such as nicotinic chewing gums to improve vagal

stimulation [17, 18] or prokinetic drugs [19] to make ERPs

more effective, but their results fell short of therapeutic

expectations. Consequently, POI remains an issue in

medical care.

POI affects the entire gastrointestinal tract [20], but

most of the strategies described above and most studies in

the literature target the small bowel, especially by acti-

vating vagal pathways. Indeed, the density of parasympa-

thetic innervation decreases along a rostrocaudal gradient

to become low (to inexistent) in the distal bowel [21],

which means that these strategies most likely have only a

limited effect on the colon. As a result, other strategies

targeting colonic activity specifically are necessary to

improve POI management and prevention. As previously

shown by Schwarz et al., selective small bowel manipu-

lation leads to pan-digestive inflammation [20] via

cyclooxygenase (COX)-2. As such, targeting the arachi-

donic acid (AA) pathway may be of interest.

AA metabolism [22–24] leads to the synthesis of pros-

taglandin D2 (PGD2), prostaglandin E2 (PGE2), prosta-

cyclin (PGI2) and thromboxanes via COX-1 and COX-2.

COX-2 has been shown to play a key role in POI, inducing

the synthesis of PGD2 and PGE2 in rodents and humans;

on the one hand, surgical manipulation increases COX-2

expression [22], and on the other hand, COX-2 inhibition

(pharmacological or genetic) reduces the duration of sur-

gically induced POI [25]. PGE2 and PGD2 are lipid

mediators produced by the activation of COX-2 pathways

via microsomal prostaglandin E synthase (mPGES1) and

hematopoietic prostaglandin D synthase (HPGDS) or

lipocalin-type prostaglandin D synthase (LPGDS), respec-

tively. Increasingly, PGE2 appears to be involved in POI.

Animal studies have shown that PGE2 reduces motility via

activation of EP2 and EP4 receptors [26, 27] and that its

concentration increases as a result of surgery [28]. Con-

cerning PGD2, its functional effects on GI motility remain

controversial given that it increases contractile activity in

rat colon [29] and reduces sensitivity to pressure-induced

peristalsis in guinea pigs [30]. However, the impact of POI

on mPGES1 or HPGDS expression and their involvement

are currently unknown, especially in humans.

The aim of this study was to compare the expression of

arachidonic acid metabolism (AAM) enzymes (1) between

patients who underwent colorectal tumor resection and

followed an ERP or not (NERP), (2) between ERP patients

who experienced or did not experience POI and (3) to

determine the ability of antagonists of these pathways to

modulate the contractile activity of the colonic muscle in

order to propose new therapeutics to improve ERP, from

bench to bedside.

Materials and methods

Patients

Twenty-eight patients who underwent colorectal surgery

for endoscopically unresectable cancer or polyp in a single

center between January 2015 and January 2016 and who

followed a perioperative ERP were enrolled in the ERP

group. These patients were retrospectively selected so that

we could create 2 comparable groups of patients: One that

experienced POI and the other that did not.

Criteria for non-inclusion were:

• Medical history of esophageal or gastric surgery;

• Treatments modifying the metabolism of acetylcholine;

• Indication for enterostomy;

• Postoperative general complications potentially associ-

ated with postoperative ileus, such as septic shock or

anastomotic leakage.

Data for the ERP group were prospectively collected

from an anonymized database. We note that some of these

patients were included in a previous study in which we

concluded that ERPs influence POI [15]. The ERP fol-

lowed in our center is described in this essay [15]. None of

the above-mentioned patients underwent preoperative

chemotherapy.

The ERP group was compared to a historical cohort of

11 patients who underwent colorectal tumor resection, but
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did not follow an ERP (NERP). This historical cohort came

from the biobank of another center in which ERP was not

implemented at the moment of tissue collection. Data for

the NERP group were collected retrospectively. Differ-

ences between ERP and NERP management (pre- and

perioperative) are reported in Table 1.

None of the patients included in this essay received pre-,

peri- or postoperative non-steroidal anti-inflammatory

drugs (NSAIDs).

Data collected for the two groups were:

1. Patient characteristics: gender, medical history, surgi-

cal history, treatment;

2. Operative data: surgical access, anesthesia, interven-

tion, type of anastomosis;

3. Postoperative data: delay to first flatus, delay to first

stool, delay to GI motility recovery, postoperative

morbidity, POI occurrence, length of stay, compliance

to ERP;

4. Cancer information: Dukes Stage.

Definitions of clinical outcomes

GI functions were assessed using the delays to first flatus,

first stool and GI motility recovery. Delay to GI motility

recovery was defined using the endpoint described by Van

Bree et al. [31]. Motility was considered as recovered when

patients had stools and tolerated solid food [32].

POI was defined as per Vather et al. [32] and diagnosed

when two or more of the following symptoms were present

after 4 days:

• Nausea or vomiting in the preceding 12 h;

• Inability to tolerate a solid or semisolid oral diet for the

preceding two meals;

• Abdominal distension;

• Absence of flatus and stool in the preceding 24 h;

• Radiological evidence of ileus on plain abdominal

radiography or abdominal computed tomography in the

preceding 24 h.

Biobanks

Tissues from the patients who followed the ERP were

stored in the biobank of the Biological Resources Center of

Angers (BB-0033-00038) and registered under the number

CB-2011-05. Tissues from the historical cohort were stored

in the biobank of IMAD (Institut des maladies de l’ap-

pareil digestif, the Institute for Diseases of the Digestive

System) and registered under number DC-2008-402. Con-

cerning the historical cohort, only mucosa/submucosa

samples were available for this study. Both biobanks were

approved by the French Ministry of Science and Research.

All patients gave their informed and written consent for the

study.

Tissue conditioning

Tissue fragments (* 1 cm 9 1 cm) were collected from

the proximal (left colectomy) or distal (right colectomy)

extremity of the resected colon away from the tumor in a

macroscopically normal area. Fragments of mucosa/sub-

mucosa and muscularis propria/serosa were macroscopi-

cally separated. To simplify the manuscript, the first

fragment will be called mucosa and the second one will be

called muscularis propria in the results.

Fragments from the ERP group were stored in liquid

nitrogen at - 80 �C. The delay to congelation ranged from

30 to 45 min.

Table 1 Differences in management between ERP program and traditional program performed before the surgical specimen collection

ERP program Traditional program

Preoperative

Patient information ? –

Immuno-nutrition (7 days) ? –

Carbohydrate loading ? –

Fasting\ 6 h (solids)

\ 2 h (liquids)

? –

Oral bowel preparation – –

Perioperative

Laparoscopic access ± ±

Reduction in intravenous liquid intake ? –

Nausea/vomiting prevention ? –
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Quantitative polymerase chain reaction (qPCR)

analysis

Total RNA was extracted from the samples (mucosa/sub-

mucosa and muscularis propria/serosa), using Nucleospin

RNA II (Macherey–Nagel, Hoerdt, France). cDNA was

synthetized using Superscript III Reverse Transcriptase

(Thermo Fisher Scientific, Courtaboeuf, France) according

to the manufacturer’s recommendations. Real-time PCR

was performed using the Fast Sybr Green Master Mix kit

(Applied Biosystems, California, USA) and run on a Ste-

pOnePlus thermocycler (Applied Biosystems, California,

USA).

Each qPCR product was directly loaded onto non-de-

naturing 2% agarose gel and visualized under UV transil-

lumination. Specificity of the primers was determined by

sequencing the PCR products. Genes studied were

cyclooxygenase 1 and 2 (COX-1 and COX-2), microsomal

prostaglandin E synthase (mPGES1), hematopoietic pros-

taglandin D synthase (HPGDS) and lipocalin-type pros-

taglandin D synthase (LPGDS).

Primer sequences were:

Homo sapiens, COX-

1 (NM_000962.2)

Fw: 50 TCCTGTTGGTGGACTATGG 30

Rev: 50 GTGGTGGTCCATGTTCCTG 30

Homo sapiens, COX-

2 (NM_000963.2)

Fw: 50 TGGGAAGCCTTCTCTAACCTC 30

Rev: 50 TCAGGAAGCTGCTTTTTACCTT

30

Homo sapiens,

LPGDS

(NM_000954.5)

Fw: 50 AGAAGAAGGCGGCGTTGTCC 30

Rev: 50 CCACCACTGACACGGAGTAGG

30

Homo sapiens,

HPGDS

(NM_014485.2)

Fw:50GAGAATGGCTTATTGGTAACTCT

GT 30

Rev: 50

AAAGACCAAAAGTGTGGTACTGC 30

Homo sapiens,

mPGES1

(NM_004878.4)

Fw: 50 CGCTGCTGGTCATCAAGA 30

Rev: 50 CGTGTCTCAGGGCATCCT 30

Expression of the gene of interest was normalized to the

expression of the ribosomal protein S6 gene (S6), which

was measured in parallel as an internal control. All

experiments were analyzed using StepOnePlus software.

If the difference in Ct values of duplicates was larger

than two, and the mean was larger than the lowest Ct value
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of the white duplicates, patients were excluded from the

analysis for the gene.

Ex vivo muscle motility studies

Seven tissue samples from patients not included in the ERP

or NERP groups were collected and used immediately to

perform a motility assessment. These patients underwent

colorectal resection and followed an enhanced recovery

program. After their surgical resection, the samples were

immediately placed in cold HBSS for transfer to the lab-

oratory. Strips of circular and longitudinal muscle were

dissected and placed in an organ bath (Radnoti, California,

USA) with 15 mL of Krebs solution at 37 �C, continuously

bubbled with 95% O2 and 5% CO2. The contractile

responses of the muscle strips were continuously recorded

using isometric force transducers (No. TRI202PAD, Pan-

lab, Cornellã, Spain) coupled to a computer equipped with

the PowerLab 8/30 system and LabChart data analysis

software (AD Instruments, Spechbach, Germany). The

strips were stretched with a preload of 1 g, which was

maintained for an equilibration period of 60 min. There-

after, they were subjected to electrical field stimulation

(EFS) using a STG 4008 MCS electrical stimulator (Multi

Channel Systems, Reutlingen, Germany). EFS parameters

were: train duration, 10 s; pulse frequency, 20 Hz; pulse

duration, 400 ls; and pulse amplitude, 11 V. This proce-

dure was repeated three times at 10-min intervals. Then,

15 ll of the drugs listed hereafter was added to the baths

and after 30 min of incubation, the same EFS stimulation

protocol was repeated.

Drugs were (1) a mPGES1 inhibitor (CAY10589) used

at a final concentration of 10 lM (Cayman Chemical, Ann

Arbor, USA) and (2) prostaglandin D synthase (he-

matopoietic type) inhibitor I (HPGDS inhibitor I) used at a

final concentration of 1 lM (Cayman Chemical). Both

were solubilized in DMSO at a concentration of 10 and

1 mM, respectively. Concentrations were determined

according to the furnisher recommendations. Contractile

activity was evaluated by measuring the area under the

curve (AUC). Spontaneous contractile activity was evalu-

ated by measuring the AUC for 2 min before the first EFS.

The EFS-induced response was evaluated by measuring the

AUC during the EFS period and 1 min after stimulation.

The amplitudes of spontaneous and induced contractions

were also measured during the same period.

Statistical analyses

Statistical analyses were performed using SPSS version

15.0 (SPSS Inc., Chicago, IL) and Prism software. Data

were expressed as median (interquartile range). The Mann–

Whitney U test was performed to compare non-normal

continuous variables. Linear regressions were done for

variables likely to have an association with delay to

recovery. p\ 0.05 was considered as significant.

Results

ERP versus NERP patients

Overall, 39 patients were included. Twenty-eight were men

(71.8%), and the median body mass index was 27 kg/m2.

On baseline, patients were comparable (supplementary file

1) apart for diabetes occurrence, which was more frequent

in the NERP group (p = 0.040), and ASA score that was

higher in NERP group (p = 0.030). The rate of surgical

laparoscopic access was higher in the ERP group

(p\ 0.005), but this difference was expected because

surgical access was an item of the ERP.

Arachidonic acid metabolism and enhanced

recovery programs

We first characterized the impact of ERP on the presence of

mucosal mRNA for enzymes involved in AA metabolism.

There was no significant modification of mucosal mRNA

expression for COX-1 and LPGDS observed in the ERP

group in comparison with the NERP group. Interestingly,

however, COX-2, mPGES1 and HPGDS mRNA expres-

sions were significantly reduced by, respectively, 19-fold

(p = 0.015), 12-fold (p\ 0.001) and 8-fold (p = 0.004) in

ERP patients compared to NERP patients (Fig. 1).

Impact of items of enhanced recovery programs

on arachidonic metabolism

Given that laparoscopic access reduces postoperative

inflammation (33), we aimed to determine whether the

difference in mRNA expression between groups was

exclusively due to this item. Interestingly, comparing

patients undergoing laparoscopy (L) and those undergoing

laparotomy (NL), HPGDS mRNA expression was higher in

group NL (p = 0.006), but COX-2 and mPGES1 mRNA

expressions were not significantly different between groups

(respectively, p = 0.648 and p = 0.060) (Fig. 2).

Furthermore, in linear regression, we found that HPGDS

and mPGES1 mRNA expressions were associated with the

number of items of ERP compliance (respectively,

r2 = 0.60, p\ 0.0001 and r2 = 0.25, p = 0.002) (Fig. 3),

but COX-2 was not (r2 = 0.01, p = 0.588).
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Acid arachidonic metabolism and postoperative

ileus in patients following an enhanced recovery

program

We then aimed to determine whether, within the ERP

patient population, mRNA expression for enzymes involved

in AA metabolism was associated with POI (POI patients)

and postoperative GI motility recovery.

First, we determined that mucosal mRNA expression of

the present genes of interest was similar between POI and

non-POI (NPOI) patients (Table 2 and Fig. 4a, b, c). Sec-

ond, we characterized the expression of these genes in the

muscularis propria and found no change in COX-2

(p = 0.08), mPGES1 (p = 0.90) or HPGDS (p = 0.85)

mRNA expressions between POI and NPOI patients

(Fig. 5a, b, c).

Third, we determined whether mRNA expression for

enzymes involved in AA metabolism correlated with GI

function recovery elements, i.e., delay to first flatus, first

stool and GI motility recovery (Table 2). Mucosal HPGDS

mRNA expression was not significantly associated with

delay to first flatus (r2 = 0.13; p = 0.07). In mucosal

specimens, no difference in mRNA expression was found

for all genes (Fig. 4d, e, f; Table 2). In the muscularis

propria, COX-2 mRNA relative expression was signifi-

cantly correlated with delay to first flatus (p = 0.04).

Furthermore, HPGDS mRNA relative expression was sig-

nificantly correlated with first stool (Table 2; p\ 0.008)

and delay to GI motility recovery (Fig. 5f; r2 = 0.22;

p = 0.002). However, mPGES1, COX-2 and LPGDS

mRNA expressions were not significantly correlated with

GI function recovery (Table 2; Fig. 5d, e).

Impact of HPGDS inhibitor I and mPGES1

inhibitor on ex vivo colon motility

In the final step, to determine whether AAM located

downstream of COX-2 and associated with recovery of GI

motility in vivo could affect GI motility ex vivo, we

characterized the effects of specific HPGDS (HPGDS

inhibitor I) and mPGES1 (CAY10589) inhibitors on the

ex vivo contractile activity of colonic circular muscle

strips.

DMSO, at the drug equivalent final concentration used

to dissolve the antagonist (1:1000), had no effect on

spontaneous muscle activity (Fig. 6a). Surprisingly,

HPGDS inhibitor I had no effect on spontaneous colonic

motor activity (Fig. 6b).

Fig. 1 Comparison of the medians of mRNA relative expressions of genes for ERP and NERP groups. *p\ 0.05
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CAY10589 led to a significant increase in contractile

activity (p = 0.03; n = 7) (Fig. 6c, d). Finally, there was

no significant increase in the amplitude of the peak con-

traction (p = 0.11; n = 7) (Fig. 6e).

Discussion

In the present study, we first showed that patients who

underwent colorectal tumor resection and followed an ERP

had an early reduced colonic mucosal COX-2, mPGES1

and HPGDS mRNA expression, when compared to col-

orectal resection patients who did not follow an ERP.

Laparoscopic access has been thought to be the cause of

this difference because it is known to reduce postoperative

inflammation [33], and it was also used significantly more

in the ERP group. However, we showed that it was not the

only parameter involved in the reduction in mRNA

expressions. Indeed, only the HPGDS mRNA expression

differed between group L and NL (p = 0.006). Also, we

showed that expressions of mPGES1 and HPGDS mRNA

were significantly reduced when the compliance with ERP

increased (respectively, p = 0.002 and p\ 0.001), while

the COX-2 mRNA expression was not. Nevertheless, we

cannot explain the reason why COX-2 was not influenced

by the number of items followed. We think that this is most

likely due to a smaller effect of ERP in reducing COX-2

mRNA, requiring a larger number of patients to have sig-

nificant results. However, this is the first study that shows

the role of EPRs in reducing inflammation involving AA

metabolism.

This difference can be partly due to laparoscopy but also

partly due to immuno-nutrition and carbohydrates loading.

Indeed, immuno-nutrition is composed with a part of

arginine. Arginine is involved in nitrogen (NO) metabo-

lism. NO is involved in COX-2 activation [34]. It was

shown that, in the early postoperative period, endogenous

NO is a major inhibitory component of gastrointestinal

motility in rats [35]. Carbohydrates intake, via an increase

in blood insulin levels, may also be involved in this

reduction in expression, due to the anti-inflammatory

effects of insulin, as previously described [36]. Also, the

other items of ERP are probably involved in inflammation

reduction, but there is little evidence in the literature to

explain the pathways and mechanisms of this reduction.

However, our results argue for the fact that not only

laparoscopy, but a high compliance of pre- and perioper-

ative ERP reduces early induction of inflammation after

colorectal surgery. A linear association between compli-

ance to ERP and gastrointestinal motility recovery has been

previously described [15] and can probably be linked to

Fig. 2 Comparison of the

medians of mRNA relative

expressions of COX-2,

mPGES1 and HPGDS in

mucosa, according to the use of

laparoscopic access or not (A,

B, C). *p\ 0.05
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this linear association between compliance and mRNA

expression.

To further understand POI pathways among ERP

patients, we compared mRNA expression of key enzymes

involved in AA metabolism between POI and NPOI

patients. There was no significant difference, neither in the

mucosa nor in muscularis propria. However, HPGDS

mRNA expression was positively and linearly correlated

with GI motility recovery (p = 0.002), whereas COX-2

mRNA expression was only correlated with delay to first

Fig. 3 Linear regressions of

mRNA relative expressions of

COX-2, mPGES1 and HPGDS

according to the compliance of

enhanced recovery programs

(ERP) (A, B, C)

Fig. 4 Comparison of the medians of mRNA relative expressions of COX-2, mPGES1 and HPGDS in mucosa, according to the occurrence

(POI) or non-occurrence (NPOI) of postoperative ileus (a, b, c), and linear regressions of mRNA relative expressions of COX-2, mPGES1 and

HPGDS according to delay to recovery of gastrointestinal functions (d, e, f)
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flatus (p = 0.04). This probably means that COX-2 and

HPGDS have a residual role in POI despite ERP compli-

ance. To assess their role in muscle contractile activity, we

assessed the effect of ex vivo pharmacological inhibition of

mPGES1 and HPGDS. mPGES1 inhibition increased

spontaneous colon circular muscle contractile activity

ex vivo in an organ bath (p = 0.03), whereas HPGDS did

not. We did not assess the effect of COX-2 inhibition

because other authors have shown its beneficial effects on

muscle contractile activity [22] and because clinical use of

COX-2 inhibitors is controversial due to their putative side

effects, particularly a potential increase in the risk of

anastomotic leakage [37–39]. The adverse effects of non-

steroidal anti-inflammatory drugs may be due in part to a

blockade of upstream AA pathways, leading to a reduction

in various prostanoids exhibiting both deleterious and

beneficial effects, such as PGE2 and PGD2 synthesis.

Therefore, new selective agents targeting pathways more

specifically involved in POI would be of great interest.

Similarly to COX-2, our results suggest that ERP reduces

the expression of mPGES1, but that mPGES1 still has a

role in gastrointestinal motility reduction that could be

improved by mPGES1 inhibitors. From bench to bedside,

we argue that mPGES1 could be a good novel therapy to

prevent and/or treat POI after colorectal surgery for tumor.

However, our work contains some limitations due to its

design and the ethical consideration of patient manage-

ment. The main limitation was the use of two different

cohorts, one prospective and the other retrospective. Fur-

thermore, theses two groups were derived from different

centers. Both, difference in data collection and provenience

from different centers may negatively impact validity in

our results.

The different provenience and processing of specimens,

of note two different centers and lack of mucosa in NERP

group, may represent a major bias concerning the com-

parison of mRNA expression between the two groups of

tissue samples.

Some notable differences between our two populations,

diabetes and higher ASA score in group NERP, were

present. Although hyperglycemia has been shown to induce

COX-2 synthesis [40], we do not think that the difference

in diabetes rates had an influence on GI recovery, given

that all patients were treated for the disease at the time of

the study, which meant that hyperglycemia was absent.

Regarding the ASA score, it could impact on the level of

inflammation in the colon wall and could lead to an

Fig. 5 In ERP patients, comparison of the medians of mRNA relative expressions of COX-2, mPGES1 and HPGDS in muscularis propria,

according to the occurrence (POI) or non-occurrence (NPOI) of postoperative ileus (a, b, c), and linear regressions of mRNA relative

expressions of COX-2, mPGES1 and HPGDS according to delay to recovery of gastrointestinal functions (d, e, f)
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increase in significance of the differences between ERP

and NERP group. However, this is probably not the only

cause of this difference. Indeed, the population of ASA

score[ 3 represents only 2 of 11 patients (\ 20%), and

moreover, we showed a significant correlation between

inflammation markers and ERP leading to the conclusion

that ERP reduces the inflammation in colon wall.

One other difference that has to be discussed is the

conditions of storage that were different between ERP and

NERP groups. However, the delay between collection and

freezing was the same. The only difference was the method

of storage in the long term. All tissues were first frozen in

liquid azote, and the duration of ischemia that could lead to

an increase in inflammation was the same for both groups.

Finally, although the cohort of patients is small, the

results are significant enough to argue that ERP should be

fully complied with in order to have a selective anti-

Fig. 6 Ex vivo motility study

showing spontaneous

contraction with DMSO (a), an

inhibitor of mPGES1

(CAY10589; C) and HPGDS

inhibitor 1 (b). Dotted line

represents the time at which

drugs were administered.

Administration of CAY10589

results in an increase in

spontaneous muscle contraction.

D represents the AUC before

and after administration of

mPGES1 (p = 0.03) and E the

maximal amplitude of muscle

contraction before and after

administration of mPGES1

(p = 0.11)
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inflammatory effect after colorectal surgery and improve

gastrointestinal motility recovery.

Conclusion

Our results suggest that pre- and perioperative phases of

ERP prevent the activation of key enzymes of AA path-

ways, such as COX-2, LPGDS and mPGES1, and therefore

reduce POI. Laparoscopic access is not the only parameter

involved in the reduction in POI incidence, and a better

compliance would reduce postoperative inflammation.

Furthermore, the effect of ERP on inflammation (and on

POI) may be improved using pharmacological inhibition of

mPGES1, but effects of the inhibition of this pathway have

to be explored in animal models and further randomized

clinical trials.
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4. Traut U, Brügger L, Kunz R, Pauli-Magnus C, Haug K, Bucher

HC, Koller MT (2008) Systemic prokinetic pharmacologic

treatment for postoperative adynamic ileus following abdominal

surgery in adults. Cochrane Database Syst Rev 23:CD004930

5. Chen J-Y, Ko T-L, Wen Y-R, Wu SC, Chu YH, Yien HW, Kuo

CD (2009) Opioid-sparing effects of ketorolac and its correlation

with the recovery of postoperative bowel function in colorectal

surgery patients: a prospective randomized double-blinded study.

Clin J Pain 25:485–489

6. Schlachta CM, Burpee SE, Fernandez C, Chan B, Mamazza J,

Poulin EC (2007) Optimizing recovery after laparoscopic colon

surgery (ORAL-CS): effect of intravenous ketorolac on length of

hospital stay. Surg Endosc 21:2212–2219

7. Lubbers T, Buurman W, Luyer M (2010) Controlling postoper-

ative ileus by vagal activation. World J Gastroenterol

16:1683–1687

8. Kobayashi T, Masaki T, Kogawa K, Matsuoka H, Sugiyama M

(2015) Efficacy of gum chewing on bowel movement after open

colectomy for left-sided colorectal cancer: a randomized clinical

trial. Dis Colon Rectum 58:1058–1063

9. Atkinson C, Penfold CM, Ness AR, Longman RJ, Thomas SJ,

Hollingworth W, Kandiyali R, Leary SD, Lewis SJ (2016) Ran-

domized clinical trial of postoperative chewing gum versus

standard care after colorectal resection. Br J Surg 103:962–

970

10. Fujii T, Morita H, Sutoh T, Yajima R, Yamagushi S, Tsutsumi S,

Asao T, Kuwano H (2014) Benefit of oral feeding as early as one

day after elective surgery for colorectal cancer: oral feeding on

first versus second postoperative day. Int Surg 99:211–215

11. El Nakeeb A, Fikry A, El Metwally T, Fouda E, Youssef M,

Ghazi H, Badr S, Khafagy W, Farid M (2009) Early oral feeding

in patients undergoing elective colonic anastomosis. Int J Surg

7:206–209

12. Gustafsson UO, Scott MJ, Schwenk W, Demartines N, Roulin D,

Francis N, McNaught CE, Macfie J, Liberman AS, Soop M, Hill

A, Kennedy RH, Lobo DN, Fearon K, Ljunqvist O (2013)

Guidelines for perioperative care in elective colonic surgery:

enhanced Recovery After Surgery (ERAS(�)) Society recom-

mendations. World J Surg 37:259–284

13. Nygren J, Thacker J, Carli F, Fearon KC, Nordeval S, Lobo DN,

Ljungqvist O, Soop M, Ramirez J (2013) Guidelines for periop-

erative care in elective rectal/pelvic surgery: enhanced Recovery

After Surgery (ERAS(�)) Society recommendations. World J

Surg 37:285–305

14. Spanjersberg WR, Reurings J, Keus F, Van Laarhoven CJ (2011)

Fast track surgery versus conventional recovery strategies for

colorectal surgery. Cochrane Database Syst Rev 16:CD007635

15. Barbieux J, Hamy A, Talbot MF, Casa C, Mucci S, Lermite E,

Venara A (2016) Does enhanced recovery reduce postoperative

ileus after colorectal surgery? J Visc Surg 2016:S1878–S7886

16. van Bree SHW, van Bree S, Vlug MS, Hollmann MW, Ubbink

DT, Zwinderman AH, de Jonge WJ, Snoek SA, Bolhuis K, van

der Zanden E, The FO, Bennink RJ, Boeckxstaens GE (2011)

Faster recovery of gastrointestinal transit after laparoscopy and

fast-track care in patients undergoing colonic surgery. Gas-

troenterology 141:872–880

17. Wu Z, Boersema GSA, Jeekel J, Lange JF (2014) Nicotine gum

chewing: a novel strategy to shorten duration of postoperative

ileus via vagus nerve activation. Med Hypotheses 83:352–354

18. van den Heijkant TC, Costes LMM, van der Lee DGC, Aerts B,

Osinga-de Jong M, Rutten HR, Hulsewe KW, de Jonge WJ,

Buurman WA, Luyer MD (2015) Randomized clinical trial of the

effect of gum chewing on postoperative ileus and inflammation in

colorectal surgery. Br J Surg 102:202–211

19. Gong J, Xie Z, Zhang T, Gu L, Yao W, Guo Z, Li Y, Lu N, Zhu

W, Li N, Li J (2016) Randomised clinical trial: prucalopride, a

colonic pro-motility agent, reduces the duration of post-operative

World J Surg (2018) 42:953–964 963

123



ileus after elective gastrointestinal surgery. Aliment Pharmacol

Ther 43:778–789

20. Schwarz NT, Kalff JC, Türler A, Speidel N, Grandis JR, Billiar

TR, Bauer AJ (2004) Selective jejunal manipulation causes

postoperative pan-enteric inflammation and dysmotility. Gas-

troenterology 126:159–169

21. Berthoud HR, Carlson NR, Powley TL (1991) Topography of

efferent vagal innervation of the rat gastrointestinal tract. Am J

Physiol 260(1 Pt 2):R200–R207

22. Schwarz NT, Kalff JC, Türler A, Engel DM, Watkins SC, Billiar

TR, Bauer AJ (2001) Prostanoid production via COX-2 as a

causative mechanism of rodent postoperative ileus. Gastroen-

terology 121:1354–1371

23. Kalff JC, Türler A, Schwarz NT, Schraut WH, Lee KK, Tweardy

DJ, Billiar TR, Simmons RL, Bauer AJ (2003) Intra-abdominal

activation of a local inflammatory response within the human

muscularis externa during laparotomy. Ann Surg 237:301–315

24. Korolkiewicz RP, Sein-Anand J, Ruczyński J, Rekowski P,
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