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Purpose: Small bowel obstruction (SBO) is a common disease that requires hospitalization. The most common cause of 
SBO is postoperative adhesion. Delayed timing of operations in patients who need surgical intervention results in mortal-
ity or morbidity. A number of studies on SBO have established criteria for emergency surgery. However, few objective 
clinical parameters are available for screening patients who need a delayed operation. Therefore, we analyzed factors that 
affect the clinical course of SBO to select appropriate therapeutic plans for reducing the risk of complications in these pa-
tients.
Methods: We investigated the clinical characteristics of patients admitted to the surgery department of our hospital be-
tween January 1, 2015, and December 31, 2016, who were diagnosed with SBO. Patients were divided into an operative 
treatment group (n = 12) and a conservative treatment group (n = 96). We compared clinical characteristics between the 2 
groups.
Results: The operative treatment group underwent more operations before SBO than the conservative treatment group 
(P = 0.007). Initial leukocyte counts (P = 0.004) and C-reactive protein (CRP) levels (P = 0.028) were elevated in the opera-
tive group. Body mass index (BMI) was lower in the operative group (P = 0.013).
Conclusion: The number of operations before SBO, leukocyte counts, CRP levels, and BMI were useful parameters for se-
lecting patients who needed an urgent operation for SBO.
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INTRODUCTION

Small bowel obstruction (SBO) is defined as a status that is a sur-
gical emergency resulting from the inhibited passage of bowel 
contents [1]. SBO is a major cause of hospital admission [2]. The 
most common cause of SBO is adhesion, accounting for approxi-
mately 75% of all cases, followed by malignancy and inflamma-
tory bowel disease [3]. Studies have aimed to prevent postopera-

tive adhesion, but no appropriate method has been established 
[4]. Therefore, the appropriate treatment for SBO remains an im-
portant surgical issue. Most cases of SBO are successfully treated 
with conservative management. However, some demand oppor-
tune surgical interventions [5]. Failing to perform appropriate 
surgical interventions increases mortality and morbidity. 

According to a study from 2013, the incidence rate of complica-
tions such as surgical site infection, pneumonia, and sepsis and 
mortality is significantly higher in groups of patients whose surgi-
cal treatment is delayed by > 24 hours compared to those who re-
ceived early operative intervention for adhesive SBO [6].

Studies on SBO found some indications for emergency surgery. 
However, the analysis of specific clinical factors for delayed opera-
tion is lacking [7, 8]. Selecting operative management is difficult 
for patients who previously recovered through conservative care 
or who are at the boundary of indications for operative manage-
ment. The aim of this study was to improve the therapeutic prog-
nosis of SBO by identifying predictive factors for the early selec-
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tion of patients who need operative management.

METHODS

This was a single-center retrospective study conducted in the Sur-
gery Department of our hospital from January 1, 2015, to Decem-
ber 31, 2016. The study protocol was reviewed and approved by 
the Institutional Review Board (IRB) of our hospital (approval 
number: SGPAIK 2018-03-024). The IRB waived the need for in-
formed consent for this retrospective chart review.

Study population
Patients admitted to the Surgery Department of our hospital with 
a diagnosis of SBO between January 1, 2015, and December 31, 
2016, were evaluated. Patients who were readmitted after dis-
charge during the study period; who had ileus within 1 month af-
ter surgery; who underwent surgery within 3 days after admission 
because they met immediate surgery criteria such as ischemic 
change or closed loop in computed tomography (CT); and pa-
tients with colon or rectal lesions were excluded.

Included patients were divided into 2 groups by conservative 
treatment or operative treatment. The conservative treatment 
group included patients whose symptoms improved with fasting, 
intravenous antibiotics, and total parenteral nutrition. The opera-
tive treatment group was patients whose clinical features im-
proved after surgical interventions such as bowel resection or 
band adhesiolysis and those who died in spite of surgical inter-
ventions.

We reviewed baseline clinicopathologic characteristics such as 
age, sex, body weight, height, body mass index (BMI), history of 
smoking or alcohol consumption, diabetes mellitus, hypertension, 
and number of operations before index surgery. We also studied 
factors associated with the index surgery. Index surgery was de-
fined as the last operation before SBO onset [9]. Factors included 
time to hospitalization for SBO after index surgery and character-
istics of the index surgery such as malignancy, laparotomy, bowel 
resection, emergency, intraperitoneal drainage tube use, operation 
time (from incision to suture), American Society of Anesthesiolo-
gists (ASA) physical status classification, and hospitalization dura-
tion. Initial vital signs and laboratory findings such as systolic 
blood pressure, diastolic blood pressure, body temperature, heart 
rate, respiratory rate, hemoglobin level, leukocyte and differential 
counts, and C-reactive protein (CRP) level were reviewed. We 
compared the results between groups using statistical analyses. 
We also reviewed the outcomes of the operative management 
group. 

Statistical analyses
Continuous variables were analyzed using the Mann-Whitney U-
test. The Kruskal-Wallis test was used for categorical variables. 
Multiple logistic regression analysis was performed for related 
factors with P-values < 0.05 in univariate analysis. All analyses 

were considered statistically significant at P-value < 0.05. Statisti-
cal analysis was performed using IBM SPSS Statistics ver. 24.0 
(IBM Co., Armonk, NY, USA).

RESULTS

We investigated the clinical features of patients who were diag-
nosed as having SBO between January 1, 2015, and December 31, 
2016. During the study period, 172 patients were hospitalized for 
SBO. Patients with ileus within 1 month after surgery (n= 19); 
who underwent surgery within 3 days after admission because 
they met immediate surgery criteria such as ischemic change and 
closed loop on CT (n= 18); and patients with colon or rectal le-
sions (n= 27) were excluded. The 108 included patients were di-
vided into a conservative care group (n = 96) and an operative 
management group (n= 12) (Fig. 1).

Baseline clinical data analysis showed no significant differences 
between groups on age, sex, height, history of smoking or alcohol 
consumption, diabetes mellitus, or hypertension. BMI (P= 0.013) 
(Table 1) was significantly higher in the conservative care group 
than the operative management group. The number of operations 
before index surgery was significantly higher in the operative 
management group than the conservative care group (P= 0.007) 
(Table 1).

No significant differences were found between the 2 groups in 
time to hospitalization for SBO after index surgery or characteris-
tics of the index surgery such as malignancy, laparotomy, bowel 
resection, emergency, or intraperitoneal drainage tube (Table 2).

Initial vital signs and laboratory findings demonstrated no sig-
nificant differences in systolic blood pressure, diastolic blood 
pressure, body temperature, heart rate, respiratory rate, hemoglo-
bin level, or differential leukocyte count between the 2 groups. 
Initial leukocyte count (P= 0.004) (Table 3) and CRP level (P=  

Fig. 1. Study population of this study. SBO, small bowel obstruction; 
CT, computed tomography.

172 Patients admitted for SBO

108 Included patients

96 Conservative care 12 Operative management

Exclusion criteria
19  Patient with ileus within 1 month 

after surgery
18  Patients who compatible with 

immediate surgery criteria  
(CT: ischemic change, close loop)

27 Patients with colon or rectal lesions
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0.028) (Table 3) were significantly higher in the operative man-
agement group than the conservative care group.

Multiple logistic regression analysis
To analyze independent factors, multiple logistic regression analy-
sis was performed for variables with P-values < 0.05 for each 
group (Tables 1–3). Among the factors, the number of operations 
before SBO was significantly higher in the operative management 
group than the conservative care group and was identified as in-
dependent (odds ratio, 7.50; 95% confidence interval, 1.75–32.21; 

Table 1. Baseline demographic data of each group

Characteristic
Conservative 

care 
(n = 96)

Operative 
management 

(n = 12)
P-value

Sex 0.309

   Male 47 (49.0) 4 (33.3)

   Female 49 (51.0) 8 (66.7)

Age (yr) 0.973

   < 60 38 (39.6) 6 (50.0)

   ≥ 60 58 (60.4) 6 (50.0)

BMI (kg/m2) 0.013* 

   < 18.5 9 (9.4) 0 (0)

   18.5–22.9 43 (44.8) 10 (83.3)

   23.0–24.9 24 (25.0) 2 (16.7)

   ≥ 25.0 20 (20.8) 0 (0)

History of smoking 0.687

   Yes 12 (12.5) 2 (16.7)

   No 84 (87.5) 10 (83.3)

History of alcohol consumption 0.879

   Yes 26 (27.1) 3 (25.0)

   No 70 (72.9) 9 (75.0)

Diabetes mellitus 0.849

   Yes 14 (14.6) 2 (16.7)

   No 82 (85.4) 10 (83.3)

Hypertension 0.435

   Yes 35 (36.5) 3 (25.0)

   No 61 (63.5) 9 (75.0)

No. of operations before SBO 0.007*

   1 59 (61.5) 6 (50.0)

   2 31 (32.3) 2 (16.7)

   3 5 (5.2) 2 (16.7)

   4 1 (1.0) 2 (16.7)

Values are presented as number (%). 
BMI, body mass index; SBO, small bowel obstruction.
*P < 0.05, statistical significance.

Table 2. Factors associated with index surgery

Factors associated with index  
surgery

Conservative 
care 

(n = 96)

Operative 
management 

(n = 12)
P-value

Time to hospitalization for SBO after the 
index surgery (yr)

0.887

   < 5 22 (22.9) 4 (33.3)

   5–10 21 (21.9) 1 (8.3)

   > 10 53 (55.2) 7 (58.3)

Index surgery for malignancy 0.476

   Yes 34 (35.4) 3 (25.0)

   No 62 (64.6) 9 (75.0)

Index surgery performed for laparotomy 0.917

   Yes 79 (82.3) 2 (16.7)

   No 17 (17.7) 10 (83.3)

Index surgery including bowel resection 0.193

   Yes 53 (55.2) 3 (25.0)

   No 43 (44.8) 9 (75.0)

Emergent index surgery 0.119

   Yes 36 (37.5) 2 (16.7)

   No 60 (62.5)  10 (83.3)

Index surgery requiring intraperitoneal 
drainage tube use

0.068

   Yes 20 (20.8) 4 (33.3)

   No 76 (79.2) 8 (66.7)

Values are presented as number (%).
SBO, small bowel obstruction.

Table 3. Initial vital signs and laboratory findings

Initial vital signs and  
laboratory finding

Conservative care 
(n = 96)

Operative management 
(n = 12)

P-value

Initial systolic BP (mmHg) 120 (90–160) 120 (90–136) 0.948

Initial diastolic BP(mmHg) 70 (50–100) 75 (60–100) 0.421

Initial body temperature 
(°C)

36.8 (36.0–38.0) 36.9 (36.1–38.2) 0.829

Initial heart rate (/min) 80 (37–118) 83 (62–108) 0.141

Initial respiratory rate  
(/min)

18 (15–84) 19 (16–20) 0.436

Initial hemoglobin level  
(g/dL)

13.7 (6.4–20.0) 13.5 (10.7–17.0) 0.656

Initial leukocyte count  
(/μL)

9,715 (3,490–18,050) 13,610 (4,580–28,070) 0.004*

Initial neutrophil count (%) 80.3 (40.6–92.9) 71.9 (59.9–94.3) 0.434

Initial CRP level (mg/dL) 0.3 (0.3–12.0) 0.55 (0.3–7.0) 0.028*

Values are presented as median (range). 
BP, blood pressure; CRP, C-reactive protein. 
*P < 0.05, statistical significance.
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P= 0.007). However, BMI, initial leukocyte count, and initial CRP 
levels showed no significant differences between groups (Table 4).

Operative management group outcomes
In the operative management group, 12 patients underwent seg-
mental resection of the small bowel. Four patients underwent ad-
hesiolysis and one underwent bandlysis. The characteristics of 
outcomes for the operative management group are in Table 5.  

DISCUSSION

The choice of surgical or conservative treatment for patients with 
SBO is still controversial [10]. Partial obstruction with no sign of 
strangulation usually necessitates conservative treatment for SBP. 
When complete obstruction or strangulation is confirmed, the 
treatment of choice is early surgery [11, 12].

This study was a retrospective analysis of clinical factors pre-
dicted to be associated with the therapeutic prognosis of SBO. We 
found several factors that could help identify patients who require 
early operative treatment.

A previous report suggested that patient age and ASA score are 
closely related to postoperative mortality in patients with SBO 
[13]. However, this factor was not statistically relevant in this 

study. In agreement with a 2014 study by Meier et al. [9], we 
found that the number and type of previous abdominal opera-
tions did not affect the therapeutic prognosis of SBO. However, 
Lee et al. [14] found that history of operation was associated with 
the occurrence of early postoperative SBO (P = 0.044). In that 
study, patients who underwent surgery more than 3 times were 
more likely to have surgery for SBO. However, no difference was 
observed according to surgical method. This finding was because 
patients who received the operation once had the operation to 
treat their disease and patients who received the operation more 
than 3 times had the operation for SBO. The most common cause 
of SBO is reported to be adhesion due to a previous surgery, and 
risk of adhesion is expected to rise as the number of operations 
increases [3].

In 2012, Angenete et al. [15] reported an increased incidence for 
SBO after open surgery compared to laparoscopic surgery. Similar 
to a previous study, we found that the percentage of SBO was sig-
nificantly higher for open surgery than for laparoscopic surgery. 
Generally, colorectal surgery is the most frequent type of surgery 
associated with SBO, followed by gynecological surgery, hernior-
rhaphy, and appendectomy [16, 17]. This result seems to be re-
lated to the degree of small intestine manipulation.

BMI was significantly higher in the conservative treatment 
group than in the operative management group. A 2007 study by 
Davies on obesity and appendicitis in children compared a nor-
mal weight group with a very obese group, defined as > 2 stan-
dard deviations over the mean weight for age. The appendicitis 
perforation rate was 20.0% in the very obese group and 25.5% in 
the normal weight group [18]. This paradoxical positive effect of 
obesity can be explained by higher expression of anti-inflamma-
tory cytokines and antibacterial peptides in human omental tissue 
[19]. According to a 1992 animal study by Adams et al. [20], 
omental wrap is protective and contributes to wound repair by 
preventing premature leakage of vulnerable anastomosis and be-
coming a source of granulation tissue and neovascularization. For 

Table 5. Characteristics of outcomes in operative management group  (n=12) 

Characteristic

Bandlysis 
(n = 1)

Adhesiolysis 
(n = 4)

Segmental resection of small bowel 
(n = 7)

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11 Case 12

Days from admission to surgery 5 17 5 13 9 8 6 5 7 6 6 7

Days from surgery to discharge 20 22 13 55 17 31 23 25 9 18 9 16

Operative time (min) 100 110 100 150 155 243 205 110 90 100 95 165

Amount of bleeding (mL) 10 10 30 100 10 100 200 50 10 10 5 100

Drainage Yes No No Yes Yes No Yes No Yes Yes Yes Yes

Morbidity WC WC WC WC No WC WC No No No No No

Bowel ischemic change Yes No No No No No No Yes No No No No

Bowel stricture No No No No No No No No Yes Yes Yes No

WC, wound complication.

Table 4. Multiple logistic regression analysis for the operative man-
agement 

Variable OR (95% CI) P-value

BMI (kg/m2) 0.13 (0.02–1.09) 0.060

No. of operations before SBO 7.50 (1.75–32.21) 0.007*

Initial leukocyte count (/μL) 4.28 (0.84–21.68) 0.079

Initial C-reactive protein level (mg/dL) 3.67 (0.72–18.74) 0.118

OR, odds ratio; CI, confidence interval; BMI, body mass index; SBO, small bowel 
obstruction.
*P < 0.05, statistical significance.
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this reason, omentum with abundant adipocytes is called an “ab-
dominal policeman” [21]. Therefore, we hypothesized that at the 
time of index surgery, the adipocyte-induced anti-inflammatory 
response of adipocytes in patients with obesity would be effective 
in reducing risk of intestinal adhesion after surgery. Thus, the re-
sults of this study can be explained by the better therapeutic prog-
nosis for SBO after index surgery for patients with obesity.

Initial leukocyte count and CRP level were significantly higher 
in the operative management group than in the conservative care 
group. In 2010, Schwenter et al. [22] suggested that clinicoradio-
logical score predicts risk of strangulated SBO. In the study, small 
bowel resection was significantly more frequently required for 
leukocyte counts > 104/μL or CRP levels exceeding 7.5 mg/dL. 
The results of these studies may be due to both leukocyte counts 
and CRP levels being proportional to inflammation severity. 

A limitation of this study is that randomization among the com-
parative groups was not practical because of the innate character-
istics of a retrospective study. Another limitation is the lack of a 
plan to set a cutoff value for each predictive factor that was found 
to be significant. In addition, the lack of a study of initial CT find-
ings remains a limitation. Further studies are needed to overcome 
these limitations and establish more sophisticated SBO manage-
ment guidelines.

In conclusion, we found that the number of operations before 
SBO, leukocyte count, CRP level, and BMI were statistically sig-
nificant factors in patients with SBO treated surgically. By closely 
examining these factors, we inferred that early selection of pa-
tients who need surgery may help improve their therapeutic prog-
nosis.
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