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Abstract: Background/Aim: Performing emergency surgery for bowel obstruction continues to place a 

significant strain on the healthcare system. Conventional assessment methods for outcomes in bowel 

obstruction cases often concentrate on isolated factors, and the evaluation of results for individuals with bowel 

obstruction remains poorly studied. This study aimed to examine the risk factors associated with major 

postoperative complications. Methods: We retrospectively analyzed 99 patients undergoing surgery from 2015 

to 2022. We divided the patients into two groups: 1) benign related obstruction (n=68), 2) cancer related 

obstruction (n=31). We used logistic regression, KNN and XGBOOST. We calculated the receiver operating 

characteristic curve, and accuracy of the model. Results: Colon obstructions were more frequent in the cancer 

group (p=0.005). Operative time, intestinal resection and stoma were significantly more frequent in the cancer 

group. Major complications were 41% for the cancer group vs. 20 in the benign group (p=0.03). Uni-and 

multivariate analysis shows that significant risk factors for major complication were cancer related obstruction 

and CRP. The best model was KNN with an accuracy of 0.82. Conclusion. Colonic obstruction is associated 

with a tumor-related blockage. Malignant cancer and an increase in C-reactive protein (CRP) are significant 

risk factors for patients who have undergone emergency surgery due to major complications. KNN could 

improve the process of counseling and the perioperative management of patients with intestinal obstruction in 

emergency settings. 
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Introduction 

Bowel obstruction (BO) represents one of the most common acute abdominal conditions 

requiring emergency surgery, accounting for approximately 15% of hospital admissions for acute 

abdominal pain in the United States, and 20% of cases needing acute surgical care [1]. 

Small bowel obstruction is caused in 90% of cases by adhesions, hernias, and neoplasms, 

whereas large bowel obstruction is provoked by cancer in about 60% of cases; volvulus and 

diverticular disease are responsible for the other 30% [2,3]. 
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Bowel obstruction represents a significant burden on healthcare systems, characterized by its 

high incidence, considerable disease severity, substantial morbidity and mortality rates, and 

associated economic costs [4,5]. 

Most patients presenting with bowel obstruction require urgent evaluation, primarily relying on 

contrast-enhanced Computed Tomography (CT) imaging [6]. Recent research has explored the utility 

of serum procalcitonin as a potential biomarker for predicting the failure of conservative 

management in small bowel obstruction cases, as well as an indicator of intestinal ischemia - a 

particularly challenging complication to diagnose [7]. Despite the development of numerous clinical 

scoring systems aimed at predicting bowel ischemia, this aspect of bowel obstruction management 

remains a significant challenge in clinical practice [8]. 

These clinical scoring systems’ validity across diverse clinical contexts and geographical regions 

remains unestablished, thus restricting their generalizability. Alternative scoring methodologies 

have been developed with the aim of identifying patients with more severe diseases who require 

emergency surgical intervention or those at high risk of non-operative management failure. These 

approaches typically integrate a combination of clinical and laboratory data or incorporate 

radiological findings. However, the efficacy and reliability of these integrated scoring systems also 

warrant further investigation and validation [9,10]. 

Currently, the decision-making process regarding the necessity and timing of surgical 

intervention for bowel obstruction (BO), as well as the prediction of stoma creation or bowel resection, 

largely relies on clinicians' subjective assessments, often characterized as "gut-feeling" judgments. 

Reliable and objective predictive tools would enhance patient counseling and optimize postoperative 

care strategies, potentially reducing the variability in patient outcomes [11]. 

Artificial intelligence (AI) is increasingly used in other fields, such as radiology [12] or clinical 

trial design [13]. In emergency settings, several applications are being tested where AI-based 

solutions can assist, e.g., in triaging patients or in predicting disease progression, [14] but little 

research has been conducted data exist on its implementation in bowel obstruction. The present study 

aims to analyze the role of machine learning algorithms in bowel obstruction and their ability to 

predict postoperative complications. 

Materials and Methods 

Study Design 

This investigation is a component of an international collaborative research program involving 

undergraduate students from Italian and French universities. The study design is observational and 

retrospective, utilizing data from a prospectively maintained database focused on Emergency and 

Trauma Surgery at the Sant'Andrea Sapienza University teaching hospital in Rome, Italy. The 

establishment and maintenance of this database were conducted in accordance with previously 

approved research protocols and studies by the relevant Ethical Committee [15,16] 

This adherence to established ethical guidelines ensures the integrity and validity of the data 

used in the current study. This research framework allows for the analysis of real-world clinical data 

while fostering international academic collaboration at the undergraduate level. For this study, a 

formal Institutional Review Board approval was not required due to the study design; however, we 

obtained a signed consent for the storage and analysis of data for scientific purposes from all patients 

at admission.  

Population and Data 

Medical records of patients who underwent surgery for bowel obstruction between January 2019 

and December 2022 were retrieved. The inclusion criteria were as follows: 1) patients over 18 years 

of age; 2) admission through the Emergency Department; 3) intraoperative confirmed diagnosis of 

bowel obstruction; 4) procedures performed or directly supervised by senior surgeons. Patients were 

excluded if: 1) they were already hospitalized; 2) they were already scheduled for elective surgery; 3) 

patients with intra-abdominal sepsis such as appendicitis, acute cholecystitis, or acute diverticulitis; 
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4) patients with peritoneal free air; or 5) patients participating in other randomized or interventional 

clinical trials. 

To reduce bias, we excluded the procedures that were not performed or tutored by two senior 

surgeons (PA, NP). After the identification of eligible patients, we collected data including 

demographic characteristics and clinical variables, level and type of obstruction, procedure details, 

and outcomes. Demographics variables and clinical data included: age, gender, weight, height, body 

mass index (BMI), heart rate, systolic blood pressure, medical and surgical history (comorbidities), 

common preoperative biochemical blood examination (including C-Reactive Protein [CRP], and 

arterial blood gas analysis). Cause of bowel obstruction were divided as neoplastic, adhesions, 

sigmoid volvulus, and abdominal wall hernia either primary or incisional. Comorbidity was recorded 

if the condition was present at the admission. Preoperative risk was assessed with the American 

Society of Anaesthesiologists (ASA) score. The Age-adjusted Charlson Comorbidity Index (age-

CACI) was also calculated [17]. 

Intensive Care Unit (ICU) admission, length of ICU stays, and length of hospital stay (LOS) were 

recorded. Morbidity and mortality have been considered as the 30-day standard period definition. 

Any adverse outcomes have been also considered regardless of the time elapsed if occurred during 

the hospitalization following the index emergency procedure. Postoperative complications were 

classified according to Clavien-Dindo system [18]. Grade IIIa or higher were considered as major 

complication. No enhanced recovery after surgery (ERAS) protocol was adopted, but in the 

postoperative period the patients were managed following the same standardized pathways of care 

both for uneventful and complicated courses. Data about the postoperative outcome was available 

for all patients.  

All pre-operative characteristics, such as clinical and demographic, level of occlusion and 

radiological bowel findings along with post-operative data, including minor and major 

complications, were blind reviewed and coded by two expert surgeons (MM, TD). Any 

disagreements were discussed and resolved through a consensus meeting with a third senior 

emergency surgeon (GC). Finally, data was entered in a new specific worksheet crafted with 

LibreOffice (Vers. 7.6.7 for Windows). Table 1 shows all the list of investigated variables and their 

description. 

Table 1. Patients' demographics. 

 Total n=99 Benign n=65 Cancer n=34 p value 

Age 69 [58-79] 69 [56-79] 71 [57-78] 0.60 

Sex (M) 52 (52.3) 31 (47.7) 21 (61.8) 0.20 

ASA>2 66 (66) 39 (97.5) 96.4 (27) 0.80 

BMI 23.6 [20.7-27.6] 23.4 [20.6-28.1] 24.0 [20.8-26.7] 0.90 

Lung comorbidity  6 (6.1) 6 (9) 0 (0) 0.07 

CV comorbidity 45 (45.5) 29 (44.6) 16 (47.1) 0.80 

Colon occlusion 32 (32) 8 (12.3) 24 (70.6) 0.005 

Small Bowell occlusion 63 (63.6) 56 (86.2) 7 (20.6) 0.005 

Previous surgery 62 (62.6) 44 (67.7) 18 (52.9) 0.15 

CT sign of ischemia  12 (12.2) 12 (18.5) 0 (0) 0.005 

Free Peritoneal fluid 58 (59.2) 37 (56.9) 21 (63.6) 0.52 

Hemoglobin 14.1 [12.4-15.4] 14.4 [12.8-15.4] 13.05 [11.2-14.7] 0.01 

WBC 10.3 [7.7-14] 10.5 [7.7-13.4] 10.2 [7.3-15.1] 0.72 

CRP 1.0 [0.3-5.3] 1.0 [0.3-4.6] 1.49 [0.3-5.5] 0.63 

n: number; [ ] : Interquartile range; ( ): percentage; CV= cardiovascular; CT= Computed Tomography; WBC= 

White Blood Cells; CRP= C-Reactive Protein. 

Machine Learning Methodology 

The machine learning study was done by A.O and T.P, leveraging models that include 

algorithms based on supervised learning. A sample of 70% of the cohort generated randomly using 
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a seed was applied for the training set; the remaining 30% was used for testing. Based on the 

predictive factors selected, 3 models were constructed including support K-nearest neighbor (KNN), 

XgBoost and logistic regression. During training, the algorithm iteratively learns the optimal path 

from root nodes to leaves by minimizing prediction errors. This path signifies the classification rules 

guiding the decision model's predictions for new patients. KNN builds a robust predictive model by 

aggregating information from multiple neighbors, thus mitigating the risk of overfitting associated 

with highly complex models. 

KNN has the capability to handle missing values by defining default directions for each node in 

case of missing data. o train and validate the performance of the KNN algorithm, we employed 

repeated stratified ten-fold cross-validation, repeating the process five times. This method ensures 

each patient appears at least once in the testing set, cycling the dataset into ten equally sized folds for 

training and validation. In our study, we optimized KNN hyperparameters through grid-search and 

fivefold cross-validation. The grid-search space included parameters such as 'n_neighbors' and the 

distance metric, allowing us to identify systematically the optimal configuration for the KNN 

algorithm. The models were evaluated and compared by sensitivity, specificity, and the Area Under 

the Curve (AUC) of the Receiver Operating Characteristic (ROC) curve. The analyses were performed 

using software from the Python Software Foundation 

Statistical Analysis 

Statistical analysis was carried out using IBM Corp. Released 2013. IBM SPSS Statistics for 

Windows, Version 22.0. Armonk, NY: IBM Corp. Dichotomous data and counts were presented in 

frequencies, whereas continuous data was presented as mean values ± standard deviations (SD). 

Differences between means were compared using the independent sample Student’s t-test, the 

Mann–Whitney U test or the Kruskall-Wallis test when indicated. Fisher’s exact test or χ2 test, with 

or without Yates correction, were used to compare differences in frequencies. Variables significantly 

associated with major postoperative morbidity were identified using Cox univariate and multivariate 

analysis. The level of significance to allow inclusion of a variable in the logistic regression 

multivariate model was 0.05 for major complications. Any statistical significance was set at p<0.05.  

Results 

Ninety-nine patients undergoing emergency surgery for bowel obstruction were included. 

Figure 1 illustrates the participant selection and allocation process for the AI algorithm training and 

validation datasets .  
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Figure 1. Participant selection and allocation process for the AI algorithm training and validation 

datasets. 

Table 1 reports the general characteristics of the population; data are reported for the overall 

population and according to the benign or malignant etiology of the obstruction. The majority of 

patients had small bowel obstruction (63.6%), whereas colonic obstruction was present in 32% of 

patients. The majority of patients had previous abdominal surgery (62.3%). The median BMI was 23.6 

[20.7-27.6]. C-reactive protein was above normal values (> 1.0 mg/100 ml) in 60% of cases. Average 

waiting time between admission and abdominal CT scan was 10 hours. At CT scan, fluid effusion 

was detected in 59.2% of patients, bowel ischemia in 12.2% of cases.  

A laparoscopic approach was attempted in 34 patients, 18 of which were converted to open 

surgery. Mean operative time was 105 minutes. Histological exams were performed in 43 cases, and 

in 24 cases, the diagnosis of malignant disease was confirmed.  

Table 2 reports intraoperative and postoperative outcomes. The major complication rate was 

27.3% for all patients with a significant difference between benign obstruction and malignant 

obstruction (20% vs 41%, respectively). Postoperative death occurred in 7 patients. Mean hospital 

stay was 10 days.  

Table 2. Intraoperative results and post-operative outcomes. 

 Total n=99 Benign n= 65 Cancer n=34 p value 

Operative time 105 [80-175] 95 [75-141] 150 [95-205] 0.001 

Intestinal resection  43 (43.4) 20 (30.8) 23 (67.6) 0.005 

Stoma  20 (20.6) 6 (9.4) 14 (42.4) 0.005 

Major complications  27 (27.3) 13 (20) 14 (41) 0.03 

Kidney Failure 4 (4.3) 3 (4.9) 1 (3.2) 0.70 

Surgical site infection 5 (5.4) 2 (3.3) 3 (9.7) 0.20 

Hospital stay length  10 [7.5-18] 9 [6-14] 15.5 [8.7-21] 0.001 

n: number; [ ] : Interquartile range; ( ): percentage. 

Univariate and multivariate analysis showed that PCR (OR 1.18, CI 1.05-1.3, p=0.003) and cancer-

related obstruction (OR 4.2, CI 1.2-14.0, p=0.02) were independent risk factors for major 

complications. (Table 3).  

Table 3. Univariate and Multivariate analysis for Major complication. 

Univariate Analysis Multivariate Analysis 

 OR CI p value OR CI p value 

ASA > 2 0.60 0.03-9.5 0.70    

Age 1.04 1.0-1.18 0.01 1.03 0.98-1.08 0.19 

BMI > 25 0.08 0.34-2.25 0.80    

Previous Surgery  0.70 0.27-1.60 0.37    

Small bowel 

occlusion 
0.44 0.18-1.09 0.08    

Colon occlusion  1.5 0.61-3.80 0.35    

Cancer related 

occlusion  
2.8 1.12-6.98 0.03 4.2 1.2-14.0 0.02 

CV comorbidity 1.42 0.58-3.4 0.43    

Lung comorbidity 2.8 0.54-15.2 0.21    

WBC 1.13 1.03-1.22 0.01 1.11 0.97-1.2 0.11 

CRP 1.18 1.0-1.3 0.002 1.18 1.05-1.3 0.003 

CT Free peritoneal 

fluid 
1.01 0.40-2.4 0.90    

CT Ischemia 0.86 0.21-3.4 0.80    
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Operative Time 

(>105 min)  
2.23 0.88-5.6 0.08    

Intestinal 

Resection  
1.3 0.53-3.16 0.60    

BMI = Body Mass Index; WBC= White Blood Cells; CV= cardiovascular; CRP= C-Reactive Protein; CT = Computer 

Tomography. 

We compared XGBOOST, KNN and logistic regression capacity to predict the outcome with 

good performance, as shown in Figure 2. KNN was considered the best algorithm with an Area under 

the Curve (AUC) of 0.77 and overall accuracy of 0.88. The most significant features are distal bowel 

collapse with an importance value of 0.92, followed by ASA >2 at 0.75, and creatinine at 0.6. Operative 

time >105 min and mesentery oedema are also notable, with importance values of 0.52 and 0.45 

respectively. Figure 3 shows a gradual decrease in importance for subsequent features. 

 

Figure 2. Receiver Operating Characteristic (ROC) curves comparing model performance. 

Figure 3. Feature importance ranking for predictive factors. 

Discussion 

Bowel obstruction represents a significant challenge for the health systems worldwide. It causes 

15% of emergency department access for abdominal pain [1], with different causes and possibly 
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presenting as heterogeneous clinical scenarios. Morbidity and mortality rates are elevated, 

particularly in patients who need emergency surgery [19–21]. The complexity and heterogeneity of 

bowel obstruction makes the prediction of the outcomes very difficult for clinicians. Even patients 

undergoing surgery for bowel obstruction due to adherences (one of the less “severe” scenarios) may 

experience intraoperative complications such as bowel effractions and postoperative major 

complications. A rapid analysis of patients' characteristics and preoperative exams is the 

responsibility of the on-call surgeons to assess the need of surgery, type of approach [22] to predict 

potential outcomes in order to correctly inform the patient and eventually its family and program the 

more appropriate setting for the postoperative surveillance.  

Artificial Intelligence (AI) represents a promising tool to facilitate physicians’ complex tasks. In 

the setting of small bowel obstruction, previous research has shown the ability of neural networks to 

identify small bowel obstruction on plain radiographs with a high degree of accuracy [23,24]. 

AI could represent a valid tool to integrate a large amount of clinical and radiological 

information and predict postoperative complications, to facilitate the decision-making process of 

surgeons giving the indication for surgery and correct patients’ counseling. The World Society of 

Emergency Surgery has included bowel obstructions among the clinical scenarios where neural 

networks may support clinical decisions [24]. 

The present study demonstrated that machine learning was able to predict the occurrence of 

postoperative complications with an overall accuracy of 0.88, performing better than available clinical 

risk score. As shown in Figure 2, the AI based model was able to classify the different variables 

according to their importance in predicting the outcomes. Among the variables with higher 

predictive value for postoperative major morbidity, preoperative C-reactive protein (CRP) and 

malignant obstruction were identified. C-reactive protein represents nowadays a useful tool for early 

detection of postoperative complications after several abdominal procedures [23,25]. 

In the setting of emergency surgery, preoperative CRP was associated with higher incidence of 

difficult cholecystectomies and perforated appendicitis [26,27] but its role on predicting the outcomes 

after surgery for bowel obstruction was not yet reported. 

The other significant factors were the malignant nature of the obstruction, confirming the results 

of previous studies showing the worst prognosis of malignant obstructions in terms of postoperative 

complications and need of stoma creation [28]. Out of 20 stomas created, 14 were done in patients 

with cancer and only 3 of them have been reconstructed during follow-up. In addition, the use of 

laparoscopy was concordant with previous reports [29,30]. In our series, the laparoscopic approach 

was effective in 16 cases only, whereas in 18 cases open conversion was needed. Laparoscopic 

approach reduces the overall morbidity and length of stay and facilitate postoperative recovery [31–

33] but segments the lacking surgical pace due to overdistended colon or small bowel and the difficult 

manipulation of the dilated segments often limit its feasibility. The analysis of large quantities of data 

with AI could allow in the future identifying patients at greater risk of major complications and 

modulating the clinical approach by dedicating greater resources and establishing dedicated paths 

for patients at greater risk of major complications. The detailed collection of international multicenter 

data that flows into a single dataset is desirable. 

Limitations 

This study has several limitations to consider when interpreting the results. Its retrospective 

design introduces potential biases in data collection and analysis. Being a single-center experience 

from Sant'Andrea Sapienza University teaching hospital in Rome, Italy, the findings may have 

limited generalizability to other healthcare settings or regions. The relatively small sample size of 99 

patients, particularly when divided into subgroups, may limit statistical power and the ability to 

detect smaller effect sizes. The study's time span from 2019 to 2022 could introduce variability due to 

evolving clinical practices. The exclusion of certain patient groups limits the applicability of findings 

to those populations. The machine learning models, while promising, lack external validation, which 

is crucial for assessing their true predictive performance and generalizability. There was limited 

direct comparison with specific, widely used clinical risk scores for bowel obstruction. Given the 
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small dataset and complex machine learning models, there is a risk of overfitting, potentially leading 

to optimistic performance estimates. Lastly, the focus on 30-day morbidity and mortality may not 

capture longer-term outcomes relevant to bowel obstruction patients, particularly those with cancer-

related obstructions. These limitations highlight the need for larger, multi-center prospective studies 

with external validation to confirm the predictive value of the machine learning approaches in 

patients undergoing surgery for bowel obstruction. 

Conclusion 

This study demonstrates the potential of machine learning approaches, particularly the K-

nearest neighbors (KNN) algorithm, in predicting major postoperative complications for patients 

undergoing emergency surgery for bowel obstruction. Our model achieved an overall accuracy of 

0.88 and an Area Under the Curve (AUC) of 0.77, outperforming traditional clinical risk scores. The 

analysis identified preoperative C-reactive protein (CRP) levels and cancer-related obstruction as 

significant independent risk factors for major complications. The ability to rapidly integrate multiple 

clinical and radiological variables could enhance the precision of predicting postoperative 

complications, facilitating more informed surgical decisions and appropriate postoperative care 

planning. 
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