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Abstract 

Backgrounds Intestinal ischemia of strangulated small bowel obstruction (SSBO) requires prompt identification and 
early intervention. This study aimed to evaluate the risk factors and develop a prediction model of intestinal ischemia 
requiring bowel resection in SSBO.

Methods This was a single-center, retrospective cohort study of consecutive patients underwent emergency surgery 
for SSBO from April 2007 to December 2021. Univariate analysis was performed to identify the risk factors for bowel 
resection in these patients. Two clinical scores (with contrasted computed tomography [CT] and without contrasted 
CT) were developed to predict intestinal ischemia. The scores were validated in an independent cohort.

Results A total of 127 patients were included, 100 in the development cohort (DC) and 27 in the validation cohort 
(VC). Univariate analysis showed that high white blood cell count (WBC), low base excess (BE), ascites and reduced 
bowel enhancement were significantly associated with bowel resection. The ischemia prediction score (IsPS) com-
prised 1 point each for WBC ≥ 10,000/L, BE ≤ -1.0 mmol/L, ascites, and 2 points for reduced bowel enhancement. The 
simple IsPS (s-IsPS, without contrasted CT) of 2 or more had a sensitivity of 69.4%, specificity of 65.4%. The modified 
IsPS (m-IsPS, with contrasted CT) of 3 or more had a sensitivity of 86.7%, specificity of 76.0%. AUC of s-IsPS was 0.716 
in DC and 0.812 in VC, and AUC of m-IsPS was 0.838 and 0.814.

Conclusion IsPS predicted possibility of ischemic intestinal resection with high accuracy and can help in the early 
identification of intestinal ischemia in SSBO.

Keywords Strangulated small bowel obstruction, Intestinal ischemia, Emergency surgery, Computed tomography, 
Prediction model

Introduction
Strangulated small bowel obstruction (SSBO) is one of 
the leading causes of acute abdomen that requires an 
emergency operation and accounts for 20% of emergency 

surgical procedures [1]. When intestinal ischemia or 
necrosis occurs in SSBO, delayed diagnosis and interven-
tion can result in a higher incidence of mortality, ranging 
from 8 to 25% [2]. However, the evaluation of intestinal 
ischemia is not well standardized, and most non-special-
ized clinicians are often unable to distinguish between a 
critical SSBO requiring bowel resection and others.

Several studies have reported the various clinical, labo-
ratory and radiological risk factors for intestinal ischemia 
in SSBO patients. Clinical signs of intestinal ischemia 
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include fever, pain duration, guarding, leucocytosis, peri-
toneal fluid, or reduced bowel contrast enhancement on 
computed tomography (CT) [3–5]. However, each clini-
cal parameter alone was poorly predictive with a sensi-
tivity of 48% in physical examination or a diminished 
specificity (50–64%) of bowel ischemia as a radiological 
sign [6–8]. Thus, there is no consensus on indications for 
surgical small bowel resection for specific SSBO patients. 
Moreover, in most studies, radiological signs were based 
on the evaluation of experienced radiologists, which is 
not available in some clinical settings, and thus there is 
a need for objective radiological assessment with widely 
applicable criteria.

This study evaluated the risk factors for bowel resec-
tion in SSBO patients who underwent emergency lapa-
rotomy using objective radiological criteria for assessing 
CT. Thereafter, we developed and validated the predic-
tion score for the need of bowel resection in SSBO.

Methods
Study design
This was a single-center, retrospective cohort study con-
ducted at a tertiary hospital in Osaka, Japan. Records of 
patients who underwent operation after being diagnosed 
with strangulated small bowel obstruction between April 
2007 and December 2021 were retrospectively reviewed. 
Exclusion criteria were large bowel obstruction, incarcer-
ated abdominal wall hernia, femoral hernia and patients 
who received conservative treatment initially. The 
included patients were divided into 2 cohorts accord-
ing to the operation period. The development cohort 
(DC) included patients treated between April 2007 and 
December 2018, and the validation cohort (VC) included 
patients treated between December 2018 and December 
2021. The study followed the Declaration of Helsinki and 
was approved by the Institutional Review Board at Minoh 
City Hospital (R0311B64).

Data collection
All clinical and biological data were collected during the 
admission and included age, sex, past-history of surgery, 
American Society of Anesthesiologists physical status 
(ASA-PS), duration of symptoms before surgery, perito-
neal irritation signs (guarding, rebound) and body tem-
perature. Blood tests included white blood cell (WBC) 
count, level of C-reactive protein (CRP), lactate dehydro-
genase (LDH), creatine kinase (CK) and blood gas (pH, 
 PaCO2 and Base Excess). CT findings included the pres-
ence of ascites, mesenteric fluid and reduced bowel wall 
enhancement. Reduced wall enhancement was evalu-
ated as discussed here. The CT value was continuously 
measured from the inner side to the outer side of the dis-
tended small-bowel wall with a circle of 10 mm diameter 

as region of interest (ROI) and the highest value was set 
as the CT value of the wall. We measured the CT value at 
any three sites and the average value was calculated. The 
same method was carried out in non-distended bowel. To 
measure the CT values in the non-ischemic small bowel, 
the non-distended small bowel was defined as the small 
intestine away from the lesion as the measurement point. 
Thereafter, ROC curve analysis was used to explore the 
optimal cutoff point. Based on the present cut-off point 
and the previous study which also evaluated the CT value 
of intestinal ischemia of SSBO patients [9], reduced wall 
enhancement was defined as the average CT value of the 
distended small-bowel wall decreased by 30% compared 
to that of the non-distended bowel (Fig.  1, Figure S1). 
There were two clinical outcome categories: patients who 
underwent laparotomy but had no evidence of ischemia 
and no resection, and patients who underwent laparot-
omy with evidence of intestinal ischemia requiring small 
bowel resection. There were no cases in which intestinal 
resection was performed for reasons other than ischemia, 
and in which ischemia progressed and additional bowel 
resection was performed later.

Statistical analysis and the creation of the clinical score 
to predict intestinal ischemia
Continuous variables were divided into clinically mean-
ingful categories and compared using χ2 tests. Logistic 
regression analysis was performed to explore risk factors 
requiring bowel resection in patients with strangulated 
small bowel obstruction. Odds ratios were also evaluated 
and p values < 0.05 were considered statistically signifi-
cant. The ischemia prediction scores (IsPS) were con-
structed on the basis of the univariate logistic regression 
analysis. IsPS was structured using DC and validated in 
VC. A receiver operating characteristic (ROC) curve was 
obtained and the area under the curve (AUC) was calcu-
lated to assess the discriminant ability of these scores. All 
statistical analyses were performed using the JMP 13.0 
statistical software program (SAS Institute, Cary, NC, 
USA).

Results
Patient characteristics
One hundred and forty-two patients who underwent 
emergency surgery with strangulated small bowel 
obstruction between April 2007 and December 2021 
were included. Fifteen patients with lack of laboratory 
data were excluded, and 127 patients were divided into 
two cohorts; 100 patients in the DC and 27 patients in the 
VC (Fig. 2). The characteristics of all 127 study patients 
(DC and VC) are listed in Table 1.
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Univariate analysis of predictive factors of intestinal 
ischemia in the development cohort
In the DC, 36 patients (36%) required small bowel resec-
tion because of ischemia or necrosis (ischemia group), 
and 64 patients underwent surgery without the need for 
small bowel resection (no ischemia group). The results 
of univariate analysis in the DC are shown in Table  2. 
Higher white blood cell count (WBC ≥ 10,000/L), lower 

base excess (BE ≤ -1.0 mmol/L), and ascites were signif-
icant factors in the resection group.

Eighty-four people underwent contrast-enhanced CT, 
and reduced bowel enhancement were the significant pre-
dictive factor for intestinal ischemia. There was no sig-
nificant difference between the two groups regarding the 
duration of symptoms, peritoneal irritation sign, body tem-
perature, CRP level, or the presence of mesenteric fluid.

Fig. 1 Measurement method of the CT value of the small bowel wall. 10 mm-white circles were shown as region of interest (ROI). The small-bowel 
wall was contained in ROI. The highest CT value of ROI was set as the CT value of the wall. Three different sites were measured. A Representative 
figure of the measurement of distended small bowel. The average value was calculated as the average CT value of distended bowel wall (dCT). 
B Representative figure of the measurement of non-distended small bowel. The average value was calculated as the average CT value of 
non-distended bowel wall (nCT). CT, computed tomography. ROI, region of interest

Fig. 2 Patient flow chart
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Development and validation of a scoring system 
for predicting intestinal ischemia
On the basis of the results of univariate analysis, clini-
cal scores to predict intestinal ischemia requiring bowel 
resection were structured. The ischemia prediction score 
(IsPS) comprised 1 point each for WBC ≥ 10,000/L, 
BE ≤ -1.0  mmol/L, the presence ascites, and 2 points 
for reduced bowel enhancement (Table  3). The sim-
ple ischemia prediction score (s-IsPS) includes WBC, 
BE, and ascites. The modified ischemia prediction 
score (m-IsPS) includes WBC, BE, ascites and contrast-
enhanced effect of intestinal wall evaluated by enhanced 
CT. Cut-off values of s-IsPS and m-IsPS were set based 
on ROC curve analysis (Figure S2). The optimal cut-off 
value was 2 for s-IsPS and 3 for m-IsPS.

The predictive abilities of each factor and IsPS are 
shown in Table  4. Among each factor, the presence of 
reduced bowel enhancement was the most valuable 

predictive factor (sensitivity 70.3%, specificity 80.0%). 
The AUC of s-IsPS was 0.716 and m-IsPS was 0.838, and 
they were higher than the AUC of each factor.

The sensitivity, specificity, and AUC of s-IsPS were 
80.0%, 82.3%, and 0.812, respectively in VC. The sensi-
tivity, specificity, and AUC of m-IsPS were 80.0%, 88.2%, 
and 0.841, respectively in VC.

Discussion
In this study, we examined the risk factors of intesti-
nal ischemia in SSBO patients requiring emergency 
laparotomy and developed clinical scoring system to 
predict intestinal ischemia. In summary, univariate anal-
ysis showed that high WBC, low BE, ascites and reduced 
bowel enhancement were significantly associated with 
bowel resection. Furthermore, clinical scores compris-
ing each predictive factor had higher accuracy to predict 
intestinal ischemia.

Table 1 Patients characteristics

ASA-PS American Society of Anesthesiologists physical status, WBC White blood cell, CRP C-reactive protein, CK Creatine kinase, LDH Lactate dehydrogenase, BE Base 
excess, CT Computed tomography
a Median (range)

Development
cohort (n = 100)

Validation
cohort (n = 27)

Background

 Age,  yearsa 69 (57–82) 72 (54–85)

 Sex, male/female 37 / 63 13 / 15

 Past history of surgery (absent/present) 62 / 38 15 / 12

 Duration of symptoms before surgery, hours a 12 (8–21) 15 (8–26)

 ASA-PS (1/2/3) 13 / 52 / 35 5 / 14 / 8

Physical findings

 Peritoneal irritation sign (absent/present) 39 / 61 7 / 20

 Body temperature, °Ca 36.6 (36.2—36.9) 36.9 (36.6—37.1)

Laboratory data

 WBC count,  103/La 9.5 (7.5—12.9) 10.0 (8.0—13.1)

 CRP, mg/La 0.20 (0.10—0.73) 0.18 (0.10—1.30)

 CK, U/La 88 (50—126) 82 (58—125)

 LDH, U/La 210 (181—252) 200 (176—223)

Arterial blood gas

  pHa 7.44 (7.41—7.47) 7.44 (7.41—7.45)

 BE, mmol/La 0.2 (-2.4—1.4) 0.8 (-0.9—2.0)

CT findings

 Ascites (absent/present) 75 / 25 17 / 10

 Mesenteric fluid (absent/present) 73 / 27 18 / 9

 Reduced bowel wall enhancement (absent/present) 40 / 44 10 / 11

Surgery

 Small bowel resection (absent/present) 36 / 64 10 / 17

Etiology of SSBO based on surgical findings

 Adhesive disease 86 (86%) 22 (81%)

 Internal hernia 11 (11%) 5 (19%)

 Volvulus 3 (3%) 0
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Previous studies have also reported the risk factors 
(WBC, BE, ascites and reduced bowel enhancement) 
identified in the present study. The lactate level, BE, or 
creatinine kinase might reflect anoxic damage of small 
bowel [10–12], and WBC count or procalcitonin level 
might reflect inflammatory response [13]. In reports 
on imaging, ascites was identified as an independent 
risk factor for bowel resection [5, 14]. Ascites can be 
clearly observed on nonenhanced CT and it is com-
paratively easy to interpret its presence. Among them, 
bloody ascites is often observed in SSBO, and it has 
been reported that the presence of red blood cells in 
the peritoneal fluid increases according to the degree of 
strangulation [15]. In the present study, bloody ascites 
was also found to be associated with small bowel resec-
tion [OR: 3.89 (1.47–10.9), p values 0.005), but the OR 
results were similar to those for ascites overall. There-
fore, we used ascites (bloody and non-bloody) as the 
clinical utility variable. Meanwhile, reduced bowel 
enhancement was reported as the most specific diag-
nostic value to predict surgical ischemia in SSBO [16]. 
This CT finding was considered the result of blockage of 
the bowel wall arteriovenous circulation. The CT sign of 

Table 2 Predictive factors of intestinal ischemia in development cohort

Categorical variables are presented as numbers (%)

ASA-PS American Society of Anesthesiologists physical status, WBC White blood cell, CRP C-reactive protein, CK Creatine kinase, LDH Lactate dehydrogenase, BE Base 
excess, CT Computed tomography

No ischemia group
(n = 64)

Ischemia group
(n = 36)

P OR (95% CI)

Background

 Age years ≥ 60 years 46 (72%) 28 (78%) 0.515

 Sex, male/female 24 / 40 13 / 23 0.890

 Past history of surgery 38 (59%) 24 (67%) 0.469

 Duration of symptoms before sur-
gery ≥ 24 h/ < 24 h

14 (22%) 9 (25%) 0.667

 ASA-PS ≥ 2 53 (82%) 34 (95%) 0.078

Physical findings

 Peritoneal irritation sign 19 (30%) 12 (34%) 0.638

 Body temperature ≥ 37.5 °C 6 (10%) 1 (3%) 0.228

Laboratory data

 WBC count ≥ 10,000/L 21 (33%) 21 (58%) 0.013 2.86 (1.23—6.66)

 CRP ≥ 5.0 mg/L 4 (6%) 3 (8%) 0.698

 CK ≥ 200U/L 6 (10%) 3 (9%) 0.867

 LDH ≥ 300U/L 4 (6%) 5 (14%) 0.228

Arterial blood gas

 pH ≤ 7.35 0 (0%) 1 (3%) 0.153

 BE ≤ -1.0 mmol/L 16 (25%) 17 (47%) 0.024 2.68 (1.13—6.38)

CT findings

 Ascites 43 (67%) 32 (89%) 0.012 3.91 (1.22—12.5)

 Mesenteric fluid 44 (69%) 29 (81%) 0.194

 Reduced bowel wall enhancement 16 (30%) 24 (80%)  < 0.001 9.50 (3.26—27.6)

Table 3 The ischemia prediction score (IsPS)

[Simple IsPS (s-IsPS)] = WBC + BE + Ascites

[Modified IsPS (m-isPS)] = WBC + BE + Ascites + Reduced bowel wall 
enhancement

Variable Score points

White blood cell ≥ 10,000/L (WBC) 1

Base excess ≤ -1.0 mmol/L (BE) 1

Ascites 1

Reduced bowel wall enhancement 2

Table 4 The predictive value of each factor and clinical score in 
development cohort

AUC  Area under curve, CT Computed tomography, s-IsPS Simple ischemia 
prediction score, m-IsPS Modified ischemia prediction score

Sensitivity Specificity AUC 

White blood cell ≥ 10,000/L 58.3% 67.2% 0.628

Base excess ≤ -1.0 mmol/L 47.2% 75.0% 0.611

CT: Ascites 88.9% 32.8% 0.601

CT: Reduced contrast enhancement 70.3% 80.0% 0.752

s-IsPS ≥ 2 69.4% 65.4% 0.716

m-IsPS ≥ 3 86.7% 76.0% 0.838
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small bowel wall thickness was also reported as valuable 
for diagnosing ischemia [17], but we did not use this 
sign considering its difficulty in their assessment and 
cut-off. Although the presence of peritoneal irritation 
sign is considered important in the diagnosis of small 
bowel obstruction [3, 4, 18], we did not observe a signif-
icant association between the peritoneal irritation sign 
and the need for bowel resection. That may be because 
determining the presence of the peritoneal irritation 
sign is relatively subjective, and the decision would vary 
among clinicians.

We developed a predictive scoring system that may be 
useful for the rapid and accurate diagnosis of intestinal 
ischemia in SSBO by combining these parameters. The 
s-IsPS showed similar prediction accuracy with an AUC 
of 0.716 compared to the previous discriminant formula 
with an AUC of 0.735 that included ascites, peritoneal 
irritation sign and lactate [14]. Thereafter, the m-IsPS 
was structured by including evaluation of contrasted CT 
with objective criteria, and the diagnostic accuracy was 
elevated to the AUC of 0.838. Several studies have also 
included the bowel wall enhancement in the clinical score 
and the AUC exceeded 0.80 [5, 19]. Although the bowel 
wall attenuation played a pivotal role in their clinical 
scores, its radiological sign was based on the assessment 
of an experienced radiologist, and thus it may be difficult 
for non-specialized clinicians to use them in actual clini-
cal settings. Furthermore, the more the increase in their 
clinical parameter or total score, the more complicated is 
the calculation and use in clinical practice. The present 
score consists of 4 variables and the total scores range 
from 0 to 5, striking a good balance between accuracy 
and usability.

This study has its strength and clinical implications. 
First, since some patients with asthma, kidney injury, or 
hyperthyroidism are contraindicated to enhanced CT 
[20, 21], we separately developed the prediction score 
with and without enhanced CT. Simple predictive score 
without enhanced CT may be useful for clinicians to 
predict the probability of intestinal ischemia, whereas 
a contrasted CT examination is needed to allow a more 
accurate assessment of the severity of SSBO. Second, 
unlike the previous study, we assessed the radiological 
sign of reduced bowel enhancement with objective cri-
teria, which enables a wide variety of clinicians to inter-
pret bowel-wall attenuation on CT. Third, these models 
have been validated in the validation cohort, and they 
may apply to similar settings. This study had several 
limitations. First, potential biases exist because of the 
retrospective study design, and the study population 
was relatively small. Second, we did not include patients 
who received conservative treatment without emergency 
laparotomy.

In conclusion, white blood cell (WBC) count, base 
excess (BE), ascites and reduced bowel wall enhancement 
were the significant predictive factors for bowel resection 
in SSBO patients. The clinical score consisting of each 
parameter allowed early and accurate identification of 
intestinal ischemia in SSBO.
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