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Abstract 

Objective:  Postoperative bowel obstruction was one of the most severe complications in patients who received 
colorectal surgeries. This study aimed to explore risk factors of early postoperative obstruction and to construct a 
nomogram to predict the possibility of occurrence.

Methods:  The records of 1437 patients who underwent elective colorectal surgery in Peking University People’s 
Hospital from 2015 to 2020 were retrospectively collected. Risk factors of early postoperative bowel obstruction were 
identified by logistic regression analysis and a nomogram was then constructed. Bootstrap was applied to verify the 
stability of the model.

Results:  COPD, hypothyroidism, probiotic indications, duration of antibiotics, and time to postoperative feeding 
were identified as independent risk factors and were put into a nomogram for predicting early postoperative bowel 
obstruction. The nomogram showed robust discrimination, with the area under the receiver operating characteristic 
curve was 0.894 and was well-calibrated.

Conclusion:  A nomogram including independent risk factors of COPD, hypothyroidism, probiotic indications, dura-
tion of antibiotics, and time to postoperative feeding were established to predict the risk of early postoperative bowel 
obstruction.
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Introduction
Postoperative bowel obstruction, either mechanical or 
functional, was a common and severe complication that 
might affect the recovery of bowel function and lead to 
prolonged hospitalization and rising medical costs. Previ-
ous studies showed that postoperative bowel obstruction 
could even increase mortality and morbidity in patients 

following abdominal surgery [1, 2]. Postoperative bowel 
obstruction might be classified based on the time dura-
tion from the initial surgery. Early postoperative bowel 
obstruction was defined as occurring within the first 
30 days after surgery [3]. Edna et al. found that the inci-
dence of postoperative small bowel obstruction after the 
colorectal was 9% [4]. The reason causing postoperative 
bowel obstruction was either mechanical obstruction 
from adhesions or paralytic ileus in abdominal surgery 
[5].

Previous studies found that cystotomy, lysis of adhe-
sions, concomitant bowel surgery postoperative transfu-
sion were independent risk factors for the development 
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of small bowel obstruction after benign gynecologic sur-
gery [6]. Several studies focused on the incidence and 
management of postoperative bowel obstruction. The 
risk factors of postoperative bowel obstruction after colo-
rectal surgery have not been adequately documented. We 
aimed to develop and validate a nomogram for predict-
ing the risk factors of early postoperative obstruction 
for patients after colorectal surgery, which may help us 
identified these patients with a high risk of early postop-
erative obstruction and may improve the patients’ quality 
of life and reduce the length of hospital stay and costs of 
hospitalization.

Materials and methods
This was a retrospective nested case–control study that 
retrospectively enrolled patients who underwent colonic 
and/or rectal surgery from January 2015 to December 
2020 at Peking University People’s Hospital. Patients who 
were diagnosed with digestive tract perforation before 
surgery, patients with a history of gastrointestinal sur-
gery, and patients who underwent enterostomy, as jeju-
nostomy or ileostomy were excluded. The reason why 
patients who had a history of gastrointestinal surgery and 
a stoma with an ectopic or ileostomy were excluded was 
that many studies [7, 8] showed us that these patients 
with reconstruction of gastrointestinal may affect bowel 
function and we explored the risk factors of bowel func-
tion for patients underwent colorectal surgery in this 
study. Patients were divided into two groups according to 
whether clinical and radiological signs of bowel obstruc-
tion were identified or not.

Data collection
Patients’ demographic characteristics (age, sex, Body 
mass index [BMI]), history of smocking or alcohol, 
underlying disease (hypertension, coronary heart disease 
[CHD], arrhythmia, cerebral infraction, encehalorrhagia, 
diabetes mellitus, chronic obstructive pulmonary disease 
[COPD], and blood disease that was diagnosed by a regu-
lar hospital, hypothyroidism [the level of thyroxine was 
higher than normal before this surgery], renal inadequacy 
[the level of creatinine was higher than normal before 
this surgery], hyperlipidemia [the level of triglyceride was 
higher than normal before this surgery], hepatic inade-
quacy [the Child–Pugh score was more than 6 before this 
surgery], preoperative chemotherapy [chemotherapy was 
administered within a year before this surgery], preopera-
tive anemia [the level of hemoglobin was lower than nor-
mal before this surgery], preoperative ileus [diagnosed 
by abdominal imaging examination and/or manifesta-
tions include nausea and vomiting, cramps, bloating and 
retention of stool and flatus within 3  month before this 
surgery]), surgical details including American Society of 

Anesthesiologists [ASA] classification, bowel prepara-
tion, surgical site, surgical approach, excision method, 
operative time, antibiotic correlation (preoperative anti-
biotics, preoperative fortified antibiotics and postopera-
tive fortified antibiotics), time to postoperative feeding, 
probiotic correlation (using probiotics and probiotic 
indications [the indications of probiotic were abdomi-
nal distension, diarrhea, constipation and indigestion]), 
postoperative albumin level, postoperative analgesia (no 
analgesia, opioids, opioids combine non-steroidal anti-
inflammatory drugs [NSAIDs], and NSAIDs), time to 
extraction of gastric and drainage tube were recorded.

Early postoperative bowel obstruction was defined 
as the clinical presentation with abdominal distension 
or pain within 30  days after surgery [3]. The clinical 
diagnosis must be confirmed by the presence of dilated 
bowel loops with multiple fluid levels in the plain 
abdominal X-ray or computed tomography [CT] [9].

Statistical analysis
SPSS 26.0 (IBM) was used for all statistical analyses. 
Data were given as means with standard deviations 
or as medians with interquartile ranges (IQRs), as 
appropriate. The normality of data distributions was 
assessed, after which non-normally distributed data 
were compared via Mann–Whitney U tests and nor-
mally distributed data were compared via student’s 
t-tests, while categorical data were compared via χ2 
tests or Fisher’s exact test. Univariate logistic regres-
sion analyses were performed based upon whether or 
not bowel obstruction. Variables that attained a p < 0.05 
in this univariate model were included in a subsequent 
multivariate model to identify independent predictors 
of bowel obstruction. For this multivariate analysis, 
backward stepwise elimination was conducted such 
that only variables yielding a p < 0.05 were retained for 
the final model. Odds ratios (OR) and corresponding 
95% confidence intervals (CI) were calculated for all 
variables and associated relationships. For all analyses, 
a p value of less than 0.05 was considered to be statisti-
cally different.

Logistic regression was used to screen the associ-
ated factors and establish the prediction model using 
a stepwise method, and a nomogram was applied for 
convenience of clinical application. The performance 
of the nomogram was assessed by discrimination and 
calibration. The discrimination ability of the model was 
quantified using the area under the receiver operating 
characteristic curve (AUC). Bootstrap was applied to ver-
ify the stability of the model, and 1000 times of retract-
able extraction was adopted. The above analysis was 
completed by the R software RMS package.
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Results
Patient characteristics
A total of 1437 patients (mean age, 64.24 [range 19–93] 
years; 47.6% female) were enrolled. The incidence of early 
postoperative bowel obstruction was 10.6%. The clinical 
characteristics of patients were shown in Table 1. There 
were no statistically significant differences in BMI, pre-
operative anemia, preoperative ileus, bowel preparation, 
location of colorectal resection, operative time, hypopro-
teinemia, postoperative analgesia, duration of postopera-
tive analgesia, or time to the extraction of a gastric tube 
for patients who underwent colorectal surgery.

Selected factors for model
We found that age, hypothyroidism (p = 0.013), COPD 
(p = 0.001), ASA classification (p = 0.047), laparotomy 
(p = 0.003), preoperative antibiotics (p = 0.023), preop-
erative fortified antibiotics (p = 0.009), duration of anti-
biotics (p < 0.001), time of first postoperative feeding 
(p < 0.001), using probiotics (p = 0.033), probiotic indi-
cations (p < 0.001) and time to extraction of drainage 
(p < 0.001) were significant difference for patients suf-
fering early postoperative obstruction after colorectal 
surgery, comparing with patients did not suffering early 
postoperative obstruction. COPD (p = 0.046), hypothy-
roidism (p = 0.003), probiotic indications (p < 0.001), 
duration of antibiotics (p < 0.001), and time of first post-
operative feeding (p < 0.001) were found as independ-
ent risk factors of postoperative bowel obstruction after 
adjusting logistic regression (Table 2).

Predict model for early postoperative bowel obstruction
Based on previous results, a nomogram that included five 
before-mentioned risk factors was constructed to predict 
postoperative bowel obstruction (Fig. 1). Each risk factor 
was listed separately with corresponding number points 
assigned to a given magnitude of the risk factors. All 
risk factors were projected upward to obtain the match-
ing points on the small ruler and the points assigned to 
the corresponding predictors were added up to obtain 
the total points. Then, the corresponding risk of early 
postoperative bowel obstruction was obtained by draw-
ing down a vertical line from the “total points” axis to the 
“risk” axis to calculate. The value of each of these vari-
ables was given a score on the point scale axis. For exam-
ple, one patient diagnosed hypothyroidism (matching 
17.5 points) and COPD (matching 10 points) before this 
surgery, the duration of antibiotics was 10 days matching 
10 points, the time to postoperative feeding was 4  days 
matching 10 points and had the probiotic indications 
matching 40 points. The total points were 87.5 points 
and the corresponding risk of early postoperative bowel 
obstruction was about 70%. The area under the curve 

(AUC) was 0.894 (95% confidence interval 0.865–0.923) 
(Fig. 2) and the calibration curve was presented in Fig. 3.

Discussion
Postoperative bowel obstruction was a quite common 
complication after colorectal surgery [10]. Previous stud-
ies showed that risk factors of prolonged or early post-
operative bowel obstruction for patients after colorectal 
surgery [11–13]. But few studies analyzed multiple risk 
factors for early postoperative bowel obstruction and 
no one previous study was found focusing on the pre-
diction model of early postoperative bowel obstruction 
[14]. As far as we knew, our study was the very first to 
establish a nomogram to predict patient-specific factors 
for early postoperative bowel obstruction with the high 
discriminative ability and excellent calibration. In this 
study, we identified COPD, hypothyroidism, probiotic 
indications, duration of antibiotics, and time of first post-
operative feeding as potential risk factors and created a 
statistical predictive model for early postoperative bowel 
obstruction.

Recent findings highlighted that gut microbiota might 
play an important role in shaping lung inflammation 
[15]. Both imbalance of gut microflora, which led to 
the release of intestinal endotoxin, and translocation of 
intestinal flora, which led to the release of inflammatory 
mediators could directly or indirectly promote the begin-
ning and development of COPD [16]. Several studies 
found that COPD was the only preoperative morbidity 
predictive of complications after colorectal cancer resec-
tion [17, 18]. A history of COPD was an independent 
risk factor of postoperative 30-day morbidity, mortality, 
and hospital duration of stay in patients who underwent 
colectomy, small bowel resection, and appendectomy 
[19]. In that study, COPD was also found as an independ-
ent predictor for early postoperative bowel obstruction in 
patients who underwent colorectal surgery [20].

Patients with chronic constipation and abdominal 
distension should be considered with the diagnosis of 
hypothyroidism in 1969 [21]. Goto et  al. [22] compared 
the daily stool volume of rats between the hypothyroid-
ism group and sham-operated group. They found [22] 
that hypothyroidism impaired colonic motility and func-
tion as frequently seen in rats. Another case report [23] 
reported that a patient got intestinal symptoms from 
hypothyroidism in which previous conventional exami-
nations were negative. In our study, the incidence of early 
postoperative bowel obstruction was higher in patients 
with hypothyroidism. Hypothyroidism might impaired 
gut motility [24].

During recent years the impact of antibiotic 
agents on the intestinal microflora has been investi-
gated in patients undergoing colorectal surgery [25]. 
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Table 1  Patient characteristics and univariable analysis of the risk of postoperative bowel obstruction

Variables No postoperative ileus Postoperative ileus χ2/t P value
N (%) n = 1284 n = 153

Female 615 (47.90) 69 (45.10) 0.429 0.512

Age 63.92 ± 13.16 66.97 ± 12.02 0.022 0.004

BMI 23.64 ± 3.55 23.09 ± 3.24 0.603 0.051

Right colectomy 436 (33.96) 47 (30.72) 0.642 0.423

Transverse colectomy 60 (4.67) 11 (7.19) 1.844 0.175

Left colectomy 124 (9.66) 18 (11.76) 0.682 0.409

Sigmoid colectomy 450 (35.05) 54 (35.29) 0.004 0.952

Rcctectomy 289 (22.51) 34 (22.22) 0.006 0.936

Malignant 1224 (95.33) 148 (96.73) 0.625 0.429

Hypertension 798 (62.15) 91 (59.48) 0.414 0.520

CHD 168 (13.08) 24 (15.69) 0.800 0.371

Arrhythmia 85 (6.62) 11 (7.19) 0.071 0.790

Cerebral infarction 106 (8.26) 14 (9.15) 0.143 0.705

Encepalorrhagia 8 (0.62) 2 (1.31) 0.201 0.654

Hypothyroidism 23 (1.79) 8 (5.23) 6.111 0.013

Diabetes mellitus 234 (18.22) 31 (20.26) 0.377 0.539

COPD 50 (3.89) 15 (9.80) 11.056 0.001

Renal inadequacy 33 (2.57) 4 (2.61) 0.000 1.000

Hyperlipidemia 258 (20.09) 37 (24.18) 1.401 0.236

Hepatic inadequacy 17 (1.32) 3 (1.96) 0.073 0.787

Blood disease 12 (0.93) 1 (0.65) 0.000 1.000

History of alcohol 169 (13.16) 24 (15.69) 0.749 0.387

History of smocking 218 (16.98) 28 (18.30) 0.169 0.681

Preoperative chemotherapy 52 (4.05) 6 (3.92) 0.006 0.939

Preoperative anemia 565 (44.00) 73 (47.71) 0.762 0.383

Preoperative ileus 249 (19.39) 33 (21.57) 0.421 0.810

ASA I 145 (11.29) 18 (11.76) 7.556 0.047*

ASA II 937 (72.98) 98 (64.05)

ASA III 192 (14.95) 35 (22.88)

ASA IV 10 (0.78) 2 (1.31)

Soapsuds enema for bowel preparation 133 (10.36) 18 (11.76) 0.288 0.592

Oral laxatives for bowel preparation 1178 (91.74) 135 (88.24) 2.135 0.144

Glycerin enema for bowel preparation 212 (16.51) 22 (14.38) 0.456 0.500

Oral antibiotics for bowel preparation 58 (4.51) 4 (2.61) 1.199 0.274

Laparotomy 644 (50.16) 57 (37.25) 9.107 0.003

Curative resection 1126 (87.69) 132 (86.27) 0.253 0.615

Operative time (Min) 208.17 ± 67.78 205.74 ± 68.67 0.133 0.678

Preoperative antibiotics 80 (6.23) 17 (11.11) 5.173 0.023

Preoperative fortified antibiotics 45 (3.50) 12 (7.84) 6.755 0.009

Postoperative fortified antibiotics 536 (41.74) 76 (49.67) 3.515 0.061

Duration of antibiotics (day) 6.68 ± 3.62 11.92 ± 9.10 213.504 0.000

Time to postoperative feeding (day) 5.48 ± 1.75 8.07 ± 4.46 222.496 0.000

Using probiotics 348 (27.10) 54 (35.29) 4.553 0.033

Probiotic indications 505 (39.33) 150 (98.04) 189.965 0.000

Postoperative analgesia 1284 153 0.149 0.930*

None 71 (5.53) 7 (4.58)

Opioids 1131 (88.08) 137 (8.95)

Opioids and NSAIDs1 69 (5.37) 8 (5.23)
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Prophylactic antibiotics are effective in preventing 
surgical wound infections [26]. Antibiotics impact 
the intestinal microflora depends on the agents’ spec-
trum and concentration [27]. Antibiotics usually had 
significant additional effects on many tissues. The 
study comparing the contractile responses of ileum 
smooth muscle to different agonists in adult guinea 
pigs indicated that antibiotics may impair small bowel 
smooth muscle contractility, which was the implica-
tion for the long-term use of parenteral antibiotics in 
the postoperative period [28]. In our study, the dura-
tion of antibiotics (11.92 ± 9.10 days) was longer in the 
early postoperative bowel obstruction group (OR 1.10, 
95%CI 1.05–1.15). According to the guideline of probi-
otics use [29], the three most common clinical indica-
tions were prevention of antibiotic-related side effects, 
treatment of antibiotic-related side effects, and irrita-
ble bowel syndrome. Our study indicated that patients 
with antibiotic-related side effects such as diarrhea 

and abdominal distension (also as probiotic indica-
tions), were potential victims of early postoperative 
bowel obstruction. But there was no difference between 
patients with and without using probiotics.

A meta-analysis [30] evaluating the effect on the early 
time of oral feeding after upper gastrointestinal surgery 
found that early postoperative oral feeding reduced the 
length of hospital stay and decreased relevant compli-
cations as anastomotic leak and incidence of nasogas-
tric tube reinsertion. Toledano et  al. [31] showed that 
early oral feeding reduced the time to first flatus and 
first ostomy output compared with traditional diet in 
the patients who had an ostomy creation, which may 
promote the recovery of bowel function. In our study, 
time to first postoperative feeding was an independent 
risk factor of early postoperative bowel obstruction.

In previous studies, mechanical bowel preparation 
was routinely used to improve postoperative recovery of 
colon surgery [32]. But bowel cleaning with oral antibi-
otics can reduce the incidence of surgical site infection, 
anastomotic leakage, and other morbidity compared 
with mechanical bowel preparation [33–37] for patients 
undergoing colorectal surgery. Recently, Koskenvuo et al. 
recruited a multicenter, parallel, single-blind trial to fund 
that oral antibiotics bowel preparation cannot reduce the 
occurrence of surgical site infection or overall morbidity 
after colonic surgery [38]. There was no significant dif-
ference in mechanical bowel preparation with or without 
oral antibiotics for early postoperative bowel obstruction.

Plasma albumin is involved in the transport of human 
metabolites, maintenance of colloid osmotic pressure, 
and other physiological functions [39]. Plasma albumin 
value is performed to evaluate the postoperative nutri-
tional status [40]. Another study showed no significant 
difference in the postoperative day of flatus or post-
operative day of intake between patients with albumin 

BMI: body-mass index, CHD: coronary heart disease, COPD: chronic obstructive pulmonary disease, ASA: American Society of Anesthesiologists, NSAIDs: non-steroidal 
anti-inflammatory drugs

*Comparison between two groups, *group and*group…, the difference between groups was statistically significant (P < 0.01 or P < 0.05)

Table 1  (continued)

Variables No postoperative ileus Postoperative ileus χ2/t P value
N (%) n = 1284 n = 153

NSAIDs 13 (1.01) 1 (0.65)

Duration of analgesia 2.77 ± 0.98 2.99 ± 1.49 0.040 0.074

Hypoproteinemia 1067 (89.10) 134 (87.58) 2.001 0.157

Extraction of gastric tube (day) 1.74 ± 1.48 3.04 ± 9.12 86.873 0.085

Extraction of drainage tube (day) 8.77 ± 7.11 11.41 ± 5.24 5.618 0.000

Table 2  Risk factors of postoperative bowel obstruction in 
logistic regress

OR (95%CI) P value

COPD 0.046

No Ref

Yes 2.56 (1.02–1.05)

Hypothyroidism 0.003

No Ref

Yes 4.92 (1.71–14.19)

Probiotic indications  < 0.001

No Ref

Yes 30.26 (9.37–97.70)

Duration of antibiotics (day) 1.10 (1.05–1.15)  < 0.001

Time to postoperative feeding (day) 1.27 (1.16–1.39)  < 0.001
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levels dropped below 3.5  g/dl and patients with albu-
min greater or equal to 3.5 g/dL [41]. Our study showed 
that hypoproteinemia may not be an independent risk 
factor of early postoperative bowel obstruction for 
patients after colorectal surgery.

Analgesia is becoming more acceptable by surgi-
cal patients. Opioids are the most commonly used for 
analgesia. Almost 94.6% of patients choose opioids 
for analgesia in our study. But opioids have numerous 
side effects such as breath inhibition, nausea, vomiting, 
ileus, and urinary retention [42]. One study showed 
that intravenous acetaminophen helps to reduce opi-
oids consumption, which reduced the time to return 
bowel function for patients undergoing colorectal sur-
gery [43]. In our study, both analgesic protocol and 
duration of analgesia were not the risk factors of early 
postoperative bowel obstruction for patients who 
underwent colorectal surgery.

It is that the incidence of postoperative morbidity mor-
tality increased in elderly patients [44], which elderly 

patients were more likely to present with later-stage dis-
ease. ASA classification is associated with postoperative 
morbidity in patients undergoing major abdominal can-
cer surgery [45]. ASA score predicts postoperative length 
of stay and complication risk [46]. Age and ASA classi-
fication may increase the incidence of early postopera-
tive bowel obstruction after benefactor analysis but was 
not an independent factor for early postoperative bowel 
function after logistic regression analysis in this study.

We investigated multiple factors that may be associ-
ated with early postoperative bowel obstruction. But 
there were also some limitations because the data were 
collected retrospectively: firstly, the data varied widely 
because there are different wards in the department of 
gastrointestinal surgery. More and more surgeons are fol-
lowing the principle of Enhanced Recovery after Surgery 
(ERAS) protocol for perioperative management. How-
ever, there are also someone choose traditional methods 
for perioperative management in our department. Sec-
ondly, the history of constipation that reflect the status of 

Fig. 1  Nomogram for early postoperative bowel obstruction after colorectal surgery. The value of variable was given a score on the point scale axis. 
To estimate the probability of early postoperative bowel obstruction, a total score could be calculated by adding each and could be projected to 
the lower total point scale
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bowel function was usually neglected in the real clinical 
practice. Finally, it was still unclear whether the predic-
tive model could be applied in all patients because our 
data were collected from China. Nevertheless, we think 
our nomogram could help the postoperative manage-
ment of patients undergoing colorectal surgery.

Conclusion
To our knowledge, this study presented that COPD, 
hypothyroidism, probiotic indications, duration of anti-
biotics, and time of first postoperative feeding were the 
independent risk factors for early postoperative bowel 
obstruction after colorectal surgery. A nomogram 

Fig. 2  Receiver operating characteristic curve for the prediction model. Area under the curve was 0.894 (95% confidence interval 0.865–0.923)
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based on the above key factors was established to pre-
dict the risk of early postoperative bowel obstruction, 
which might help to improve postoperative manage-
ment in patients.
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