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Abstract. Appendicitis is a most common abdominal condition worldwide, and 

appendectomy especially laparoscopic appendectomy is among the most commonly 

performed general surgeries. In this study, data were collected from patients who 
underwent laparoscopic appendectomy surgery at the Evangelical Hospital 

"Betania" in Naples, Italy. Linear multiple regression was used to obtain a simple 

predictor that can also assess which of the independent variables considered to be a 
risk factor. The model with R2 of 0.699 shows that comorbidities and complications 

during surgery are the main risk factors for prolonged LOS. This result is validated 

by other studies conducted in the same area. 
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1. Introduction 

Appendectomy is the most commonly performed general surgery procedure [1]. Several 

studies have demonstrated the effectiveness of the laparoscopic approach both as a 

reduced risk of complications and in terms of hospital stay [2].  

Length of stay (LOS) refers to the number of days a patient remains in the hospital 

and is therefore directly related to the expense incurred for each patient. In this way, this 

parameter becomes a direct indicator of the effectiveness and efficiency of hospital 

resource use [2]. For this reason, several studies have been conducted for the purpose of 

creating predictive models [4, 5] or for the identification of risk factors [6, 7]. In fact, 

modern data analysis techniques such as mathematical models [8-10], Fuzzy Logic [11, 

12], statistical techniques [13-16] or management methods such as Lean Six Sigma [17] 

or in support of additive manufacturing [18-20] are increasingly being used in this area.  

In this study, we aim to use a linear regression model to study the risk factors that 

produce increased LOS in patients undergoing laparoscopic appendectomy surgery. The 

context is the Evangelical Hospital "Betania" in a less wealthy district of Naples (Italy) 

consisting of 158 beds and a 24-hour emergency department.This study is part of a larger 

line of research involving other major hospitals in southern Italy such as the University 
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Hospital "San Giovanni di Dio e Ruggi d'Aragona" of Salerno [1] and the A.O.R.N. "A. 

Cardarelli" of Naples [2]. Understanding risk factors could help healthcare management 

create appropriate pathways for specific classes of patients to achieve LOS that remains 

constant. 

2. Methods 

In this article, data of 100 patients who were admitted to the General Surgery Operating 

Unit of Evangelical Hospital "Betania" for appendectomy surgery (DRG = 164, 165, 166, 

167) in 2019-2020 were processed. Using hospital discharge records, the following 

information was extracted: Date of admission, discharge and main procedure; Main and 

secondary diagnoses (from these we obtain the variable Comorbidities which is 1 in case 

of comorbidities such as Obesity, Diabetes, Hypertension / 0); Age; Gender (1 Male / 2 

Female); DRG (used to characterize whether the procedure was with complications or 

not). From the date variables, Pre-Op LOS and LOS was calculated. No exclusion criteria 

were defined. 

2.1. Multiple Linear Regression Model 

Multiple linear regression models aim to search for a linear relationship between the 

dependent variable (LOS) and the independent variables (Age, Gender, Pre-Operative 

LOS, Comorbidities and Complication during surgery) [21, 22]. To do this, through the 

method of mean square error minimization, it is necessary to characterize the value of 

the coefficients � that allow defining this curve. The model thus defined gives the 

possibility of estimating, minus an error, the LOS from the combination of the 

independent variables and the coefficients found and determining the main risk factors. 

To assess whether or not the variable � should be different from 0, the statistical t-test 

based on averages with a 95% confidence interval is used. 

However, the model is not always applicable but one needs to go through hypothesis 

testing analyzing the properties of the residuals and the presence of outliers. Specifically, 

Table 1 shows the hypotheses tested, the methodology adopted for verification and the 

threshold values defined in the literature. 

Table 1. Hypotheses underlying the MLR Model. 

Hypotheses Used Methodologies Threshold [21, 22] 
Multicollinearity absence Tolerance and Variance Inflation Factor 

(VIF) 
Tolerance > 0.2, VIF < 10 

Independence of residuals Durbin-Watson test (2; 4) 

Absence of outliers Cook’s Distance < 1 

3. Results 

Before implementing the MLR model, hypotheses were checked to evaluate its 

applicability. VIF is the reciprocal of Tolerance and are a function of the correlation 

coefficients between the independent variables. The Cook's distance was for each 

observation less than 1. Last check is on the correlation of the residuals. The results in 

terms of Tolerance and VIF, Durbin-Watson test and the performance of the model are 

shown in Table 2. 
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Table 2. Tolerance, VIF and analysis of MLR model coefficients and results. 

 Tolerance VIF 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

 
MLR Model 

B Std.  
rror Beta  

Intercept - - 2.366 0.535 - 4.421 0.000  R 0.836 

Pre-Operative 
LOS 

0.962 1.039 0.906 0.085 0.618 10.716 0.000  R2 0.699 

Comorbidities 0.782 1.279 1.252 0.425 0.189 2.945 0.004  Adjusted - R2 0.683 

Age 0.664 1.506 0.012 0.010 0.081 1.173 0.244  Std. Error of 
the Estimate 1.475 

Gender 0.995 1,005 0.069 0.296 0.013 0.233 0.816  

Complication 

during surgery 
0.604 1.656 1.616 0.383 0.307 4.214 0.000  Durbin-

Watson 2.572 

Regarding performance, the R2 value above 0.5 shows the goodness of the model in 

its use in this specific application field [21, 22]. The test output is 2.572 and thus within 

the acceptable range. Table 2 also reports the coefficient values and the result of the t-

test statistic implemented to determine which among the independent variables affects 

LOS. With the exception of Pre-Op LOS, which is included in LOS by definition, the 

presence of comorbidities and complications affect the value of the dependent variable. 

Among these, the greatest impact is related to complications during surgery (highest 

coefficient). Age and Gender, on the other hand, do not impact LOS by showing no 

significant differences between men and women or in the older population. 

4. Discussion and Conclusion 

In this paper, data of patients admitted to Evangelical Hospital "Bethany" for 

appendectomy surgery in 2019-2020 were processed. The validated and implemented 

model returned an R2 value of 0.699, which guarantees good performance in the specific 

field of application.  

Comparing the result with what was obtained by the same research group on similar 

facilities in the territory shows that in this case the performance was significantly better 

(R2=0.699 compared with R2=0.638 [1] and R2=0.493 [2]). Among the risk factors, 

however, complications during surgery are in all cases determined in prolonging LOS 

demonstrating the reliability of the result obtained.  

However, our work is not without limitations. Only a linear model is used in this 

study, and no operational solutions are proposed from the identified risk factors. Future 

developments include the use of different algorithms, the combined use of data from 

different hospitals to obtain generalized results to identify appropriate operational actions. 

References 

[1]  Angela Trunfio, T., Scala, A., Giglio, C., Rossi, G., Borrelli, A., Gargiulo, P., & Romano, M. (2021). 

Modelling the hospital length of stay for patients undergoing laparoscopic appendectomy through a 

Multiple Regression Model. 2021 International Symposium on Biomedical Engineering and 
Computational Biology, 1–5. https://doi.org/10.1145/3502060.3503644 

[2]  Montella, Emma, et al. "Multiple Regression Model to Analyze the Length of Stay for Patients 

Undergoing Laparoscopic Appendectomy: A Bicentric Study." Biomedical and Computational Biology: 
Second International Symposium, BECB 2022, Virtual Event, August 13–15, 2022, Revised Selected 

Papers. Cham: Springer International Publishing, 2023. p. 410-419, doi: 10.1007/978-3-031-25191-7_37 

M.R. Marino et al. / A Regressive Model to Study the Hospitalization 129



[3]  Ponsiglione AM, Trunfio TA, Amato F, Improta G. Predictive Analysis of Hospital Stay after Caesarean 

Section: A Single-Center Study. Bioengineering. 2023; 10(4):440. doi: 10.3390/bioengineering10040440  

[4]  Improta, Giovanni, et al. Data Analysis to Study the Prolonged ED-LOS: The Case of Evangelical 
Hospital “Betania”. In: Biomedical and Computational Biology: Second International Symposium, 

BECB 2022, Virtual Event, August 13–15, 2022, Revised Selected Papers. Cham: Springer International 

Publishing, 2023. p. 384-391. doi: 10.1007/978-3-031-25191-7_34 
[5]  Trunfio TA, Borrelli A, Improta G. Implementation of Predictive Algorithms for the Study of the 

Endarterectomy LOS. Bioengineering. 2022; 9(10):546. https://doi.org/10.3390/bioengineering9100546  

[6]  Scala A, Loperto I, Triassi M, Improta G. Risk Factors Analysis of Surgical Infection Using Artificial 
Intelligence: A Single Center Study. Int J Environ Res Public Health. 2022;19(16):10021. Published 2022 

Aug 14. doi:10.3390/ijerph191610021  

[7]  Improta G, Borrelli A, Triassi M. Machine Learning and Lean Six Sigma to Assess How COVID-19 Has 
Changed the Patient Management of the Complex Operative Unit of Neurology and Stroke Unit: A Single 

Center Study. Int J Environ Res Public Health. 2022;19(9):5215. Published 2022 Apr 26. 
doi:10.3390/ijerph19095215  

[8]  Improta G, Donisi L, Bossone E, Vallefuoco E, Ponsiglione AM, Amato F. Discrete Event Simulation to 

Improve Clinical Consultations in a Rehabilitation Cardiology Unit. 2022 E-Health and Bioengineering 
Conference (EHB), Iasi, Romania, 2022, pp. 1-4, doi: 10.1109/EHB55594.2022.9991285.  

[9]  Apicella, Andrea, et al. "EEG-based measurement system for monitoring student engagement in learning 

4.0." Scientific Reports 12.1 2022: 5857. doi: 10.21203/rs.3.rs-944837/v1. 
[10] Rocco, Nicola, et al. "Additive manufacturing and technical strategies for improving outcomes in breast 

reconstructive surgery." Acta IMEKO 9.4, 2020. p. 74-79, doi: 10.21014/acta_imeko.v9i4.754  

[11] Colella Y, Valente AS, Rossano L, Trunfio TA, Fiorillo A, Improta G. A Fuzzy Inference System for the 
Assessment of Indoor Air Quality in an Operating Room to Prevent Surgical Site Infection. Int J Environ 

Res Public Health. 2022;19(6):3533. Published 2022 Mar 16. doi:10.3390/ijerph19063533  

[12] Ylenia C, Lauri Chiara D, Giovanni I, et al. A Clinical Decision Support System based on fuzzy rules 
and classification algorithms for monitoring the physiological parameters of type-2 diabetic patients. 

Math Biosci Eng. 2021;18(3):2653-2674. doi:10.3934/mbe.2021135  

[13] Maniscalco GT, Annunziata M, Ranieri A, et al. Remission of early persistent cladribine-induced 
neutropenia after filgrastim therapy in a patient with Relapsing - Remitting Multiple Sclerosis. Mult Scler 

Relat Disord. 2020;43:102151. doi:10.1016/j.msard.2020.102151  

[14] Cortesi PA, Castaman G, Trifirò G, et al. Cost-Effectiveness and Budget Impact of Emicizumab 
Prophylaxis in Haemophilia A Patients with Inhibitors. Thromb Haemost. 2020;120(2):216-228. 

doi:10.1055/s-0039-3401822  

[15] Lepore D, De Santis R, Pagliara MM, et al. Effect of topical antiinflammatory drugs on mechanical 
behavior of rabbit cornea. J Appl Biomater Funct Mater. 2017;15(2):e142-e148. Published 2017 Apr 26. 

doi:10.5301/jabfm.5000339  

[16] Dell'Aversana Orabona G, Salzano G, Abbate V, et al. Malignant tumours of the parotid gland: 
management of the neck (including the clinically negative neck) and a literature review. Br J Oral 

Maxillofac Surg. 2021;59(6):665-671. doi:10.1016/j.bjoms.2020.08.026  

[17] Improta, Giovanni, et al. "A Lean Six Sigma approach to improve the Emergency Department of 
University Hospital “San Giovanni di Dio e Ruggi d'Aragona”." 2021 International Symposium on 

Biomedical Engineering and Computational Biology. 2021. p. 1-4, doi: 10.1145/3502060.3503638. 

[18] Solari, Domenico, et al. "Novel concepts and strategies in skull base reconstruction after endoscopic 
endonasal surgery." Acta Imeko 9.4, 2020. p. 67-73, doi: 10.21014/acta_imeko.v9i4.745. 

[19] Fucile, Pierpaolo, et al. "Strategies for the design of additively manufactured nanocomposite scaffolds 

for hard tissue regeneration." Acta IMEKO 9.4, 2020. p. 53-59, doi: 10.21014/acta_imeko.v9i4.739. 
[20] Abbate V, Iaconetta G, Maglitto F, et al. A Comparative Study of Different Administrations of Nebulized 

Hyaluronic Acid After Endoscopic Endonasal Surgery for Chronic Rhinosinusitis. Indian J Otolaryngol 

Head Neck Surg. 2022;74(Suppl 2):1037-1043. doi:10.1007/s12070-020-02110-6 
[21] Scala A, Trunfio TA, De Coppi L, Rossi G, Borrelli A, Triassi M, Improta G. Regression Models to 

Study the Total LOS Related to Valvuloplasty. International Journal of Environmental Research and 

Public Health. 2022; 19(5):3117. https://doi.org/10.3390/ijerph19053117  

[22] Trunfio, T.A., Scala, A., Giglio, C. et al. Multiple regression model to analyze the total LOS for patients 

undergoing laparoscopic appendectomy. BMC Med Inform Decis Mak 2022: 22, 141. 

https://doi.org/10.1186/s12911-022-01884-9 

M.R. Marino et al. / A Regressive Model to Study the Hospitalization130

https://doi.org/10.3390/bioengineering10040440
https://doi.org/10.21014/acta_imeko.v9i4.754
https://doi.org/10.3390/ijerph19053117

