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Abstract 

Background:  The occurrence of postoperative ileus leads to increased patient morbidity, longer hospitalization, and 
higher healthcare costs. No clear policy on postoperative ileus prevention exists. Therefore, we aim to evaluate the 
clinical factors involved in the development of postoperative ileus after elective surgery for colorectal cancer.

Methods:  We retrospectively analyzed patients who underwent elective surgery involving bowel resection with or 
without re-anastomosis for colon cancer between April 2015 and March 2020. The primary readout was the presence 
or absence of postoperative ileus. Univariate and multivariate analyses were used to identify pre- and intraoperative 
risk factors, and the incidence of postoperative ileus was assessed using independent factors.

Results:  Postoperative ileus occurred in 48 out of 356 patients (13.5%). In multivariate analysis, male sex poor perfor-
mance status, and intraoperative in–out balance per body weight were independently associated with postoperative 
ileus development. The incidence of postoperative ileus was 2.5% in the cases with no independent factors; however, 
it increased to 36.1% when two factors were observed and 75.0% when three factors were matched.

Conclusions:  We discovered that male gender, poor performance status, and intraoperative in–out balance per body 
weight were associated with the development of postoperative ileus. Of these, intraoperative in–out balance per 
body weight is a controllable factor. Hence it is important to control the intraoperative in–out balance to lower the 
risk for postoperative ileus.
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Background
Prolonged postoperative ileus (POI) occurs after gastro-
intestinal and other types of surgery, and its incidence 
rate is reported to range between 10 and 30% following 
a major abdominal surgery [1–5]. The characteristic fea-
tures of POI are bowel dysfunction and decreased motil-
ity, resulting in ineffective passage of intestinal contents 
[6, 7]. POI symptoms include abdominal distension, 

decreased or bowel sounds, constipation, and inability 
to advance oral intake. Persistence of these symptoms 
causes dehydration, electrolyte imbalance, pneumonia, 
and sepsis. The recovery from an abdominal surgery 
such as colectomy usually takes 3 to 5 days [8]. However, 
the occurrence of POI leads to longer hospitalization, 
increased patient morbidity, and higher healthcare costs 
[8–12]. Strong surgical stress and inflammation, physical 
manipulation of the bowel, and the use of anesthetics and 
analgesics are thought to cause POI, but its exact patho-
genesis remains poorly understood [13, 14].

Numerous preventing measures and treatments for 
POI have been tested in randomized controlled trials. 
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The Enhanced Recovery after Surgery (ERAS) group 
proposed several preventing measures for POI, includ-
ing no bowel preparation, reduction of preoperative 
fasting period, laparoscopic approach, avoidance of 
abdominal drains, limitation of intravenous fluids, and 
immediate removal of the nasogastric tube and blad-
der catheter [15–18]. We are starting to understand 
the mechanisms of POI prevention, but no clear guide-
lines and policies have been established to date.

Hence, this study aimed to evaluate the clinical fac-
tors involved in the development of postoperative ileus 
after elective surgery for colorectal cancer.

Methods
Study population
This was a single-center retrospective cohort study on 
patients who underwent an open or laparoscopic colo-
rectal surgery at the Chugoku Rosai Hospital (Kure, 
Japan). Elective colorectal surgeries involving bowel 
resection with or without anastomosis for colon cancer 
performed between April 2015 and March 2020 were 
included. Exclusion criteria for this study included the 
age of less than 18 years, cases of emergency surgery, 
surgeries with non-abdominal approach, and reopera-
tions due to anastomotic leak.

The following risk factors for POI were assessed: 
patient background and clinical and surgical factors. 
Patient background data included age, sex, body mass 
index, performance status (PS), brain disease, heart 
disease, ventilation disorder, brinkman index, and 
Charlson comorbidity index. Clinical and surgical fac-
tors included preoperative blood test results, preop-
erative intestinal decompression, presence or absence 
of anastomosis, tumor occupation site, extent of bleed-
ing, operation time, and intraoperative in–out balance 
per body weight (IOB/BW). Intraoperative in–out bal-
ance was defined as the volume of fluid or blood trans-
fusion minus the volume of urine and bleeding. The 
following items of the ERAS protocol were followed: 
preoperative counseling, prevention of nausea and 
vomiting, antimicrobial prophylaxis and skin prepara-
tion, preoperative fasting, intraoperative hypothermia 
prevention, no postoperative nasogastric tube, post-
operative mechanical thromboprophylaxis, postopera-
tive glycemic control, postoperative resumption of oral 
intake, and early mobilization [18].

Patients gave their informed consent for the use of 
their data. The study was approved by the Medical 
Ethics Committee of Chugoku Rosai Hospital (NO. 
2020-21). All methods were performed in accordance 
with the relevant guidelines and regulations.

Definition of postoperative ileus
The primary readout was the presence or absence of 
POI, and POI was defined based on a meta-analysis by 
Vather et al. [2]. According to Vather et al., POI occurs 
when two or more of the following five criteria are 
met on or after the fourth postoperative day without 
improvement: (i) nausea and vomiting; (ii) inability to 
tolerate oral food intake for at least 24 h; (iii) absence of 
flatus for 24 h; (iv) abdominal distension; and (v) radio-
logical evidence of ileus.

Statistical analysis
Descriptive statistics for categorical variables are 
reported as absolute numbers and continuous variables 
as mean (± standard deviation) values. Categorical 
variables were analyzed with Fisher’s exact test, while 
continuous variables were calculated using Student t 
test. Statistical significance was set at P < 0.05. In con-
tinuous variables with P < 0.05, as indicated by univari-
ate analysis, and cutoff values were specified using the 
receiver operating characteristic curve analysis. Multi-
variate logistic regression was performed using factors 
with P < 0.05 in the univariate analysis as the independ-
ent variable and the presence or absence of POI as the 
dependent variable. For independent variables expected 
to have strong correlations, internal correlations were 
calculated by Spearman’s rank correlation test to avoid 
multicollinearity. If the correlation was very strong, one 
of the factors was excluded. Data were analyzed using 
the Statistical Package for Social Sciences (SPSS 22.0, 
Inc., Chicago, IL).

Results
Between April 2015 and March 2020, 377 patients who 
underwent open or laparoscopic colorectal surgery were 
assessed for eligibility. There were 21 patients who met 
the exclusion criteria, among them 11 patients under-
went an emergency surgery, two patients were oper-
ated with a non-abdominal approach, and eight patients 
underwent a reoperation due to anastomotic leak.

POI occurred in 48 of the 356 patients analyzed 
(13.5%). Baseline demographics are shown in Table  1. 
POI was more frequent in male patients (72.9% vs 51.2%, 
P < 0.01). POI incidence was 11.6% in patients with a 
PS of 0 or 1 and 27% in patients with a PS of 2 or more 
(P < 0.01).

The clinical and surgical factors are displayed in 
Table  2. The following factors significantly differed 
between the POI and non-POI groups: the extent of 
bleeding (477.0 ± 762.5 ml vs 169.4 ± 366.5 ml, P < 0.01), 
operation time (402.2 ± 132.2 min vs 307.3 ± 95.8 min, 
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P < 0.01), and IOB/BW (42.8 ± 18.7 ml vs 33.7 ± 12.5 ml, 
P < 0.01).

Internal correlations were calculated for extent of 
bleeding, operation time, and intraoperative IOB/BW, 
which were considered to have strong clinical correla-
tion. Strong correlations were observed between extent 
of bleeding and operation time (r = 0.38, P < 0.01), 
extent of bleeding and intraoperative IOB/BW (r = 0.42, 
P < 0.01), and operation time and intraoperative IOB/
BW (r = 0.48, P < 0.01), respectively. We excluded 
extent of bleeding and operation time, because only 
intraoperative IOB/BW was clear for reasons associ-
ated with POI.

The cutoff value of the intraoperative IOB/BW was 
46.3  ml/kg (sensitivity: 0.47, specificity: 0.86, AUC: 
0.66) (Fig.  1). In the multivariate logistic regression 
analysis, male sex, poor PS, and intraoperative IOB/BW 
were independently associated with POI development 
(OR = 2.98 [95% CI, 1.45–6.12], P < 0.01; OR = 4.13 [95% 
CI, 1.83–9.30], P < 0.01; OR = 6.56 [95% CI, 3.19–13.5], 
P < 0.01, respectively) (Table 3).

The incidence of POI was assessed using three factors: 
male sex, poor PS, and intraoperative IOB/BW (Fig.  2). 
The incidence of POI was 2.5% in the cases with no inde-
pendent factors and 13.2% when one factor was observed, 
which was almost the same as the overall incidence. 

Table 1  Baseline demographics

Categorical variables were analyzed using Fisher’s exact test, and continuous variables were analyzed using Student t test. POI postoperative ileus

No-POI group
n = 308 (86.5%)

POI group
n = 48 (13.5%)

p value

Age, mean (SD), y 74.5 ± 10.8 72.7 ± 9.38 0.29

Male gender, n (%) 158 (51.2) 35 (72.9) < 0.01

Body mass index, mean (SD), kg/m2 23.1 ± 4.47 24.3 ± 4.95 0.07

Performance status (2 - 4), n (%) 33 (11.6) 13 (27.0) < 0.01

Brain disease, n (%) 39 (12.6) 9 (18.7) 0.25

Heart disease, n (%) 48 (15.5) 11 (22.9) 0.21

Ventilation disorder, n (%) 69 (22.4) 10 (20.8) 1

Brinkman index >400, n (%) 85 (27.5) 18 (37.5) 0.17

Charlson comorbidity index, mean (SD), points 0.97 ± 1.70 1.29 ± 1.97 0.23

Table 2  Clinical and surgical characteristics

Categorical variables were analyzed using Fisher’s exact test, and continuous variables were analyzed using Student t test

POI postoperative ileus, Neut neutrophil, Lymph lymphocytes, CRP C-reactive protein, eGFR estimated glomerular filtration rate, IOB/BW intraoperative in-out balance 
per body weight

No-POI group
n = 308 (86.5%)

POI group
n = 48 (13.5%)

p value

Neut/Lymph ratio, mean (SD), % 3.18 ± 2.25 3.25 ± 2.14 0.84

CRP, mean (SD), mg/dL 1.24 ± 2.92 1.98 ± 4.42 0.13

Cholinesterase, mean (SD), IU/L 255.3 ± 77.0 253.7 ± 79.2 0.89

Albumin, mean (SD), g/dL 3.75 ± 0.64 3.65 ± 0.66 0.34

eGFR, mean (SD), mL/minutes/1.73 m2 70.7 ± 19.4 74.3 ± 32.3 0.29

Preoperative intestinal decompression, n (%) 64 (20.7) 9 (18.7) 0.84

Laparotomy, n (%) 76 (24.6) 18 (37.5) 0.07

Extent of bleeding, mean (SD), mL 169.4 ± 366.59 477.0 ± 762.5 < 0.01

Operation time, mean (SD), minutes 307.3 ± 95.8 402.2 ± 132.2 < 0.01

IOB/BW, mean (SD), mL/kg 33.7 ± 12.5 42.8 ± 18.7 < 0.01

Epidural anesthesia, n (%) 261 (84.70) 39 (81.20) 0.52

Anastomosis, n (%) 281 (91.2) 40 (83.3) 0.11

Tumor occupation site

 Right colon, n (%) 106 (34.40) 10 (20.80) 0.69

 Left colon, n (%) 120 (38.90) 24 (50.0) 0.15

 Rectum, n (%) 82 (26.60) 14 (29.10) 0.72
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However, it increased to 36.1% when two factors were 
observed and 75.0% when three factors were matched.

Discussion
This study identified clinical factors associated with POI 
development after elective surgery for colorectal can-
cer. Male sex, poor PS, and intraoperative IOB/BW were 
independently associated with POI development.

The prevention of POI is an important part of preop-
erative management as POI leads to increased patient 
morbidity, length of hospital stay, and healthcare costs 
[8–12]. Although some studies reported that factors such 
as infection, surgical stress response, physical manipu-
lation of the bowel, nutritional delay, and postoperative 
complications adversely affect intestinal motility and may 
lead to prolonged POI [19, 20], the clear pathogenesis of 
POI remains incompletely understood. Grass et  al. sug-
gested the effects of intestinal edema due to perioperative 
fluid overload [21]. Few reports have shown the associa-
tion between perioperative fluid overload and POI, and 
this study focused on intraoperative IOB / BW and exam-
ined other factors involved in POI.

In our study, male sex, poor PS, and intraoperative 
in–out balance were associated with POI development. 
Patients with poor PS tend to spend prolonged periods 
resting in bed. Holte et  al. reported that lengthy bed 
rest is associated with POI, whereas faster recovery pre-
vents POI [22]. However, there is no evidence that POI 
can be prevented by increasing ambulation [10, 23]. POI 
may occur in patients with poor PS, such as bedrid-
den patients, due to small feedings and poor pain con-
trol (due to difficulty expressing pain), not because of 
decreased ambulation. Some studies reported that small 
feedings and pain contribute to the occurrence of POI 
[24, 25]. In the present study, the amount of feedings 
and pain have not been evaluated and thus are subject to 
future studies. There is a strong evidence to report that 
fluid overload may contribute to POI development [26]. 
It has been reported that splanchnic edema due to fluid 
overload may result in decreased mesenteric blood flow 
and increased abdominal pressure, which in turn elicits 
tissue hypoxia and ultimately leads to ileus and anasto-
motic healing [27]. Lobo et al. described the critical role 
of perioperative fluid balance and avoidance of interstitial 
fluid overload in the elective setting [28], and Grass et al. 
also reported that fluid overload is a risk factor for POI 
[21]. These reports supported our findings that intraop-
erative in–out balance for each body weight was associ-
ated with the incidence of POI. Several reports showed 
that male sex is associated with the incidence of POI [3, 
29, 30]. Huskisson reported that men are more likely to 
feel pain and experience increased catecholamine release; 
however, the exact mechanism is unknown [29].

Fig. 1  Receiver operating characteristic curves for intraoperative 
in–out balance per body weight. The area under the curve (AUC) was 
0.66 (95% confidence interval [CI], 0.57–0.75), and the cutoff value 
was 46.3 ml/kg (sensitivity: 0.47, specificity: 0.86)

Table 3.  Multivariate logistic regression of  risk factors 
associated of POI

POI postoperative ileus, IOB/BW intraoperative in-out balance per body weight

Odds Ratio (95% CI) p value

Male gender 2.98 (1.45–6.12) < 0.01

Performance status (2–4) 4.13 (1.83–9.30) < 0.01

IOB/BW ≥  mL/kg 6.56 (3.19–13.5) < 0.01

Fig. 2  Number of matched independent factors and the incidence 
of postoperative ileus. The independent factors included are poor 
performance status (0 or 1) and intraoperative in–out balance per 
body weight. The incidence of anastomotic leakage is 2.5% when all 
factors are absent; however, it increases to 36.1% with two factors and 
to 75.0% with three factors
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The incidence of POI was assessed using three factors. 
In the absence of these three factors, the incidence of 
POI was only 2.5%; however, it increased to 36.1% in the 
presence of two factors and to 75.0% in the presence of 
three factors. Of these factors, only intraoperative IOB/
BW could be controlled intraoperatively. Intraoperative 
IOB/BW strongly influences the incidence of POI and is 
a factor that can be easily adjusted; hence, more careful 
control is required. Special attention is needed in patients 
with poor PS and male sex.

The present study has several limitations. First, it 
was conducted at a single center and was retrospective. 
Therefore, patient selection bias may have been present. 
Additionally, this study did not evaluate the degree of 
pain. Poor PS and male sex may be associated with pain 
and need to be reassessed with this factor added in the 
future. It is necessary to repeat similar studies and show 
reproducibility. Further studies with larger cohorts of 
patients will be necessary to provide additional support 
for these findings.

Conclusions
We discovered that male sex, poor PS, and intraoperative 
IOB/BW were associated with the development of POI. 
Of these, intraoperative IOB/BW is a controllable factor; 
hence, it is important to control the intraoperative in–
out balance to lower the risk for POI.
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