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Abstract

Purpose Postoperative ileus (POI) occurrence within enhanced recovery programs (ERPs) has decreased. Also, intra-abdominal
complications (IAC) such as anastomotic leakage (AL) generally present late. The aim was to characterize the link between POI
and the other complications occurring after surgery.

Methods This retrospective analysis of a prospective database was conducted by the Francophone Group for Enhanced Recovery
after Surgery. POI was considered to be present if gastrointestinal functions had not been recovered within 3 days following
surgery or if a nasogastric tube replacement was required.

Results Of'the 2773 patients who took part in the study, 2335 underwent colorectal resections (83.8%) for cancer, benign tumors,
inflammatory bowel disease, and diverticulosis. Among the 2335 patients, 309 (13.2%) experienced POI, including 185 (59.9%)
cases of secondary POI. Adjusted for well-known risk factors (male gender, need for stoma, right hemicolectomy, surgery
duration, laparotomy, and conversion to open surgery), POI was associated with abdominal complications (OR =4.55; 95%
confidence interval (CI): 3.30-6.28), urinary retention (OR =1.75; 95% CI: 1.05-2.92), pulmonary complications (OR =4.55;
95% CI: 2.04-9.97), and cardiological complications (OR =3.01; 95% CI: 1.15-8.02). Among the abdominal complications, AL
and TAC were most strongly associated with POI (respectively, OR =5.97; 95% CI: 3.74-8.88 and OR =5.76; 95% CI: 3.56—
10.62).

Conclusion Within ERPs, POI should not be considered as usual. There is a significant link between POI and IAC. Since POI is
an early-onset clinical sign, its occurrence should alert the physician and prompt them to consider performing CT scans in order to
investigate other potential morbidities.
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Background

Postoperative ileus (POI) can occur after all types of surgery with
incidence ranging from 10 to 30% after abdominal surgery [1-4].
It is well-documented that this can have significant financial
repercussions for hospitals, including a prolonged hospital stay
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[5, 6] and clinical consequences such as water-sodium imbalance
or inhalation pneumopathy [6—8]. However, POI can also be
associated with severe morbidity after colorectal resection.
Indeed, recent studies have highlighted the link between anasto-
motic leakage (AL) and intra-abdominal complications (IAC)
and POI [3, 9, 10]. Peters et al. [11] corroborated this link in a
small sample cohort of patients following an enhanced recovery
program, which demonstrated a strong link between POI and AL
(OR =12.57;95% CI: 2.73-120.65) [11].

Enhanced recovery programs (ERPs) significantly reduce
the incidence of POI and there is a correlation between com-
pliance with enhanced recovery programs and the early recov-
ery of gastrointestinal functions [2]. POI occurrence remains
low when POI is diagnosed at 4 postoperative days (POD) or
when POI is defined by the need for nasogastric tube
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reinsertion, ranging from 14 to 24% [2, 12, 13]. Grass et al.
[13] reported that for ERPs to be an independent protective
factor against POI, compliance must be >70% (OR =0.8).

Therefore, POI should probably be considered abnormal
during the postoperative course of colorectal resection with
ERPs. Indeed, POI can be caused in two ways; the first is
partly due to inflammation secondary to intestinal manipula-
tion (primary POI) while the second is due to inflammation
secondary to a postoperative complication (secondary POI)
[5]. In the context of ERPs, POI occurrence should probably
lead the physician to look for another morbidity.

The primary objective of this study was to examine the repar-
tition of POI after colorectal surgery within ERPs. The secondary
objectives were to assess the impact of abdominal, pulmonary,
cardiac, and kidney complications on the incidence of POI, ad-
justed for risk factors for POIL, and then to characterize the main
abdominal complications associated with cases of POI by con-
sidering several specific abdominal complications.

Methods

This is a retrospective analysis of a prospective database of
2773 patients who underwent colorectal surgery between 01/
01/2014 and 01/01/2017 in 66 centers across France,
Switzerland, and Belgium, as part of an enhanced recovery
program developed by the Francophone Group for Enhanced
Recovery after surgery (GRACE).

The database has been accredited to handle health-care data
(in accordance with the French Ministerial Decree of Jan 4,
2006). It has been developed by GRACE and approved by the
French National Data Protection Authority (CNIL), registra-
tion number 2014#1817711. All the patients were well-
informed and agreed to the treatment provided.

All patients undergoing colorectal resection for colorectal
adenocarcinoma, diverticulosis, benign tumors, or inflamma-
tory bowel disease (IBD) were included in this study. Patients
who did not undergo colorectal resection or who had colorec-
tal resection for other indicators were excluded. Patients
whose POI was not recorded were also excluded (Fig. 1).

Patients

Patients were divided into two groups: those who experienced
POI (POI group) and those who did not experience POI
(NPOI group). Diagnosis of POI was based on the absence
of gastro-intestinal recovery after 3 days or on the need for
nasogastric tube replacement.

Objectives

The primary objective was to report the incidence of primary
and secondary POI within ERPs. Primary POI was defined by
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the absence of other identifiable causes for POI while second-
ary POI was defined by the presence of any other complica-
tions near the gastro-intestinal tract [5].

The secondary objective was to study the impact of abdomi-
nal, pulmonary, cardiac, and urinary complications on the inci-
dence of POI, adjusted for variables reported in the literature to
be risk factors for POI [4, 14]. The secondary objective was to
characterize the main abdominal complications associated with
POI by considering several specific abdominal complications.

The different kinds of abdominal complications that were
studied are detailed below:

* Abdominal complications were defined as any intra-
abdominal and abdominal wall complications.

Intra-abdominal complications included:

* Anastomotic leakage (AL). This was defined by the pres-
ence of extra-digestive air as shown by a CT scan after
POD4, with or without clinical signs of sepsis and regard-
less of the treatment required, or by the presence of AL
during a surgical re-intervention.

*  Other intra-abdominal complications. These were defined
as the occurrence of any hemorrhagic, septic, or mechan-
ical deviation from standard outcomes expected after sur-
gery in the intra-abdominal cavity. They might include
intraperitoneal bleeding, anastomotic bleeding, colic ne-
crosis, or any other intra-abdominal deviation.

Abdominal wall complications included:

* Abdominal wall infections, which were defined by the
occurrence of infection in the abdominal wall incision.
The infection was characterized by the presence of pus,
erythema, or tumefaction in this area.

*  Other abdominal wall complications, including hematoma
and evisceration.

*  Pulmonary complications recorded included: pulmonary
infection, pulmonary liquid, atelectasis, pulmonary
embolism

+ Cardiac complications recorded included: myocardial is-
chemia, acute cardiac failure, and arrhythmia

* Acute urinary retention was recorded as a urinary
complication.

Complications requiring surgical treatment were classified
as Dindo-Clavien Grade 3 [15].

Perioperative care

All patients were treated in a similar way during the perioperative
period. The recommendations of the French Society of
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Fig. 1 Population flow chart
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Anesthesia and Critical Care and the Society of Digestive
Surgery [16] were followed, and practices were audited using
this database. Non-steroidal anti-inflammatory drugs (NSAIDs)
were used variably, according to the surgeons’ preferences.

The perioperative enhanced recovery program is reported
in Table 1. Colic preparation was not recommended for colon
and high rectum surgery while the modality of bowel prepa-
ration for mid and low rectum was left to the surgeon’s dis-
cretion. Multimodal analgesia (epidural analgesia (if laparot-
omy), intravenous lidocaine, intraparietal catheter...) was rec-
ommended to reduce morphine consumption. The mean of
analgesia was left to the surgeon’s or anesthetist’s discretion.

The criteria used to assess compliance are also detailed in
Table 1. Compliance with the enhanced recovery program was
defined as the percentage of cases in which these criteria were
observed.

Data analysis

Continuous covariates were then reported as mean + standard
deviation and compared in relation to the two groups using
Mann-Whitney U tests. Categorical covariates were reported
as percentages and compared using exact Fisher tests.

The relationship between POI and the covariates consid-
ered was studied using logistic regression. The covariates con-
sidered for such analyses were abdominal, pulmonary,

n=309(13.3%

cardiac, and urinary complications, and the main risk factors
for POI reported in literature. These covariates were selected
on the basis of pre-established clinical and biological knowl-
edge, and not on an automatic selection procedure [17, 18].
For the primary objective, the abdominal complications were
globally considered (present if any abdominal complication is
present), whereas for the secondary objective, these abdomi-
nal complications were detailed as anastomotic leakage, other
intra-abdominal complications, surgical site infection, and
other abdominal wall complications. All the tests were two-
tailed and based on a type I error set at 0.05. Statistical anal-
yses were carried out using Stata 13.01.

Results
Patients

Information regarding the 2773 patients who underwent colo-
rectal surgery between 01/01/2014 and 01/01/2017 in the 66
centers was collected prospectively.

Among these patients, occurrence of POI was not recorded
in 54 patients (1.9%) who were excluded from this analysis
(Fig. 1). Three hundred and ninety-four other patients (14%)
were also excluded because they did not meet the criteria for
inclusion (endometriosis (n=51), volvulus (n=16), no

@ Springer



74

Int J Colorectal Dis (2019) 34:71-83

Table 1  Enhanced recovery program recommended on the GRACE
Association website

Preoperative period

Patient information*
Carbohydrates*

Reduction of fasting*®

No systematic colic preparation*®
Immunonutrition*
Antibioprophylaxis*
Thromboprophylaxis*

No premedication*

Short-term anesthetic

No drain*

Reduction of venous hydration*

Preoperative period

Laparoscopic access*
Dexamethasone injection*
Prevention of hypothermia*
Postoperative period Multimodal analgesia*
Nausea prevention™
No nasogastric tube*
Reduction of venous hydration
Early ablation of venous catheter
Early resumption of feeding*
Early mobilization*
Bowel motility stimulation

Early urinary catheter ablation*

* Criteria used to assess compliance with the program

resection (n = 82), another indicator (n = 115), or because in-
dication for surgery was not collected (n = 130)).

A total of 2325 patients participated in the final study: 406
had diverticulosis (17.4%); 1653 had colorectal adenocarcino-
ma (71.1%); 110 had IBD (4.7%), including 93 with Crohn’s
disease; 17 had hemorrhagic rectocolitis; and 156 patients had
benign tumors (6.7%).

Among these patients, 1267 (54.5%) were male and their
mean age was 64.7 (+13.8). Patients were operated on
laparoscopically in 1764 cases (74.8%) and conversion to lap-
arotomy was necessary in 177 cases (9.2%). ERPs were com-
plied with > 70% in 1801 patients (77.5%). The characteristics
of our sample population are reported in Table 2.

Excluding POI, morbidity occurred in 513 cases (22.2%).
Morbidity led to the need for further intervention in 110 cases
(4.7%). Two of them were radiologic intervention for intra-
abdominal abscess (i.e., “other” in the Table 2) and 4 of them
were endoscopic intervention (1 for anastomotic leakage and
3 for anastomotic bleeding). The other 104 patients had early
reintervention. Eleven reinterventions were indicated for pari-
etal complication (3 for hematoma, 4 for SSI, 1 for wound
disruption, and 3 for evisceration), 89 reinterventions were
indicated for intra-abdominal morbidity (48 for anastomotic
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leakage, 8 for colic necrosis, 11 for intra-abdominal bleeding,
5 for anastomotic bleeding, and 17 for other reasons), and 4
were for other reasons than abdominal or parietal morbidity.

Three hundred and nine patients (13.3%) experienced POI,
in 185 of'these cases (59.9%), this was associated with overall
morbidity (Table 2).

Management and consequences of POI

Nasogastric tubes were reinserted in 215 POI patients (69.6%
of patients experiencing POI).

CT scans were performed in 109 POI patients (47.4%) and
50 POI patients required a re-intervention (16.2%) while 121
non-POI patients required CT-scan (6%) and 60 (3%) required
re-intervention (p < 0.0001 and p < 0.0001, respectively).

Death occurred significantly more often in the POI group
than the NPOI group (1.3% vs. 0.1%, respectively, p = 0.008).
Among the four patients who died in the POI group, only one
had AL and was considered a failure to rescue. The other
causes of death were not collected or not known, and no au-
topsy was performed.

The length of hospital stays also increased in the POI group
compared to the NPOI group (15.4 days vs. 6.5 days;
p<0.0001).

Risk factors for postoperative ileus

In multivariate analysis (Table 3), open surgical access (OR =
2;95% IR: 1.46-2.81), conversion to laparotomy (OR =2.72;
95% confidence interval (CI): 1.77-4.17), and right
hemicolectomy (OR =2.23; 95% CI: 1.61-3.08) were signif-
icantly associated with an increased risk of POI. On the other
hand, female gender (OR = 0.69; 95% CI: 0.52-0.92) and the
absence of a diversion or terminal stoma (OR =0.41; 95% CI.:
0.28-0.59)) were associated with a decreased risk of POL

Postoperative morbidity was significantly associated with
cases of POL Indeed, abdominal complications were associated
with a significantly increased risk of POI (OR =4.55; 95% CI:
3.30-6.28). Urinary retention (OR = 1.75; 95% CI: 1.05-2.92),
pulmonary complications (OR =4.55; 95% CI: 2.04-9.97), and
cardiac complications (OR =3.01; 95% CI: 1.15-8.02) were also
associated with an increased risk of POI.

When detailing the kinds of abdominal complication
(Table 4), abdominal wall complications (OR =2.07; 95% CI:
1.21-3.54) and intra-abdominal complications (OR = 5.82; 95%
CI: 4.05-8.36) were associated with a significantly increased risk
of POL. Intra-abdominal complications were more significantly
linked with the risk of POI when compared with abdominal wall
complications (p = 0.002).

‘When detailing each of the abdominal complications (Table 5),
abdominal wall SSIs were clearly associated with a greatly in-
creased risk of POI (OR =2.50; 95% CI: 1.23-5.07) but other
abdominal wall complications were not (OR = 1.65; 95% CI:
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Table 2 description of our population and univariate analysis comparing POI and NPOI groups
No POI (n=2016, 86.7%) POI (n=309, 13.3%) Overall population P

Male gender (%) 1064 (52.8%) 203 (65.7%) 1267 (54.5%) < 0.0001
Age, year (£SD) 64.3 (£13.6) 67.3 (£14.6) 64.7 (£13.8) 0.0003
BMI, kg/m? (+SD) 27.5(£25.2) 28.3 (£28) 27.7 (£25.6) 0.62
ASA score>2 406 (20.1%) 92 (29.9%) 492 (21.5%) 0.0001
Anemia (%) 314 (15.6%) 70 (22.6%) 384 (16.5%) 0.0002
Immunosuppression (%) 47 (2.3%) 13 (4.2%) 60 (2.6%) 0.053
Chronic bronchopneumopathy (%) 126 (6.25%) 33 (10.7%) 159 (6.9%) 0.004
Chronic renal failure (%) 58 (2.9%) 24 (7.8%) 82 (3.5%) < 0.0001
Duration of surgery <3 h (%) 1235 (63.7%) 155 (52.2%) 1390 (62.2%) 0.0001
Surgical indication < 0.0001

Diverticulosis 385 (19.1%) 21 (6.8%) 406 (17.5%)

Colorectal cancer 1401 (69.5%) 252 (81.6%) 1653 (71.1%)

IBD 91 (4.5%) 17 (5.5%) 110 (4.7%)

Benign tumor 139(6.9%) 46 (14.5%) 156 (6.7%)
Surgical access

Laparoscopy 1593 (78%) 171 (53.9%) 1764 (74.8%)

Conversion 127 (7.5%) 50 (22.8%) 177 (9.2%) < 0.0001

Laparotomy 128 (6.3%) 51(16.1%) 415 (17.6%)
Type of colectomy < 0.0001

Right 700 (34.7%) 144 (46.6%) 846 (36.3%)

Left 828 (41.1%) 68 (22%) 896 (38.5%)

Transverse 40 2%) 6 (1.9%) 46 (2%)

Total coloproctectomy 19 (0.9%) 7 (2.3%) 26 (1.1%)

Secondary proctectomy 9 (0.4%) 1(0.3%) 10 (0.4%)

Rectosigmoid resection with infra-peritoneal anastomosis 347 (17.2%) 64 (20.7%) 411 (17.7%)

Total colectomy 29 (1.4%) 14 (4.5%) 43 (1.8%)

Abdominoperineal amputation 44 (2.2%) 5 (1.6%) 49 (2.1%)

Anastomosis performed 1933 (95.9%) 292 (94.5%) 2225 (67.5%) 0.26
Diverting stoma 271 (13.7%) 75 (24.8%) 346 (15.2%) < 0.0001
Enhanced recovery program compliance> 70% (%) 1578 (78.3%) 223 (72.2%) 1801 (77.5%) 0.02
Overall morbidity 328 (16.3%) 185 (59.9%) 513 (22.2%) < 0.0001

Abdominal wall morbidity 63 (3.1%) 31 (10%) 94 (4%) <0.0001

Clavien-Dindo grade= 3 6 (9.5%) 5 (16.1%) 11 (11.7%) 0.50
Hematoma 16 (0.8%) 6 (1.9%) 22 (0.9%)
Superficial SSI 30 (1.5%) 16 (5.2%) 46 2%) < 0.0001
Wound disruption 13 (0.6%) 7 (2.2%) 20 (0.9%)
Evisceration 4(0.2%) 2 (0.6%) 6 (0.3%))

Intra-abdominal morbidity 112 (5.6%) 81 (26.1%) 193 (8.3%) < 0.0001
-Clavien-Dindo grade= 3 50 (44.6%) 39 (48.1%) 89 (46.1%) 0.63
Anastomotic leakage 37 (1.8%) 31 (10%) 68 (2.9%) < 0.0001
Colonic necrosis 5(0.2%) 4 (1.3%) 9 (0.4%)

Intra-peritoneal bleeding 10 (0.5%) 2 (0.6%) 12 (0.5%)
Anastomotic bleeding 27 (1.3%) 4 (1.3%) 31 (1.3%)
Other 33 (1.6%) 40 (1.6%) 73 (3.1%)
Urinary complication
Urinary retention (%) 82 (4.1%) 37 (12%) 119 (5.1%) < 0.0001
Urinary infection (%) 21 (1%) 12 (3.9%) 33 (1 .4%) 0.001
Pulmonary complication 18 (0.9%) 21 (6.8%) 39 (1.7%) <0.0001

Cardiac complication

IBD inflammatory bowel disease, NSA/Ds non-steroidal anti-inflammatory drugs, SD standard deviation

0.75-3.65). On the other hand, anastomotic leakage was the most
significant adjusted factor associated with POI (OR =5.97; 95%
CI: 3.74-8.88). Other intra-abdominal complications were also
strongly associated with POI (OR =5.76; 95% CI: 3.56-10.62).

Discussion

This retrospective analysis of a prospective database including
2325 patients was one of the largest prospective studies to assess

the impact of postoperative complications on the occurrence of
POI among patients following an enhanced recovery program.
In our study, POI occurred in 13.3% of cases. This is lower
than the 10-30% rate reported in a recent literature review
[14]. That could be explained by the high degree of compli-
ance with the enhanced recovery program in our study (77.5%
of patients demonstrated compliance > 70%). Indeed, compli-
ance > 70% has been reported to protect against POI [13], and
there is also a significant correlation between compliance with
ERPs and gastrointestinal motility recovery [2]. The
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Table 3 POI risk factors in

multivariate analysis Odds ratio 95% confidence interval P
Gender female 0.689 0.517 - 0.918 0.011
BMI > 30 kg/m? 1.081 0.760 - 1.537 0.665
COBD 1.308 0.803 - 2.129 0.281
ASA score>2 1.069 0.768 - 1.489 0.693
Age > 65 years 1.077 0.804 - 1.443 0.619
Surgical access (ref: laparoscopy)

Conversion in laparotomy 2.717 1.772 - 4.167 < 0.001

Open access 2.024 1.460 - 2.806 < 0.001
Duration for surgery >3 h 1.364 0.994 - 1.872 0.055
Need for enterostomia 0.407 0.280 0.591 < 0.001
Right colectomy 2.227 1.612 3.076 < 0.001
ERPs compliance > 70% 0.824 0.604 1.124 0.221
Postoperative morbidity

Abdominal complication 4.554 3.301 6.282 < 0.001

Cardiac complication 3.044 1.155 8.021 0.024

Pulmonary complication 4.513 2.044 9.967 < 0.001

Urinary retention 1.750 1.050 2916 0.032

Ref'reference, CI confidence interval, BMI body mass index, COBD chronic and obstructive bronchopulmonary
disease, ASA American Society of Anesthesiology, ERP enhanced recovery program, AL anastomotic leakage

aforementioned literature review also reports on both types of
management (with or without ERPs). In a recent meta-analy-
sis, Wolthuis et al. revealed significant heterogeneity in terms
of reported incidences of POI in studies depending on the
definition of POI, the type of surgery, the point of access,
and the duration of surgery [19]. A POI incidence rate of
almost 10.3% was reported in this meta-analysis [19].

Excluding POI, we reported a 22% rate of general morbid-
ity and, more specifically, AL and IAC rates of 2.9% and
8.3%, respectively. This is consistent with literature reporting
a rate of complications of 18-40% after colorectal surgery for
patients following enhanced recovery programs [20, 21], a2 9%
rate of anastomotic leakage for rectal surgery [22], and a rate
of 3% for colon surgery [23].

Interestingly, the rate of POI associated with this morbidity
(secondary POI) was around 60%, whereas it is reported in liter-
ature to be around 25% in a cohort of patients following conven-
tional management [5]. The difference may be explained by the

Table 4 Risk of POI adjusted on the different subgroups of abdominal
complication

Odds ratio 95% CI P
Abdominal wall complication 2.073 1.213 —-3.54 0.008
Intra abdominal complication 5.819 4.051 —8359 <0.0001
Cardiac complication 3.272 1.223 —8.758 0.018
Pulmonary complication 4.139 1.845 —9.283 0,001
Urinary retention 1.748 1.044 —2.928 0.034
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fact that ERPs reduce the incidences of primary POI, while the
incidences of secondary POI remain unchanged.

Indeed, the literature reports an improvement in gastroin-
testinal function recovery after surgery and a reduction of the
incidences of POI when compliance with enhanced recovery
programs is over 70% [2, 13]. Indeed, the different compo-
nents of enhanced recovery programs enable a reduction in
surgical stress and inflammation following surgical proce-
dures [24]. Primary POI affects many pathways, including
inflammatory pathways such as the arachidonic acid pathway,
which is limited by enhanced recovery programs [25], and
vagal pathway inhibition which, in contrast, is stimulated by
enhanced recovery programs [26]. The repartition of sub-
groups of POI is inverted; however, and primary POI is
prevented while the incidence of secondary POI associated
with other morbidities remains unchanged.

In contrast to POI, which presents quickly, anastomotic
leakage or abdominal complications can incubate more insid-
iously, and they often do not present even 8 days after surgery
[27]. In the era of enhanced recovery programs, time spent in
hospital has been reduced to under 6 days and complications
are often diagnosed after discharge. This can lead to a delay in
managing a diagnosis, which is associated with an increase in
failure to resolve the issue.

POI could be a sentinel symptom. Indeed, our study shows
a significant, adjusted increased risk of POI in patients
experiencing AL (OR=5.97; 95%IC: 3.74-8.88) or IAC
(OR =5.76; 95%IC: 3.56-10.62). The association between
AL and POI has also recently been reported by Peters et al.
[11] who reported an odd ratio over 12 (p <0.001).
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Table 5 Risk of POI adjusted on
each subgroups of abdominal Odds ratio 95% confidence interval P
complication
Abdominal wall complication
Superficial surgical site infection 2.502 1.234 - 5.073 0.011
Other abdominal wall complications 1.650 0.747 - 3.646 0.215
Intra-abdominal complication
Anastomotic leakage 5.969 3.356 - 10.618 0.000
Other complications 5.760 3.737 - 8.879 0.000
Cardiac complication 3421 1.272 - 9.201 0.015
Pulmonary complication 4.067 1.808 - 9.153 0.001
Urinary retention 1.767 1.054 - 2.960 0.031

Because POI is also associated with urinary retention (OR =
1.75; 95%CTI: 1.05-2.92) and cardiac complications (OR =3.01;
95%CI: 1.15-8.02), EKG and bladder control must be consid-
ered before a CT-scan is suggested. The latter two complications
are easy to diagnose without any invasive examination. SSIs
(OR =2.50; 95%CI: 1.23-5.07) should also be identified using
an easy clinical and non-invasive examination.

When these complications have been eliminated, surgeons
should consider suggesting an early CT-scan of the abdomen to
look for IAC or AL, and, given the risk of lung complication, of
the thorax (OR =4.55; 95%CI: 2.04-9.97). C-reactive protein in
the blood should also be counted to predict the risk of complica-
tions arising from postoperative infection complications, such as
anastomotic leakage [28]. Early diagnosis of such complications
could reduce failure to resolve them. This is important for pa-
tients, but also for institutions, as FTR is now considered an
indicator of a hospital’s quality of care [29, 30].

Despite the prospective design of the database, this work
has some inherent limitations due to its retrospective design.
Indeed, data relating to biological or clinical findings in the
postoperative course (such as the Clavien-Dindo grade for
overall morbidity) were not collected. Some confounding fac-
tors such as the use of epidural analgesia or the use of me-
chanical bowel preparation (MBP) were not specifically
assessed. However, this probably had a minor impact on our
results because (i) the use of epidural analgesia does not seem
to have a beneficial effect on gastrointestinal function recov-
ery after laparoscopic surgery [31] (laparoscopy represented
85.5% of our sample group) and (ii) to the best of our knowl-
edge, mechanical bowel preparation has no effect on POI
while MBP + oral antibiotherapy could have a beneficial ef-
fect on reducing POI occurrence, but this was not used in
France during these years of inclusion [32].

In addition, the diagnosis of POI or IAC could be subjective
and may not have been carried out in every case. Furthermore,
some studies report that the definition of POI is highly variable
between different teams and the diagnosis of POI can be
underestimated. It is for this reason that we chose to include
patients requiring postoperative NGT insertion.

However, even if some data are missing and the definition
of POI has not been agreed upon, our results are comparable
with those reported in the literature. They shed new light on
POI and raise the question of the link between POI and post-
operative complications from the point of view of improving
postoperative management of colorectal surgery.

Conclusion

Within ERPs, primary POI is significantly reduced while second-
ary POI remains unchanged. POI should not be considered as
usual in this context. Indeed, POl is associated with postoperative
morbidity. Therefore, the presence of POI should alert surgeons
to the possibility of other conditions and prompt non-invasive
examination to eliminate the possibility of SSI, urinary retention,
or cardiac complications, prior to an abdominal CT-scan being
carried out. Imaging could assist in the early diagnosis of pulmo-
nary complications, anastomotic leakage, or other intra-
abdominal complications. Early management of such complica-
tions would improve the quality of health care.
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Appendix

GRACE Association Study Group/Participating Investigators personally cared for study patients

Name Surname Affiliation City Country
Abderrazak Mondher CLINIQUE SAINT GERMAIN BRIVE France
Abolo Hervé Clinique des Ormeaux Le Havre France
Abras Nicolas Hopital du gier Saint Chamond France
Aissou Mourad champigny sur marne champigny sur marne France
Albertini Serge clinique des cedres echirolles France
Alfonsi Pascal Hopital Saint Joseph Paris France
Andre Adeline Hopital privé de la Loire Saint Etienne France
Arimont Jean-marc CH-ALPES LEMAN contamine sur arve France
Arnalsteen Laurent Hopital Privé La louviere Lille France
Atger Jerome CHICAS GAP Gap France
Attias Arié Henri Mondor CRETEIL France
Aumont Ophélie Centre Léon Bérard lyon France
Auvray Sylvain Hopital Privé Saint-Martin caen France
Bachmann Radu Cliniques universitaires Saint-Luc Bruxelles Belgique
Barabino Gabriele CHU Saint Etienne Saint Priest en Jarez France
Barsotti Pierre hopital emile muller Mulhouse France
Beauchesne Brigitte hopital nord saint priest en jarez France
Beaupel Nathan Hopital Saint-Louis paris France
Beliard Arnault Clinique Saint Jean Languedoc Toulouse France
Bellouard Arnauld Clinique de I'Archette OLIVET France
Beloeil Helene chu pontchaillou rennes France
Ben Salem Faouzi Ben Salem Monastir Tunisie
Benhamou Alexandra Clinique du Cédre Bois Guillaume France
Billard Valerie Gustave Roussy Villejuif France
Binhas Michéle Centre hospitalier de Marne La Vallée Jossigny France
Binot Daniel Centre MCO Céte d'Opale BOULOGNE SUR MER CEDEX France
Blache Jean Louis INSTITUT PAOLI CALMETTES MARSEILLE France
Blache Jean-Louis INSTITUT PAOLI CALMETTES MARSEILLE France
Blet Alice Hopital Saint-Louis paris France
Bongiovanni Jean-pierre Centre Hospitalier Saint Josephsaint luc Lyon France
Bonnal Aurélien Clinique Saint Jean Montpellier France
Bonnet Marc HOPITAL EUROPEEN MARSEILLE France
Boret Henry CHITS Toulon France
Bossard Anne-elisabeth  Institut Mutualiste Montsouris Paris France
Bothereau Herve Centre Hospitalier Privé Saint-Grégoire SAINT-GREGOIRE France
Bouarroudj Noreddine CLINIQUE NAOUFEL CONSTANTINE Algerie
Bouayed Amine centre hospitalier de Salon de Provence salon de provence France
Bouchard Frangois clinique des cedres echirolles France
Boumadani M'hamed clinique saint francois mainvilliers France
Bousquet Michel CENTRE HOSPITALIER PRIVE DE L'EUROPE Le Port Marly France
Bouygues Vianney Hopital Yves le Foll Saint Brieuc France
Bozio Guillaume Medipole de Savoie Challes-les-Eaux France
Brek Amine hopital nord saint priest en jarez France
Cadi Philippe HOPITAL PRIVE DE L'OUEST PARISIEN TRAPPES France
Caillon Pierre clinique du tonkin villeurbanne France
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Camerlo Antoine HOPITAL EUROPEEN MARSEILLE France
Capito Carmen Necker-Enfants Malades Paris France
Cardin Jean luc Polyclinique du Maine LAVAL France
Castiglioni Marie polyclinique poitiers poitiers France
Catinois Marie-line Clinique d'ARGONAY ARGONAY France
Cattan Pierre Hopital Saint-Louis paris France
Chambrier Cecile Hopital de la Croix Rousse Lyon France
Chambrier Gérald CLINIQUE TRENEL SAINTE COLOMBE France
Chapuis Olivier Clinique du Val d'Or SAINT CLOUD France
Chauvin Marcel Hopital Ambroise Paré Boulogne Billancourt France
Chokairi Seddik Centre Hospitalier USSEL France
Chopin Laly Xavier Clinique Charcot Sainte Foy Les Lyon France
Collange Vincent CLINIQUE DU GRAND LARGE Décines France
Cotte Eddy Centre Hospitalier Lyon-Sud Pierre-Bénite France
Cuellar Emmanuel CHU Toulouse TOULOUSE France
D'errico Emanuele Polyclinique Grand Sud NIMES France
Dahmani Souhayl Hopital Robert Debré Paris France
Danan Marc Clinique Saint-Michel toulon France
De La Fontaine Christophe Clinique de I'Archette OLIVET France
De Wailly Pierre Polyclinique Keraudren BREST France
Degauque Cyril CHR VERVIERS VERVIERS Belgique
Delacoste Franck CHICAS GAP Gap France
Denet Christine Institut Mutualiste Montsouris Paris France
Denost Quentin CMC Magellan Pessac France
Desaint Paul CHU cochin port royal paris France
Descamps Eric HOPITAL PRIVE DE L'EST PARISIEN AULNAY SOUS BOIS France
Desfourneaux Veronique chu pontchaillou rennes France
Desmet Justine Cliniques universitaires Saint-Luc Bruxelles Belgique
Desolneux Gregoire Institut Bergonié Bordeaux France
Dileon Sylvain Clinique Saint Roch Cavaillon France
Dolbeau Jean-baptiste Polyclinique Bordeaux Rive Droite Lormont France
Douard Richard Hopital européen Georges Pompidou Paris France
Dufour Fanny Centre Hospitalier Marne La VAllee Jossigny France
Dupont-bierre Eric Centre Hospitalier Privé Saint-Grégoire SAINT-GREGOIRE France
Dupré Aurélien Centre Léon Bérard lyon France
Entremont Alexandre Hopital D’Estaing Clermont-Ferrand France
Faucheron Jean luc CHU Grenoble Alpes La Tronche France
Fernoux Philippe Hopital privé Sainte marie CHALON-SUR-SAONE France
Figuet Stephanie CH-ALPES LEMAN contamine sur arve France
Finianos Alain Clinique de I'Archette OLIVET France
Flamein Renaud clinique du MILLENAIRE montpellier France
Fletcher Dominique Hopital Ambroise Paré Boulogne Billancourt France
Fontes Jean paul polyclinique du sidobre Castres France
Fourn Erwan HOPITAL FOCH SURESNES France
Gergeanu Sebastian hopital emile muller Mulhouse France
Germain Adeline Adeline GERMAIN NANCY France
Gignoux Benoit Clinique de la Sauvegarde Lyon France
Goater Philippe Institut Curie Paris France
Gres Philippe Centre Hospitalier d'Alés-en-Cévennes ALES Cedex France
Grigoroiu Madalina Institut Mutualiste Montsouris Paris France
Grillo Philippe CLINIQUE JUGE MARSEILLE France
Guignard Bruno Clinique du Val d'Or SAINT CLOUD France
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Guinier David Centre Hospitalier Bretagne Sud Lorient France
Guiot Jean luc Pole de Santé du Plateau Meudon La Forét France
Gutton Christophe Hopital Saint-Antoine Paris France
Hadjadj Haider CLINIQUE VAUBAN LIVRY BARGAN France
Hail Kamel clinique chirurgicale B. CHU mustapha. Alger Algerie
Hausermann Marie-héléne centre hospitalier Henri Mondor Aurillac France
Hennequin Sandra centre hospitalier de cahors cahors France
Homsy-hubert Brigitte ARS-IDF Paris France
Jambet Sophie CHITS Toulon France
Janecki Therese Centre Hospitalier de Roubaix Roubaix France
Jannier-guillou Virginie Clinique Sainte Clotilde Sainte clotilde Reunion
Jaspart Jérome Boulogne sur mer Boulogne-sur-Mer France
Joly Fabrice hopital privé ST JEAN Toulon France
Joris Jean CHU de Liege Liége Belgique
Journe Frédéric clinique st coeur Vendéme France
Kattou Fehmi Institut Mutualiste Montsouris Paris France
Kemoun Gilles CHU La Milétrie PARIS France
Khalaf Maged centre hospitalier de BELLEY Belley France
Klack Floriane HIA SAINTE ANNE TOULON France
Kothonidis Konstantinos APP SAMBRE ET MEUSE/ CHR VAL DE SAMBRE SAMBREVILLE Belgique
Kurdi Okba HOPITAL PRIVE DE L'OUEST PARISIEN TRAPPES France
Laforest Anais BEAUJON clichy France
Lamblin Antoine Hopital Privé La louviére Lille France
Lammens Stephane Hopital Privé Saint-Martin caen France
Laporte Sylvain Polyclinique Grand Sud NIMES France
Launay-savary Marie-véronique Centre hospitalier d'Arcachon La Teste de Buch France
Le maho Anne-laure Gustave Roussy Villejuif France
Lemée Jean-michel CHU Angers Angers France
Leonard Daniel Cliniques universitaires Saint-Luc Bruxelles Belgique
Leonard David clinique de la loire saumur France
Leporrier Julien Hopital Privé Saint-Martin caen France
Lorin Jean louis La Parisiere BOURG DE PEAGE France
Magne Eric CLINIQUE TIVOLI-DUCOS BORDEAUX France
Maisonnette Franck Hopital privé de la Loire Saint Etienne France
Malherbe Vincent Hopital Privé Drome Ardéche Guilherand Granges France
Manceau Gilles Hopital Piti¢ Salpetriere paris France
Mariani Pascale Institut Curie Paris France
Massalou Damien CHU de Nice Nice France
Massard Jean-loup Hopital privé Sainte marie CHALON-SUR-SAONE France
Mauvais Francois ch beauvais Beauvais France
Mbuyamba Jean centre hospitalier d'Arras arras France
Mbuyamba Katapile Jean centre hospitalier d'Arras arras France
Mehila Tarek CLINIQUE NAOUFEL CONSTANTINE Algerie
Meillat Héléne INSTITUT PAOLI CALMETTES MARSEILLE France
Mergui Claude clinique de chartreuse voiron France
Michaud Philippe Clinique de I'Archette OLIVET France
Milou Fabrice HIA DESGENETTES LYON France
Mirre Frantz Centre Hospitalier Gabriel Martin saint paul Reunion
Mor Martinez Caroline clinique de l'alliance saint cyr / loire France
Mouchon Stephanie clinique de l'alliance saint cyr / loire France
Mouilhade Frédéric clinique de I'europe Rouen France
Nguyen Yén-lan hopital cochin port royal paris France
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Ostermann Bucher ~ Sandrine HIRSLANDEN CLINIQUE LA COLLINE GENEVE Suisse
Page Mathieu Clinique Convert Bourg-en-Bresse France
Parent Sébastien CLINIQUE DU GRAND LARGE Décines France
Payen Anne-Laurence  Clinique mutualiste de 1'Estuaire SAINT NAZAIRE France
Pedicone Roberto CH Coulommiers Coulommiers France
Peluchon Philippe Clinique Sainte ANNE LANGON France
Pichot-Delahaye Virginie Polyclinique Lyon Nord Rillieux-la-Pape France
Piquard Arnaud CHR Orleans Orleans France
Pirlet Isabelle CH DUNKERQUE DUNKERQUE CX 1 France
Plard Laurent Centre Hospitalier Avranches Granville Avranches France
Poiblanc Marie Centre Léon Bérard lyon France
Poinas Grégoire ICM val d'Aurelle MONTPELLIER France
Poincenot Jane CHIC creteil France
Ponchel Christine Clinique les orchidées LE PORT Cedex Reunion
Pontallier Arnaud Magellan Haut-Léveéque Pessac France
Pop Regis Polyclinique GENTILLY NANCY France
Potiron Eric clinique urologique nantes atlantis Saint herblain France
Proske Jan martin CHSF Corbeil-Essonnes France
Prunet Bertrand HIA SAINTE ANNE TOULON France
Ras Emmanuelle Centre Hospitalier de Roubaix Roubaix France
Raspado Olivier Infirmerie protestante CALUIRE ET CUIRE France
Raux Mathieu Hopital Piti¢ Salpetriere paris France
Regimbeau Jean-marc CHU Amiens Amiens France
Remue Christophe Cliniques universitaires Saint-Luc Bruxelles Belgique
Renacco Frédéric Polyclinique Les Fleurs Ollioules France
Riboud Romain CENTRE HOSPITALIER DE VOIRON VOIRON cedex France
Richard-Payen Anne-Laurence  Clinique mutualiste de 1'Estuaire SAINT NAZAIRE France
Rio Didier Centre hospitalier Bretagne atlantique Vannes France
Sage Michel polyclinique mutualiste sainte marguerit Auxerre France
Sage Pierre yves CHU Grenoble Alpes La Tronche France
Saint denis Marc Hopital privé d'antony antony France
Salaun Pascale Le Confluent-NouvellesCliniquesNantaises NANTES France
Samyn Brice Clinique de 1'Orangerie Strasbourg France
Sbai Idrissi Mohamed Hopital Simone VEIL Eaubonne France
Schmitt Ghislain Polyclinique de Courlancy REIMS France
Secq Edouard Hopital Privé Sainte Claude Saint Quentin France
Seddiki Ahmed CHU Oran Oran Algerie
Sens Nicolas Centre Léon Bérard lyon France
Sirieix Didier Hopital privé d'antony antony France
Siriser Franck Hopital Privé Saint-Martin caen France
Siriser Frank Hopital Privé Saint-Martin caen France
Slim Karem Hopital D’Estaing Clermont-Ferrand France
Tarcea Mihai Clinique des Ormeaux Le Havre France
Tavernier Marion clinique belledonne SAINT MARTIN D HERES France
Tete Bernard CLINIQUE DU GRAND LARGE Décines France
Theissen-Laval Odile hopital emile muller Mulhouse France
Thevenot Alice Hopital Saint-Louis paris France
Thievenaz Rémy Clinique Charcot Sainte Foy Les Lyon France
Vacher Bernard Centre Hospitalier Victor Dupouy argenteuil France
Venara Aurelien CHU Angers Angers Cedex 9 France
Verhaeghe Romain Centre MCO Céte d'Opale BOULOGNE SUR MER CEDEX France
Verrier JF Clinique de la Sauvegarde Lyon France
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Vieuille
Voilin
Vuagnat
Zaepfel

Christine clinique de la cote d'emeraude
Christian
Christian

Sophie

clinique de chartreuse

Polyclinique du cotentin

Hopital européen Georges Pompidou

saint malo France
voiron France
EQUEURDREVILLE-HAINNEVILLE France
Paris France
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