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Abstract
BACKGROUND
Prolonged postoperative ileus (PPOI) is one of the common complications in
gastric cancer patients who underwent gastrectomy. Evidence on the predictors
of PPOI after gastrectomy is limited and few prediction models of nomogram are
used to estimate the risk of PPOI. We hypothesized that a predictive nomogram
can be used for clinical risk estimation of PPOI in gastric cancer patients.

AIM
To investigate the risk factors for PPOI and establish a nomogram for clinical risk
estimation.

METHODS
Between June 2016 and March 2017, the data of 162 patients with gastrectomy
were obtained from a prospective and observational registry database. Clinical
data of patients who fulfilled the criteria were obtained. Univariate and
multivariable logistic regression models were performed to detect the
relationship between variables and PPOI. A nomogram for PPOI was developed
and verified by bootstrap resampling. The calibration curve was employed to
detect the concentricity between the model probability curve and ideal curve. The
clinical usefulness of our model was evaluated using the net benefit curve.

RESULTS
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This study analyzed 14 potential variables of PPOI in 162 gastric cancer patients
who underwent gastrectomy. The incidence of PPOI was 19.75% in patients with
gastrectomy. Age older than 60 years, open surgery, advanced stage (III–IV), and
postoperative use of opioid analgesic were independent risk factors for PPOI. We
developed a simple and easy-to-use prediction nomogram of PPOI after
gastrectomy. This nomogram had an excellent diagnostic performance [area
under the curve (AUC) = 0.836, sensitivity = 84.4%, and specificity = 75.4%]. This
nomogram was further validated by bootstrapping for 500 repetitions. The AUC
of the bootstrap model was 0.832 (95%CI: 0.741–0.924). This model showed a
good fitting and calibration and positive net benefits in decision curve analysis.

CONCLUSION
We have developed a prediction nomogram of PPOI for gastric cancer. This novel
nomogram might serve as an essential early warning sign of PPOI in gastric
cancer patients.

Key words: Prolonged postoperative ileus; Gastric cancer; Complication; Nomogram;
Bootstrap

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Prolonged postoperative ileus (PPOI) is one of the common complications in
gastric cancer patients who underwent gastrectomy. Evidence on the predictors of PPOI
after gastrectomy is limited. This study investigated the risk factors for PPOI and
established an easy-to-use nomogram model for clinical risk estimation. This nomogram
had an excellent diagnostic performance and showed superior effects when used in the
clinical setting based on the results of the decision curve analysis. This novel nomogram
might serve as an essential early warning sign of PPOI for medical practitioners.

Citation: Liang WQ, Zhang KC, Cui JX, Xi HQ, Cai AZ, Li JY, Liu YH, Liu J, Zhang W,
Wang PP, Wei B, Chen L. Nomogram to predict prolonged postoperative ileus after
gastrectomy in gastric cancer. World J Gastroenterol 2019; 25(38): 5838-5849
URL: https://www.wjgnet.com/1007-9327/full/v25/i38/5838.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i38.5838

INTRODUCTION
Postoperative ileus (POI)  is  an iatrogenic  gastrointestinal  dysfunction following
abdominal  surgery[1].  The  clinical  manifestations  of  POI  are  characterized  by
abdominal  distension  and  pain,  nausea  and  vomiting,  lack  of  bowel  sounds,
accumulation of gas and fluid, inability to pass stools, and accumulation of gas and
fluid[2-6]. Usually, it resolves within 2-4 d, although it may persist for longer days or
reoccur.  When the  symptoms extend beyond the  expected  duration,  it  is  called
prolonged postoperative ileus (PPOI). However, the period of POI to PPOI remains
unclear. A systematic review and global survey proposed that PPOI is best defined as
ileus that occurs 96 h after surgery based on the results of the previous literature,
which has been acknowledged by many investigators[7].  PPOI is  a frequent com-
plication of abdominal surgery that results in severe disease burden and pain[8,9]. A
multicenter  survey  of  17876  patients  undergoing  colectomy  showed  that  the
frequency of PPOI was 15.3%, which prolonged hospitalization and increased health
care resource utilization[10]. However, the majority of the previous studies on PPOI
were based on patients referred to colonic or rectal resection, and little data existed on
gastrectomy[11,12].

Gastric cancer (GC) is a major health issue worldwide, which remains the third
leading  cause  of  cancer  death[13].  Immunologic  impairment,  surgical  trauma,
inflammatory responses,  and tract stasis can increase the frequency of PPOI and
bacterial  overgrowth  and  translocation,  potentially  leading  to  bacteremia  and
systemic sepsis[11]. Therefore, to identify the risk indicators for PPOI and determine
optimal management strategies, a risk prediction model is urgently required. Of all
the available models,  a nomogram can provide a highly accurate,  individualized
evidence-based risk estimation[14,15]. Nomograms predicting survival of patients with
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unresectable or metastatic GC were well established[16]. To date, various risk indicators
have been suggested to be associated with an increased risk of PPOI[17-20]. However, to
our knowledge, few prediction models of a nomogram were used to estimate the risk
of  PPOI  after  abdominal  surgery,  especially  in  patients  who underwent  radical
gastrectomy.

The present study aimed to investigate the pre-,  intra-,  and postoperative risk
factors  for  PPOI  as  well  as  develop  and  validate  a  nomogram  using  clini-
copathological variables of patients who underwent radical gastrectomy for GC.

MATERIALS AND METHODS

Study patients
Between June 2016 and March 2017, 203 patients who underwent gastrectomy were
identified from a prospectively collected registry database of PPOI in the Chinese
People’s Liberation Army (PLA) General Hospital. The process for patient selection is
presented in Figure 1. Patients diagnosed with resectable gastric cancer who were able
to provide written informed consent were eligible for this study. All of the included
patients were scheduled to receive gastrectomy with curative intent according to the
2010 Japanese GC treatment guidelines (v. 3)[21]. All resections were performed by a
specialized gastric  surgical  team at  the Department of  General  Surgery,  Chinese
People’s Liberation Army General Hospital. During the study period, 41 patients who
underwent the following types of surgery were excluded to avoid the confounding
bias:  Resection at  urgent operation (n  = 12),  palliative surgery (n  = 11),  planned
laparoscopic surgery converted to open surgery (n = 9), open-close operation (n = 5),
and multi-visceral resection (n = 4). Finally, a total of 162 patients were included in the
final analysis.

All the included patients were informed of the clinical trial process and signed an
informed consent form before surgery. This study was conducted in accordance with
the Declaration of Helsinki. The protocol of this study was reviewed and approved by
the  Institutional  Review  Board  of  the  Chinese  PLA  General  Hospital,  and  all
information was  obtained with  appropriate  Institutional  Review Board waivers
(registration number: S2016-092-01).

Definition of PPOI
A systematic review and global survey proposed a definition of PPOI[7], which was
supported by numerous studies[19,22,23].  PPOI was diagnosed if patients met two or
more of  the following five criteria  on day 4  or  more postoperatively:  Nausea or
vomiting for 12 h or more without relief, intolerance to a solid or semi-solid oral diet,
persistent abdominal distension, absence of passage of both stool and flatus for 24 h
or more, and ileus noted on plain abdominal films or CT scans. We adopted this
definition,  and the  diagnosis  of  PPOI must  independently  concur  based on two
experienced surgeons.

Data collection
Clinical data of patients who fulfilled the criteria were obtained from the prospective
registry database before the assessment of PPOI. Such steps ensured the authenticity
and reliability of the data. Patient’s baseline data were collected upon admission as
following:  Sex,  age,  body mass  index (BMI),  and history of  previous abdominal
surgery.  The  operation  time,  surgical  bleeding  volume,  intraoperative  blood
transfusion, surgical procedure, lymph node dissection, and type of surgical approach
(open or laparoscopic) were also obtained. All patients were operated under standard
general anesthesia, and the tumor–node–metastasis stage was staged according to the
7th  edition  of  the  International  Union  Against  Cancer  tumor–node–metastasis
classification of malignant tumors. Over the study period, the results of patients’
postoperative physical examination, hematopoietic levels, and biochemical levels
were examined within 24 h after surgery. White blood cell (WBC) count and body
temperature on the first postoperative day were measured. Patients’ albumin levels
improved after receiving postoperative oral feeding and enteric nutrition, which were
evaluated in this study. Postoperative potassium plays an essential role in smooth
muscle  autoregulation  and  is  associated  with  the  development  of  PPOI [24].
Postoperative potassium level was monitored in our study. Opioid analgesic could
induce bowel dysfunction, which usually occurred immediately after the first dose
and persisted within the duration of therapy. Opioid analgesic was reported as an
essential indicator of PPOI[25,26]. Whether opioid analgesics were used postoperatively
was also evaluated as a consequence of pain tolerance of patients on the first day after
surgery.
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Figure 1

Figure 1  Flowchart of the process of patient enrollment. PPOI: Prolonged postoperative ileus.

Model establishment and validation
Univariate  and multivariable  logistic  regression models  were used to  detect  the
relationship between variables and PPOI. In the univariate analysis, crude analyses
were performed to identify potential risk factors. All variables having a bivariate
association with PPOI with P  < 0.1 were included in the multivariable model.  A
collinearity screening was performed on all independent variables to eliminate the
variable with a variance inflation factor > 10. A stepwise nomogram model of PPOI
was developed using a multivariate logistic regression. The nomogram model was
performed following a backward step-down selection process using a threshold of P <
0.05. We can explain the nomogram by the following steps: First, determine the value
of the variable on the corresponding axis; second, draw a vertical line to the total
points axis to determine the points; third, add the points of each variable; and finally,
draw a line from the total point axis to determine the PPOI probabilities at the lower
line of the nomogram. The discriminatory ability of the model was evaluated using
receiver operating characteristic (ROC) curve analysis. The accuracy of our model was
further verified by bootstrap validation using computer resampling for 500 repetitions
of simple random sampling with replacement. The calibration curve was employed to
detect the concentricity between the model probability curve and ideal curve. The
clinical usefulness of our model was evaluated using the net benefit curve, which was
derived by Vickers et al[27].

Statistical analysis
Continuous variables are expressed as the mean ± SD or median (min-max value),
while categorical data are expressed as number and percentage. The associations
between PPOI and variables were assessed using χ2  tests,  Fisher exact  tests,  and
logistic regression models. Statistical analyses were two tailed with 95% confidence
intervals (CI). A P value < 0.05 was considered significant. All statistical analyses were
performed using SPSS version 22.0 (IBM, New York), R software (http://www. R-
project.org), and Empower Stats software (www.empowerstats.com, X&Y Solutions,
Inc., Boston, Boston, Massachusetts).

RESULTS

Patient characteristics
We retrospectively analyzed data from a prospective registry database developed and
updated by the Department of General Surgery, Chinese People’s Liberation Army
General Hospital. The patient, operation, tumor, and postoperative characteristics of
162 GC patients  who underwent  gastrectomy from June 2016 to  March 2017 are
summarized in Table 1. Overall, the mean age at diagnosis was 59.5 ± 10.9 years, and
124 (76.54%) patients were men. Thirty-one (19.14%) patients previously underwent
abdominal  surgery,  while  61.11% underwent  laparoscopic  gastrectomy.  Opioid
analgesic  was  used for  postoperative  pain  relief  in  62  (38.27%)  patients.  Of  162
patients, PPOI occurred in 36 (19.75%, 95%CI: 14.1%-26.8%) patients.
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Table 1  Patient, operation, tumor, and postoperative characteristics

Characteristic Category n = 162 Percentage (%)

Sex Female 38 23.46

Male 124 76.54

Age(yr) Range 30-89 — —

Mean 59.5, median 59.0 — —

BMI (kg/m2) Range 22.30-26.80 — —

Mean 24.66, median 24.95 — —

Previous abdominal surgery No 131 80.86

Yes 31 19.14

Operation method Open surgery 63 38.89

Laparoscopic surgery 99 61.11

Operation time (min) Range 120-433 — —

Mean 236.4, median 230.0 — —

Intraoperative blood loss (mL) Range 10-1800 — —

Mean 229.4, median 200.0 — —

Blood transfusion No 131 80.86

Yes 31 19.14

Surgical procedure Proximal gastrectomy 21 12.96

Distal gastrectomy 56 34.57

Total gastrectomy 85 52.47

Lymph node dissection D1+ 40 24.69

D2 122 75.31

Tumor stage I 39 24.07

II 50 30.86

III 72 44.44

IV 1 0.62

Postoperative body temperature (°C) Range 36.4-39.1 — —

Mean 37.6, median 37.5 — —

Postoperative WBC count (×109/L) Range 5.43-22.02 — —

Mean 12.76, median 12.70 — —

Postoperative albumin (g/L) Range 25.5-40.3 — —

Mean 31.93, median 31.80 — —

Postoperative K+ (mmol/L) Range 2.67-5.15 — —

Mean 3.75, median 3.74 — —

Postoperative opioid analgesic No 100 61.73

Yes 62 38.27

PPOI No 130 80.25

Yes 32 19.75

Data are presented as number of patients unless indicated otherwise. BMI: Body mass index; WBC: White
blood cell; PPOI: Prolonged postoperative ileus.

Risk factors for PPOI
Table 2  shows the results  of  the univariate  and multivariable  logistic  regression
analyses performed to detect the relationship between variables and PPOI. The risk of
PPOI among patients aged ≤ 60 years was lower than that of patients aged > 60 years
(OR = 0.43, 95%CI: 0.19-0.95, P = 0.033) and the risk increased 5% for per year increase
in age. Compared with the laparoscopic group, more patients in the open surgery
group developed PPOI, with a significantly increased risk (OR = 2.44, 95%CI: 1.11-
5.26, P = 0.025). Patients with early-stage (I and II) gastric carcinoma were less likely
to suffer from PPOI than those with advanced-stage GC (III and IV), with a decreased
risk of 59% (OR = 0.41,  95%CI: 0.19-0.92,  P  = 0.027).  Besides,  avoiding the use of
opioid analgesics during the postoperative period reduced the frequency of PPOI by
71%  (OR  =  0.29,  95%CI:  0.13-0.64,  P  =  0.002).  For  postoperative  albumin  and
potassium levels, there was no relationship with PPOI when considered as categorical
variables; however, significant differences were found when they were regarded as
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continuous variable, and these results need to be further excavated in the following
studies.  In addition, there was no significant difference in the incidence of PPOI
between the two groups in terms of sex, BMI, previous abdominal surgery, operation
time, intraoperative blood loss, blood transfusion, surgical procedure, lymph node
dissection,  postoperative  body temperature,  and postoperative  WBC count.  All
variables having a bivariate association with PPOI with P < 0.1 were included in the
multivariable logistic regression, which yielded the adjusted ORs shown in Table 2. In
the multivariable model, the significant predictors of PPOI were: Age older than 60
years (OR = 2.70, 95%CI: 1.10-6.66, P = 0.030), open surgery (OR = 3.45, 95%CI: 1.33-
9.09, P = 0.010), advanced III-IV stage (OR = 3.23, 95%CI: 1.32-7.90, P = 0.010), and
postoperative use of opioid analgesic (OR = 5.84, 95%CI: 2.25-15.16, P < 0.001). All
possible  two-way interactions among variables  in the multivariable  model  were
examined, but no statistically significant (P > 0.05) interaction was found.

Nomogram for PPOI
Fourteen clinicopathological variables were analyzed to determine their association
with PPOI. Of the initial 14 variables, 5 were filtered out: Age, postoperative opioid
analgesic, postoperative K+, operation methods, and tumor stage. In this study, the
stepwise selected model was computed as follows: 3.24671 + 0.07000 × (age) + 1.55342
× (postoperative opioid analgesic = yes) - 2.60385 × (postoperative K+) - 1.59227 ×
(operation methods = laparoscopic surgery) + 1.58622 × (tumor stage = III-IV). The
probability of PPOI can be estimated using the stepwise nomogram, as described in
Figure  2.  The  performance  of  this  nomogram  was  measured  using  ROC  curve
analysis, and the area under the ROC curve (AUC) of this model was 0.836, indicating
a good diagnostic performance (Figure 3) with a sensitivity of 84.4% and a specificity
of 75.4% at the optimal cutoff value.

Model validation
The stepwise nomogram was further validated using internal bootstrap validation.
The ROC curve was measured by bootstrapping for 500 repetitions, and the AUC of
the bootstrap stepwise model was 0.832 (95%CI: 0.741-0.924), with a statistical power
similar  to  that  of  the  initial  stepwise  model  (Figure  4A).  The  internal  bootstrap
validation  calibration  curve  demonstrated  that  at  a  probability  of  0-0.5,  the
nomogram-derived curve may underestimate the risk of PPOI (Figure 4B). When the
probability was higher than 0.5, the nomogram may overestimate the probability. In
general, our model showed a good fitting and calibration with the ideal curve. In
addition,  decision curve analysis  demonstrated good positive net  benefits  in the
predictive  model  under  a  threshold  probability  of  0.8,  indicating  the  favorable
potential clinical effect of the predictive model (Figure 5).

DISCUSSION
This study analyzed 14 potential variables of PPOI in 162 GC patients who underwent
gastrectomy. The following independent risk factors were identified: Age older than
60 years,  open surgery,  advanced stage (III-IV),  and postoperative use of  opioid
analgesic. A simple and easy-to-use prediction nomogram for PPOI after gastrectomy
using multivariate analyses was developed for the first time. Five variables were
filtered out for the nomogram using stepwise regression. This nomogram had an
excellent diagnostic performance (AUC = 0.836, sensitivity = 84.4%, and specificity =
75.4%) and was validated internally using the bootstrap sampling method. Besides,
this prediction model showed superior performance when used in the clinical setting
based on the results of the decision curve analysis.

Knowledge  on  the  incidence  of  PPOI  could  make  a  vital  contribution  to  the
development of new strategies to prevent or decrease such incidence. A total of 36
patients were diagnosed with PPOI in the present study, accounting for 19.75% of the
total patients who underwent radical gastrectomy. The frequency of PPOI in our
study was lower than that in the study of Huang et al[12] (32.4%), which was conducted
in patients with GC, and the study of Mao et al[28]  (27%), which was conducted in
patients who underwent elective colorectal surgery, and was similar to that reported
in  the  study of  Wolthuis  et  al[29]  (15.9%),  which  was  conducted  in  patients  after
colorectal resection. A meta-analysis of 54 studies revealed a PPOI incidence of 10.3%
after colorectal surgery[19].  Notably, the frequency of PPOI varied in the previous
studies, depending on the type of abdominal surgery and definitions of PPOI. There is
no widely accepted precise cutoff time over which ileus should persist before being
regarded as prolonged, which varied from 3 d to 7 d in different studies[8,22,30].  A
standardized and universally accepted definition of the exact point in time when
normal POI changes to PPOI should be identified in future research. In the present
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Table 2  Association of prolonged postoperative ileus with background, operative, and postoperative variables in bivariate analysis and
in multivariable models

Variable Category Number (%) with
PPOI

Univariate
OR(95%CI) P value Multivariable OR

(95%CI) P value

Sex Female 9/38 (23.7) 1.36 (0.57, 3.27) 0.487 — —

Male 23/124 (18.5) Ref. — — —

Age (yr) Continuous variable — 1.05 (1.01, 1.09) 0.009 — —

≤ 60 12/88 (13.6) 0.43 (0.19, 0.95) 0.033 Ref. 0.030

> 60 20/74 (27.0) Ref. — 2.70 (1.10, 6.66) —

BMI (kg/m2) Continuous variable — 0.91 (0.81, 1.02) 0.110 — —

≤ 24.66 17/78 (21.8) 1.02 (0.42, 2.49) 0.529 — —

> 24.66 15/84 (17.9) Ref. — — —

Previous abdominal surgery No 27/131 (15.1) 1.35 (0.47, 3.85) 0.573 — —

Yes 5/31 (16.1) Ref. — — —

Operation method Open surgery 18/63 (20.6) 2.44 (1.11, 5.26) 0.025 3.45 (1.33, 9.09) —

Laparoscopic
surgery

14/99 (14.1) Ref. — Ref. 0.010

Operation time (min) Continuous variable — 0.99 (0.99, 1.00) 0.532 — —

≤ 236.4 16/89 (18.0) 0.78 (0.36, 1.69) 0.531 — —

> 236.4 16/73 (21.9) Ref. — — —

Intraoperative blood loss (mL) Continuous variable — 1.00 (0.99, 1.00) 0.693 — —

≤ 229.4 16/87 (18.4) 1.02 (0.42, 2.49) 0.639 — —

> 229.4 8/75 (21.3) Ref. — — —

Blood transfusion No 23/131 (17.6) 0.52 (0.21, 1.28) 0.149 — —

Yes 9/31 (29.0) Ref. — — —

Surgical procedure Total gastrectomy 21/85 (24.7) Ref. — — —

Proximal
gastrectomy

3/21(14.3) 0.51 (0.14, 1.89) 0.314 — —

Distal gastrectomy 8/56 (14.3) 0.51 (0.21, 1.25) 0.138 — —

lymph node dissection D1+ 5/40 (12.5) Ref. — — —

D2 27122 (22.1) 1.99 (0.71, 5.59) 0.191 — —

Tumor stage I-II 12/89 (13.5) 0.41 (0.19, 0.92) 0.027 Ref. 0.010

III-IV 20/73 (27.4) Ref. — 3.23 (1.32, 7.90) —

Postoperative body temperature
(°C)

Continuous variable — 0.99 (0.47, 2.05) 0.969 — —

≤ 37.6 19/97 (19.6) 0.97 (0.44, 2.14) 0.948 — —

> 37.6 13/65 (20.0) Ref. — — —

Postoperative WBC count
(×109/L)

Continuous variable — 1.04 (0.92, 1.17) 0.572 — —

≤ 12.76 18/82 (22.0) 1.33 (0.61, 2.89) 0.477 — —

> 12.76 14/80 (17.5) Ref. — — —

Postoperative albumin (g/L) Continuous variable — 0.83 (0.72, 0.95) 0.007 — —

≤ 31.93 21/86 (24.4) 1.91 (0.85, 4.28) 0.113 — —

> 31.93 11/76 (14.5) Ref. — — —

Postoperative K+ (mmol/L) Continuous variable — 0.26 (0.08, 0.81) 0.020 — —

≤ 3.75 20/85 (23.5) 1.67 (0.75, 3.69) 0.205 — —

> 3.75 12/77 (16.0) Ref. — — —

Postoperative opioid analgesic No 12/100 (12.0) 0.29 (0.13, 0.64) 0.002 Ref. < 0.001

Yes 20/62 (32.3) Ref. — 5.84 (2.25, 15.16) —

Postoperative opioid analgesic No 12/100 (12.0) 0.002 0.29 (0.13, 0.64) —

BMI: Body mass index; WBC: White blood cell; PPOI: Prolonged postoperative ileus; OR: Odds ratio; CI: Confidence Interval.

study, advanced age (> 60 years) was identified as an independent predictor of PPOI.
This finding is in line with those of several previous studies[12,31], which indicated that
physicians should pay more attention to those patients. Older patients usually have
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Figure 2

Figure 2  Nomogram prediction of prolonged postoperative ileus. The steps are: Determine the value of the variable on the corresponding axis, draw a vertical
line to the total points axis to determine the points, add the points of each variable, and draw a line from the total point axis to determine the PPOI probabilities at the
lower line of the nomogram. PPOI: Prolonged postoperative ileus.

reduced peristalsis and need more time for postoperative recovery[32]. Low albumin
has been identified as an independent risk factor for the development of PPOI[6] and
older patients generally have a poor nutritional and functional status. Our study
emphasizes the need for perioperative dietary intervention in older patients who
underwent gastrectomy for advanced GC.

We identified the laparoscopic approach as a way to limit PPOI, and this finding is
consistent with the results reported in other studies[29-31].  The long-term oncologic
outcomes of laparoscopic gastrectomy for patients with GC were comparable to those
of  open  gastrectomy  in  a  large-scale,  multicenter,  retrospective  clinical  study
conducted  in  2976  patients[33].  With  the  development  of  minimally  invasive
techniques, experienced surgeons can safely perform laparoscopic gastrectomy with
D2 lymphadenectomy for advanced GC[34]. The gastrointestinal function of patients
who underwent open abdominal surgery took 2 d to recover compared with that of
patients who underwent laparoscopic surgery[6]. Laparoscopy is recommended as a
feasible and reproducible procedure in the diagnosis and treatment of patients with
GC, which results in decreased PPOI, faster recovery, and definite clinical effect.

Opioid-related dysmotility is thought to play a central role in postoperative gut
dysfunction, and the effect of opioid analgesic on gastrointestinal function has been
well elucidated in previous studies[25,26]. Opioid analgesic was also identified as an
independent  risk factor  for  PPOI in  the present  study.  Opioid analgesic  usually
activates  peripheral  μ-opioid  receptors  located  in  the  myenteric  plexus,  further
inhibits acetylcholine, and impairs the gut motility[35]. Peripherally acting μ-opioid
receptor antagonists methylnaltrexone and alvimopan, which are potentially used for
the prevention of PPOI, are a new class of drugs designed to reverse opioid-induced
side effects on the gastrointestinal system without compromising pain relief[25,36,37].

The  nomogram  was  used  to  calculate  the  overall  probability  of  PPOI  for  an
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Figure 3

Figure 3  Receiver operating characteristic curve. AUC: Area under the receiver operating characteristic curve.

individual patient in the present study. This prediction model is important for risk
estimation,  improving the communication between patients and physicians,  and
clinical  decision-making.  In  the  present  study,  five  independent  variables  were
filtered out using stepwise regression, and the nomogram was established to predict
the risk of  PPOI in  GC patients.  The nomogram showed an excellent  diagnostic
performance (AUC = 0.836) and yielded a sensitivity of 84.4% and specificity of 75.4%
at the optimal cutoff value. To our knowledge, this is the first study to evaluate a
nomogram for  predicting PPOI in GC patients.  The nomogram might serve as  a
statistical tool to calculate the overall probability of PPOI in patients who underwent
gastrectomy. This novel nomogram might serve as an essential early warning sign of
PPOI in gastric cancer patients. If patients are associated with higher risk estimates,
doctors  and  nurses  may  take  appropriate  measures  including  postoperative
management and adjustments in pharmacological treatment.

The present study has some strengths. First, the majority of the previous studies
focused on investigating the incidence of  PPOI in patients with colonic or rectal
cancer,  and only  a  few studies  were  conducted  among GC patients.  This  study
provided novel evidence of PPOI in GC. Second, a nomogram prediction model of
PPOI was first established for GC patients, which had great potential value for the
clinical recommendation. Besides, the nomogram was confirmed to be constant by
internal bootstrap validation and was found to have good positive net benefits by
decision curve analysis. By contrast, the present study has several limitations. First,
the retrospective nature of the study and the relatively small sample size may have
weakened the results of the analyses. Second, the nomogram lacked a robust external
validation. Therefore, these results need further validation in the subsequent studies.

In  conclusion,  PPOI  is  one  of  the  common complications  in  GC patients  who
underwent gastrectomy. Age, postoperative opioid analgesic, operation methods, and
tumor stage are independent risk factors for PPOI. Less traumatic operative technique
and avoidance of postoperative pain medications are encouraged for GC patients.
This study has established an easy-to-use nomogram model for predicting PPOI in
GC patients. The novel nomogram might serve as an essential early warning sign to
help doctors and nurses take appropriate measures.
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Figure 4

Figure 4  Internal validation of the nomogram using the bootstrap sampling. A: The ROC curve was measured by bootstrapping for 500 repetitions, and the AUC
of the bootstrap stepwise model was showed; B: Calibration curve for predicted probability of the PPOI nomogram. The X axis is the predicted probability of the
nomogram, and the Y axis is the observed probability. The red line shows the ideal calibration line, while the yellow area shows the 95% confidence interval of the
prediction model. AUC: Area under the receiver operating characteristic curve; ROC: Receiver operating characteristic; PPOI: Prolonged postoperative ileus.

Figure 5

Figure 5  Decision curve analysis for the prediction model. Red solid line: Prediction model. Tin slash line: Assume all patients have PPOI. Solid horizontal line:
Assume no patients have PPOI. The graph indicates the expected net benefit per patient relative to the nomogram prediction of PPOI. PPOI: Prolonged postoperative
ileus.

ARTICLE HIGHLIGHTS
Research background
Prolonged postoperative ileus (PPOI) is one of the common complications in gastric cancer
patients who underwent gastrectomy. PPOI is an essential contributor to cause the increase of
hospitalization expense and extension of hospitalization time.

Research motivation
For the research of PPOI, most of previous studies were focused on colorectal cancer. Evidence in
gastric cancer is scanty and needs further study.

Research objectives
This study aimed to evaluate the risk factors for PPOI after gastrectomy in gastric cancer and put
forward a prediction model for clinical practitioners.

Research methods
In this  retrospective study,  we performed univariate  and multivariable  logistic  regression
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analyses to detect the relationship between variables and PPOI. We established a nomogram
model for PPOI following a backward step-down selection process.

Research results
The incidence of PPOI was 19.75% in patients with gastrectomy. Age, postoperative opioid
analgesic,  surgical  methods,  and  tumor  stage  were  independent  risk  factors  of  PPOI.  A
nomogram was established and had a good performance. The nomogram was further validated
using internal bootstrap validation, and the decision curve analysis demonstrated good positive
net benefits of this model.

Research conclusions
The novel nomogram might serve as an essential early warning sign of PPOI in gastric cancer
patients and thus will help doctors and nurses take appropriate measures.

Research perspectives
Further studies are needed to validate this predictive nomogram model, and some basic medical
studies are meaningful to investigate the mechanism of PPOI.
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